


THE LOS ALAMOS NATIONAL LABORATORY SITE-WIDE 
ENVIRONMENTAL IMPACT STATEMENT PROCESS

The United States Department of Energy (DOE) has a policy (10 Code of Federal Regulations [CFR]
1021.330) of preparing a Site-Wide Environmental Impact Statement (SWEIS) for certain large,
multiple-facility sites, such as the Los Alamos National Laboratory (LANL).  The purpose of a SWEIS
is to provide DOE and its stakeholders with an analysis of the environmental impacts resulting from
ongoing and reasonably foreseeable new operations and facilities and reasonable alternatives at the
DOE site.  The SWEIS analyzes four alternatives for the continued operation of LANL to identify the
potential effects that each alternative could have on the human environment.

The SWEIS Advance Notice of Intent, published in the Federal Register (FR) on August 10, 1994 (59
FR 40889), identified possible issues and alternatives to be analyzed.  Based on public input received
during prescoping, DOE published the Notice of Intent to prepare the SWEIS in the Federal Register
on May 12, 1995 (60 FR 25697).  DOE held a series of public meetings during prescoping and scoping
to provide opportunities for stakeholders to identify the issues, environmental concerns, and
alternatives that should be analyzed in the SWEIS.  An Implementation Plan1 was published in
November 1995 to summarize the results of scoping, describe the scope of the SWEIS based on the
scoping process, and present an outline for the draft SWEIS.  The Implementation Plan also included
a discussion of the issues reflected in public comments during scoping.

In addition to the required meetings and documents described above, the SWEIS process has included
a number of other activities intended to enhance public participation in this effort.  These activities
have included:

• Workshops to develop the Greener Alternative described and analyzed in the SWEIS.
• Meetings with and briefings to representatives of federal, state, tribal, and local governments 

during prescoping, scoping, and preparation of the draft SWEIS.
• Preparation and submission to the Los Alamos Community Outreach Center of information 

requested by members of the public related to LANL operations and proposed projects.
• Numerous Open Forum public meetings in the communities around LANL to discuss LANL 

activities, the status of the SWEIS, and other issues raised by the public.

The draft SWEIS was distributed to interested stakeholders for comment.  The comment period
extended from May 15, 1998, to July 15, 1998.  Public hearings on the draft SWEIS were announced
in the Federal Register, as well as community newspapers and radio broadcasts.  Public hearings were
held in Los Alamos, Santa Fe, and Española, New Mexico, on June 9, 1998, June 10, 1998, and June
24, 1998, respectively.

Oral and written comments were accepted during the 60-day comment period for the draft SWEIS.  All
comments received, whether orally or in writing, were considered in preparation of the final SWEIS.
The final SWEIS includes a new volume IV with responses to individual comments and a discussion
of general major issues.  DOE will prepare a Record of Decision no sooner than 30 days after the final
SWEIS Notice of Availability is published in the Federal Register.  The Record of Decision will
describe the rationale used for  DOE’s selection of an alternative or portions of the alternatives.
Following the issuance of the Record of Decision, a Mitigation Action Plan may also be issued to
describe any mitigation measures that DOE commits to in concert with its decision.

1. DOE National Environmental Policy Act regulations (10 CFR 1021) previously required that an implementation 
plan be prepared; a regulation change (61 FR 64604) deleted this requirement.  An implementation plan was prepared for 
this SWEIS.
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Responsible Agency:  U.S. Department of Energy (DOE)

Cooperating Agency:  Incorporated County of Los Alamos

Title: Site-Wide Environmental Impact Statement for the Continued Operation of the 
Los Alamos National Laboratory, Los Alamos, New Mexico (DOE/EIS-0238)

Contact: For further information concerning this Site-Wide Environmental Impact Statement 
(SWEIS), contact:

Corey Cruz, Project Manager
U.S. DOE, Albuquerque Operations Office
P.O. Box 5400, Albuquerque, NM  87185

Telephone:  505–845–4282    Fax: 505–845–6392

For general information on DOE’s National Environmental Policy Act (NEPA) process, contact:

Carol Borgstrom, Director
Office of NEPA Policy and Assistance (EH–42)

U.S. DOE, 1000 Independence Avenue, SW, Washington, DC  20585
Telephone:  202–586–4600 or leave a message at 1–800–472–2756

Abstract:  DOE proposes to continue operating the Los Alamos National Laboratory (LANL) located in
Los Alamos County, in north-central New Mexico.  DOE has identified and assessed four alternatives for
the operation of LANL:  (1) No Action, (2) Expanded Operations, (3) Reduced Operations, and (4)
Greener.  Expanded Operations is DOE’s Preferred Alternative, with the exception that DOE would only
implement pit manufacturing at a level of 20 pits per year.  In the No Action Alternative, DOE would
continue the historical mission support activities LANL has conducted at planned operational levels.  In the
Expanded Operations Alternative, DOE would operate LANL at the highest levels of activity currently
foreseeable, including full implementation of the mission assignments from recent programmatic
documents.  Under the Reduced Operations Alternative, DOE would operate LANL at the minimum levels
of activity necessary to maintain the capabilities to support the DOE mission in the near term.  Under the
Greener Alternative, DOE would operate LANL to maximize operations in support of nonproliferation,
basic science, materials science, and other nonweapons areas, while minimizing weapons activities.  Under
all of the alternatives, the affected environment is primarily within 50 miles (80 kilometers) of LANL.
Analyses indicate little difference in the environmental impacts among alternatives.  The primary
discriminators are:  collective worker risk due to radiation exposure, socioeconomic effects due to LANL
employment changes, and electrical power demand.

Public Comment and DOE Decision:  The draft SWEIS was released to the public for review and comment
on May 15, 1998.  The comment period extended until July 15, 1998, although late comments were
accepted to the extent practicable.  All comments received were considered in preparation of the final
SWEIS1.  DOE will utilize the analysis in this final SWEIS and prepare a Record of Decision on the level
of continued operation of LANL.  This decision will be no sooner than 30 days after the Notice of
Availability of the final SWEIS is published in the Federal Register.

1.   Changes made to this SWEIS since publication of the draft SWEIS are marked with a vertical bar to the right or
left of the text.
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MEASUREMENTS AND CONVERSIONS

The following information is provided to assist the reader in understanding certain concepts 
SWEIS.  Definitions of technical terms can be found in volume I, chapter 10, Glossary.

SCIENTIFIC  NOTATION

Scientific notation is used in this report to express very large or very small numbers.  For exam
number 1 billion could be written as 1,000,000,000 or, using scientific notation, as 1 x 109.  Translating
from scientific notation to a more traditional number requires moving the decimal point either
(for a positive power of 10) or left (for a negative power of 10).  If the value given is 2.0 x 103, move
the decimal point three places (insert zeros if no numbers are given) to the right of its current lo
The result would be 2,000.  If the value given is 2.0 x 10-5, move the decimal point five places to th
left of its present location.  The result would be 0.00002.  An alternative way of expressing nu
used primarily in the appendixes of this SWEIS, is exponential notation, which is very similar 
to scientific notation.  For example, using the scientific notation for 1 x 109, in exponential notation
the 109 (10 to the power of 9) would be replaced by E+09.  (For positive powers, sometimes th
sign is omitted, and so the example here could be expressed as E09.)  If the value is given as 2-5

in scientific notation, then the equivalent exponential notation is 2.0E-05.

UNITS OF MEASUREMENT

The primary units of measurement used in this report are English units with metric equiv
enclosed in parentheses.  

Many metric measurements presented include prefixes that denote a multiplication factor 
applied to the base standard (e.g., 1 kilometer = 1,000 meters).  The following list presents thes
prefixes:

giga 1,000,000,000 (109; E+09; one billion)

mega 1,000,000 (106; E+06; one million)

kilo 1,000 (103; E+03; one thousand)

hecto 100 (102; E+02; one hundred)

deka 10 (101; E+01; ten)

unit 1 (100; E+00; one)

deci 0.1 (10-1; E-01; one tenth)

centi 0.01 (10-2; E-02; one hundredth)

milli 0.001 (10-3; E-03; one thousandth)
S–xiii
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micro 0.000001 (10-6; E-06; one millionth)

nano 0.000000001 (10-9; E-09; one billionth)

pico 0.000000000001 (10-12; E-12; one trillionth)

DOE Order 5900.2A, Use of the Metric System of Measurement, prescribes the use of this system 
DOE documents.  Table MC–1 lists the mathematical values or formulas needed for conv
between English and metric units.  Table MC–2 summarizes and defines the terms for units of m
and corresponding symbols found throughout this report.

RADIOACTIVITY  UNIT

Part of this report deals with levels of radioactivity that might be found in various environm
media.  Radioactivity is a property; the amount of a radioactive material is usually expres
“activity” in curies (Ci) (Table MC–3).  The curie is the basic unit used to describe the amou
substance present, and concentrations are generally expressed in terms of curies per unit of
volume.  One curie is equivalent to 37 billion disintegrations per second or is a quantity o
radionuclide that decays at the rate of 37 billion disintegrations per second.   Disintegrations ge
include emissions of alpha or beta particles, gamma radiation, or combinations of these.

RADIATION  DOSE UNITS

The amount of ionizing radiation energy received by a living organism is expressed in ter
radiation dose.  Radiation dose in this report is usually expressed in terms of effective dose eq
and reported numerically in units of rem (Table MC–4).  Rem is a term that relates ionizing rad
and biological effect or risk.  A dose of 1 millirem (0.001 rem) has a biological effect similar t
dose received from about a 1-day exposure to natural background radiation.  A list of the radion
discussed in this document and their half-lives is included in Table MC–5.

CHEMICAL  ELEMENTS

A list of selected chemical elements, chemical constituents, and their nomenclature is prese
Table MC–6. 
S–xiv
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TABLE  MC–1.—Conversion Table

MULTIPLY BY TO OBTAIN MULTIPLY BY TO OBTAIN

ac 0.405 ha ha 2.47 ac

°F (°F -32) x 5/9 °C °C (°C x 9/5) + 32 °F

ft 0.305 m m 3.28 ft

ft2 0.0929 m2 m2 10.76 ft2

ft3 0.0283 m3 m3 35.3 ft3

gal. 3.785 l l 0.264 gal.

in. 2.54 cm cm 0.394 in.

lb 0.454 kg kg 2.205 lb

mCi/km2 1.0 nCi/m2 nCi/m2 1.0 mCi/km2

mi 1.61 km km 0.621 mi

mi2 2.59 km2 km2 0.386 mi2

mi/h 0.447 m/s m/s 2.237 mi/h

nCi 0.001 pCi pCi 1,000 nCi

oz 28.35 g g 0.0353 oz

pCi/l 10-9 µCi/ml µCi/ml 109 pCi/l

pCi/m3 10-12 Ci/m3 Ci/m3 1012 pCi/m3

pCi/m3 10-15 mCi/cm3 mCi/cm3 1015 pCi/m3

ppb 0.001 ppm ppm 1,000 ppb

ton 0.907 metric ton metric ton 1.102 ton
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TABLE  MC–2.—Names and Symbols for Units 

of Measure

LENGTH

SYMBOL NAME

cm centimeter (1 x 10-2 m)

ft foot

in. inch

km kilometer (1 x 103 m)

m  meter

mi  mile

mm millimeter (1 x 10-3 m)

µm micrometer (1 x 10-6 m)

VOLUME

SYMBOL NAME

cm3 cubic centimeter

ft3 cubic foot

gal. gallon

in.3 cubic inch

l liter

m3 cubic meter

ml milliliter (1 x 10-3 l)

ppb parts per billion

ppm parts per million

yd3 cubic yard

RATE

SYMBOL NAME

Ci/yr curies per year

cm3/s cubic meters per second

ft3/s cubic feet per second

ft3/min cubic feet per minute

gpm gallons per minute

kg/yr kilograms per year

km/h kilometers per hour

mg/l milligrams per liter

MGY million gallons per year

MLY million liters per year

m3/yr cubic meters per year

mi/h or mph miles per hour

µCi/l microcuries per liter

pCi/l picocuries per liter

TABLE  MC–2.—Names and Symbols for Units
of Measure-Continued

NUMERICAL RELATIONSHIPS

SYMBOL MEANING

< less than

≤ less than or equal to

> greater than

≥ greater than or equal to

2σ two standard deviations

TIME

SYMBOL NAME

d day

h hour

min minute

nsec nanosecond

s second

yr year

AREA

SYMBOL NAME

ac acre (640 per mi2)

cm2 square centimeter

ft2 square foot

ha hectare (1 x 104 m2)

in.2 square inch

km2 square kilometer

mi2 square mile

MASS

SYMBOL NAME

g gram

kg kilogram (1 x 103 g)

mg milligram (1 x 10-3 g)

µg microgram (1 x 10-6 g)

ng nanogram (1 x 10-9 g)

lb pound

ton metric ton (1 x 106 g)

oz ounce
S–xvi
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TEMPERATURE

SYMBOL NAME

°C degrees Celsius

°F degrees Fahrenheit

°K degrees Kelvin

SOUND/NOISE

SYMBOL NAME

dB decibel

dBA A-weighted decibel

TABLE  MC–3.—Names and Symbols for Units 
of Radioactivity

RADIOACTIVITY

SYMBOL NAME

Ci curie

cpm counts per minute

mCi millicurie (1 x 10-3 Ci)

µCi microcurie (1 x 10-6 Ci)

nCi nanocurie (1 x 10-9 Ci)

pCi picocurie (1 x 10-12 Ci)

TABLE  MC–2.—Names and Symbols for Units 
of Measure-Continued

TABLE  MC–4.—Names and Symbols for Units
of Radiation Dose

RADIATION DOSE

SYMBOL NAME

mrad millirad (1 x 10-3 rad)

mrem millirem (1 x 10-3 rem)

R roentgen

mR milliroentgen (1 x 10-3 R)

µR microroentgen (1 x 10-6 R)
S–xvii
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TABLE  MC–5.—Radionuclide Nomenclature

SYMBOL RADIONUCLIDE HALF-LIFE SYMBOL RADIONUCLIDE HALF-LIFE

Am-241 americium-241 432 yr Pu-241 plutonium-241 14.4 yr

H-3 tritium 12.26 yr Pu-242 plutonium-242 3.8 x 105 yr

Mo-99 molybdenum-99 66 hr Pu-244 plutonium-244 8.2 x 107 yr

Pa-234 protactinium-234 6.7 hr Th-231 thorium-231 25.5 hr

Pa-234m protactinium-234m 1.17 min Th-234 thorium-234 24.1 d

Pu-236 plutonium-236 2.9yr U-234 uranium-234 2.4 x 105 yr

Pu-238 plutonium-238 87.7 yr U-235 uranium-234 7 x 108 yr

Pu-239 plutonium-239 2.4 x 104 yr U-238 uranium-238 4.5 x 109 yr

Pu-240 plutonium-240 6.5 x 103 yr

TABLE  MC–6.—Elemental and Chemical Constituent Nomenclature

SYMBOL CONSTITUENT SYMBOL CONSTITUENT

Ag silver Pa protactinium

Al aluminum Pb lead

Ar argon Pu plutonium

B boron SF6 sulfur hexafluoride

Be beryllium Si silicon

CO carbon monoxide SO2 sulfur dioxide

CO2 carbon dioxide Ta tantalum

Cu copper Th thorium

F fluorine Ti titanium

Fe iron U uranium

Kr krypton V vanadium

N nitrogen W tungsten

Ni nickel Xe xenon

NO2
- nitrite ion Zn zinc

NO3
- nitrate ion
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SUMMARY

S.1 INTRODUCTION  

S.1.1 Background Information

In accordance with the Atomic Energy Act of
1954 (42 United States Code [U.S.C.] §2011),
as amended, and the Energy Reorganization Act
of 1974 (42 U.S.C. §5801), the U.S. Department
of Energy (DOE)  has responsibilities that have
been grouped into four principal missions:
national security, energy resources,
environmental quality, and science.  DOE’s
responsibilities under these missions are
fulfilled through program offices established to
manage related aspects of DOE missions.
Specific elements of these DOE missions are
assigned to DOE sites across the country,
including DOE’s system of national
laboratories.  Each of these sites houses
facilities established and maintained to support
DOE responsibilities.  The capabilities
established at these facilities also may be used to
support other federal agencies, government
groups, utilities, universities, and private
industry.

The Los Alamos National Laboratory (LANL)
is one of DOE’s national laboratories.  LANL is
a multidisciplinary, multipurpose institution
engaged in theoretical and experimental
research and development.  DOE has assigned
elements of each of its four principal missions to
LANL, and has established and maintains
several capabilities in support of these mission
elements; these capabilities also support other
federal agencies and other organizations in
accordance with national priorities and policies.
Because the mission elements assigned to
LANL are managed by multiple DOE program
offices, LANL is referred to as a “multi-
program site.”

LANL is located in north-central New Mexico,
60 miles (97 kilometers) north-northeast of

Albuquerque, 25 miles (40 kilometers
northwest of Santa Fe, and 20 miles (3
kilometers) southwest of Española in Lo
Alamos and Santa Fe Counties (Figure S.1.1–
LANL and the surrounding region are
characterized by forested areas with mountai
canyons, and valleys, as well as diverse cultu
and ecosystems.  

The area is dominated by the Jemez Mounta
to the west and the Sangre de Cristo Mounta
to the east.  These two mountain ranges and
State of New Mexico are divided north to sou
by the Rio Grande.  LANL is located on th
Pajarito Plateau, a volcanic shelf on the east
slope of the Jemez Mountains at an approxim
elevation of 7,000 feet (2,135 meters).  Th
Pajarito Plateau is cut by 13 steeply sloped a
deeply eroded canyons that have form
isolated finger-like mesas running west to ea
The Santa Fe National Forest, which includ
the Dome Wilderness Area, lies to the nort
west, and south of LANL.  The American India
Pueblo of San Ildefonso and the Rio Gran
border the site on the east, and the Bande
National Monument (BNM) and Wildernes
Area lie directly south.

A large variety of natural and cultural resource
lie within the LANL region.  The Pajarito
Plateau is one of the longest continual
occupied areas in the U.S.  The archaeologi
and historical resources of the LANL site refle
the length of temporal occupation as well as t
diversity in the cultures of its occupants
American Indian and Hispanic communities an
the ruins of prehistoric cultures surroun
LANL.

The ecosystems in the region are diverse due
the 5,000-foot (1,525-meter) gradient tha
extends between the Rio Grande Valley on t
eastern edge of LANL and the top of Pajari
Mountain on its western border.  Variations 
precipitation and temperature and differences
S–1
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FIGURE S.1.1–1.—Location of the Los Alamos National Laboratory.
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the amount of sunlight that reach the
north-facing and south-facing canyon slopes
have resulted in a diversity of plant life, wildlife,
and soils.

LANL occupies an area of approximately
27,832 acres (11,272 hectares), or
approximately 43 square miles (111 square
kilometers), of which 86 percent lies within Los
Alamos County and 14 percent within Santa Fe
County.  The Fenton Hill site (Technical Area
[TA]–57), a remote site 20 miles (32 kilometers)
west of LANL, occupies 15 acres (6 hectares) in
Sandoval County on land leased from the U.S.
Forest Service.

DOE performs much of its work through its
contractors.  The contractor for the operation of
LANL is the University of California (UC).  The
LANL-affiliated workforce includes employees
of UC and its subcontractors, of which the major
employers are Johnson Controls World
Services, Inc., and Protection Technology of
Los Alamos.  LANL employs both technical
and nontechnical subcontractors, as well as
consultants on a temporary basis.  At the end of
March 1996, the LANL-affiliated workforce
totaled 12,837.

LANL is divided into 49 separate TAs.  These
TAs (which are not numbered sequentially)
compose the basic geographic configuration of
LANL (Figure S.1.1–2 and Table S.1.1–1).
LANL has 2,043 structures containing 7.9
million square feet (734,700 square meters), of
which 1,835 are buildings, totaling 7.3 million
square feet (678,900 square meters).  The other
structures consist of such items as
meteorological towers, pumphouses, water
towers, manhole covers, and small storage
sheds.

S.1.2 Public Involvement

Under DOE’s compliance strategy for the
National Environmental Policy Act of 1969
(NEPA) (42 U.S.C. §4321), a site-wide

environmental impact statement (SWEIS) 
prepared to examine the environmental impa
of operations at a multi-program site (10 Cod
of Federal Regulations [CFR] 1021.330).  
SWEIS was prepared for the operation of LAN
in 1979.  That document and subsequent NE
reviews for specific project or program
activities have served as the NEPA basis 
operations at LANL since 1979.  Changes in t
world political situation have the potential t
alter the role of and the operations at LANL, a
well as change reasonably foreseeable acti
that may be taken during the next 10 years (e
the assignment of new mission elements 
LANL as a result of other programmatic NEP
reviews).  Thus, DOE is preparing this SWEI
to replace the 1979 SWEIS, and future NEP
documents at LANL will be tiered from or
reference this SWEIS.  This SWEIS address
operation of LANL (from 1997 through 2006
across the approximately 43 square mil
(111 square kilometers) of government lan
under the administrative control of DOE.  DO
is the lead agency and Los Alamos County is
cooperating agency (due to the interdepende
of county and DOE planning) in the preparatio
of this SWEIS.

The process for the preparation of this SWE
was designed to enhance the participation 
members of the public.  The SWEIS Advanc
Notice of Intent, published in the Federal
Register (FR) on August 10, 1994
(59 FR 40889), identified possible issues a
alternatives to be analyzed.  It was followed b
a series of public meetings intended to bo
provide information on LANL and the plans fo
the SWEIS and to obtain public input regardin
the scope of the SWEIS.  Based on the inp
received during this “prescoping” period, DO
prepared and published the Notice of Intent 
prepare the SWEIS on May 12, 199
(60 FR 25697).  This publication was als
followed by a series of public meetings t
provide opportunities for stakeholders t
identify the issues, environmental concerns, a
alternatives that should be analyzed in t
S–3
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FIGURE S.1.1–2.—Technical Areas of Los Alamos National Laboratory.
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TABLE  S.1.1–1.—Overview of Technical Areas and Their Associated Activities

TECHNICAL AREA a ACTIVITIES

TA–0 LANL has about 180,000 square feet (16,722 square meters) of leased space for training, supp
architectural engineering design, and unclassified research and development in the Los Alamo
townsite and White Rock.  The Community Reading Room and the Bradbury Science Museum
also located in the Los Alamos townsite.

TA–2 (Omega Site) Omega West Reactor, an 8-MW nuclear research reactor, is located here.  It was placed in a 
shutdown condition in 1993.  It is currently being removed from the nuclear facilities list and will 
transferred into the decontamination and decommissioning (D&D) program possibly during 199
All fuel has been removed from this reactor.

TA–3 (Core Area) The Administration Complex contains the Director’s office, administrative offices, and support 
facilities.  Laboratories for several divisions are in the main TA.  TA–3 contains major facilities su
as the Chemistry and Metallurgy Research (CMR) Building, the Sigma Complex, the Main Shop
and the Materials Science Laboratory (MSL).  Other buildings house central computing facilitie
chemistry and materials science laboratories, earth and space science laboratories, physics 
laboratories, technical shops, cryogenics laboratories, the main cafeteria, and the Study Cente
TA–3 contains about 50 percent of LANL’s employees and floor space. 

TA–5 (Beta Site) This site contains some physical support facilities such as an electrical substation, test wells, 
environmental monitoring and buffer areas. 

TA–6 (Two-Mile Mesa Site) This site is mostly undeveloped and contains gas cylinder staging and vacant buildings pendi
decommissioning.

TA–8 (GT-Site [or Anchor 
Site West])

This is a dynamic testing site operated as a service facility for LANL.  It maintains capability in 
modern nondestructive testing techniques for ensuring quality of material, ranging from test 
weapons components to high-pressure dies and molds.  Principal tools include radiographic 
techniques (x-ray machines with potentials up to 1 MeV and a 24-MeV betatron), radioisotope 
techniques, ultrasonic and penetrant testing, and electromagnetic test methods.  

TA–9 (Anchor Site East) At this site, fabrication feasibility and physical properties of explosives are explored.  New org
compounds are investigated for possible use as explosives.  Storage and stability problems are
studied.

TA–11 (K-Site) These facilities are used for testing explosives components and systems, including vibration te
and drop testing, under a variety of extreme physical environments.  The facilities are arranged
that testing may be controlled and observed remotely and so that devices containing explosive
radioactive materials, as well as those containing nonhazardous materials, may be tested.

TA–14 (Q-Site) This dynamic testing site is used for running various tests on relatively small explosive charge
fragment impact tests, explosives sensitivities, and thermal responses.

TA–15 (R-Site) This site houses the Pulsed High-Energy Radiation Machine Emitting X-Rays (PHERMEX) 
Facility, a multiple-cavity electron accelerator capable of producing a very large flux of x-rays fo
dynamic experiments and hydrodynamic testing.  TA–15 also is the site for the Dual Axis 
Radiographic Hydrodynamic Test (DARHT) Facility (now under construction), whose major 
feature will be its intense high-resolution, dual-machine radiographic capability.  This site is als
used for the investigation of weapons functioning and systems behavior in nonnuclear tests, 
principally through electronic recordings.

TA–16 (S-Site) Investigations at this site include development, engineering design, prototype manufacture, an
environmental testing of nuclear weapons components and subsystems.  It is the site of the Wea
Engineering Tritium Facility (WETF) that focuses on research and applications using tritium.  
Development and testing of high explosives, plastics, and adhesives, and research on process
development for manufacture of items using these and other materials are accomplished in 
extensive facilities.
S–5
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TA–18 (Pajarito Laboratory 
Site)

This is a nuclear facility that studies both static and dynamic behavior of multiplying assemblies
special nuclear materials (SNMs).  SNMs are used to support a wide variety of activities for 
stockpile management, stockpile stewardship, emergency response, nonproliferation, safeguar
etc.  In addition, this facility provides the capability to perform hands-on training and experimen
with SNM in various configurations below critical.

TA–21 (DP-Site) This site has two primary research areas:  DP West and DP East.  DP West has been in the D
Program since 1992, and about half of the facility has been demolished.  DP West continues to
provide office space for ongoing functions.  Some activities conducted at DP West, primarily in 
inorganic and biochemistry, are being relocated during 1997 and 1998, and the remainder of the
scheduled for D&D in future years.  DP East is a tritium research site and includes the Tritium 
Science and Fabrication Facility (TSFF) and Tritium Systems Test Assembly (TSTA).

TA–22 (TD-Site) This site is used in the development of special detonators to initiate high-explosives systems. 
Fundamental and applied research in support of this activity includes investigating phenomena
associated with initiating high explosives and research in rapid shock-induced reactions.

TA–28 (Magazine Area A) This is an explosives storage area.

TA–33 (HP-Site) The old, High-Pressure Tritium Laboratory Facility is being decommissioned.  Tritium operation
this site were suspended in 1990, and the tritium inventory and operations were moved to WET
TA–16.  The National Radio Astronomy Observatory’s Very Large Baseline Array Telescope is a
located at this site.  

TA–35 (Ten Site) Activities include nuclear safeguards research and development that are concerned with tech
for nondestructive detection, and identification and analysis of fissionable isotopes.  Research 
also done on reactor safety, laser fusion, optical sciences, pulsed-power systems, high-energy
density physics, metallurgy, ceramic technology, and chemical plating.

TA–36 (Kappa-Site) This TA has four active firing sites that support explosives testing.  Nonnuclear ordnance tests
conducted here, including tests of armor and armor-defeating mechanisms, as well as tests of 
shockwave effects on explosives and propellants.  Phenomena of explosives, such as detonati
velocity, are investigated at this dynamic testing site.

TA–37 (Magazine Area C) This is an explosives storage area.

TA–39 (Ancho Canyon Site) The behavior of nonnuclear weapons is studied here, primarily by photographic techniques.  
Investigations are also made into various phenomenological aspects of explosives, interactions
explosives, explosions involving other materials, shock wave physics, equation-of-state 
measurements, and pulsed-power systems design.

TA–40 (DF-Site) This site is used in the development of special detonators to initiate high-explosives systems. 
Fundamental and applied research in support of this activity includes investigating phenomena
associated with the physics of explosives.

TA–41 (W-Site) Personnel at this site engage primarily in engineering design and development of nuclear 
components, including fabrication and evaluation of test materials for weapons.

TA–43 (Health Research 
Laboratory)

This site is adjacent to the Los Alamos Medical Center.  Research performed at this site includ
structural, molecular, and cellular radiobiology; biophysics; mammalian radiobiology; mammalia
metabolism; biochemistry; and genetics.  The DOE Los Alamos Area Office is also located with
TA–43.  

TA–46 (WA-Site) Activities include applied photochemistry research such as the development of technology for 
isotope separation and laser enhancement of chemical processes.  A new facility completed du
1996 houses research in inorganic and materials chemistry.  The Sanitary Wastewater System
Consolidation Plant is located at the east end of this site. 

TA–48 (Radiochemistry Site) Research and development activities at this site include a wide range of chemical processes
nuclear and radiochemistry, geochemistry, biochemistry, actinide chemistry, and separations 
chemistry.  Hot cells are used to produce medical radioisotopes. 

TABLE  S.1.1–1.—Overview of Technical Areas and Their Associated Activities-Continued

TECHNICAL AREA a ACTIVITIES
S–6



Summary

 an
am 

ire 

 
t 

ment 

 

on 

g 
n 

kpile 
le, 

f the 
ot 
ll-
igh 
ther 

ties 

d 

 

ounty 

ies.  

sponse 

tly 
TA–49 (Frijoles Mesa Site) This site is currently restricted to carefully selected functions because of its location near BNMd 
past use in high-explosives and radioactive materials experiments.  The Hazardous Devices Te
Training Facility and the Antenna Test Range are located here.  A helicopter pad used for wildf
response and storage for interagency wildfire response supplies are also located here.

TA–50 (Waste Management 
Site)

Activities include management of the industrial liquid and radioactive liquid waste received from
various TAs.  Activities also include development of improved methods for solid waste treatmen
and containment of radionuclides removed by treatment.

TA–51 (Environmental 
Research Site)

Research and experimental studies on the long-term impact of radioactive waste on the environ
and types of waste storage and coverings are studied at this site.

TA–52 (Reactor 
Development Site)

A wide variety of theoretical and computational activities related to nuclear reactor performance
and safety are done at this site.

TA–53 (Los Alamos Neutron 
Science Center)

This site includes the Los Alamos Neutron Science Center (LANSCE), the LANSCE linear prot
accelerator, the Manuel Lujan Jr. Neutron Scattering Center, and a medical isotope production 
facility.  Also located at TA–53 are the Accelerator Production of Tritium Project Office, includin
the Low-Energy Demonstration Accelerator (LEDA), and research and development activities i
accelerator technology and high-power microwaves.

TA–54 (Waste Disposal Site) Activities consist of radioactive and hazardous solid waste management, including storage, 
treatment, and disposal operations.

TA–55 (Plutonium Facility 
Site)

This facility provides research and applications in chemical and metallurgical processes for 
recovering, purifying, and converting plutonium and other actinides into many compounds and 
forms, as well as research into material properties and fabrication of parts for research and stoc
applications.  Additional activities include the means to safely and securely ship, receive, hand
and store nuclear materials, as well as manage the wastes and residues produced by TA–55 
operations.  The Nuclear Materials Storage Facility (NMSF) is located at this TA.

TA–57 (Fenton Hill Site) This site is located about 20 miles (32 kilometers) west of Los Alamos on the southern edge o
Valles Caldera in the Jemez Mountains, and was the location of LANL’s now decommissioned H
Dry Rock geothermal project.  The site is used for the testing and development of downhole we
logging instruments and other technologies of interest to the energy industry.  Because of the h
elevation and remoteness of Fenton Hill, a gamma ray observatory is located at the site, and o
astrophysics experiments are planned.

TA–58 (Two-Mile North 
Site)

This site is reserved for multi-use experimental sciences requiring close functional ties to activi
currently located at TA–3.

TA–59 (Occupational Health 
Site)

Occupational health and safety and environmental activities are conducted at this site.  
Environmental, safety and health offices, and emergency management facilities are also locate
here.

TA–60 (Sigma Mesa) This area contains physical support and infrastructure facilities, including the Test Fabrication
Facility and Rack Assembly and the Alignment Complex.

TA–61 (East Jemez Road) This site is used for physical support and infrastructure facilities, including the Los Alamos C
sanitary landfill.

TA–62 (Northwest Site) This site is reserved for multi-use experimental science, public and corporate interface, and 
environmental research and buffer zones.

TA–63 (Pajarito Service 
Area)

This site is a major growth area with environmental and waste management functions and facilit
This area contains physical support facilities operated by Johnson Controls, Inc.

TA–64 (Central Guard Site) This is the site of the Central Guard Facility and headquarters for the Hazardous Materials Re
Team.

TA–66 (Central Technical 
Support Site)

This site is used for industrial partnership activities.

TA–67 (Pajarito Mesa Site) This area is a buffer zone, designated as a TA in 1989.  No operations or facilities are curren
located here.

TABLE  S.1.1–1.—Overview of Technical Areas and Their Associated Activities-Continued

TECHNICAL AREA a ACTIVITIES
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TA–68 (Water Canyon Site) This is a dynamic testing area. 

TA–69 (Anchor North Site) This undeveloped TA serves as an environmental buffer for the dynamic testing area.

TA–70 (Rio Grande Site) This undeveloped TA serves as an environmental buffer for the high-explosives test area.

TA–71 (Southeast Site) This undeveloped TA serves as an environmental buffer for the high-explosives test area.

TA–72 (East Entry Site) This is the site of the Protective Forces Training Facility (Live Firing Range).

TA–73 (Airport Site) This area is the Los Alamos Airport.  DOE owns the airport, and the County of Los Alamos 
manages, operates, and maintains it under a leasing arrangement with DOE.  Use of the airpor
private individuals is permitted with special restrictions.

TA–74 (Otowi Tract) This large area, bordering the Pueblo of San Ildefonso on the east, is isolated from most of LA
This site contains LANL water wells and future well fields.

a The concept of technical areas (TAs) was implemented during the first 5 years of LANL’s existence; however, the early TA designations did not 
cover all land within the LANL boundary and, in the early 1980’s, LANL’s TA numbering system was revamped to provide complete coverage.  
Because all TAs received new numbers, a correlation between the historic system and the current system does not exist.  In addition, in the current 
system, some numbers were reserved for future TAs.  Sites that have been closed or abandoned were incorporated into adjacent TAs.

MW = Megawatt, MeV = million electron volts

TABLE  S.1.1–1.—Overview of Technical Areas and Their Associated Activities-Continued

TECHNICAL AREA a ACTIVITIES
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SWEIS.  Nearly 1,300 comments from 215
commentors were recorded.  The most
significant requests and concerns raised were: 

• A preference for a nonnuclear mission for 
LANL

• Imposing a moratorium on current or 
proposed projects until the SWEIS is 
completed

• Inclusion of “green” and shut-down and 
clean-up alternatives

• Reservations regarding waste management 
strategies, treatment, and disposal options, 
as well as waste transportation issues

• An interest in having environmental 
restoration activities included in the SWEIS

• Requests that the SWEIS be put on hold 
until the completion of the Programmatic 
Environmental Impact Statement for 
Stockpile Stewardship and Management 
(SSM PEIS) (DOE 1996) and the Waste 
Management Programmatic Environmental 
Impact Statement (WM PEIS) (DOE 1997)

Based on consideration of the input received in
this “scoping” period, DOE published an
implementation plan1 to summarize the results
of the scoping process, describe the scope of the
SWEIS, and present the planned outline for the
draft SWEIS.  In addition to these activities,
there were several other efforts to obtain public
input regarding the SWEIS, including:
workshops; meetings with and briefings to
representatives of federal, state, tribal, and local
governments; meetings with various interested
groups; open forum sessions in several
communities around LANL; and preparation of
responses to requests for information (including
requests that information be placed in the Los
Alamos Community Outreach Center). 

1.  DOE NEPA regulations (10 CFR 1021) previously 
required that an implementation plan be prepared; a 
regulation change (61 FR 64604) deleted this 
requirement.  An implementation plan was prepared for 
the SWEIS.

SWEIS Terminology

Mission.  In this SWEIS, “missions” refer to the
major responsibilities assigned to DOE (described
in this section).  DOE accomplishes its major
responsibilities by assigning groups or types of
activities (referred to in this SWEIS as mission
elements) to its system of national laboratories,
production facilities, and other sites.

Programs.  DOE is organized into Program Offices,
each of which has primary responsibilities within
the set of DOE missions.  Funding and direction for
activities at DOE facilities are provided through
these Program Offices, and similar/coordinated
sets of activities to meet Program Office
responsibilities are often referred to as programs.
Programs are usually long-term efforts with broad
goals or requirements.

Capabilities.  This refers to the combination of
facilities, equipment, infrastructure, and expertise
necessary to undertake types or groups of activities
and to implement mission assignments.
Capabilities at LANL have been established over
time, principally through mission assignments and
activities directed by Program Offices.  Once
capabilities are established to support a specific
mission assignment or program activity, they are
often used to meet other mission or program
requirements (e.g., the capability for advanced/
complex computation and modeling that was
established to support DOE's national security
mission requirements may also be used to address
needs under DOE's science mission).

Projects.  This is used to describe activities with a
clear beginning and end that are undertaken to meet
a specific goal or need.  Projects can vary in scale
from very small (such as a project to undertake one
experiment or a series of small experiments) to
major (e.g., a project to construct and start up a new
nuclear facility).  Projects are usually relatively
short-term efforts, and they can cross multiple
programs and missions, although they are usually
“sponsored” by a primary Program Office.  In this
SWEIS, this term is usually used more narrowly to
describe construction (including facility
modification) activities (e.g., a project to build a
new office building or a project to establish and
demonstrate a new capability).  Construction
projects considered reasonably foreseeable at
LANL over the next 10 years are discussed and
analyzed in this SWEIS.
S–9
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DOE released the draft SWEIS in May 1998, for
review and comment by the State of New
Mexico, Indian tribes, local governments, other
federal agencies, and the general public.  The
formal public comment period lasted 60 days,
ending on July 15, 1998.  Comments were
accepted and considered after close of the
comment period to the extent practicable.

DOE considered all comments to evaluate the
accuracy and adequacy of the draft SWEIS and
to determine when the SWEIS text needed to be
corrected, clarified, or otherwise revised.  DOE
gave equal weight to spoken and written
comments, comments received at the public
hearings, and comments received in other ways.
Comments were reviewed for content and
relevance to the environmental analysis
contained in the SWEIS.  Each comment was
addressed individually in volume IV, chapter 3
of the SWEIS.

Commentors raised several common topics
during the SWEIS public comment process that
the DOE has addressed in the Major Issues
section located in chapter 2 of volume IV.  In
some cases, commentors raised issues that were
not within the scope of this SWEIS, such as
comments regarding opposition to nuclear
weapons.  To the extent practicable, DOE
addressed these comments in the Major Issues
section and in the individual responses.

The key areas of concern that emerged from
public comments on the draft SWEIS were as
follows:

• Commentors expressed a general 
opposition to nuclear weapons.  Comments 
were received questioning why the draft 
SWEIS does not address the impacts that 
expanding operations at Los Alamos will 
have on the proliferation of nuclear 
weapons.  Expanded operations at LANL 
contradict the 1970 Nonproliferation 
Treaty.  Commentors stated that DOE 
should focus their resources on 

environmental technologies and not on 
nuclear weapons.

• DOE’s implementation of the NEPA 
process was unclear to commentors, in 
particular, how public input is considered in
NEPA documents and the factors that DO
considers in its decision-making process. 
Commentors expressed frustration over th
perception that DOE is not addressing the
concerns in a serious manner.  Commento
also questioned why the draft SWEIS did 
not consider the cost impacts of each 
alternative in its analysis.

• Commentors believed that DOE had not 
considered an adequate range of 
alternatives.  Commentors stated that the 
alternatives discussed in the draft SWEIS
are inadequate because they fail to includ
any alternative that considers the closure 
and cleanup of LANL.  They questioned 
how DOE selected levels of operations for
each alternative.  Commentors also 
questioned why there is little difference in 
the impacts among the alternatives.

• Commentors questioned the impacts of 
LANL operations on the regional aquifer 
and the safety of the drinking water.  They
stated that the draft SWEIS did not provid
adequate site-wide plans for the monitoring
protection, and remediation of surface 
water and groundwater.  Requests also we
made for clarification of the hydrogeologic
mechanism for the surface water to 
groundwater connection at LANL.  
Commentors stated that LANL’s current 
monitoring program should be upgraded t
obtain information about the source of 
recharge to the main aquifer and the sourc
of contaminants to the main aquifer.  
Comments also were received on the 
analyses of impacts to groundwater.

• Concern was expressed that LANL’s pit 
production activities will have the same 
kind of safety problems that occurred at th
Rocky Flats Plant.  Commentors expresse
concern that fires releasing radioactive 
materials would occur at the Plutonium 
S–10
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Facility.  Concern was expressed that DOE 
had not adopted any safety measures as a 
result of the 1969 Rocky Flats Plant fire.  
Commentors believe that LANL will 
become a bomb production factory.

• Commentors expressed concern about the 
consequences of potential seismic activities 
at LANL, specifically at the Chemistry and 
Metallurgy Research (CMR) Building 
(TA–3) and Plutonium Facility (TA–55), 
and the impact of the results of ongoing 
seismic studies.  Questions also were raised 
about the frequency of seismic events in the 
LANL region and the potential release of 
radioactive materials from such an event.

• The need for expansion of the low-level 
radioactive waste (LLW) disposal capacity 
at the TA–54/Area G Disposal Facility was 
questioned.  Concern was expressed that 
impacts both natural and cultural, on San 
Ildefonso Pueblo lands would be 
irreversible.  Commentors also expressed 
concern about the importation of low-level 
waste from other DOE sites.  Concerns 
about further restriction of movement of the 
elk herd, due to a security fence 
surrounding Area G, also were expressed.  
Commentors were concerned about 
migration of contaminated wastes to the 
groundwater if leaks were to occur in 
disposal cells.  Commentors stated that the 
draft SWEIS was deficient because it did 
not analyze the removal of all waste from 
TA–54.

• Commentors questioned the lack of specific 
quantitative risk analyses in the SWEIS on 
environmental restoration sites and the 
absence of data about environmental 
restoration sites in the context of various 
environmental settings.  Commentors 
believed that more information on specific 
measures should be provided so that public 
comment could be provided on this 
program.  Commentors questioned the 
impacts of not environmentally restoring 
each contaminated site at LANL.  
Questions were raised about the use of 

bounding analysis in describing the overa
impacts of environmental restoration 
activities at LANL.  

• Concern was expressed about the 
management of cultural resources at LAN
and the depth of the traditional cultural 
properties study performed for the SWEIS
Commentors questioned whether DOE 
seeks and utilizes input on cultural 
resources from affected Indian tribes.  
Concern also was expressed that the 
impacts of the operation of LANL would 
have an irretrievable impact on cultural 
resources in the area, including spiritual o
unseen resources.

• Commentors questioned the adequacy of 
the environmental justice analysis in the 
SWEIS and the steps taken to protect 
minority or low-income populations.  
Commentors stated that expansion of 
Area G at TA–54, which is located adjacen
to San Ildefonso Pueblo lands, constitutes
disproportionately high and adverse impac
on the minority community of San 
Ildefonso.

• Commentors stated that DOE should have
an integrated approach for the manageme
of natural resources at LANL to provide 
better protection of resources.  Commento
stated that the draft SWEIS is deficient in 
the quantification of direct, indirect, and 
cumulative impacts to natural resources.  
Wildlife habitat fragmentation was another
concern of commentors.

• Concern was expressed by commentors th
implementation of the Expanded 
Operations Alternative would strain the 
electrical power demand in the region.  
Commentors requested clarification on the
steps to be taken by DOE to address the 
electrical power supply issue.  Concern als
was expressed that if electrical supply 
shortages were to occur, equipment 
monitors or other safety equipment could 
fail, potentially causing environmental 
impacts.
S–11
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• Commentors stated the draft SWEIS does 
not provide an adequate analysis of the 
environmental and health impacts of a 
major forest fire at LANL.  Commentors 
stated that the draft SWEIS only examines 
the effects of a fire to specific facilities and 
initiated within those facilities.  It was 
recommended that the environmental 
consequences of a catastrophic wildfire be 
addressed in the section on accidents.

• Commentors disagree with the claim in the 
draft SWEIS that LANL was in compliance 
with standards of the Clean Air Act (CAA), 
and specifically, that LANL is in full 
compliance with the radiological emissions 
under National Emission Standards for 
Hazardous Air Pollutants.  Commentors 
stated that an independent auditor found 
that LANL was noncompliant, but these 
findings were disputed.  The final SWEIS 
should discuss the auditors’ findings, 
justification for the claim of CAA 
compliance, and steps to be taken by DOE 
and LANL if the CAA standards are 
exceeded.

• Commentors stated that the draft SWEIS 
did not consider the impacts of stormwater 
runoff events at LANL, noting that storm 
runoff events can be a significant pathway 
for the off-site migration of contaminants.  
Many storms over the years and numerous 
canyon systems, as noted by the 
commentors, create a potential for 
cumulative off-site migration of 
contaminants.

S.1.3 Changes to the Draft SWEIS

DOE revised the draft SWEIS in response to
comments received from other federal agencies;
tribal, state, and local governments;
nongovernmental organizations; the general
public; and DOE reviews.  The text was
changed to provide additional environmental
baseline information, to correct inaccuracies
and make editorial corrections, and provide
additional discussion of technical

considerations to respond to comments a
clarify text.  In addition, DOE updated
information due to events or decisions made
other documents since the draft SWEIS w
provided for public comment in May 1998.

S.1.3.1 Summary of Significant 
Changes

Revised Preferred Alternative

In the draft SWEIS, the DOE’s Preferre
Alternative was the Expanded Operation
Alternative.  In this final SWEIS, the Expande
Operations Alternative remains the Preferre
Alternative with one modification, as note
below.  The modification to the Preferre
Alternative involves the level at which pi
manufacturing will be implemented at LANL
Under the Expanded Operations Alternativ
DOE would expand operations at LANL, as th
need arises, to increase the level of existi
operations to the highest reasonably foreseea
levels, including the full implementation of pi
manufacturing up to the capacity of 50 pits p
year under single-shift operations (80 pits p
year using multiple shifts).  However, as a res
of delays in the implementation of th
Capability Maintenance and Improvemen
Project (CMIP) and recent additional contro
and operational constraints in the CM
Building (instituted to ensure that the risk
associated with the CMR Building operation
are maintained at an acceptable level), the DO
has determined that additional study of metho
for implementing the 50 pits per year productio
capacity is warranted. In effect, because DO
has postponed any decision to expand 
manufacturing beyond a level of 20 pits per ye
in the near future, the revised Preferre
Alternative would only implement pit
manufacturing at this level.  This postponeme
does not modify the long-term goal announc
in the Record of Decision (ROD) for the SSM
PEIS (up to 80 pits per year using multip
shifts). 
S–12
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Enhanced Pit Manufacturing

As described above, as a result of delays in the
implementation of the CMIP and recent
additional controls and operational constraints
in the CMR Building (chapter 2, section
2.2.2.3), DOE has postponed any decision to
implement the pit manufacturing capability
beyond a level of 20 pits per year (14 pits is the
No Action level).  DOE believes it can expand
the pit manufacturing capability to 20 pits at
TA–55 without significant infrastructure
upgrades and still meet its near-term mission
requirements.  When the additional studies are
completed, DOE will provide the appropriate
NEPA review, tiered from this SWEIS, to
implement the pit manufacturing capability
beyond the 20 pits per year capacity.  The
project-specific siting and construction (PSSC)
analysis for the Enhancement of Plutonium Pit
Manufacturing (in volume II of this SWEIS) no
longer states a “Preferred PSSC Alternative.”
The Preferred Alternative would only
implement pit production at a level of 20 pits per
year.  However, for completeness and to bound
the impacts of implementing pit production at
LANL, the “Utilize Existing Unused Space in
the CMR Building” Alternative (the Preferred
PSSC Alternative in the draft SWEIS) is still
included in the Expanded Operations
Alternative as the “CMR Building Use”
Alternative. The ROD for the SWEIS will only
include a decision regarding the operations to
implement the pit production mission at LANL
for up to 20 pits per year.  This change is
reflected in volume II, part II.

Wildfire

The scenario that a wildfire could encroach on
LANL was analyzed and included in the
accident set presented for all the alternatives.
The detailed wildfire analysis, referred to as the
SITE–04 accident, is presented in appendix G,
section G.5.4.4 of volume III of this SWEIS.  A
summary of the impacts is presented in
chapter 5.

Comparison Between the Rocky Flats Plant 
and LANL

An overview of the 1969 plutonium fire at th
Rocky Flats site and a comparison of the des
and operational differences between the Roc
Flats Plant and LANL are included in append
G, section G.4.1.2. A summary is included 
chapter 5.

CMR Building Seismic Upgrades

DOE has decided not to implement the seism
upgrades as part of the CMR Building Upgrad
Project, Phase II, as a result of (1) new seism
studies (chapter 4, section 4.2.2.2, and appen
I) released after the draft SWEIS was issu
indicating the additional hazard of a seism
rupture at the CMR Building and (2) DOE’
postponement of any decisions to implement t
pit manufacturing capability beyond 20 pits p
year in the near future.  Although the seism
rupture risk does not have a substantial effect
the overall seismic risk (chapter 2, sectio
2.2.2.3), it is an aspect of risk that cannot 
cost-effectively mitigated through engineere
structural upgrades.  Given that assessment,
DOE is considering more substantial actio
that are not yet ripe for analysis in the SWE
(e.g., replacement of aging structures).  T
overall goal of DOE’s evaluation is ultimately
to reduce the risk associated with a seism
event, should one occur.  In the meantime, DO
is taking actions to mitigate seismic risk
through means other than seismic upgrad
(e.g., minimizing material at risk and puttin
temporarily inactive material in process int
containers).  In any event, DOE is presenting t
larger and more conservative impacts (n
seismic upgrades) for the SITE–01, SITE–0
and SITE–03 accidents.  Therefore, SITE–0
SITE–02, and SITE–03 accidents were revis
to include new seismic data published after t
draft SWEIS was released and to exclude t
mitigation of the impacts of implementing th
seismic upgrades. The detailed revised analy
is presented in appendix G.  A summary of t
impacts is presented in chapters 3 and 5.
S–13
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Strategic Computing Complex 

The impacts of constructing and operating the
proposed Strategic Computing Complex (SCC)
project, primarily electric power demand and
water usage, were incorporated into all the
alternatives analyzed.  Water usage was not
increased in these analyses because DOE and
LANL committed to no net increase of water as
a result of conservation measures and recycling
of treated wastewater from the Sanitary
Wastewater System Consolidation Plant,
TA–46, as cooling water for the SCC project.

Conveyance and Transfer of DOE Land  

DOE has begun the preparation of an EIS for the
Conveyance and Transfer of Certain Land
Tracts at LANL (CT EIS).  The CT EIS,
scheduled to be released in draft form for public
review and comment in early 1999, will analyze
the impacts of conveying and transferring
certain tracts of land to the County of Los
Alamos and the U.S. Department of the Interior
in trust for the Pueblo of San Ildefonso.  The
CT EIS also will present the cumulative impacts
of the land being developed by either the County
of Los Alamos or the Pueblo of San Ildefonso,
as well as the impacts of continuing to operate
LANL.

S.1.3.2 Next Steps

The SWEIS ROD, to be published no sooner
than 30 days after the Notice of Availability of
the final SWEIS has been issued, will explain all
factors, including environmental impacts, that
the DOE considered in reaching its decision.
The ROD will also identify the environmentally
preferred alternative or alternatives.  If
mitigation measures, monitoring, or other
conditions are adopted as part of DOE’s
decision, these will summarized in the ROD, as
applicable, and will be included in the
Mitigation Action Plan that would be prepared
following the issuance of the ROD.  The

Mitigation Action Plan would explain how and
when mitigation measures would b
implemented and how the DOE would monito
the mitigation measures over time to judge th
effectiveness.

S.2 ALTERNATIVES  TO MEET THE 
PURPOSE AND NEED FOR 
AGENCY ACTION

S.2.1 Purpose and Need for Agency
Action

As directed by the President and Congress, D
has the core mission to provide for stewardsh
and management of the nuclear weapo
stockpile.  DOE also has other national securi
energy resources, environmental quality, a
science missions.  These missions are natio
in scope, and aspects are carried out at vari
DOE facilities.  The purpose of continue
operation of LANL is to provide support fo
DOE missions.

The need to continue to operate LANL is bas
on the unique facilities and expertise of the sta
located there.  These facilities and this expert
provide key capabilities within the broad area
of:

• Theoretical research, including parameter
estimation, mathematical modeling, and 
high-performance computing 

• Experimental science and engineering 
ranging from bench-scale to multisite, 
multitechnology facilities (including 
accelerators, radiographic facilities, etc.)

• Advanced and nuclear materials research
and development, and technological 
applications, including weapons componen
testing, fabrication, stockpile assurance, 
replacement, surveillance, and maintenan
(including theoretical and experimental 
activities) 
S–14
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DOE assignments to LANL use and build upon
these capabilities.  DOE’s need to continue to
operate LANL is focused on DOE’s obligation
to ensure a safe and reliable nuclear stockpile in
accordance with national security policy.

S.2.2 Proposed Action and 
Alternatives

DOE proposes to continue operating LANL in
support of DOE’s national missions.  The
decisions that DOE expects to make as a result
of the alternatives analyzed in this SWEIS will
satisfy the purpose and need presented above.
The decisions include the level of operation for
LANL, as well as specific decisions regarding
construction projects that are ripe for decision
on a schedule compatible with the SWEIS.  In
particular, two of these construction projects
involve multiple facilities and operations across
LANL:  (1) the site-specific implementation of
the pit production mission assigned in the ROD
regarding SSM (61 FR 68014, December
1996), and (2) the disposition of LLW off the
site or the expansion of on-site disposal
capacity.  DOE also will select from appropriate
mitigation measures to reduce or avoid potential
impacts associated with the alternative and
project-level decisions.

This SWEIS evaluates four broad alternative
levels of operation at LANL:  No Action,
Expanded Operations, Reduced Operations, and
“Greener.”  

The No Action Alternative analyzed in this
SWEIS reflects the levels of operation at LANL
that are currently planned (that is, the levels of
operations that would be undertaken in the
absence of a decision to change operational
levels).  This includes operations that provide
for continued support of DOE’s four primary
missions, but would not include an increase in
the existing pit manufacturing capacity (which
is 14 pits per year) nor expansion of the LLW
disposal facility at TA–54 (the remaining space
in the existing Area G footprint would be used,

but some LLW would be shipped for off-sit
disposal).  This alternative includes th
maintenance of existing capabilities, continue
support/infrastructure activities, and facilit
construction or modification projects
throughout LANL that have previous NEPA
reviews (projects not previously reviewed und
NEPA, as listed in the Expanded Operatio
Alternative, would not proceed under thi
alternative).

The Expanded Operations Alternative wou
expand operations at LANL, as the need aris
to increase the level of existing operations to t
highest reasonably foreseeable levels, and
fully implement the mission elements assign
to LANL.  This includes the impacts of the ful
implementation of pit manufacturing (discusse
further in section S.2.5.2) up to a capacity of 5
pits per year under single-shift operations (8
pits per year using multiple shifts).  Thi
alternative also includes the expansion of t
LLW disposal site at TA–54 (discussed furth
in section S.2.5.1).  This alternative als
includes the continued maintenance of existi
and expanded capabilities, continued suppo
infrastructure activities, and implementation o
several facility construction or modification
projects at TA–53 (the long-pulse spallatio
source, the 5-megawatt target/blank
experimental area, the Dynamic Experime
Laboratory, and the Exotic Isotope Productio
Facility), which have not previously bee
reviewed under NEPA (construction projec
throughout LANL that have previous NEPA
reviews would proceed as planned).  The TA–
projects proposed do not have meaningful siti
and construction alternatives at LANL becau
they are dependent on the delivery of a
accelerator beam that is not provided at oth
LANL facilities.  (Construction of a new
accelerator solely to provide for these activitie
is not considered reasonable.)

The Reduced Operations Alternative reflects t
minimum levels of operation at LANL
considered necessary to maintain th
capabilities to support DOE missions over th
S–15
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near term.  While the capabilities are maintained
under this alternative, this may not constitute
full support of the mission elements currently
assigned to LANL.  This alternative reflects pit
manufacturing at a level below the existing
capacity (at 6 to 12 pits per year) and reflects
shipment of much of the LLW generated at
LANL for off-site disposal (on-site disposal
would be limited to those waste types for which
LANL has a unique capability at Area G).  This
alternative includes the maintenance of existing
capabilities, continued support/infrastructure
activities, and facility construction or
modification projects throughout LANL that
have previous NEPA reviews; some of the
projects previously reviewed under NEPA
would be reduced in scope or eliminated (e.g.,
the Low-Energy Demonstration Accelerator
[LEDA] would only be operated at the lower
end of its energy range). 

The Greener Alternative reflects increased
levels of operation at LANL in support of
nonproliferation, basic science, and materials
recovery/stabilization mission elements, and
reduced levels of operation in support of
defense and nuclear weapons mission elements.
All LANL capabilities are maintained for the
short term under this alternative; however, this
may not constitute full support of the nuclear
weapons mission elements currently assigned to
LANL.  This alternative reflects pit
manufacturing at a level below the existing
capacity (at 6 to 12 pits per year) and reflects
shipment of much of the LLW generated at
LANL for off-site disposal (on-site disposal
would be limited to those waste types for which
LANL has a unique capability at Area G).  This
alternative includes the maintenance of existing
capabilities, continued support/infrastructure
activities, and implementation of several facility
construction or modification projects at TA–53
(the long-pulse spallation source, the 5-
megawatt target/blanket experimental area, the
Dynamic Experiment Laboratory, and the
Exotic Isotope Production Facility), which have
not previously been reviewed under NEPA

(other projects throughout LANL that hav
previous NEPA reviews would also proceed
As discussed above for the Expande
Operations Alternative, these TA–53 projec
do not have meaningful siting and constructio
alternatives.  The name and general descript
for this alternative were provided by intereste
public stakeholders as a result of the scopi
process.

In the draft SWEIS, the DOE’s Preferre
Alternative was the Expanded Operation
Alternative.  In this final SWEIS, the Expande
Operations Alternative remains the Preferre
Alternative with one modification, as note
below.  The modification to the Preferre
Alternative involves the level at which pi
manufacturing will be implemented at LANL
Under the Expanded Operations Alternativ
DOE would expand operations at LANL, as th
need arises, to increase the level of existi
operations to the highest reasonably foreseea
levels, including the full implementation of pi
manufacturing up to the capacity of 50 pits p
year under single-shift operations (80 pits p
year using multiple shifts).  However, as a res
of delays in the implementation of the CMIP
and recent additional controls and operation
constraints in the CMR Building (instituted to
ensure that the risks associated with the CM
Building operations are maintained at a
acceptable level), the DOE has determined t
additional study of methods for implementin
the 50 pits per year production capacity 
warranted. In effect, because DOE h
postponed any decision to expand p
manufacturing beyond a level of 20 pits per ye
in the near future, the revised Preferre
Alternative would only implement pit
manufacturing at this level.  This postponeme
does not modify the long-term goal announc
in the ROD for the SSM PEIS (up to 80 pits p
year using multiple shifts).  The Preferre
Alternative, as the Expanded Operation
Alternative, also includes the expansion of th
LLW disposal site at TA–54 (discussed furth
in section S.2.5.1).  The Preferred Alternativ
S–16
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also includes the continued maintenance of
existing and expanded capabilities, continued
support/infrastructure activities, and
implementation of several facility construction
or modification projects at TA–53 (the long-
pulse spallation source, the 5-megawatt target/
blanket experimental area, the Dynamic
Experiment Laboratory, and the Exotic Isotope
Production Facility), which have not previously
been reviewed under NEPA (construction
projects throughout LANL that have previous
NEPA reviews would proceed as planned).  The
TA–53 projects proposed do not have
meaningful siting and construction alternatives
at LANL because they are dependent on the
delivery of an accelerator beam that is not
provided at other LANL facilities.
(Construction of a new accelerator solely to
provide for these activities is not considered
reasonable.)

S.2.3 Alternatives Considered But 
Not Analyzed

Comments received during prescoping and
scoping were considered by DOE.  Some of the
alternatives suggested for future operation of
LANL were considered but not analyzed.  These
alternatives and the reasons they were
eliminated from detailed analysis are presented
below:

• Decontamination and Decommissioning of 
LANL.  Under this alternative, LANL 
operations would be phased out, and all 
facilities of LANL would be 
decontaminated and decommissioned as 
soon as practicable.  This alternative is not 
analyzed in the SWEIS because it is 
considered unreasonable in the foreseeable 
future under the terms of the National 
Defense Authorization Act of 1994 (Public 
Law [PL]103-160), subsequent 
authorizations, and presidential policy 
statements on the future of the national 
laboratories (DOE 1995).  Under this act 
(and subsequent authorizations) and 

national security policy, the maintenance o
a safe and reliable nuclear weapons 
stockpile will remain a cornerstone of the 
U.S. nuclear deterrent for the foreseeable
future, and the continued vitality of all three
DOE weapons laboratories (LANL, 
Lawrence Livermore National Laboratory, 
and Sandia National Laboratories) are 
essential to ensuring national security.

• Elimination of All Weapons-Related Work 
from the Continued Operation of LANL.  
Under this alternative, operation of LANL 
would continue, but all weapons work 
would cease except currently authorized p
disassembly, material stabilization, and 
material storage.  This alternative is not 
analyzed in the SWEIS because it is 
considered unreasonable in the foreseeab
future under the terms of the National 
Defense Authorization Act of 1994 
(PL 103-160) and presidential policy 
statements on the future of the national 
laboratories (DOE 1995).  Additionally, 
LANL has an integral role within the 
system of national laboratories to support 
all DOE missions, including the national 
security mission.  Elimination of the 
operations that support the national securi
mission would adversely affect DOE’s 
ability to meet its mission requirements 
under the terms of the Atomic Energy Act, 
as amended (42 U.S.C. §2011).  Even 
relocation of the capabilities that exist at 
LANL to another DOE site could not be 
accomplished within the next 10 years 
while maintaining continuous support of 
DOE’s national security responsibilities.

• Operating LANL Exclusively as a National
Environmental Research Park.  Under this 
alternative, DOE would operate LANL 
exclusively in support of environmental 
research that would contribute to 
understanding how people can best live in
balance with nature while enjoying the 
benefits of technology.  This alternative is 
not analyzed in the SWEIS because it is 
considered unreasonable in the foreseeab
S–17
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future, given LANL’s role in supporting 
DOE’s national security mission (as 
discussed in the two previous alternative 
discussions on this matter).  LANL was 
designated as a National Environmental 
Research Park in 1977, and research 
activities associated with this designation 
continue.

• Privatizing the Operations of LANL.  Under 
this alternative, the operations of LANL 
would be privatized.  This alternative is not 
analyzed in the SWEIS because it is not 
considered reasonable in the foreseeable 
future, given the terms of the Atomic 
Energy Act, as amended (42 U.S.C. §2015). 
This act governs the transfer of real 
property and limits what DOE can do with 
real properties.  The Atomic Energy Act also 
governs what can be done with respect to 
government responsibilities regarding 
nuclear materials and access to information 
classified under this act.  Although this 
alternative is not considered reasonable, it 
should be noted that the environmental 
impacts of operations under this alternative 
would not likely be any different from those 
presented in this SWEIS; the environmental 
consequences of operating LANL are 
primarily functions of the specific activities 
assigned to LANL and the facilities, 
equipment, and procedures used to 
implement them (and these would not be 
expected to change due to privatization).

S.2.4 Approach Used to Describe 
the SWEIS Alternatives in 
Detail

LANL is a multifaceted institution, funded
primarily to undertake a broad range of
theoretical and experimental research and
development as well as undertaking various
applications (including some production
activities) for DOE and other federal agencies.
The research and development activities
throughout LANL are dynamic by their very

nature, with the norm being continual chang
within the limits of the facility capabilities,
authorizations, and operating procedure
Activities at LANL take place across
approximately 43 square miles (111 squa
kilometers), including over 2,000 structure
with about 7.9 million square feet (abou
735,000 square meters) of floorspace.  The s
of the site and the diversity of the activities o
the site present a challenge in terms of providi
a useful description of alternatives for th
operation of LANL (the goal being to provide
the public and decision makers with a
understanding of the alternatives and the
consequences without providing encycloped
details on every process and range of activit
across the entire site).

Knowing that some activities are of mor
interest than others, the operations, building
and physical setting of LANL were all reviewe
to determine an approach that would provid
meaningful descriptions and analyses.  T
approach selected was to describe activities
two levels of detail.  One level describes th
entirety of operations in a summary fashio
Activities were grouped into the broad areas o
(1) theory, modeling, analysis and high
performance computation; (2) experiment
science and engineering; and (3) resear
development, and applications using advanc
and nuclear materials (including bot
theoretical and experimental elements).  T
additional operations necessary to support th
activities (such as administrative and technic
services [e.g., human resources, safeguards 
security, facilities, and environment, safety, an
health], public/corporate interface [includin
the Bradbury Science Museum], and physic
support and infrastructure [such as warehous
storage, utilities, and waste handling]) are al
described at a summary level.  This is 
sufficient level of description to support th
analysis of environmental impacts for th
majority of activities at LANL because thes
activities have little potential for environmenta
impacts.  Many of these activities were n
S–18
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projected to change across the alternatives, and
their contributions to environmental impacts
were carried as a constant factor in the analysis
of each of the alternatives.

Activities of interest tend to be concentrated
within certain facilities.  The more detailed
description of activities at LANL were therefore
focused on the operations within a limited set of
facilities.  Criteria were established to determine
which of the facilities at LANL (often a facility
is composed of multiple buildings) should be
the subjects of the more detailed description and
analysis.  These facilities were designated
SWEIS “key” facilities and are the facilities that
house activities that are critical to meeting DOE
assignments to LANL, and:

• House operations that have the potential to 
cause significant environmental impacts, or

• Are of most interest or concern to the public 
(based on scoping comments received), or

• Would be the most subject to change due to 
recent programmatic decisions.

The 15 key facilities identified in Table S.2.4–1
represent the source of over 99 percent of all
radiation doses to LANL personnel, over 99
percent of all radiation doses to the public, over
90 percent of all radioactive liquid waste
generated, over 90 percent of the radioactive
solid waste generated, and about 30 percent of
the chemical waste generated (the other 70
percent is generated throughout all other LANL
facilities).  Operations in these key facilities
were projected to change in accordance with the
alternatives, and any changes in support or
infrastructure activities that derive from the
changes in operations were analyzed as part of
those operational levels.  As noted above,
operations in the non-key facilities and their
contributions to impacts are included as a
constant factor in the analyses of each of the
alternatives. 

S.2.5 Consideration of Future 
Projects

DOE and researchers at LANL frequent
develop new ideas and proposals for whi
funding and programmatic support ar
requested.  Such proposals vary in terms of si
complexity, and potential environmenta
impact.  Many of these proposals a
characterized as projects.  These are typica
research, development, and applicatio
activities across LANL.  Some of thes
activities also require construction o
modification of facilities or equipment.  The

TABLE  S.2.4–1.—Identification of Key 
Facilities for Analysis of LANL Operations

KEY FACILITY
TECHNICAL 

AREA

Plutonium Facility Complex TA–55

Tritium Facilities TA–16 & TA–21

Chemistry and Metallurgy 
Research Building

TA–3

Pajarito Site TA–18

Sigma Complex TA–3

Materials Science Laboratory TA–3

Target Fabrication Facility TA–35

Machine Shops TA–3

High Explosive Processing 
Facilities

TA–8, TA–9, TA–11, 
TA–16, TA–28 & 

TA–37

High Explosive Testing Facilities TA–14, TA–15, 
TA–36, TA–39, & 

TA–40

Los Alamos Neutron Science 
Center

TA–53

Health Research Laboratory TA–43

Radiochemistry Laboratory TA–48

Waste Management Operations:  
Radioactive Liquid Waste 
Treatment Facility

TA–50 & TA–21

Waste Management Operations:  
Solid Radioactive and Chemical 
Waste Facilities

TA–50 & TA–54
S–19
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discussion in this section focuses on these
construction and modification projects.

Potential construction projects and facility
modifications were reviewed to determine
which were considered reasonably foreseeable;
some of those reviewed were considered too
speculative to analyze within the SWEIS.
However, several construction projects and
facility modifications recently proposed are
considered reasonably foreseeable and are
included in the SWEIS alternatives (identified
by alternative in section S.2.2) and impact
analyses.  It is expected that the ROD for this
SWEIS will include decisions on these projects,
unless they were previously reviewed under
NEPA. (The previous decisions on these
activities are not being revisited in this SWEIS,
and these are included in all of the SWEIS
alternatives.)

Two of these construction projects have
reasonable siting and construction alternatives
that are being considered:  the Expansion of
TA–54/Area G Low-Level Waste Disposal
Area (included in both the Preferred Alternative
and Expanded Operations Alternative) and the
Enhancement of Plutonium Pit Manufacturing
(included only in the Expanded Operations
Alternative).  These siting and construction
alternatives are examined in detail in volume II
of the SWEIS.  The PSSC analyses presented in
volume II provide an examination of a set of
alternatives specific to each of these projects in
greater detail than the description and analysis
presented in volume I of the SWEIS.  The
impacts associated with these siting and
construction activities are included in the
impacts presented for the Expanded Operations
Alternative in volume I.  These projects and the
PSSC alternatives considered are presented
below.

S.2.5.1 Expansion of TA–54/Area G 
Low-Level Waste Disposal 
Area

Under any of the SWEIS alternatives, mo
LLW would be generated than can be dispos
of in the existing footprint of the Area G LLW
disposal site.  While the other three SWE
alternatives include (in varying amounts
shipments of LLW for off-site disposal, the
Expanded Operations Alternative (an
Preferred Alternative) reflects expansion of th
LANL LLW disposal capacity and continued
on-site disposal of LANL LLW.  Five
alternatives in two TAs (TA–54 and TA–67) ar
considered for the expansion of the on-site LL
disposal capacity (Figures S.2.5.1–1 a
S.2.5.1–2):

• Develop Zone 4 at TA–54 (a site almost 
immediately west of the existing disposal 
site).

• Develop Zone 6 at TA–54 (a site located t
the northwest of the existing disposal site 
and Zone 4).

• Develop the North Site at TA–54 (located 
north of Zone 6).

• Develop an undeveloped site at another 
LANL TA (TA–67, an undeveloped site 
northwest of TA–54, is used as an 
example).

• Develop both Zones 4 and 6 in a step-wis
fashion (expand these areas as demand 
requires); this is DOE’s Preferred 
Alternative for this PSSC.

The impacts of this action are included in th
site-wide impacts presented and are a
described separately in section S.3. 
S–20
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FIGURE S.2.5.1–1.—Location of LANL, TA–54, and TA–67.
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S.2.5.2 Enhancement of Plutonium 
Pit Manufacturing

The Expanded Operations Alternative reflects
implementation of the pit production mission
recently assigned to LANL (DOE 1996) by
enhancing the existing capability to
manufacture pits.  The capacity that results from
this enhancement would allow for up to 50 pits
to be fabricated each year under single-shift
operations (80 pits per year under multiple-shift
operations).

As a result of delays in the implementation of
the CMIP and recent additional controls and
operational constraints in the CMR Building

(instituted to ensure that the risks associa
with CMR Building operations are maintaine
at an acceptable level), the DOE has determin
that additional study of methods fo
implementing the 50 pits per year productio
capacity is warranted.  In effect, the DOE h
postponed the decision to implement the p
manufacturing capability beyond a level of 2
pits per year (14 pits is the No Action level
The DOE believes it can expand the p
manufacturing capability to 20 pits at TA–5
without significant infrastructure upgrades an
still meet its near-term mission requirement
This postponement does not modify the lon
term goal announced in the ROD for the SS
PEIS (up to 80 pits per year using multip
shifts).  The Preferred Alternative would onl
implement pit manufacturing at a level of 20 pi
per year.  However, for completeness and 
bound the impacts of implementing p
production at LANL, the “CMR Building Use”
Alternative is still included in the Expande
Operations Alternative.  Pit manufacturin
activities at LANL are supported by several TA
at LANL (Figure S.2.5.2–1).  Three alternative
are considered for the enhancement of 
manufacturing:

• Utilize existing unused space in the CMR 
Building at TA–3 (make existing vacant 
space at this nuclear facility operational an
move some operations from the Plutonium
Facility at TA–55 to this space to make 
enough space available in the Plutonium 
Facility [referred to as building number 
TA–55–4] for the expanded pit 
manufacturing operation).  This is referred
to as the “CMR Building Use” Alternative.

• Brownfield Plutonium Facility (build a new 
nuclear facility on previously disturbed 
land at TA–55 and move some operations
from TA–55–4 to this facility to make 
enough space available in TA–55–4 for th
expanded pit manufacturing operation). 

• Add-on to the TA–55–4 Plutonium Facility
(build an addition to the existing Plutonium
Facility, TA–55–4, and establish the 

Terminology Related to Pit Production

Pit Fabrication/Manufacturing—For purposes
of the SWEIS, these terms are synonymous.
LANL has an existing capability to fabricate or
manufacture plutonium parts.  That is, the
equipment, knowledge, supporting
infrastructure, and administrative procedures
and controls exist at LANL to create plutonium
metallic shapes to precise specifications.  This
capability is currently used in support of existing
missions for research and development and will
be used to rebuild some of the pits destroyed in
stockpile surveillance activities.

Pit Production—For the purposes of the SWEIS,
this term is used to describe the fabrication/
manufacturing of a relatively large quantity of
parts (as compared to the research and
development and prototype capability).  In the
ROD for the SSM PEIS, DOE decided to meet its
need for a pit production capability by
enhancing its existing fabrication/
manufacturing capability at LANL.  This
enhancement consists of changes to optimize
material flows, remove “choke points” that limit
the quantity that can be made, improve
efficiency, and replace or upgrade equipment to
improve process yield and reliability.
S–23
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FIGURE S.2.5.2–1.—Location of LANL Operations that Support Pit Manufacturing.
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expanded pit manufacturing operations 
within this addition—alternatively, some 
operations in the existing space could be 
moved into this addition to make space for 
the expansion in the existing TA–55–4 
space).

These upgrades would be phased to first
increase the capacity of existing operations to
20 pits per year, followed by completion of the
modifications to achieve the end-point
production capacity.  Under each of these
alternatives, transportation of materials between
TA–55 and TA–3 would increase substantially
(more so for the “CMR Building Use”
Alternative than for the Brownfield and Add-On
to TA–55–4 alternatives).  Because this increase
would result in increased on-site transportation
risk and inconvenience to motorists in the area
(roads are closed to other motorists while many
of these shipments take place), DOE is
considering an option to construct a dedicated
road between TA–55 and TA–3 that would be
closed to the public, but that would decrease the
transportation risk and inconvenience to
motorists in the area during shipment of
materials between these TAs.  The construction
of this road is part of the bounding PSSC
Alternative and is included in the SWEIS
Expanded Operations Alternative.  However,
this road would not be constructed at the 20 pits
per year production rate (that is, under the
Preferred Alternative), nor would process
activities associated with pit manufacturing be
moved to the CMR Building.

While the impacts of the actions described in
this PSSC are included in the site-wide impacts
presented, the impacts specific to these actions
are also described separately in chapter 3 of the
SWEIS (section 3.6), chapter 5 (section 5.3),
and in this summary (section S.3).

S.3 PRINCIPAL  ENVIRONMENTAL  
ISSUES AND COMPARISON OF 
ENVIRONMENTAL  IMPACTS

This section contains three parts.  The firs
section S.3.1, presents a summary comparis
of the potential consequences of the fo
alternatives for the continued operation 
LANL.  The second, section S.3.2, is 
comparison of the potential consequenc
(including both construction and operations) 
the alternatives for two projects that depen
upon or span multiple facilities at LANL:  the
Expansion of the TA–54/Area G Low-Leve
Waste Disposal Area, and the Enhancement
Plutonium Pit Manufacturing. (The constructio
and operations for these two projects a
included only in the Expanded Operation
Alternative.)  The third part, section S.3.3
highlights the Environmental Restoratio
Project impacts and benefits due to the uniq
nature of this activity (as compared to oth
LANL activities) and the level of public interes
in these activities.

DOE and LANL conduct all activities in
adherence with applicable laws, regulation
and other requirements.  Chapter 7 summari
the requirements governing operations 
LANL.

S.3.1 Consequences of SWEIS 
Alternatives

Site-wide environmental consequences a
summarized in two tables.  Table S.3.1–
summarizes the potential consequences 
normal operations of LANL under the fou
alternatives.  Table S.3.1–2 addresses 
potential consequences of a range 
transportation and operational acciden
possible at LANL.  Accidents evaluate
include: natural phenomena, process acciden
S–25
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and accidents resulting from external human
activities (such as airplane crashes and
transportation accidents).   

The major contributors to environmental
impacts of operating LANL are wastewater
discharges and radioactive air emissions.   

• Historic discharges to Mortandad Canyon 
from the Radioactive Liquid Waste 
Treatment Facility have resulted in above 
background residual radionuclide 
(americium, plutonium, strontium-90, and 
cesium-137) concentrations, as well as 
nitrates in alluvial groundwater and 
sediments.  

• Plutonium deposits have been detected 
along the Rio Grande between Otowi and 
Cochiti Lake.  

• The principal contributors to radioactive air 
emissions have been and continue to be the 
Los Alamos Neutron Science Center and 
high explosives testing activities.

In addition, trace amounts of tritium have been
detected in some samples from the main aquifer.
(Isolated results have indicated the presence of
other radionuclides.  However, results have not
been duplicated in previous or subsequent
samples, making these results suspect.) 

The analysis in the SWEIS indicates that there
would be very little difference in the
environmental impacts among the SWEIS
alternatives analyzed.  The major discriminators
among alternatives would be:  collective worker
risk due to radiation exposure, socioeconomic
effects due to LANL employment changes, and
electrical power demand.  The separate analyses
of impacts to air and water resources constitute
some of the source information for analysis of
impacts to human health and the environment.
As can be seen from those presentations, the
variation across the alternatives is not of a
sufficient magnitude to cause large differences
in effects.  

Often, there are no differences between accid
impacts among the alternatives, largely as
result of conservative approaches used 
accident frequency and public consequen
The inventories used in the analyses a
typically those of permitted or administrativ
limits (i.e., controls on the maximum amoun
of material that can be processed at one ti
and/or in storage), rather than operational valu
(i.e., the actual amount of material needed 
perform the task).  The operational values wou
be more likely to change among the alternativ
The administrative limits or inventories ar
selected so that the analyses are sufficien
conservative and bounding to cover maximu
possible operational values.  The accide
frequencies depend upon the accident initiato
such as an aircraft crash, earthquake, or wildfi
These particular initiators are independent 
the operations and of inventory; therefore, t
frequency or likelihood of such an even
remains constant among the alternatives.   In 
few cases of accidents in which the frequen
depends upon operations, the variation 
frequency among the alternatives does n
necessarily translate into a significant change
the risk of an environmental release to the pub
because the value of a release is very sm
Likewise, the risk to workers is affected by th
change in frequency of the operations; but, t
consequence of a single accident remains 
same.  The following information highlights th
similarities and differences between th
consequences of alternatives.

S.3.1.1 Land Resources

There is little difference in the impacts to lan
resources between the No Action, Reduc
Operations, and the Greener Alternative
Differences among the alternatives a
primarily associated with operations in existin
facilities, and very little new development i
planned.  Therefore, these impacts a
essentially the same as currently experienc
The Expanded Operations Alternative has ve
similar land resources impacts to those of t
S–44
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other three alternatives, with the principal
differences being attributable to the visual
impacts of lighting along the proposed
transportation corridor and the noise and
vibration associated with increased frequency of
high explosives testing (as compared to the
other three alternatives).

S.3.1.2 Geology, Geological 
Conditions, and Soils

There is little difference in the impacts to these
resources across the alternatives.  Wastewater
discharge volumes with associated
contaminants do change across the alternatives,
but not to a degree noticeable in terms of
impacts (such as causing soil erosion, for
example).  Under all of the alternatives, small
quantities (as compared to existing conditions)
of contaminants would be deposited in soils due
to continued LANL operations and the
Environmental Restoration Project (discussed
further in section S.3.3) would continue to
remove existing contaminants at sites to be
remediated.

Geological mapping and fault trenching studies
at LANL are currently underway or recently
completed to better define the rates of fault
movements, specifically for the Pajarito Fault,
and the location and possible southern
termination of the Rendija Canyon Fault.
Appendix I of the SWEIS presents a detailed
status of the ongoing and recently completed
seismic hazard studies, as well as the
implications of these studies for LANL and
DOE.  That report indicates that slip rates
(recurrence intervals for earthquakes) are within
the parameters assumed in the 1995 seismic
hazards study at LANL (chapter 4, section
4.2.2.2).

S.3.1.3 Water Resources

Water demand under all alternatives (secti
S.3.1.9, below) is within existing DOE Rights t
Water, and would result in average drops of 
to 15 feet (3.1 to 4.6 meters) in the water leve
in DOE well fields over the next 10 years
Except for cooling water used for the TA–5
accelerator facilities, there are not predomina
industrial water users at LANL.  Usage
therefore, will remain within a fairly tight range
among the alternatives.  The related aspect
wastewater discharges is also within a narro
range for that reason.  Outfall flows range fro
218 to 278 million gallons (825 to 1,052 million
liters) per year across the alternatives, and th
flows are not expected to result in substant
changes to existing surface or groundwa
quantities.  Outfall flows are not expected 
result in substantial surface contamina
transport under any of the alternative
Although mechanisms for recharge t
groundwater are highly uncertain, it is possib
that discharges under any of the alternativ
could result in contaminant transport i
groundwater and off the site, particularl
beneath Los Alamos Canyon and Sand
Canyon, which have increased outfall flow
(The outfall flows associated with the Expande
Operations and Greener Alternatives wou
reflect the largest potential for such contamina
transport, and the flows associated with t
Reduced Operations Alternative would have t
least potential for such transport.)

S.3.1.4 Air Quality

Nonradioactive hazardous air pollutants wou
not be expected to degrade air quality or affe
human health under any of the alternatives.  T
differences across the alternatives do not res
in large changes in chemical usage.  T
activities at LANL are such that large amoun
are not typically used in any industrial proce
(as may be found in manufacturing facilities
but research and development activiti
S–45
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involving many users dispersed throughout the
site are the norm.  Air emissions are therefore
not expected to change by a magnitude that
would, for example, trigger more stringent
regulatory requirements or warrant continuous
monitoring.  Radioactive air emissions change
slightly, but are within a narrow range due to the
controls placed on these types of emissions and
the need to assure compliance with regulatory
standards.  The collective population radiation
doses from these emissions range from about
11 person-rem per year to 33 person-rem per
year across the alternatives (primarily from
TA–53 and high explosives testing activities),
and the radiation dose to the LANL maximally
exposed individual ranges from 1.9 millirem per
year to 5.4 millirem per year across the
alternatives (primarily from the operations at
TA–53).  These doses are considered in the
human health impact analysis.

S.3.1.5 Ecological and Biological 
Resources

No significant adverse impact to these resources
is projected under any of the alternatives.  The
separate analyses of impacts to air and water
resources constitute some of the source
information for analysis of impacts in this area;
as can be seen from those presentations, the
variation across the alternatives are not of a
sufficient magnitude to cause large differences
in effects.  The impacts of the Expanded
Operations Alternative differs from those of the
other alternatives in that there is some projected
loss of habitat; however, this habitat loss is
small (due to limited new construction)
compared to available similar habitat in the
immediate vicinity, and no significant adverse
effects to ecological or biological resources is
expected.

S.3.1.6 Human Health

The total radiological doses over the next
10 years to the public under any of the SWEIS

alternatives are relatively small, as compared
doses due to background radiation in the a
(about 0.3 rem per year) and would not b
expected to result in any excess latent can
fatalities (LCFs) to members of the public
Additionally, exposure to chemicals due t
LANL operations under any of the SWEIS
alternatives are not expected to result 
significant effects to either workers or th
public.  Exposure pathways associated with t
traditional practices of communities in th
LANL area (special pathways) would not b
expected to result in human health effects und
any of the alternatives.  The annual collecti
radiation dose to workers at LANL ranges fro
170 person-rem per year to 833 person-rem 
year across the SWEIS alternatives.  (T
difference is primarily attributable to the
differences in Los Alamos Neutron Scienc
Center (LANSCE) accelerator operations an
TA–55–4 actinide processing and pit fabricatio
activities.)  These dose levels would be expec
to result in from 0.07 to 0.33 excess LCFs p
year of operation, respectively, among th
exposed workforce.  

These impacts, in terms of excess LCFs per y
of operation, reflect the numbers of excess fa
cancers estimated to occur among the expo
members of the work force over their lifetime
per year of LANL operations.  The reade
should recognize these estimates are intende
provide a conservative measure of the poten
impacts to be used in the decision-makin
process and do not necessarily portray 
accurate representation of actual anticipat
fatalities.  In other words, one could expect th
the stated impacts form an upper bound and t
actual consequences could be less, but proba
would not be worse.  Worker exposures 
physical safety hazards are expected to resul
a range of 417 (Reduced Operations) to 5
(Expanded Operations) reportable cases e
year; typically, such cases would result in min
or short-term effects to workers, but some 
these incidents could result in long-term hea
effects or even death.
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S.3.1.7 Environmental Justice

Executive Order 12898 (Federal Actions to
Address Environmental Justice in Minority
Populations and Low-Income Populations)
requires every federal agency to analyze
whether its proposed action and alternatives
would have disproportionately high and adverse
impacts on minority or low-income populations.
Based on the analysis of other impact areas,
DOE expects few high and adverse impacts
from the continued operation of LANL under
any of the alternatives, and, to the extent
impacts may be high and adverse, DOE expects
the impact to affect all populations in the area
equally.  DOE also analyzed human health
impacts from exposure through special
pathways, including ingestion of game animals,
fish, native vegetation, surface waters,
sediments, and local produce; absorption of
contaminants in sediments through the skin; and
inhalation of plant materials.  The special
pathways have the potential to be important to
the environmental justice analysis because some
of these pathways may be more important or
viable for the traditional or cultural practices of
minority populations in the area.  However,
human health impacts associated with these
special pathways also would not present
disproportionately high and adverse impacts to
minority or low-income populations.

S.3.1.8 Cultural Resources

Under all of the SWEIS alternatives there is a
negligible to low potential for impacts to
archaeological and historic resources due to
shrapnel and vibration caused by explosives
testing and contamination from emissions.
Logically, potential impacts would vary in
intensity in accordance with the frequency of
explosives tests and the operational levels that
generate emissions (e.g., Reduced Operations
would reflect the lowest potential, and
Expanded Operations would reflect the highest
potential).  Recent assessments of prehistoric
resources indicate a low potential compared to

the effects of natural conditions (wind, rain
etc.).  In addition to these potential impacts, t
Expanded Operations Alternative includes t
expansion of the LLW disposal site at TA–54
which contains several National Register 
Historic Places (NRHP) sites; it is anticipate
that a determination of no adverse effect to the
resources would be achieved based on a d
recovery plan.

The potential impacts to specific traditiona
cultural properties (TCPs) would depend o
their number, characteristics, and locatio
Such resources could be adversely affected
changes in water quality and quantity, erosio
shrapnel from explosives testing, noise a
vibration from explosives testing, an
contamination from ongoing operations.  Suc
impacts would vary in intensity in accordanc
with the frequency of explosives tests and t
operational levels that generate emissions.  T
current practice of consultation would continu
to be used to provide opportunities to avoid 
minimize adverse impacts to any TCPs locat
at LANL.

S.3.1.9 Socioeconomics, 
Infrastructure, and Waste 
Management

LANL employment (including UC employees
and those of the two subcontractors with t
largest employment among the LANL
subcontractors) ranges from 9,347 (Reduc
Operations) to 11,351 (Expanded Operation
full-time equivalents across the alternatives, 
compared to 9,375 LANL full-time equivalent
in 1996.  These changes in employment wou
result in changes in regional population
employment, personal income, and oth
socioeconomic measures.  These second
effects would change existing conditions in th
region by less than 5 percent. 

Peak electrical demand under the Reduc
Operations Alternative exceeds supply durin
the winter months and may result in period
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brownouts.  Peak electrical demand under the
No Action, Expanded Operations, and Greener
Alternatives exceeds the power supply in winter
and summer; this may result in periodic
brownouts.  (Power supply to the Los Alamos
area has been a concern for a number of years,
and DOE continues to work with other users in
the area and power suppliers to increase this
supply.)  Natural gas demand is not projected to
change across the alternatives, and this demand
is within the existing supply of natural gas to the
area; however, the age and condition of the
existing supply and distribution system will
continue to be a reliability issue for LANL and
for residents and other businesses in the area.
Water demand for LANL ranges from
602 million gallons (2,279 million liters) per
year to 759 million gallons (2,873 million liters)
per year across the alternatives; the total water
demand (including LANL and the residences
and other businesses and agencies in the area) is
within the existing DOE rights to water.

LANL chemical waste generation ranges from
3,173 to 3,582 tons (2,878,000 to
3,249,300 kilograms) per year across the
alternatives.  LANL LLW generation, including
low-level mixed waste (LLMW), ranges from
338,210 to 456,530 cubic feet (9,581 to 12,837
cubic meters) per year across the alternatives.
LANL transuranic (TRU) waste generation,
including mixed TRU waste, ranges from 6,710
to 19,270 cubic feet (190 to 547 cubic meters)
across the alternatives.  Disposal of these wastes
at on-site or off-site locations is projected to
constitute a relatively small portion of the
existing capacity for disposal sites; disposal of
all LANL LLW on the site would require
expansion of the LLW disposal capacity beyond
the existing footprint of TA–54 Area G under all
alternatives (although this is only included in
the analysis of the Expanded Operations
Alternative).

Radioactively contaminated space in LANL
facilities would increase by about 63,000 square

feet (5,853 square meters) under the No Actio
Reduced Operations, and Greener Alternativ
(due primarily to actions previously reviewe
under NEPA but not fully implemented at th
time the existing contaminated space estim
was established [May 1996]).  The Expand
Operations Alternative would increas
contaminated space in LANL facilities by abou
73,000 square feet (6,782 square meters).  T
creation of new contaminated space implies
clean-up burden in the future, including th
generation of radioactive waste for treatme
and disposal; the actual impacts of such clea
up actions are highly uncertain because they 
dependent on the actual characteristics of 
facility technologies available and th
applicable requirements at the time of th
cleanup.

S.3.1.10 Transportation

Incident-free transportation associated wi
LANL activities over the next 10 years would b
conservatively expected to cause radiati
doses that would result in about one excess L
to a member of the public and two excess LC
to members of the LANL workforce over thei
lifetimes under each of the SWEIS alternative
(Refer to the discussion of the limitations o
quantitative estimates of excess LCF risks 
section S.3.1.6.)  There is little variation i
impacts because effects are small, and 
increased transport of radioactive materials
not enough to make a significant change in tho
small effects.

Transportation accidents without an associat
cargo release over the next 10 years of LAN
operations are conservatively projected to res
in from 33 to 76 injuries and 3 to 8 fatalitie
(including workers and the public) across th
alternatives.  The bounding off-site and on-s
transportation accidents over the next 10 ye
involving a release of cargo would not b
expected to result in any injuries or fatalities 
S–48
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members of the public for any of the
alternatives.  Accidents were analyzed by type
of material, and the maximum quantities were
selected for analysis.  These parameters do not
change across the alternatives.  Total risk also
does not change appreciably across the
alternatives because the frequency of shipments
does not vary enough to substantially influence
the result.

S.3.1.11 Accidents (Other than 
Transportation Accidents 
and Worker Physical Safety 
Incidents/Accidents)

The SWEIS accident analyses considered a
variety of initiators (including natural and
manmade phenomena), the range of activities at
LANL, and the range of radioactive and other
hazardous materials at LANL.  Transportation
accidents and the relatively frequent worker
physical safety incidents/accidents were
considered separately (sections S.3.1.10 and
S.3.1.6, respectively).  The accidents discussed
in this section are those that bound the accident
risks at LANL (other than transportation and
physical safety incidents/accidents).  

The operational accident analysis included four
scenarios that would result in multiple source
releases of hazardous materials: three due to a
site-wide earthquake and one due to a wildfire.
(Three different earthquake magnitudes were
analyzed [labeled SITE–01, SITE–02, and
SITE–03], resulting in three different degrees of
damage and consequences and one wildfire
scenario [labeled SITE–04].) These four
scenarios dominate the radiological risk due to
accidents at LANL because they involve
radiological releases at multiple facilities and
are considered credible (that is, they would be
expected to occur more often than once in a
million years), with the wildfire considered
likely.  Another earthquake-initiated accident,
labelled RAD–12, is facility-specific (to
Building TA–16–411) and is dominated by the

site-wide earthquake accidents due to its ve
low frequency (about 1.5 x 10-6 per year).  It is
noteworthy that the consequences of su
earthquakes are dependent on the frequency
the earthquake event, the facility design, and 
amount of material that could be released due
the earthquake; such features do not chan
across the SWEIS alternatives, so the impacts
these accidents are the same for all fo
alternatives.  The risks were estimate
conservatively in terms of both the frequency 
the events and the consequences of such eve
(In particular, it is noteworthy that the analys
assumes that any building that would susta
structural or systems damage in an earthqu
scenario does so in a manner that creates a 
for release of material outside of the building
The total societal risk of an accident is th
product of the accident frequency and th
consequences to the total population with
50 miles (80 kilometers).  This risk, a
presented in chapter 5 and in appendix G, ran
from 0.046 (SITE–01) and 0.034 (SITE–04
excess LCFs per year of operation, to extrem
small numbers for most of the radiologica
accidents2.  The societal risk for release o
chemicals, such as chlorine, is calculat
similarly as the product of the frequency an
numbers of people exposed to greater than 
selected guideline concentration, Emergen
Response Planning Guideline (ERPG)–23.  The
risks for chemical releases range from 6

2. As an example, for SITE–01 the societal risk of 
0.046 excess LCFs per year was calculated by multiplyi
the event frequency of 0.0029 per year by the 
consequence to the population of 16 excess LCFs (Ta
S.3.1–2).  The excess LCFs resulting from public 
exposure are calculated by an approved model, such a
the MACCS code, or alternatively multiplying the public
exposure of 27,726 person-rem (from accident analysi
by the conversion factor of 5 x 10-4 excess LCFs per 
person-rem (ICRP 1991).

3. ERPG–2 is the maximum airborne concentration 
below which it is believed that nearly all individuals coul
be exposed for up to 1 hour without irreversible or serio
health effects or symptoms that could impair their 
abilities to take protective action.
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(SITE–01) people exposed per year of operation
to vanishingly small numbers for some
chemical releases.  In general, such earthquakes
would be expected to cause fatalities due to
falling structures or equipment; this also would
be true for LANL facilities.  Thus, worker
fatalities due to the direct effects of the
earthquakes would be expected.  Worker
injuries or fatalities due to the release of
radioactive or other hazardous materials would
be expected to be small or modest increments to
the injuries and fatalities due to the direct effects
of the earthquakes.

Often, there are no differences between accident
impacts among the alternatives, largely as a
result of conservative approaches used in
accident frequency and public consequence.
The inventories used in the analyses are
typically those of permitted or administrative
limits (i.e., controls on the maximum amounts
of material that can be processed at one time
and/or in storage), rather than operational values
(i.e., the actual amount of material needed to
perform the task).  The operational values would
be more likely to change among the alternatives.
The administrative limits or inventories are
selected so that the analyses are sufficiently
conservative and bounding to cover maximum
possible operational values.  The accident
frequencies depend upon the accident initiators,
such as an aircraft crash, earthquake, or wildfire.
These particular initiators are independent of
the operations and of inventory; therefore, the
frequency or likelihood of such an event
remains constant among the alternatives.   In the
few cases of accidents in which the frequency
depends upon operations, the variation in
frequency among the alternatives does not
necessarily translate into a significant change in
the risk of an environmental release to the public
because the value of a release is very small.
Likewise, the risk to workers is affected by the
change in frequency of the operations; but, the
consequence of a single accident remains the
same.

Plutonium accident risks to the public (othe
than those associated with the site-wid
earthquake scenarios) are dominated by 
puncture of a “typical” TRU waste drum
(typical refers to the radioactivity of the drum
contents), which is the highest frequenc
plutonium accident analyzed, and the release
plutonium from a fire in a TRU waste containe
storage area, which had one of the highe
population doses from a plutonium acciden
These accidents, labeled as RAD–09 a
RAD–07, have societal risks of 0.0008 an
0.00011 excess LCFs per year, respective
under the No Action Alternative.  While othe
accident scenarios were considered a
analyzed (including process risks in TA–55 an
the CMR Building), their risks to the public ar
at least an order of magnitude lower becau
either they are associated with relative
infrequent initiating events (e.g., aircra
crashes), or because the event occurs wit
facilities that are designed with multiple
features (referred to as defense in depth) t
prevent or minimize releases to the public.  T
risks associated with plutonium acciden
change slightly (less than an order o
magnitude) across the SWEIS alternative
Frequency or consequence increases (up
double that of No Action) for some acciden
under the Expanded Operations Alternative, a
frequency decreases (by up to 25 percent) fr
some accidents under the Reduced Operati
Alternative.  RAD–07 and RAD–09 remain th
dominant plutonium accidents for publi
exposure under all alternatives.

An overview of the 1969 plutonium pit fire a
the Rocky Flats site and a comparison of t
design and operational differences between 
Rocky Flats Plant and TA–55–4 are presented
appendix G, section G.4.1.2.  Substant
differences exist between the nuclear facili
and operations being conducted in TA–55–
today and those that were present at the Ro
Flats Plant in 1969.  TA–55–4 was designed
correct the deficiencies detected in old
facilities such as the Rock Flats Plant and 
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being upgraded to meet the even more stringent
requirements of the 1990’s, including enhanced
seismic resistance and fire containment.

Worker risk due to plutonium accidents is
highly dependent on the number of workers
present at the time of the event, on the type of
protective measures taken at the time of the
accident, on the speed with which these
measures are taken, and on the effectiveness of
medical treatment after exposure; as such,
worker risks cannot be predicted quantitatively
or reliably.  In general, worker risks due to
plutonium released in an accident would be
limited to those workers in the immediate
vicinity of the accident, and the consequences
would be an increased risk of excess LCFs due
to inhalation of plutonium; any acute fatalities
would only be expected due to the initiating
event (e.g., an aircraft crash), not due to the
plutonium release.  Risks to workers change
across alternatives only to the extent that
frequencies of the events change (as discussed
above for public risk from plutonium accidents).

The risks to the public associated with highly
enriched uranium (labeled as RAD–03) and
tritium (RAD–05) releases due to accidents,
other than the site-wide earthquakes, are several
orders of magnitude lower than those for the
earthquake or for the plutonium accidents.
Similarly, worker risks in such accidents are
also substantially lower for these types of
accidents (as compared to the worker risks for
site-wide earthquakes or plutonium accident
events).  The risks to the public and to the
workers associated with highly enriched
uranium and tritium releases do not change
across the alternatives because the frequencies
of the initiating events and the amounts of
material involved in the accident do not change
across the alternatives.

The risk to the public from accidents that result
in chemical releases (due to events other than
the site-wide earthquakes and wildfire) at
LANL dominate all other accident risks.  In

particular, the release of chlorine gas fro
TA–55 (labeled as CHEM–06) has a relative
high frequency and substantial consequenc
The societal risk for this accident (again, th
product of the frequency and consequence)
about six people per year who would be expos
to greater than ERPG–2 concentrations 
chlorine.  The site-wide wildfire also can releas
some chemicals that would be released 
earthquakes.  Because the frequency of 
wildfire is much greater than that o
earthquakes, SITE–04 has a societal risk of 
people per year exposed to greater th
ERPG–2 concentrations of formaldehyd
Three other accidents that result in chemic
releases (CHEM–01, CHEM–02, an
CHEM–03) have societal risks that are ve
similar to the risks associated with hazardo
chemical releases from the site-wid
earthquakes (up to 0.066 people per ye
exposed to greater than ERPG–2 concentrati
of chlorine gas for CHEM–01).  It is noteworth
that the scenario for CHEM–01 is associat
with potable water treatment activities; suc
activities are typical of municipal water suppl
operations throughout the U.S.  It is als
noteworthy that the LANL potable wate
treatment process is being changed to a proc
that does not require that quantities of chlori
gas be stored for use.  The risk associated w
CHEM–06 would not be expected to chang
across the SWEIS alternatives; CHEM–01 a
CHEM–02 have slight changes in risk across t
alternatives (up to a 14 percent increase and
8 percent decrease for CHEM–02) due to t
operational changes (which change th
frequencies of these accidents) associated w
the Expanded Operations Alternative and t
Reduced Operations Alternative.

As with other worker accidents discusse
above, the risk of worker injury or fatality due t
these chemical release accidents is high
dependent on whether workers are present at
time of the accident, the protective measur
taken, how quickly protective measures a
taken, and the effectiveness of medic
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treatment after the event.  For CHEM–01,
CHEM–03, and CHEM–06, it is unlikely that
workers would be in the area at the time of the
event (if workers were present, there is potential
for worker injury or fatality).  For CHEM–02,
the fire and the chlorine release would be
visible, and escape is likely for any workers
present; if workers present do not escape, injury
or fatality is possible.  For CHEM–04 and
CHEM–05, four or five workers are typically in
the area during working hours; workers present
could be injured or killed by missiles from the
cylinder rupture or from exposure to the toxic
gas. Risks to workers change across alternatives
only to the extent that frequencies of the events
change (as discussed above for public risk from
chemical release accidents).

In addition to the discussions of worker risks for
the accidents discussed above, four other
accidents were analyzed specifically for
potential risk to workers (these would not be
expected to result in substantial risks to the
public).  Of the worker accidents analyzed
(recalling that transportation and physical safety
hazards are discussed separately, in sections
S.3.1.10 and S.3.1.6, respectively), the highest
frequency worker accidents would be associated
with a biohazard contamination (WORK–02) or
with an inadvertent exposure to nonionizing
radiation (WORK–04); these would be expected
to result in injury or fatality to one worker.
Multiple worker injuries or fatalities are
possible from either an inadvertent high-
explosives detonation (WORK–01) or from an
inadvertent nuclear criticality event
(WORK–03).  Risks to workers under any of
these scenarios would not be expected to change
across the SWEIS alternatives.

S.3.2 Project-Specific 
Consequences

This section summarizes the impacts of the
proposed expansion of LLW disposal in Area G
and the proposed enhancement of plutonium pit
manufacturing operations, including siting and

construction, as well as operational impac
once construction is completed.  The impac
reflected here are a subset of the impa
associated with the Expanded Operatio
Alternative (DOE’s Preferred Alternative, with
the exception that pit manufacturing would n
be implemented at a 50 pits per year level, sin
shift, but only at a level of 20 pits per year in th
near term).

S.3.2.1 Expansion of TA–54/Area G 
Low-Level Waste Disposal 
Area

The disposal of LLW in excavated disposal ce
at LANL has been ongoing at Area G for 
number of years.  At this time, it appears that t
disposal space remaining in the existin
footprint at Area G will be exhausted within th
next 10 years.  The SWEIS examines t
potential solutions to disposal of LLW throug
shipment off the site to the extent possible, u
of the existing space to maximum capacity a
shipment of the remaining waste to off-sit
locations, and expansion of LLW disposal spa
at LANL to accommodate on-site disposal fo
the foreseeable future. 

As presented in section S.2.5.1 and discusse
detail in volume II, part I, expansion could b
achieved by expansion of the existing dispos
site at TA–54 (different TA–54 expansio
options are considered), or by expansion into
new disposal site (TA–67 is examined a
representative of such sites because it is the b
characterized “new” site for such purposes
Expansion into Zones 4 and 6 at TA–54 
DOE’s PSSC Preferred Alternative.

Land Resources

Alternatives for the development of additiona
disposal capacity on the site involv
approximately 40 to 72 acres (16 to 29 hectar
depending on location.  Locations at TA–5
involve areas that have historically bee
designated for waste management activitie
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while use of the TA–67 site would be a new land
use designation.  All sites present physical
constraints on development of some type, such
as required set backs from canyon rims and
location of power lines, although the sites
closest to existing disposal areas must also
avoid monitoring exclusion zones established
for investigations under the Environmental
Restoration Project.  Sites in the Zones 4 and 6
locations are closest to existing waste disposal
activities.  There would be no changes in
visibility of any new site from current
operations for any location other than TA–67.
In that case, there would be increased visibility
from Pajarito Road.  As is currently the case,
disposal cell excavation activities could slightly
exceed background noise levels at the nearest
residential area (White Rock) for all sites except
the one at TA–67.  

Geology and Soils

All new sites involve the same types of surface
soils and the same underlying Bandelier Tuff as
the current disposal site.  There is evidence that
TA–67 may have a geologic fault.  Disposal
activities would not be expected to cause
seismic activity or change soil erosion or
geology in the area; this is due in part to the
practice of revegetating the land after a disposal
cell is filled and closed.  These activities are not
expected to contribute substantially to soil
contamination in the area; this is due in part to
the geology in the area and disposal and closure
practices intended to isolate the buried waste
from interacting with the environment.

Water Resources

There are no differences among on-site disposal
alternatives in this resource area.  Activities are
not expected to use large quantities of water.
Additionally, current and planned disposal
practices (e.g., isolation of the closed disposal
cells) minimize the potential for water to run
across the site and to transport contaminants.

The geology in the area is also expected 
contribute to the minimal transport o
contaminants to either the surface 
groundwater bodies in the area.

Air Quality

Short duration dust from excavation and diffus
emissions (mostly from open disposal cells) w
be similar to recent historical experience
(which have not had any substantive effect 
air quality), although road development for th
TA–67 site would cause additional short-ter
dust and vehicle exhaust emission
Additionally, if cleared trees are burned, th
smoke would have a temporary effect on a
quality.  Finally, it is possible that excavation i
Zone 4 could disturb a volatile organi
compound plume from Area L, resulting in low
concentration releases; it is expected that t
plume would be avoided during excavation.

Ecological Resources

Total acreage disturbed is greatest for t
TA–67 alternative because of the need for ne
road and infrastructure development, while th
Zone 4 and 6 alternatives involve the lea
disturbance.  Because the habitat is similar 
all the on-site development alternatives, t
extent of habitat loss is also greatest at t
TA–67 site, and least at the Zone 4 and
locations within TA–54.  The habitat change 
expected to be relatively small under any of t
PSSC alternatives, and similar habitat 
available in the immediate area at both TA–5
and TA–67.  This loss of habitat is not likely t
affect species in the area.  Loss of foragi
habitat for peregrine falcons is less tha
0.1 percent of the area’s potential for a
alternatives, except for the TA–67 alternativ
(where it would be about 1.3 percent).  The lo
of TA–67 habitat may have an adverse effect 
the desirability of nesting habitat in the area f
the Mexican spotted owl. 
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Human Health

There are no significant differences in this area
among the PSSC alternatives, but effects on
human health do potentially arise from
operating the expanded waste disposal area.
Worker health risks associated with LLW
disposal range from radiation exposure (much
less for individuals than the DOE radiation
exposure standard) to occupational safety and
health incidents and accidents related to
excavation of disposal cells and equipment
operations.  These are similar in nature to
existing worker health risks; however, the
projected waste generation across LANL is
higher under the Expanded Operations
Alternative, so these worker impacts are slightly
greater than have been experienced in recent
history and greater than would be expected
under the SWEIS No Action Alternative.

In general, public health impacts in the near
term would be similar to those experienced in
recent years due to effects on soil, water, and air
quality; as discussed above, these are minimal
(LANL 1998).  The Area G Performance
Assessment indicates that over the next 1,000
years the maximum health impacts to the public
would be minimal (e.g., exposure from all
pathways in White Rock and Pajarito Canyon is
less than 0.1 millirem per year; exposure from
all pathways in Cañada del Buey is less than
6 millirem per year).

Environmental Justice

Expansion of LLW disposal is not likely to
result in disproportionately high or adverse
impacts to minority and low-income
populations.

Cultural Resources

Up to 15 known archeological sites could be
affected by excavation activities at the Zone 4
and 6 locations, with the fewest known sites (4)
potentially affected at the North Site location.
Data recovery plans and consultations would be
needed under all PSSC alternatives.  (These

have been completed for Zone 4.)  It is expect
that existing policies and procedures at LAN
would minimize impacts by avoiding thes
sites, where possible.  Where sites cannot 
avoided, existing procedures call for da
recovery in consultation with the New Mexic
State Historic Preservation Office(r) (SHPO
and others, where appropriate.  If TCPs a
present in areas of excavation, they would eith
be destroyed by construction or diminished 
value.

Socioeconomics, Infrastructure, and Waste 
Management

All alternatives for developing additional wast
disposal areas require minimal addition
workers (30 more, or about a 15 perce
increase above the No Action Alternative leve
for solid waste management operations
Additionally, these activities do not deman
substantial amounts of water, electricity, or ga
Finally, the generation of secondary waste 
attributed primarily to treatment, storage, an
repackaging operations, not to waste dispos
thus, secondary waste generation would not
expected to change substantially.

Transportation

The SWEIS Expanded Operations Alternativ
(with on-site disposal) would increase on-si
shipments substantially—to almost double t
approximately 1,300 shipments per year und
the No Action Alternative (due to greater was
generation under the Expanded Operatio
Alternative and the shipment of LLW off the
site under the No Action Alternative)
However, due to the low radionuclide
concentrations in LLW, the relatively shor
distances travelled on site, and the low rate
accidents experienced for on-site shipmen
this large difference in shipments does n
equate to large differences in on-si
transportation impacts (on-site transportatio
impacts under either the Expanded Operatio
or No Action Alternatives result in far less tha
one fatality or injury over the next 10 years du
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to traffic accidents and radiation doses related to
such shipments), and waste shipments do not
influence the bounding cargo accident risks.

In contrast, development and use of additional
disposal capacity on site would reduce the off-
site shipments of waste, as compared to the No
Action Alternative (410 off-site LLW
shipments per year under No Action
Alternative, as compared to 33 under Expanded
Operations).  Again, the low concentrations of
radionuclides in LLW would mean that these
shipments contribute very little to incident-free
radiation doses, and they do not bound the off-
site cargo accident risk.  While the longer off-
site transportation mileage results in greater
risks of vehicle accidents, injuries, and deaths,
these are similar to the risks of increasing any
vehicular traffic and are not unique to the fact
that these are radioactive waste shipments.  The
off-site LLW shipments are a relatively small
percentage of the total off-site shipment mileage
under either the SWEIS No Action Alternative
or the Expanded Operations Alternative.

Accidents

Accident risk associated with waste disposal
operations for all alternatives are essentially the
same.  This is because the accident frequencies
are relatively insensitive to the differences in
waste volumes across the alternatives and
because the consequences of an accident are
dependent on the amount of material involved in
the accident (which changes very little across
the alternatives), not the total amount of
generated or disposed waste.  An additional
factor is that waste disposal requires
comparable packaging, handling, and
certification in accordance with waste
acceptance criteria whether it is disposed of on
or off the site.

S.3.2.2 Enhancement of Plutonium 
Pit Manufacturing

The implementation of the plutonium pi
production mission is examined in the SWEIS
varying levels.  The No Action Alternative fo
operations includes the manufacturing of pits
a maximum rate of about 14 pits per yea
Under the Expanded Operations Alternativ
and as discussed in volume II, part II, DOE 
considering the enhancement of the existi
capability to optimize processes and remo
process “choke” points to allow for productio
of up to 50 pits per year under single-sh
operations (80 pits per year under multiple-sh
operations).  However, the DOE does n
propose to implement pit manufacturin
capability beyond a level of 20 pits per year 
the timeframe of analyses for the SWEIS.  T
Preferred Alternative would only implement p
manufacturing at the 20 pits per year level in t
near term. Nevertheless, the impacts of fu
implementation of the Enhancement o
Plutonium Pit Manufacturing PSSC ar
included in the Expanded Operation
Alternative.  The DOE used the “CMR Building
Use” Alternative to bound the impact analysi
Because other activities in TA–55 cannot b
discontinued to make space available for t
enhancement and operation, TA–55 does n
have enough plutonium laboratory spac
available to undertake this and all other TA–5
activities described under the Expande
Operations Alternative.  Options (alternative
for providing the additional space required 
accommodate Expanded Operations, includi
pit production, are discussed in detail in volum
II, part II.  Under the PSSC “CMR Building
Use” Alternative for providing this additiona
space, some existing activities at TA–55–
would be moved over to available space in t
CMR Building, thus freeing space in TA–55–
to accommodate pit production.  This wou
take place in a phased manner:  first, the exist
capability would be increased to capacity of 2
pits per year; after that, the additiona
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modifications would be made to achieve the 80
pits per year capacity (using multiple shifts).

The increased pit production will require
additional transportation of materials between
TA–55 and the CMR Building (at least an
increase in transportation of samples, but
potentially, the additional transportation of
plutonium for CMR activities transferred from
TA–55–4); DOE is proposing to construct a
dedicated road to minimize impacts (road
closures and accidents) to the public.  Under the
Preferred Alternative, these processes would
not be moved to the CMR Building nor would
the transportation corridor be built.

Land Resources

All project alternatives other than the No Action
Alternative require the use of additional land,
including land that would be used for an
optional dedicated transportation corridor
between TA–55 and TA–3.  While the land
disturbed under the “CMR Building Use”
Alternative would be limited to that associated
with the transportation corridor, the Brownfield
and TA–55–4 Add-On Alternatives would each
require about one additional acre, both of which
are in developed areas of TA–55.  The 7 acres
(2.8 hectares) required for the optional
transportation corridor have been disturbed
previously but not developed.  Fencing and
security lighting along the road could result in
visual impacts.  There would be some short-
duration increase in noise during construction of
the road; once the road is constructed, traffic
noise would not be substantially different from
the existing traffic noise in the area.  (Note that
the road would not be constructed to establish
the 20 pits per year capability under the
Preferred Alternative, and the impacts
associated with construction of that road would
not be incurred.)  Increased noise levels due to
construction activity at TA–55 would occur
under any of the PSSC alternatives.  In addition,
the “CMR Building Use” Alternative would
result in increased construction noise at TA–3.

Geology and Soils

No changes in geology or soils are anticipat
for either construction or operations under a
PSSC alternative.

Water Resources

Minimal increase in water use is anticipated f
either construction or operations under any 
the PSSC alternatives.  Some increases
radioactive liquid waste generation (associat
with all activities under this alternative; pi
production activities are not substantia
contributors to this waste stream) would also 
anticipated (a maximum increase of 2.6 millio
gallons [10 million liters] per year above the N
Action Alternative level of about 6.6 million
gallons [25 million liters] per year) under any o
the PSSC alternatives.  The location f
wastewater discharge does not change from t
under the SWEIS No Action Alternative.

Air Quality

The only potential construction air qualit
impacts are related to the emissions fro
construction equipment; these emissions wou
not exceed regulatory standards for criter
pollutants and would not be expected to affe
air quality beyond the immediate vicinity of th
construction work.

Operations under the “CMR Building Use
PSSC alternative in TA–55–4 and the CM
Building directly related to the implementatio
of pit production at LANL would result in minor
increases in radioactive air emissions.  For t
CMR Building, an increase of 38 microcurie
per year is attributable to pit productio
activities (the total difference between the N
Action and Expanded Operations radioactive 
emissions at the CMR Building is abou
340 microcuries per year).  For TA–55, a n
increase (considering pit manufacturin
increases and decreases due to activities mo
to the CMR Building) of about 9 microcurie
per year is attributable to pit productio
activities (the total difference between the N
S–56
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Action and Expanded Operations radioactive air
emissions at TA–55 is about 11 microcuries per
year). Under the other PSSC alternatives, the
radioactive air emissions would not increase as
much at the CMR Building, but most of the total
47 microcuries in increased annual air
emissions attributed to pit production in both
facilities would occur at TA–55.  At the 20 pits
per year production rate (Preferred Alternative),
radioactive air emissions for TA–55 and the
CMR Building together would result in about a
20 microcuries per year increase due to pit
production activities; the radioactive air
emissions impacts under the Expanded
Operations Alternative at this rate would be
essentially the same as those presented under
the “CMR Building Use” Alternative.  No
substantive changes in nonradioactive air
emissions are expected due to these activities
under any of the PSSC alternatives.

Ecological Resources

Construction of the dedicated access road under
any of the PSSC alternatives would disturb
about 7 acres (2.8 hectares) and would reduce
peregrine falcon foraging and meadow jumping
mouse habitats by this amount.  Other potential
effects include:  

• Large mammals (bear, elk, deer, mountain 
lion, coyotes) could be restricted from 
accessing the land in the transportation 
corridor and transversing to lands beyond 
the corridor; this access restriction could 
also alter predator-prey associations, food 
use, and habitat use in the project area.

• Potential for increases in automobile/
animal collisions could result from elk and 
deer movement into areas these animals do 
not usually inhabit.

Only minimal changes in potential habitat
would be associated with alternatives requiring
construction at TA–55 or TA–3.  The total loss
of 7 (for the “CMR Building Use” Alternative)
to 8 (for the other two alternatives) acres (2.8 to
3.2 hectares) of habitat is small compared to that

available on the entire LANL site.  (Under th
Preferred Alternative, at the 20 pits per ye
rate, these impacts would not be incurre
because the road would not be constructed.)  
other ecological impacts from operations a
anticipated.

Human Health

Occupational exposure to radioactive mater
during the construction and modification o
existing nuclear facility space for the “CMR
Building Use” PSSC alternative is expected 
result in up to 45 person-rem (0.018 exce
LCFs) to the involved workers.  The othe
alternatives would have lower doses due to t
reduced need for modification of existin
nuclear facility spaces to accomplish th
construction.  Radiation doses to workers duri
operations that are directly related to p
production would constitute an increase 
about 150 person-rem per year (the to
difference in collective dose associated with a
activities at LANL between No Action and
Expanded Operations is about 387 person-r
per year).  These occupational doses would 
be expected to vary between the PSS
alternatives because the total work load wou
be the same, and the design criteria of t
facilities would be the same regardless 
implementation.  This change in collectiv
worker dose constitutes an incremental increa
of about 0.06 excess LCF per year to the work
population involved in these activities.  At th
20 pits per year rate (Preferred Alternative
worker exposures associated with pit producti
would be lower (about 130 person-rem per ye
lower than presented at the 80 pits per year ra
Thus, the worker population exposure and t
estimated excess LCF risk associated with th
exposure would be about 15 percent less th
reflected for the Expanded Operation
Alternative at the 80 pits per year rate.

Impacts to public health would not be expect
to change substantially due to routine p
manufacturing operations.  Except fo
transportation impacts (discussed below) a
S–57
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the contribution to public health impacts due to
radiological air emissions, the remaining
contributors to public health impacts do not
change across the alternatives.  As reflected in
appendix B, (Table B.1.2.3–1), the radiological
air emissions from TA–55 and CMR Building
operations together contribute 1.005 person-rem
per year and 1.853 person-rem per year under
the No Action and Expanded Operations
Alteratives, respectively.  (The total collective
public doses under these alteratives are about 14
and about 33 person-rem per year, respectively.)
Of the total TA–55 and CMR Building air
emissions, which lead to these collective public
doses, about 1 percent of the curies emitted
(under either the No Action or Expanded
Operations Alternatives) are attributable to pit
manufacturing, analytical chemistry support for
pit manufacturing, actinide processing, and pit
surveillance and disassembly activities (the
activities that would be involved in the
implementation of pit production at LANL
under the Expanded Operations Alternative).
Any variation to public health impacts between
the PSSC alternatives would only be due to the
differences in physical location of the air
emission release points with relation to the
publicly occupied areas, as discussed above in
the air quality section.

Environmental Justice

Expansion of pit manufacturing is not likely to
result in disproportionately high or adverse
impacts to minority and low-income
populations.

Cultural Resources

No impacts are anticipated under any of the
PSSC alternatives due to construction or
operations (prehistoric and historic sites are
avoidable, and there are no known TCPs in the
area).

Socioeconomics, Infrastructure, and Waste 
Management

Building modifications under the “CMR
Building Use” PSSC alternative would emplo
about 221 construction workers over about a
or 4-year period (with peak employment fo
construction at 140 workers).  The number 
construction workers and project duratio
would be somewhat greater, but no
substantially different for the other PSS
alternatives.  Operations would increas
employment by about 170 workers (the tot
difference between employment under N
Action and Expanded Operations is about 1,3
workers).  At the 20 pits per year rate (Preferr
Alternative), construction and operation
employment would be somewhat lower tha
reflected for the “CMR Building Use”
Alternative.  The employment differences a
small compared to the total employme
changes under the Expanded Operatio
Alternative.  Thus, the impacts presented for t
Expanded Operations Alternative are relative
insensitive to the PSSC alternatives and to 
20 pits per year phasing of pit production 
LANL.

Utility use and contaminated space would n
change substantially under the “CMR Buildin
Use” PSSC alternative.  The other two PSS
alternatives would require slightly more
electrical power and would create abo
15,000 square feet (1,400 square meters) 
nuclear facility space that would be presumed
contaminated space.

Construction for the “CMR Building Use”
PSSC alternative would generate abo
15,100 cubic feet (426 cubic meters) of TR
waste, 10,200 cubic feet (288 cubic meters) 
TRU mixed waste, 46,200 cubic fee
(1,306 cubic meters) of LLW, and 1,100 cub
feet (31 cubic meters) of LLMW.  The othe
PSSC alternatives would be expected 
generate little, if any, radioactive waste (it cou
only be generated in equipment transfer to t
new space).  Pit manufacturing operations und
S–58
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the SWEIS Expanded Operations Alternative
are not expected to generate substantial
quantities of waste (as presented in the final
SSM PEIS, this activity is expected to result in
waste generation increases of less than 5 percent
over current levels), except for TRU waste
generation, which will increase from this
activity by about 3,535 cubic feet (100 cubic
meters) per year.  (The total difference between
No Action and Expanded Operations TRU
waste generation is about 10,600 cubic feet
[300 cubic meters] per year.)  At the 20 pits per
year level (Preferred Alternative), TRU waste
generation would be about 530 cubic feet
(15 cubic meters) per year.

Transportation

The Expanded Operations Alternative activities
related to pit production would be expected to
increase on-site shipments between TA–55 and
the CMR Building by about 500 shipments per
year (of plutonium sample solutions and
plutonium metal, including components).
Additionally, off-site shipments to and from
Oak Ridge and Pantex are expected to increase
by a total of about 50 shipments per year due to
implementation of pit manufacturing at LANL.
Even though the total risk is small (see chapter
3, Tables 3.6.2–1 and 3.6.2–2, Transportation
Risks), these types of plutonium shipments are
among those that bound both on-site and off-site
transportation risk; additionally, such shipments
are the main contributors to driver and public
incident-free radiation doses.  Because the
portion of these shipments attributable to pit
production operations is a small percentage of
the total on-site (about 5 percent) and off-site
(about 1 percent) shipments, transportation risks
from pit production operations under the
Expanded Operations Alternative are very
small.  Differences in shipment quantities are
important contributors to the differences in
transportation risk between the No Action and
Expanded Operations Alternatives, although the
absolute risk presented by these shipments is
small.  The construction of a dedicated
transportation corridor between TA–55 and the

CMR Building at TA–3 would further reduce
risk associated with on-site shipments.  At th
20 pits per year rate (Preferred Alternative
there would be somewhat fewer on- and off-s
shipments in support of pit production; thus, th
transportation impacts at that production ra
would be slightly lower than presented for th
Expanded Operations Alternative at 80 pits p
year.  Under the Preferred Alternative, th
dedicated transportation route would not b
constructed for implementation of the 20 pi
per year rate.

Accidents

Accident risk associated with pit manufacturin
operations (and those operations moved to 
CMR Building to make space in TA–55 for pi
production) are essentially the same under 
No Action and Expanded Operation
Alternatives.  The reasons that there are su
minor differences, given the differences in th
number of pits manufactured, are tha
accidents involving pit manufacturing activitie
themselves do not bound the risks associa
with plutonium operations (chapter 3, sectio
3.6.2.11), although some of the suppo
operations (e.g., waste handling and plutoniu
processing and recovery) are included in the 
of bounding accidents analyzed; the frequenc
of the bounding accidents are relative
insensitive to the number of pits manufacture
(pit manufacturing activities are relatively sma
contributors to support operations throughput
and, the consequences of accidents 
dependent on the amount of material involved
the accident, which is relatively insensitive t
the quantities of pits manufactured over a ye
(That is, the difference in the number of pi
produced over a year is dependent on proces
room and does not change limits for the amou
of material allowed to be in process at one tim
Any variation to accident risk between th
PSSC alternatives would only be due to t
differences in physical location of the relea
points with relation to the publicly occupied
areas, similar to the discussion above in the 
quality section.
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S.3.3 Consequences of 
Environmental Restoration 
Activities

Environmental restoration activities, which
include decontamination and decommissioning
activities, are undertaken with the intent of
reducing the long-term public and worker health
and safety risks associated with contaminated
sites or with surplus facilities and to reduce risk
posed to ecosystems.  Decisions regarding
whether and how to undertake an environmental
restoration action are made after a detailed
assessment of the short-term and long-term
risks and benefits for options specific to the site
in question, and, at LANL, they are made
primarily within the framework of the Resource
Conservation and Recovery Act (RCRA).

Because there are no individual or specific
environmental restoration actions proposed
within the scope of the SWEIS (such actions are
proposed and undertaken on a time scale that is
not compatible with the preparation of this
SWEIS), the impact analyses regarding such
actions are presented in general terms based on
the experiences of the program, to date.  As
noted in the ecological resources and human
health impact analyses in chapter 5, LANL’s
influence on ecological and human health risk
arises primarily from the legacy of past
operations in the form of contaminants that were
historically deposited on land and in water.  An
improvement in the risk posed by the LANL site
is therefore expected from the removal of some
of this legacy contamination.  A principal
impact from restoration actions is related to the
generation of waste during the cleanup or
decontamination and decommissioning.  The
waste generated must be stored, treated, or
disposed.  Waste generation from the totality of
future environmental restoration actions is
estimated in the SWEIS, and the risks
associated with the transport, treatment, storage,
and disposal of this waste are included in the
analyses.

The short-term risks and controls associat
with the environmental restoration activitie
include:

• Fugitive Dust.  This is the suspension of 
soil, including contaminated soil, in the air
resulting in the potential for exposure or 
dispersal of this material.  At LANL, this 
potential risk is typically controlled by 
frequently wetting the ground at the 
clean-up site; this reduces the amounts of
material suspended in air, and thus, the ris
to human health and the environment 
(LANL 1996).

• Surface Runoff.  This is the transport of 
contaminants from the clean-up site by 
surface water flow across the site.  At 
LANL, surface runoff is controlled by flow 
barriers, collection of surface water, or 
contouring the ground such that flow off the
site is precluded (LANL 1995).

• Soil and Sediment Erosion.  This is the 
transport of soil and sediment due to the 
force of wind and the intensity and 
frequency of precipitation.  This potential 
risk is mitigated by covering clean-up sites
with tarps during storm events to minimize
the infiltration of water (LANL 1995).  

• Worker Health and Safety Risks.  
Environmental restoration actions have 
similar risks to those discussed in the 
human health impact analyses in chapter 
Activities can involve heavy equipment, 
uneven ground (e.g., trenches), solvents a
other chemicals, and other hazards of this
nature.  Worker health and safety risks are
mitigated with work plans, safety programs
protective equipment, and similar 
administrative, education, and physical 
protection measures.  

S.4 MITIGATION  MEASURES

The regulations promulgated by the Council o
Environmental Quality (CEQ) to implement th
procedural provisions of NEPA
(42 U.S.C. §4321) require that an EIS include
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discussion of appropriate mitigation measures
(40 CFR 1502.14[f]; 40 CFR 1502.16[h]).  The
term “mitigation” includes the following:

• Avoiding an impact by not taking an action 
or parts of an action

• Minimizing impacts by limiting the 
magnitude of an action and its 
implementation

• Rectifying an impact by repairing, 
rehabilitating, or restoring the affected 
environment

• Reducing or eliminating the impact by 
preservation and maintenance operations 
during the life of the action

• Compensating for the impact by replacing 
or providing substitute resources or 
environments (40 CFR 1508.20)

This section describes mitigation measures that
are built into the alternatives analyzed and those
additional measures that will be considered by
DOE to further mitigate the adverse impacts
identified in the SWEIS.  These measures
address the range of potential impacts of
continuing to operate LANL.  The mitigation
measures built into the alternatives analyzed
(section S.4.1) are of two types:  (1) existing
programs and controls and (2) specific measures
built into the alternatives that serve to minimize
the effects of activities under the alternatives. 

Additional mitigation measures that could
further reduce the adverse impacts are discussed
in section S.4.2.  Commitments to mitigation
measures would be reflected in the ROD
following this SWEIS, with a more detailed
description and implementation plan presented
in a Mitigation Action Plan following the ROD.

S.4.1 Mitigation Measures Included 
in the SWEIS Alternatives

S.4.1.1 Existing Programs and 
Controls

The activities undertaken at LANL are
performed within the constraints of applicab
regulations, applicable DOE orders, contractu
requirements, and approved policies an
procedures.  These requirements help 
mitigate the potential adverse impacts 
operations to the public, the worker, and th
environment.  For example, the application 
DOE design standards results in more robu
facility designs for modern nuclear facilities
which reduces the potential for catastroph
releases from such facilities in the event 
earthquakes, high winds, or other natur
phenomena.  

DOE and LANL also have instituted policie
and procedures that apply to work conducted
LANL that help to mitigate the potential advers
effects of operations.  Examples include:

• Procedures that control work conducted a
LANL

• Policies regarding the knowledge, skills, 
and abilities of personnel assigned to 
perform hazardous work 

• Policies reflected in agreements with othe
entities that establish policies and protoco
regarding consultations and other 
discussions regarding LANL activities

• Policies and procedures regarding the 
stoppage and restart of work where 
unexpected hazards or resources are 
identified

DOE also has established programs and proje
at LANL to increase the level of knowledg
regarding the surrounding environment, hea
of workers, health of the public around LANL
and the effects of LANL operations, as well a
to avoid or reduce impacts and remedia
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contamination from previous LANL activities.
These programs and projects help to reduce
potential adverse impacts by providing for
heightened understanding of the resources that
could be impacted.  Examples include:

• The Environmental Surveillance and 
Compliance Program  

• The Threatened and Endangered Species 
Habitat Management Plan  

• The Natural Resource Management Plan (in 
various stages of development) 

• Studies of public and worker health in and 
around LANL  

• Implementation of the Groundwater 
Protection Management Program Plan and 
the RCRA Hydrogeologic Workplan  

• The Safeguards and Security Program 
• Emergency management and response 

capabilities 
• LANL’s Fire Protection Program 
• Pollution Prevention and Waste 

Minimization Programs 
• Water and Energy Conservation Programs  
• The Environmental Restoration Project 
• Work to remedy foreseeable power supply 

and reliability issues 

S.4.1.2 Specific Mitigation 
Measures Incorporated in 
the SWEIS Alternatives

Several specific mitigation measures are
included in the SWEIS alternatives.  Unless
otherwise noted below, the analyses assume that
these measures are implemented.  These
specific measures are:

• Development and use of a dedicated 
transportation corridor between TA–55 and 
TA–3 (TA–55 and TA–3, Expanded 
Operations Alternative) (This measure 
would not be implemented under the 
Preferred Alternative.) 

• DOE’s contribution to the Santa Fe Relief 
Route (all LANL facilities, all alternatives)4

• CMR Building Upgrades (CMR Building at
TA–3, all alternatives)5 

• Planned maintenance and refurbishment 
activities (e.g., Plutonium Facility at TA–55
and Sigma at TA–3, all alternatives)

• Radioactive Liquid Waste Treatment 
Facility upgrades (TA–50, all alternatives)

• Effluent reduction activities (all LANL 
facilities, all alternatives) 

• Phased containment for Dual Axis 
Radiographic Hydrodynamic Test 
(DARHT) Facility tests (one of the high 
explosives firing sites, all alternatives) 

• Design of the long-pulse spallation source
(TA–53, Expanded Operations and Green
Alternatives)6  

S.4.2 Other Mitigation Measures 
Considered

In addition to those mitigation measure
described in section S.4.1, other possib
measures include:

• Eliminate Public Access to Part or All of 
LANL.  At various times DOE has 
considered the possibility of closing public
access to part or all of the LANL site.  
While this is typically suggested for 
security reasons, such an action would als
tend to reduce public health risk by 
removing access to on-site locations that 
contribute most to public health risk. 

• Land Transfers and Financial Assistance.  
Transfers of portions of LANL land are 
being examined.  Such action would 

4. Use of this route is addressed in the transportatio
impact analyses.

5. These upgrades are to maintain existing capabiliti
and to improve safety features.

6. The proposed design limits the emissions from th
operation so that it contributes, at most, 1 millirem per
year to the facility and site-wide MEI. 
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provide land resources that could be used to 
reduce economic dependence on LANL 
and/or provide the means for growth in 
housing, parks, and recreational space.  On 
May 6, 1998, DOE published a Notice of 
Intent to prepare an EIS for the Proposed 
Conveyance and Transfer of Certain Land 
Tracts in the Federal Register (63 FR 
25022). 

• Extensive Ethnographic Study.  An 
extensive ethnographic study regarding the 
traditional and cultural practices and 
resources in the LANL area could increase 
knowledge of specific TCPs at LANL and 
could provide opportunities for mitigation 
of impacts to specific TCPs.  Attempts to 
identify specific TCPs at LANL have 
encountered concerns from traditional 
groups because of the potential for 
increased risk to these resources if they are 
identified. 

• Develop a Cultural Resources Management 
Plan.  Such a plan would include studies to 
increase the level of knowledge regarding 
potential shrapnel and vibration damage to 
resources near firing sites, existing levels of 
contamination for resources and plans to 
avoid levels that would limit data recovery, 
plans for management of former nuclear 
weapons complex properties, and 
implementation of programmatic 
agreements with the SHPO.

• Develop a Wildfire Management Plan for 
the LANL Site.  Such a plan would reduce 
the fuel loading surrounding the site and 
around individual facilities that have 
moderate or higher vulnerability to burning 
as a result of wildfire.  The probability of an 
approaching wildfire encroaching upon the 
site can be reduced by removing and 
thinning vegetation on the site boundary 
and within the site.  Ongoing efforts to 
reduce the vegetation at the site boundary 
exist that would be accelerated.  The 
vulnerability of individual facilities 
depends upon the amount and height of the 
exterior fuel loading and its proximity to 

the facility (see Evaluation of Building 
Fires in appendix G, section G.5.4.4).  
Consideration is being given to reducing 
the vulnerability of individual facilities that 
contribute potential public exposure.  Long
term actions would be taken to reduce the
fuel loads in the forested areas surroundin
LANL, and a forest and land management
program would be undertaken to prevent o
mitigate the potential for large wildfires to 
occur.  In the near term, mitigation actions
such as for TA–54, will be taken to ensure
that the wildfire risk to this facility is 
reduced to low or extremely low prior to the
start of the 1999 fire season.

• Limited Power Supply.  DOE and other 
regional electric power users continue to 
work with suppliers to remedy foreseeable
power supply and reliability issues.  The 
impact analyses in this SWEIS emphasize
the severity of these issues and the 
consequences if they are not resolved.  
Solutions to power supply issues are 
essential to mitigate the effects of power 
demand under all alternatives.  DOE is 
committed to measures that will conserve
energy and avoid, or at least minimize, 
periods of brownouts.  Some of the 
measures being contemplated by DOE 
include:  (1) limiting operation of large 
users of electricity to periods of low 
demand, (2) reduced operation of LEDA 
(not implement all phases of this project), 
and (3) contractual mechanisms to bring 
additional electric power to the region. 

S.5 CLASSIFIED  SUPPLEMENT

The discussions in this SWEIS are augment
by a classified supplement to the SWEIS.  Th
supplement contains certain classifie
information and data related to the activities 
LANL that, though important to suppor
understanding of certain details underlying th
SWEIS and its analyses, must be protected
accordance with the Atomic Energy Act of 1954
(42 U.S.C. §2011).  This information include
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details associated with some operations,
experiments, processes, or source terms.  DOE
presents as much information as possible in this
unclassified document.  Furthermore, the
environmental impacts are fully contained in the
results presented to the public in this
unclassified document.

DOE invited the U.S. Environmental Protectio
Agency, the U.S. Department of Defense,  t
Accord Pueblos, and the State of New Mexic
to review the classified supplement.  Only tho
individuals with appropriate clearances and
need to know were given access to the classif
information.
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ABOUT THE NATIONAL ENVIRONMENTAL POLICY ACT

The National Environmental Policy Act (NEPA) (42 United States Code [U.S.C.] §4321 et seq.) was
enacted to ensure that federal decision makers consider the effects of proposed actions on the human
environment and to lay their decisionmaking process open for public scrutiny.  NEPA also created the
President’s Council on Environmental Quality (CEQ).  The U.S. Department of Energy’s (DOE’s)
NEPA regulations (10 Code of Federal Regulations [CFR] 1021) augment the CEQ regulations (40
CFR 1500 through 1508).

Under NEPA, an environmental impact statement (EIS) documents a federal agency’s analysis of the
environmental consequences that might be caused by major federal actions, defined as those proposed
actions that may result in a significant impact to the environment.  An EIS also:

• Explains the purpose and need for the agency to take action.
• Describes the proposed action and the reasonable alternative courses of action that the agency 

could take to meet the need.
• Describes what would happen if the proposed action were not implemented—the “No Action” (or 

status quo) Alternative.
• Describes what aspects of the human environment would be affected if the proposed action or any 

alternative were implemented.
• Analyzes the changes, or impacts, to the environment that would be expected to take place if the 

proposed action or an alternative were implemented, compared to the expected condition of the 
environment if no action were taken.

The DOE EIS process follows these steps:

• The Notice of Intent, published in the Federal Register, identifies potential EIS issues and 
alternatives and asks for public comment on the scope of the analysis.

• The public scoping period, with at least one public meeting, during which public comments on the 
scope of the document are collected and considered.

• The issuance of a draft EIS for public review and comment (for a minimum of 45 days), with at 
least one public hearing.

• The preparation and issuance of the final EIS, which incorporates the results of the public 
comment period on the draft EIS.

• Preparation and issuance of a Record of Decision, which states:
— The decision.
— The alternatives that were considered in the EIS and the environmentally preferable 

alternative.
— All decision factors, such as cost and technical considerations, that were considered by the 

agency along with environmental consequences.
— Mitigation measures designed to reduce adverse environmental impacts.

• Preparation of a Mitigation Action Plan, as appropriate, which explains how the mitigation 
measures will be implemented and monitored.



THE LOS ALAMOS NATIONAL LABORATORY SITE-WIDE 
ENVIRONMENTAL IMPACT STATEMENT PROCESS

The United States Department of Energy (DOE) has a policy (10 Code of Federal Regulations [CFR]
1021.330) of preparing a Site-Wide Environmental Impact Statement (SWEIS) for certain large,
multiple-facility sites, such as the Los Alamos National Laboratory (LANL).  The purpose of a SWEIS
is to provide DOE and its stakeholders with an analysis of the environmental impacts resulting from
ongoing and reasonably foreseeable new operations and facilities and reasonable alternatives at the
DOE site.  The SWEIS analyzes four alternatives for the continued operation of LANL to identify the
potential effects that each alternative could have on the human environment.

The SWEIS Advance Notice of Intent, published in the Federal Register (FR) on August 10, 1994 (59
FR 40889), identified possible issues and alternatives to be analyzed.  Based on public input received
during prescoping, DOE published the Notice of Intent to prepare the SWEIS in the Federal Register
on May 12, 1995 (60 FR 25697).  DOE held a series of public meetings during prescoping and scoping
to provide opportunities for stakeholders to identify the issues, environmental concerns, and
alternatives that should be analyzed in the SWEIS.  An Implementation Plan1 was published in
November 1995 to summarize the results of scoping, describe the scope of the SWEIS based on the
scoping process, and present an outline for the draft SWEIS.  The Implementation Plan also included
a discussion of the issues reflected in public comments during scoping.

In addition to the required meetings and documents described above, the SWEIS process has included
a number of other activities intended to enhance public participation in this effort.  These activities
have included:

• Workshops to develop the Greener Alternative described and analyzed in the SWEIS.
• Meetings with and briefings to representatives of federal, state, tribal, and local governments 

during prescoping, scoping, and preparation of the draft SWEIS.
• Preparation and submission to the Los Alamos Community Outreach Center of information 

requested by members of the public related to LANL operations and proposed projects.
• Numerous Open Forum public meetings in the communities around LANL to discuss LANL 

activities, the status of the SWEIS, and other issues raised by the public.

The draft SWEIS was distributed to interested stakeholders for comment.  The comment period
extended from May 15, 1998, to July 15, 1998.  Public hearings on the draft SWEIS were announced
in the Federal Register, as well as community newspapers and radio broadcasts.  Public hearings were
held in Los Alamos, Santa Fe, and Española, New Mexico, on June 9, 1998, June 10, 1998, and June
24, 1998, respectively.

Oral and written comments were accepted during the 60-day comment period for the draft SWEIS.  All
comments received, whether orally or in writing, were considered in preparation of the final SWEIS.
The final SWEIS includes a new volume IV with responses to individual comments and a discussion
of general major issues.  DOE will prepare a Record of Decision no sooner than 30 days after the final
SWEIS Notice of Availability is published in the Federal Register.  The Record of Decision will
describe the rationale used for  DOE’s selection of an alternative or portions of the alternatives.
Following the issuance of the Record of Decision, a Mitigation Action Plan may also be issued to
describe any mitigation measures that DOE commits to in concert with its decision.

1. DOE National Environmental Policy Act regulations (10 CFR 1021) previously required that an implementation 
plan be prepared; a regulation change (61 FR 64604) deleted this requirement.  An implementation plan was prepared for 
this SWEIS.
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Responsible Agency:  U.S. Department of Energy (DOE)

Cooperating Agency:  Incorporated County of Los Alamos

Title: Site-Wide Environmental Impact Statement for the Continued Operation of the 
Los Alamos National Laboratory, Los Alamos, New Mexico (DOE/EIS-0238)

Contact: For further information concerning this Site-Wide Environmental Impact Statement 
(SWEIS), contact:

Corey Cruz, Project Manager
U.S. DOE, Albuquerque Operations Office
P.O. Box 5400, Albuquerque, NM  87185

Telephone:  505–845–4282    Fax: 505–845–6392

For general information on DOE’s National Environmental Policy Act (NEPA) process, contact:

Carol Borgstrom, Director
Office of NEPA Policy and Assistance (EH–42)

U.S. DOE, 1000 Independence Avenue, SW, Washington, DC  20585
Telephone:  202–586–4600 or leave a message at 1–800–472–2756

Abstract:  DOE proposes to continue operating the Los Alamos National Laboratory (LANL) located in
Los Alamos County, in north-central New Mexico.  DOE has identified and assessed four alternatives for
the operation of LANL:  (1) No Action, (2) Expanded Operations, (3) Reduced Operations, and (4)
Greener.  Expanded Operations is DOE’s Preferred Alternative, with the exception that DOE would only
implement pit manufacturing at a level of 20 pits per year.  In the No Action Alternative, DOE would
continue the historical mission support activities LANL has conducted at planned operational levels.  In the
Expanded Operations Alternative, DOE would operate LANL at the highest levels of activity currently
foreseeable, including full implementation of the mission assignments from recent programmatic
documents.  Under the Reduced Operations Alternative, DOE would operate LANL at the minimum levels
of activity necessary to maintain the capabilities to support the DOE mission in the near term.  Under the
Greener Alternative, DOE would operate LANL to maximize operations in support of nonproliferation,
basic science, materials science, and other nonweapons areas, while minimizing weapons activities.  Under
all of the alternatives, the affected environment is primarily within 50 miles (80 kilometers) of LANL.
Analyses indicate little difference in the environmental impacts among alternatives.  The primary
discriminators are:  collective worker risk due to radiation exposure, socioeconomic effects due to LANL
employment changes, and electrical power demand.

Public Comment and DOE Decision:  The draft SWEIS was released to the public for review and comment
on May 15, 1998.  The comment period extended until July 15, 1998, although late comments were
accepted to the extent practicable.  All comments received were considered in preparation of the final
SWEIS1.  DOE will utilize the analysis in this final SWEIS and prepare a Record of Decision on the level
of continued operation of LANL.  This decision will be no sooner than 30 days after the Notice of
Availability of the final SWEIS is published in the Federal Register.

1.   Changes made to this SWEIS since publication of the draft SWEIS are marked with a vertical bar to the right or
left of the text.
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HEU highly enriched uranium

HEWTF High Explosives Wastewater Treatment Facility

HI hazard index

HLW high-level waste

HRL Health Research Laboratory

HSWA Hazardous and Solid Waste Amendments of 1984

HT tritium gas

HTO tritiated water

HVAC heating, ventilation, and air conditioning

HW hazardous waste

IATA International Air Traffic Association

ICF inertial confinement fusion

ICRP International Commission on Radiological Protection

IH industrial hygiene

in. inch

IPF Isotope Production Facility

IR infrared

IRIS Integrated Risk Information System

ISC–3 Industrial Source Complex (Model) Version 3

ISCST3 Industrial Source Complex Short Term (Model)

JCI Johnson Controls, Inc.

km kilometer

LAC Los Alamos County

LACEF Los Alamos Critical Experiments Facility

LADF Los Alamos Detonator Facility
Volume 1–xlv
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LAMPF Los Alamos Meson Physics Facility (former name for LANSCE)

LAMPRE Los Alamos Molten Plutonium Reactor Experiment

LANL Los Alamos National Laboratory

LANSCE Los Alamos Neutron Science Center

lb pound

LCF latent cancer fatality

L/CHEM low chemical hazard

LCO limiting condition for operation

LDR land disposal restrictions

LEDA low-energy demonstration accelerator

L/ENS low energetic source hazard

LIDAR light detection and ranging

LIFT Los Alamos International Facility for Transmutation

linac linear accelerator

LLMW low-level radioactive mixed waste

LLNL Lawrence Livermore National Laboratory

LLW low-level radioactive waste

LPSS Long-Pulse Spallation Source

L/RAD low radioactive hazard

LSA low specific activity

m meter

MAA Material Access Area

MACCS MELCOR Accident Consequences Code System

MAR material-at-risk

M/CHEM moderate chemical hazard
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MCL maximum contaminant level

MDA Material Disposal Area

MEI maximally exposed individual

MeV million electron volts

MGD million gallons per day

MGY million gallons per year

mi mile

MLY million liters per year

MOU memorandum of understanding

MOX mixed oxide (fuel)

M/RAD moderate radioactive hazard

MSL Materials Science Laboratory

MW megawatt

NA not applicable (or not available)

NAAQS National Ambient Air Quality Standards

NAGPRA Native American Graves Protection and Repatriation Act

NCRP National Council on Radiation Protection

NEPA National Environmental Policy Act of 1969, as amended

NERP National Environmental Research Park

NESHAP National Emission Standards for Hazardous Air Pollutants

NFPA National Fire Protection Association

NIOSH U.S. National Institute for Occupational Safety and Health

NM New Mexico (State Road)

NMAC New Mexico Administrative Code

NMDGF New Mexico Department of Game and Fish
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NMDL New Mexico Department of Labor

NMED New Mexico Environment Department

NMEIB New Mexico Environmental Improvement Board

NMSWA New Mexico Solid Waste Act

NMSF Nuclear Materials Storage Facility

NMWQCC New Mexico Water Quality Control Commission

NOA Notice of Availability

NOI Notice of Intent

NOx nitrogen oxides

NPDES National Pollutant Discharge Elimination System

NPS National Park Service

NRC U.S. Nuclear Regulatory Commission

NRHP National Register of Historic Places

NTS Nevada Test Site

NTTL neutron tube target loading

OEL occupational exposure limit

OLM Ozone Limiting Method

ORNL Oak Ridge National Laboratory

ORPS Occurrence Reporting and Processing System

OSHA Occupational Safety and Health Administration

OU operable unit

OWR Omega West Reactor

PA performance assessment

PAL plant-wide applicability limit

PCB polychlorinated biphenyl
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PDD Presidential Decision Directive

PEIS programmatic environmental impact statement

PF Plutonium Facility

pH a measure of acidity and alkalinity

PHERMEX Pulsed High-Energy Radiation Machine Emitting X-Rays (facility)

PL public law

PM particulate matter

PM10 particulate matter equal to or less than 10 micrometers aerodyna
diameter

PNM Public Service Company of New Mexico

PPE personal protective equipment

ppb parts per billion

ppm parts per million

PRA probabilistic risk assessment

PrHA process hazard analysis

PRS potential release site

PSD prevention of significant deterioration

psi pounds per square inch

PSR proton storage ring

PSSC project-specific siting and construction

PTLA Protection Technology of Los Alamos

rad radiation absorbed dose

RAMROD Radioactive Materials Research, Operations, and Demonstration (facili

RANT Radioactive Assay and Nondestructive Test (facility)

RCRA Resource Conservation and Recovery Act

rem roentgen equivalent man
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RF radiofrequency (also, respirable fraction)

RfC inhalation reference concentrations

RFETS Rocky Flats Environmental Technology Site

RFI RCRA Facility Investigation

RH remote-handled (waste)

RH TRU remote-handled transuranic (waste)

RLW radioactive liquid waste

RLWTF Radioactive Liquid Waste Treatment Facility

ROD Record of Decision

ROI region of influence

RSRL regional statistical reference level

RTG radioisotopic thermoelectric generator

SA safety assessment

SAL screening action level

SAR safety analysis report

SARA Superfund Amendment and Reauthorization Act

SCC Strategic Computing Complex

SDWA Safe Drinking Water Act

SEER Surveillance, Epidemiology, and End Results

SEIS-II second supplemental environmental impact statement

SFNF Santa Fe National Forest

SHEBA Solution High-Energy Burst Assembly

SHPO State Historic Preservation Office(r)

SIP State Implementation Plan

SLEV screening level emission value
Volume 1–l
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SMAC shipment mobility/accountability collection

SNM special nuclear material

SNS spallation neutron source

SPD surplus plutonium disposition

SPSS short-pulse spallation source

SSM Stockpile Stewardship and Management 

SST safe secure transport

START Strategic Arms Reduction Talks (or Treaty)

STP Sewage Treatment Plant

SVOC semivolatile organic compound

SWDA Solid Waste Disposal Act

SWEIS site-wide environmental impact statement

SWMU solid waste management unit

SWPP Stormwater Pollution Prevention Plan

SWSC sanitary wastewater systems consolidation

T&E threatened and endangered (species)

TA Technical Area

TCP traditional cultural property

TEDE total effective dose equivalent

TFF Target Fabrication Facility

TI transport index

TLD thermoluminescent dosimeter

TLV threshold limit value

TRU transuranic (waste)

TSCA Toxic Substances Control Act
Volume 1–li
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TSD treatment, storage, and disposal

TSFF Tritium Science and Fabrication Facility

TSR technical safety requirement

TSTA Tritium System Test Assembly

TW test well

TWA time-weighted average

TWISP Transuranic Waste Inspectable Storage Project

UC University of California

UCL upper confidence limit

UNM University of New Mexico

U.S. United States

U.S.C. United States Code

USFS U.S. Forest Service

USGS U.S. Geological Survey

UST underground storage tank

UV ultraviolet

VOC volatile organic compound

WAC waste acceptance criteria

WCRR Waste Characterization, Reduction, and Repackaging (facility)

WCTF Weapon Component Testing Facility

WETF Weapons Engineering Tritium Facility

WIPP Waste Isolation Pilot Plant

WM waste management

WNR Weapons Neutron Research

WR war reserve

WWTF Waste Water Treatment Facility
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VOLUME I
MEASUREMENTS AND CONVERSIONS

The following information is provided to assist the reader in understanding certain concepts 
SWEIS.  Definitions of technical terms can be found in volume I, chapter 10, Glossary.

SCIENTIFIC  NOTATION

Scientific notation is used in this report to express very large or very small numbers.  For exam
number 1 billion could be written as 1,000,000,000 or, using scientific notation, as 1 x 109.  Translating
from scientific notation to a more traditional number requires moving the decimal point either
(for a positive power of 10) or left (for a negative power of 10).  If the value given is 2.0 x 103, move
the decimal point three places (insert zeros if no numbers are given) to the right of its current lo
The result would be 2,000.  If the value given is 2.0 x 10-5, move the decimal point five places to th
left of its present location.  The result would be 0.00002.  An alternative way of expressing nu
used primarily in the appendixes of this SWEIS, is exponential notation, which is very similar 
to scientific notation.  For example, using the scientific notation for 1 x 109, in exponential notation
the 109 (10 to the power of 9) would be replaced by E+09.  (For positive powers, sometimes th
sign is omitted, and so the example here could be expressed as E09.)  If the value is given as 2-5

in scientific notation, then the equivalent exponential notation is 2.0E-05.

UNITS OF MEASUREMENT

The primary units of measurement used in this report are English units with metric equiv
enclosed in parentheses.  

Many metric measurements presented include prefixes that denote a multiplication factor 
applied to the base standard (e.g., 1 kilometer = 1,000 meters).  The following list presents thes
prefixes:

giga 1,000,000,000 (109; E+09; one billion)

mega 1,000,000 (106; E+06; one million)

kilo 1,000 (103; E+03; one thousand)

hecto 100 (102; E+02; one hundred)

deka 10 (101; E+01; ten)

unit 1 (100; E+00; one)

deci 0.1 (10-1; E-01; one tenth)

centi 0.01 (10-2; E-02; one hundredth)

milli 0.001 (10-3; E-03; one thousandth)
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micro 0.000001 (10-6; E-06; one millionth)

nano 0.000000001 (10-9; E-09; one billionth)

pico 0.000000000001 (10-12; E-12; one trillionth)

DOE Order 5900.2A, Use of the Metric System of Measurement, prescribes the use of this system 
DOE documents.  Table MC–1 lists the mathematical values or formulas needed for conv
between English and metric units.  Table MC–2 summarizes and defines the terms for units of m
and corresponding symbols found throughout this report.

RADIOACTIVITY  UNIT

Part of this report deals with levels of radioactivity that might be found in various environm
media.  Radioactivity is a property; the amount of a radioactive material is usually expres
“activity” in curies (Ci) (Table MC–3).  The curie is the basic unit used to describe the amou
substance present, and concentrations are generally expressed in terms of curies per unit of
volume.  One curie is equivalent to 37 billion disintegrations per second or is a quantity o
radionuclide that decays at the rate of 37 billion disintegrations per second.   Disintegrations ge
include emissions of alpha or beta particles, gamma radiation, or combinations of these.

RADIATION  DOSE UNITS

The amount of ionizing radiation energy received by a living organism is expressed in ter
radiation dose.  Radiation dose in this report is usually expressed in terms of effective dose eq
and reported numerically in units of rem (Table MC–4).  Rem is a term that relates ionizing rad
and biological effect or risk.  A dose of 1 millirem (0.001 rem) has a biological effect similar t
dose received from about a 1-day exposure to natural background radiation.  A list of the radion
discussed in this document and their half-lives is included in Table MC–5.

CHEMICAL  ELEMENTS

A list of selected chemical elements, chemical constituents, and their nomenclature is prese
Table MC–6. 
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TABLE  MC–1.—Conversion Table

MULTIPLY BY TO OBTAIN MULTIPLY BY TO OBTAIN

ac 0.405 ha ha 2.47 ac

°F (°F -32) x 5/9 °C °C (°C x 9/5) + 32 °F

ft 0.305 m m 3.28 ft

ft2 0.0929 m2 m2 10.76 ft2

ft3 0.0283 m3 m3 35.3 ft3

gal. 3.785 l l 0.264 gal.

in. 2.54 cm cm 0.394 in.

lb 0.454 kg kg 2.205 lb

mCi/km2 1.0 nCi/m2 nCi/m2 1.0 mCi/km2

mi 1.61 km km 0.621 mi

mi2 2.59 km2 km2 0.386 mi2

mi/h 0.447 m/s m/s 2.237 mi/h

nCi 0.001 pCi pCi 1,000 nCi

oz 28.35 g g 0.0353 oz

pCi/l 10-9 µCi/ml µCi/ml 109 pCi/l

pCi/m3 10-12 Ci/m3 Ci/m3 1012 pCi/m3

pCi/m3 10-15 mCi/cm3 mCi/cm3 1015 pCi/m3

ppb 0.001 ppm ppm 1,000 ppb

ton 0.907 metric ton metric ton 1.102 ton



LANL SWEIS

 
 
TABLE  MC–2.—Names and Symbols for Units 

of Measure

LENGTH

SYMBOL NAME

cm centimeter (1 x 10-2 m)

ft foot

in. inch

km kilometer (1 x 103 m)

m  meter

mi  mile

mm millimeter (1 x 10-3 m)

µm micrometer (1 x 10-6 m)

VOLUME

SYMBOL NAME

cm3 cubic centimeter

ft3 cubic foot

gal. gallon

in.3 cubic inch

l liter

m3 cubic meter

ml milliliter (1 x 10-3 l)

ppb parts per billion

ppm parts per million

yd3 cubic yard

RATE

SYMBOL NAME

Ci/yr curies per year

cm3/s cubic meters per second

ft3/s cubic feet per second

ft3/min cubic feet per minute

gpm gallons per minute

kg/yr kilograms per year

km/h kilometers per hour

mg/l milligrams per liter

MGY million gallons per year

MLY million liters per year

m3/yr cubic meters per year

mi/h or mph miles per hour

µCi/l microcuries per liter

pCi/l picocuries per liter

TABLE  MC–2.—Names and Symbols for Units
of Measure-Continued

NUMERICAL RELATIONSHIPS

SYMBOL MEANING

< less than

≤ less than or equal to

> greater than

≥ greater than or equal to

2σ two standard deviations

TIME

SYMBOL NAME

d day

h hour

min minute

nsec nanosecond

s second

yr year

AREA

SYMBOL NAME

ac acre (640 per mi2)

cm2 square centimeter

ft2 square foot

ha hectare (1 x 104 m2)

in.2 square inch

km2 square kilometer

mi2 square mile

MASS

SYMBOL NAME

g gram

kg kilogram (1 x 103 g)

mg milligram (1 x 10-3 g)

µg microgram (1 x 10-6 g)

ng nanogram (1 x 10-9 g)

lb pound

ton metric ton (1 x 106 g)

oz ounce
Volume I–lvi
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TEMPERATURE

SYMBOL NAME

°C degrees Celsius

°F degrees Fahrenheit

°K degrees Kelvin

SOUND/NOISE

SYMBOL NAME

dB decibel

dBA A-weighted decibel

TABLE  MC–3.—Names and Symbols for Units 
of Radioactivity

RADIOACTIVITY

SYMBOL NAME

Ci curie

cpm counts per minute

mCi millicurie (1 x 10-3 Ci)

µCi microcurie (1 x 10-6 Ci)

nCi nanocurie (1 x 10-9 Ci)

pCi picocurie (1 x 10-12 Ci)

TABLE  MC–2.—Names and Symbols for Units 
of Measure-Continued

TABLE  MC–4.—Names and Symbols for Units
of Radiation Dose

RADIATION DOSE

SYMBOL NAME

mrad millirad (1 x 10-3 rad)

mrem millirem (1 x 10-3 rem)

R roentgen

mR milliroentgen (1 x 10-3 R)

µR microroentgen (1 x 10-6 R)
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TABLE  MC–5.—Radionuclide Nomenclature

SYMBOL RADIONUCLIDE HALF-LIFE SYMBOL RADIONUCLIDE HALF-LIFE

Am-241 americium-241 432 yr Pu-241 plutonium-241 14.4 yr

H-3 tritium 12.26 yr Pu-242 plutonium-242 3.8 x 105 yr

Mo-99 molybdenum-99 66 hr Pu-244 plutonium-244 8.2 x 107 yr

Pa-234 protactinium-234 6.7 hr Th-231 thorium-231 25.5 hr

Pa-234m protactinium-234m 1.17 min Th-234 thorium-234 24.1 d

Pu-236 plutonium-236 2.9yr U-234 uranium-234 2.4 x 105 yr

Pu-238 plutonium-238 87.7 yr U-235 uranium-234 7 x 108 yr

Pu-239 plutonium-239 2.4 x 104 yr U-238 uranium-238 4.5 x 109 yr

Pu-240 plutonium-240 6.5 x 103 yr

TABLE  MC–6.—Elemental and Chemical Constituent Nomenclature

SYMBOL CONSTITUENT SYMBOL CONSTITUENT

Ag silver Pa protactinium

Al aluminum Pb lead

Ar argon Pu plutonium

B boron SF6 sulfur hexafluoride

Be beryllium Si silicon

CO carbon monoxide SO2 sulfur dioxide

CO2 carbon dioxide Ta tantalum

Cu copper Th thorium

F fluorine Ti titanium

Fe iron U uranium

Kr krypton V vanadium

N nitrogen W tungsten

Ni nickel Xe xenon

NO2
- nitrite ion Zn zinc

NO3
- nitrate ion



ABOUT THE NATIONAL ENVIRONMENTAL POLICY ACT

The National Environmental Policy Act (NEPA) (42 United States Code [U.S.C.] §4321 et seq.) was
enacted to ensure that federal decision makers consider the effects of proposed actions on the human
environment and to lay their decisionmaking process open for public scrutiny.  NEPA also created the
President’s Council on Environmental Quality (CEQ).  The U.S. Department of Energy’s (DOE’s)
NEPA regulations (10 Code of Federal Regulations [CFR] 1021) augment the CEQ regulations (40
CFR 1500 through 1508).

Under NEPA, an environmental impact statement (EIS) documents a federal agency’s analysis of the
environmental consequences that might be caused by major federal actions, defined as those proposed
actions that may result in a significant impact to the environment.  An EIS also:

• Explains the purpose and need for the agency to take action.
• Describes the proposed action and the reasonable alternative courses of action that the agency 

could take to meet the need.
• Describes what would happen if the proposed action were not implemented—the “No Action” (or 

status quo) Alternative.
• Describes what aspects of the human environment would be affected if the proposed action or any 

alternative were implemented.
• Analyzes the changes, or impacts, to the environment that would be expected to take place if the 

proposed action or an alternative were implemented, compared to the expected condition of the 
environment if no action were taken.

The DOE EIS process follows these steps:

• The Notice of Intent, published in the Federal Register, identifies potential EIS issues and 
alternatives and asks for public comment on the scope of the analysis.

• The public scoping period, with at least one public meeting, during which public comments on the 
scope of the document are collected and considered.

• The issuance of a draft EIS for public review and comment (for a minimum of 45 days), with at 
least one public hearing.

• The preparation and issuance of the final EIS, which incorporates the results of the public 
comment period on the draft EIS.

• Preparation and issuance of a Record of Decision, which states:
— The decision.
— The alternatives that were considered in the EIS and the environmentally preferable 

alternative.
— All decision factors, such as cost and technical considerations, that were considered by the 

agency along with environmental consequences.
— Mitigation measures designed to reduce adverse environmental impacts.

• Preparation of a Mitigation Action Plan, as appropriate, which explains how the mitigation 
measures will be implemented and monitored.
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CHAPTER 1.0
INTRODUCTION AND PURPOSE AND NEED FOR 

AGENCY ACTION

The Los Alamos National Laboratory (LANL)
is one of several national laboratories that
support the U.S. Department of Energy’s
(DOE’s) responsibilities for national security,
energy resources, environmental quality, and
science.  LANL occupies approximately
43 square miles (111 square kilometers) of land
owned by the U.S. Government and under the
administrative control of DOE; it is located in
north-central New Mexico, 60 miles
(97 kilometers) north-northeast of Albuquerque
and 25 miles (40 kilometers) northwest of
Santa Fe (see Figure 1–1).   An in-depth
description of LANL’s facilities and capabilities
is contained in chapter 2 of this document.  

DOE has prepared this Site-Wide
Environmental Impact Statement (SWEIS) in
accordance with the National Environmental
Policy Act (NEPA) (42 United States Code
[U.S.C.] §4321) to examine the environmental
impacts associated with four alternatives for the
continued operation of LANL.  (Section 1.3 and
chapter 3 provide additional detail regarding the
alternatives analyzed.)  In this SWEIS, DOE
describes consequences (both on the site and off
the site) of ongoing LANL operations, and
compares the potential consequences of
alternative levels of future operations.

1.1 LANL SUPPORT FOR DOE 
MISSIONS

Based on responsibilities described in th
Atomic Energy Act of 1954 (42 U.S.C. §2011)
and the Energy Reorganization Act of 197
(42 U.S.C. §5801), DOE’s principal mission
are:

• National Security—This DOE mission  
includes the safety and reliability of the 
nuclear weapons in the stockpile, 
maintenance of the nuclear weapons 
stockpile in accordance with executive 
directives, stemming the international 
spread of nuclear weapons materials and 
technologies, and production of nuclear 
propulsion plants for the U.S. Navy.

• Energy Resources—This DOE mission 
includes research and development for 
energy efficiency, renewable energy, fossi
energy, and nuclear energy.

• Environmental Quality—This DOE mission  
includes treatment, storage, and disposal 
DOE wastes; cleanup of nuclear weapons
sites; pollution prevention; storage and 
disposal of civilian radioactive waste; and 
development of technologies to reduce risk
and reduce cleanup costs for DOE 
activities.

• Science—This DOE mission includes 
fundamental research in physics, material

This chapter provides an introduction to the Los Alamos National Laboratory’s role in supporting the
U.S. Department of Energy’s missions, a statement of the purpose and need for DOE’s action, and
overview of the alternatives analyzed in this Site-Wide Environmental Impact Statement.  In additio
this chapter explains DOE decisions that this SWEIS is intended to support and the relationship of t
document to other environmental documentation prepared by DOE.  At the conclusion of the chap
is an introduction to the objectives of the SWEIS and the approaches used in its preparation, along w
a  brief summary of the remaining chapters of the document.
1–1
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FIGURE 1–1.—Location of the Los Alamos National Laboratory.
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science, chemistry, nuclear medicine, basic 
energy sciences, computational sciences, 
environmental sciences, and biological 
sciences.  Work related to this mission often 
contributes to the other three DOE 
missions.

LANL provides support to each of these
departmental missions, with a special focus on
national security1.  DOE assigns mission
elements to LANL based on the facilities and
expertise of the staff located there.  Such
assignments are made within the context of
national security needs as expressed, for
example, in Presidential Decision Directives;
the National Defense Authorization Act for
Fiscal Year 1994 (Public Law [PL] 103-160)
and other congressional actions; the U.S.
Department of Defense (DoD) Nuclear Posture
Review; treaties in force, such as the Nuclear
Nonproliferation Treaty and the Strategic Arms
Reduction Treaty (START) I, and treaties
signed but not yet entered into force, such as the
START II and the Comprehensive Test Ban
Treaty (CTBT).

The existing facilities and areas of expertise at
LANL have evolved since its inception in the
early 1940’s.  In particular, LANL has
developed facilities and expertise to perform: 

• Theoretical research, including analysis, 
mathematical modeling, and high-
performance computing

• Experimental science and 
engineering—ranging from bench-scale to 
multi-site, multi-technology facilities 
(including accelerators and radiographic 
facilities)

• Advanced and nuclear materials research, 
development, and applications, including 
weapons components testing, fabrication, 

1. While LANL supports each of these four missions, LANL 
does not undertake work in all elements of the missions 
described.  For example, LANL supports DOE’s national 
security mission but LANL does not undertake production of 
nuclear propulsion plants for the U.S. Navy.

SWEIS Terminology

Mission.  In this SWEIS, “missions” refer to the
major responsibilities assigned to DOE (described
in this section).  DOE accomplishes its major
responsibilities by assigning groups or types of
activities (referred to in this SWEIS as mission
elements) to its system of national laboratories,
production facilities, and other sites.

Programs.  DOE is organized into Program Offices,
each of which have primary responsibilities within
the set of DOE missions.  Funding and direction for
activities at DOE facilities are provided through
these Program Offices, and similar/coordinated
sets of activities to meet Program Office
responsibilities are often referred to as programs.
Programs are usually long-term efforts with broad
goals or requirements.

Capabilities.  This refers to the combination of
facilities, equipment, infrastructure, and expertise
necessary to undertake types or groups of activities
and to implement mission assignments.
Capabilities at LANL have been established over
time, principally through mission assignments and
activities directed by Program Offices.  Once
capabilities are established to support a specific
mission assignment or program activity, they are
often used to meet other mission or program
requirements (e.g., the capability for advanced/
complex computation and modeling that was
established to support DOE's national security
mission requirements may also be used to address
needs under DOE's science mission).

Projects.  This is used to describe activities with a
clear beginning and end that are undertaken to meet
a specific goal or need.  Projects can vary in scale
from very small (such as a project to undertake one
experiment or a series of small experiments) to
major (e.g., a project to construct and start up a new
nuclear facility).  Projects are usually relatively
short-term efforts, and they can cross multiple
programs and missions, although they are usually
“sponsored” by a primary Program Office.  In this
SWEIS, this term is usually used more narrowly to
describe construction (including facility
modification) activities (e.g., a project to build a
new office building or a project to establish and
demonstrate a new capability).  Construction
projects considered reasonably foreseeable at
LANL over the next 10 years are discussed and
analyzed in this SWEIS (section 1.6.3)
1–3
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stockpile assurance, replacement, 
surveillance, and maintenance (including 
theoretical and experimental activities)

These capabilities allow LANL to conduct
research and development activities such as
high explosives processing, chemical research,
nuclear physics research, materials science
research, systems analysis and engineering,
human genome “mapping,” biotechnology
applications, and remote sensing technologies
applied to resource exploration and
environmental surveillance.  

Below is a description of LANL’s  assignments
to support DOE’s missions (with a focus on
recent developments in these mission areas) and
a description of how LANL fits within the DOE
national laboratory system.  In addition, the
Final Programmatic Environmental Impact
Statement for Stockpile Stewardship and
Management  (SSM PEIS) (DOE 1996a) lists
the major mission elements at LANL, including
the primary DOE program offices that sponsor
efforts under each of the mission elements listed
(Table 3.2.6–1 of the SSM PEIS).

1.1.1 National Security 
Assignments to LANL

The following sections highlight LANL’s
principal assignments under the national
security mission, including:  stockpile
stewardship and management2, accelerator
production of tritium, stabilization of
commercial nuclear materials, nonproliferation,
and other national security assignments.  

1.1.1.1 Stockpile Stewardship 
Assignments

DOE’s nuclear weapons research, developme
and testing has evolved into a program referr
to as “stockpile stewardship.”  Under thi
program, LANL is responsible (along with
Lawrence Livermore National Laboratory an
Sandia National Laboratories) for ensuring th
safety and reliability of weapons systems in t
stockpile for the foreseeable future, in th
absence of underground testing.  LANL ha
additional specific responsibilities for weapon
of LANL design.  Stockpile stewardship
remains LANL’s central responsibility, and thi
is the focus of much of the research an
development throughout LANL.

DOE examined the environmental impacts 
implementing this program at LANL and othe
DOE sites in the SSM PEIS (DOE 1996a).  
the SSM PEIS, DOE identified a need fo
certain nuclear weapons experiment
capabilities in addition to those that current
exist at DOE sites.  In its Record of Decisio
(ROD) for the SSM PEIS (61 Federal Register
[FR] 68014), DOE stated its intention t
construct and operate Atlas, a research pulse-
power facility at LANL, to assist in fulfilling
this need.  In addition, DOE decided that th
facility will be installed in an existing building
at LANL. 

1.1.1.2 Stockpile Management 
Assignments

In addition to its responsibilities for stockpil
stewardship, LANL also has been assign
responsibilities for stockpile managemen
which address DOE’s production an
maintenance of nuclear weapons, includin
component production and weapo
disassembly, as well as stockpile surveillan
and process development.  Stockpi
stewardship and stockpile management are p
of an integrated DOE program.  LANL’s
nuclear weapons production capabilities we

2. DOE has recently adopted the name “stockpile 
stewardship” to encompass all activities within the program 
recently referred to as “stockpile stewardship and management.”  
However, stockpile stewardship and management is used in this 
SWEIS.
1–4
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National Security Context for LANL Nuclear Weapons-Related Mission Assignments

LANL performs activities in support of DOE’s national security mission, including assessment and certification of
nuclear weapon safety and reliability, weapons-related research and development, some nonnuclear component
production, pit fabrication, and surveillance of plutonium pits.  DOE is obligated to conduct these activities in the
context of presidential and congressional actions, and international treaties, including the following:

START I, 1988—Ratified in 1988, the START I negotiations between the U.S. and Russia aimed at limiting and
reducing nuclear arms.  One of DOE’s missions is national security; LANL has a role in several elements of that
mission, including arms control and nonproliferation via treaty verification programs.

Presidential Decision Directive (PDD), November 1993—Presidential document that provided for the
establishment of a program to maintain the U.S. nuclear stockpile (stockpile stewardship), preservation of a nuclear
deterrent force without nuclear tests, and preservation of the technical and intellectual ability to design and
maintain nuclear weapons.  LANL and other weapons laboratories would preserve these abilities.

National Defense Authorization Act of 1994 (PL 103-160), November 1993—Passed by Congress, PL 103-160
directed DOE to “establish a stewardship program to ensure the preservation of the core intellectual and technical
competencies of the U.S. in nuclear weapons, including weapons design, system integration, manufacturing,
security, use control, reliability assessment, and certification.”  Subsequent congressional actions have provided
similar guidance and direction.

DoD Nuclear Posture Review, September 1994—A report prepared by the DoD and approved by the President that
addressed possible changes in U.S. nuclear policy.  The report reaffirmed that nuclear weapons remain essential
even though stockpiles will be reduced.  It commits the U.S. to maintaining a safe and reliable nuclear deterrent and
the core competencies of the U.S. in nuclear weapons without nuclear testing.

Nonproliferation Treaty, May 1995—On May 11, 1995, 178 nations agreed to permanently extend the expiring
Nuclear Nonproliferation Treaty that controls the spread of nuclear weapons technologies, limits the number of
nuclear weapons states, and commits to the long-term goal of disarmament.  The five nuclear states also agreed to
work toward a comprehensive test ban and rapid negotiation of a treaty to end production of nuclear bomb material.

Presidential Announcement on the CTBT and Safeguards, August 1995—The President announced the U.S. intent
to seek a zero-yield CTBT, the requirement for a new annual certification procedure, and the establishment of
safeguards for U.S. entry into a CTBT.

PDD, September 1995—After an administration review of the laboratory systems of DOE, the President determined
that “the continued vitality of all three DOE nuclear weapons laboratories will be essential: for the purpose of
ensuring confidence in the safety and reliability of the nuclear weapons stockpile in the absence of nuclear testing.”
(DOE 1995a)

START II, January 1996—The START II protocol, ratified by the U.S. Senate in January 1996, further reduces the
limits of nuclear systems.  Within DOE’s national security mission, LANL has a substantial role in arms control and
nonproliferation through intelligence analysis, technology research and development, treaty verification, fissile
material control, and counterproliferation analysis.

CTBT, September 1996—The CTBT, approved in September 1996 but not yet ratified, would prohibit nuclear tests
of all magnitudes.  DOE, with the assistance of the weapons laboratories, must meet the challenge of maintaining
the nation’s nuclear stockpile without underground testing and develop the verification technologies that will ensure
compliance with the treaty.

Note:  For additional information, see the SSM PEIS (DOE 1996a), chapter 2, Purpose and Need.
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developed in the 1940’s as part of the Manhattan
Project when LANL produced the first weapons
components for the early nuclear weapons
stockpile.  Over time, most of the production
activities were reassigned to other DOE
facilities, and LANL’s  national security focus
became nuclear weapons research,
development, and testing (which has evolved
into the Stockpile Stewardship Program). 

In the early 1990’s, DOE recognized that its
responsibilities for the reduced nuclear weapons
stockpile did not require the extensive complex
of production facilities that was being
maintained.  Thus, DOE undertook a study to
reconfigure this complex to a smaller, less
expensive form.  As a first step, DOE prepared
the Nonnuclear Consolidation Environmental
Assessment for the Nuclear Weapons Complex
Reconfiguration Program (DOE 1993),
focusing  on consolidation arrangements for the
nonnuclear operations associated with nuclear
weapons production.  As a result of that
assessment, LANL received several new
assignments that were complementary to work
already being performed at LANL:  

• Detonator production and calorimetry work 
was transferred from the Mound Plant in 
Ohio.

• Neutron tube target loading work was 
transferred from the Pinellas Plant in 
Florida.

• Beryllium technology work and production 
of nonnuclear pit components (a pit is a 
component of a nuclear weapon, as 
discussed in the text box on this page) were 
transferred from the Rocky Flats Plant (now 
known as the Rocky Flats Environmental 
Technology Site [RFETS]) in Colorado.

The next step was to reconfigure nuclear
facilities in the weapons complex.  In 1994,
DOE defined its ongoing Stockpile Stewardship
and Management Program; the SSM PEIS
analyzed the environmental impacts of
implementing this integrated program

(DOE 1996a).  The SSM PEIS studied optio
for consolidating nuclear weapons work at 
smaller number of facilities and downsizing th
remaining complex, as well as reestablishin
plutonium pit production.  Under the ROD fo
the SSM PEIS (61 FR 68014), DOE assign
LANL new work within both the Stockpile
Stewardship Program (section 1.1.1.1) and 
Stockpile Management Program.  Specific 
stockpile management, DOE decided 
reestablish its pit production capability a
LANL at a capacity significantly reduced from
that of the Rocky Flats Plant at the height of t
Cold War.  (The pit production capability at th
Rocky Flats plant had previously been sh
down.)     

1.1.1.3 Accelerator Production of 
Tritium Assignment

DOE’s work to reconfigure the nation’s nuclea
weapons complex also addressed the supply 
recycling of tritium.  Tritium is one of the
materials used in modern nuclear weapon
However, tritium has a half-life of 12.26 years
that is, about 5.5 percent is lost every year, a

Operation of a Nuclear Weapon

Nuclear explosions are produced by initiating
and sustaining nuclear chain reactions in
highly compressed material that can undergo
both fission and fusion reactions.  Modern
strategic, and most tactical, nuclear weapons
use a nuclear package with two assemblies:
the primary assembly, which is used as the
initial source of energy, and the secondary
assembly, which provides additional explosive
energy release.  The primary assembly
contains a central core, called the “pit,”
which is surrounded by a layer of high
explosive.  The “pit” is typically composed of
plutonium-239 and/or highly enriched
uranium (HEU) and other materials.  HEU
contains large fractions of the isotope
uranium-235.
1–6
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the tritium in a nuclear weapon must be replaced
periodically if the weapon is to remain reliable.
In the past, DOE produced tritium in some of its
nuclear reactors; at present, however, none of
the DOE reactors that had been capable of
producing tritium is in operation.  As the
number of nuclear weapons in the U.S. stockpile
is decreased, tritium from retired weapons can
be purified and repackaged.  However, at some
time in the near future, there will be insufficient
tritium to meet DOE’s mission requirements.

In the Final Programmatic Environmental
Impact Statement for Tritium Supply and
Recycling (Tritium PEIS) (DOE 1995b), DOE
examined the environmental impacts of tritium
production by means of both an accelerator and
a commercial nuclear reactor.  In the ROD for
the Tritium PEIS (60 FR 63878), DOE decided
on a dual-track approach that pursues
production by both an accelerator and a
commercial nuclear reactor for about 3 years.
At the completion of this additional
development work, DOE expects to make a final
decision regarding which technology to pursue
as the primary source of tritium.

Also in the Tritium PEIS ROD, DOE assigned
to LANL the task of investigating the feasibility
and consequences of designing, building, and
testing the front-end, low-energy prototype for
an accelerator that could produce tritium.  DOE
prepared the Low-Energy Demonstration
Accelerator (LEDA) Environmental Assessment
(DOE 1996b) to examine the site-specific
environmental impacts of locating this research
activity at LANL.

1.1.1.4 Stabilization of Commercial 
Nuclear Materials 
Assignment

Radioactive sealed sources are used in research
and commerce for applications such as
measuring the thickness of materials.  These
sources usually contain radionuclides such as
plutonium or americium, packaged within

multiple stainless steel jackets.  Seale
radioactive sources for federal and commerc
use were produced from materials supplied 
the U.S. Atomic Energy Commission (AEC
and successor agencies (including DOE
beginning about 1950.  Licensing was take
over by the U.S. Nuclear Regulator
Commission (NRC) when some AEC function
were reassigned to NRC in 1974.    

These sealed sources have a finite life beca
the welds begin to fail after several year
Because the NRC has no facilities for managi
unwanted and excess sources, owners of se
sources who want to dispose of them have h
no option for doing so.  DOE addressed some
the health and safety concerns associated w
unmanaged or abandoned sealed sources
reactivating a program to accept and mana
plutonium-239 sources on an emergency bas
In the case of these sealed sources, managem
means chemically stabilizing, repackaging, 
storing nuclear materials from the sources.

As more needs became apparent and after D
prepared the Radioactive Source Recover
Program Environmental Assessme
(DOE 1995c), DOE assigned the Radioacti
Source Recovery Program to LANL building o
the existing ability to manage these materia
In order to reduce the risk of personal injur
resulting from unmanaged or abandoned sea
sources, the program now includes the proact
search for such sealed sources so that they 
be brought to LANL and managed safely.

1.1.1.5 Nonproliferation and 
Counter-Proliferation 
Assignments

DOE has responsibility for national programs 
reduce and counter threats from weapons 
mass destruction (nuclear, biological, an
chemical weapons).  Activities conducted in th
area include assisting with control of nucle
materials in states of the former Soviet Unio
developing technologies for verification of th
1–7
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CTBT, countering nuclear smuggling,
safeguarding nuclear materials and weapons,
and countering threats involving chemical and
biological agents.  These programs also include
supporting continuation of the START process
to further reduce nuclear weapons stockpiles.

LANL has been assigned research and
development activities in support of these DOE
responsibilities, including development of
detection systems and technologies, assessment
of foreign nuclear weapons capabilities, and
responding to nuclear-related emergencies.  In
support of this assignment, LANL has:

• Provided much of the technology and 
expertise needed to verify treaties and 
implement various safeguards to ensure 
compliance with terms and conditions of 
treaties and agreements

• Undertaken satellite and remote sensing 
research to provide the technology to detect 
clandestine nuclear tests and other 
indicators of nuclear proliferation

• Undertaken research in personnel and 
vehicle monitoring and other nuclear 
safeguards technologies, which has helped 
to improve the security of many tons of 
plutonium and highly enriched uranium 
located in more than 50 facilities in the 
former Soviet Union

• Begun research aimed at countering nuclear 
smuggling and proliferation of chemical 
and biological weapons

• Assisted in the establishment, training, and 
technology development for DOE’s 
Nuclear Emergency Search Team and 
Accident Response Group, which provide 
vital emergency response capabilities

1.1.1.6 Other National Security 
Assignments

LANL also measures and controls nuclear
materials on the site and conducts research and
development for such activities throughout

DOE, including analytical chemistry and othe
destructive and nondestructive measurem
techniques.  LANL also performs research a
demonstration activities regarding th
disposition of surplus plutonium under DOE’
Fissile Materials Disposition Program.  Whil
many of these activities support multipl
mission elements, they are funded and mana
under the national security mission.

1.1.2 Energy Resources 
Assignments

LANL’s activities in this arena generally
include:  research to improve the safety a
effectiveness of reactor operations; producti
of components for the radioisotopic powe
systems used in space exploration; geophys
and geothermal energy research; modeling a
other support for the efficient use of fossil fuel
research and development related to the use
radioisotopes in industry, research, an
healthcare; and research and development in
areas of global change, energy efficiency, a
nuclear power.

After issuance of the Medical Isotope
Production Project: Molybdenum-99 and
Related Isotopes, Environmental Impa
Statement (DOE 1996c), the related ROD
assigned to LANL the fabrication of targets3 for
use in the production of molybdenum-99 fo
medical use (60 FR 48921).  The fabricate
targets are sent from LANL to Sandia Nation
Laboratories in Albuquerque, New Mexico
where this medical isotope is actually produce

1.1.3 Environmental Quality 
Assignments

LANL’s support for this DOE mission includes

3. A target, in this context, is material placed in a nuclear 
reactor to be bombarded with neutrons in order to produce 
radioactive materials.
1–8
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• Development of environmental 
technologies to destroy explosives and 
propellants associated with DOE and DoD 
activities

• Research regarding appropriate treatment 
and handling of radioactive waste at the 
DOE sites at RFETS and Hanford

• Research on the coexistence of technology 
and the environment under the National 
Environmental Research Park Program

• Analytical and measurement support to 
characterize sites and materials in support 
of safe and effective waste disposal (e.g., 
the Waste Isolation Pilot Plant [WIPP])

• Operations to ensure the safe and effective 
treatment, handling, and disposal of waste 
generated at LANL

1.1.4 Science Assignments

LANL’s facilities and expertise are utilized for
research and development in the areas of theory,
modeling and computation, engineering and
experimentation, and advanced and nuclear
materials.  Recent examples of such research
and development  activities at LANL include:

• Application of high-energy protons to make 
high-resolution radiographs of rapid events 
in high-density material

• Application of experimentation and theory 
to predict how changes in polymer 
chemical structure, physical structure, and 
state of stress affect the mechanical 
properties of the materials

• Development of the high-performance 
parallel interface, which supports fast data-
transfer network technology

• Development of a rapid, one-step method 
for making complex metal parts by fusing 
metal powder in the focal zone of a laser 
beam without the use of a mold, pattern, or 
forming die

• Measurements to study fundamental 
properties of neutrinos (a type of 
elementary particle)

• Studies of the human genome sequence a
the structure of other biomolecules

• Development and fielding of sensors in 
support of nonproliferation, including 
detectors on Earth-orbiting satellites

• Research on the properties of actinide 
material that can affect their behavior wher
they are present in the environment

• Development of techniques to remotely 
detect atmospheric pollutants

In addition, LANL conducts nuclear criticality
studies, performs reimbursable work for oth
federal agencies and for other sponso
(including the private sector), and allow
university researchers to utilize its facilities
Each of these aspects of LANL’s support fo
DOE’s science mission are described below.

1.1.4.1 Nuclear Criticality Studies

DOE’s science mission includes resear
intended to result in the avoidance of nucle
criticality accidents through understanding th
processes of criticality and criticality contro
continuing the research on criticality, an
continuing to train individuals who will
implement policies regarding criticality safety
At present, the only U.S. general criticalit
research program is at the Los Alamos Critic
Experiments Facility (LACEF).  In 1993, the
Defense Nuclear Facilities Safety Board, a
oversight organization, recommended to DO
that it continue the capability to carry o
research in criticality.  DOE has consolidate
certain nuclear materials and machines used
criticality experiments at LANL to be
maintained for the purposes of criticalit
experimentation and training (DOE 1996e).

1.1.4.2 Reimbursable Work

This work, sometimes termed “work fo
others,” must be compatible with the DO
mission work conducted at LANL, and must b
work that cannot reasonably be performed 
1–9
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the private sector.  The nature of the Work for
Others Program ranges from long-term work for
other agencies to short-term work for industrial
clients.  Examples of such work for other
agencies include:

• DoD development of conventional weapons 
technology, command and control detection 
systems, systems analysis and risk 
assessment, and environmental remediation 
of hazardous materials

• NRC analysis of reactor safety systems
• National Institutes of Health investigations 

into biological processes and genetic 
material

A small but growing amount of work performed
by LANL is for industrial sponsors.  These
partnerships are often shorter-term projects such
as modeling work on computer systems,
applications of previous research, and new
industrial product lines.

1.1.4.3 University Research and 
Development

LANL facilities may be used by universities and
others to conduct research that could not
otherwise be supported.  For example, the Los
Alamos Neutron Science Center (LANSCE)
allows for university research into condensed
matter science and subatomic physics, the
results of which may be applicable to DOE
missions or to commercial enterprise.

DOE also provides opportunities for university
faculty and student training and research visits
to LANL.  Such programs allow DOE to
combine scientific research with practical
applications.

1.1.5 DOE National Laboratory 
System

LANL is part of the DOE national laboratory
system that supports DOE’s responsibilities and

those of other federal agencies, governme
groups, utilities, and industry.  DOE assign
mission elements or tasks to each of its natio
laboratories based on a variety of factor
including their existing areas of research a
experimental capabilities.  Table 1.1.5–1 show
the primary laboratory performers for each 
the primary DOE missions.  

1.2 PURPOSE AND NEED FOR 
AGENCY ACTION

The purpose of continued operation of LANL 
to provide support for DOE’s core missions a
directed by Congress and the President.  DO
core missions and LANL’s support of each o
these missions are described in section 1.1.  

DOE’s need to continue to operate LANL i
focused on its obligation to ensure a safe a
reliable nuclear stockpile.  The key capabilitie
of LANL that respond directly to this need
include: 

• Science-based performance safety and 
reliability evaluations and computer-based
modeling of nuclear weapons components
particularly primaries and secondaries

• High-performance computing and 
computational science

• Weapons-related engineering
• Nuclear materials technology involving 

transuranic (TRU) materials
• Materials science, including behavior of 

materials under high temperature and 
pressure

• Engineering and high-energy physics, 
supporting activities such as accelerator 
production of tritium

• High explosives research and developme
and testing, including detonator 
development and production

• Tritium gas process development and 
applications, including neutron target tube
loading

• Criticality studies
1–10
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• Specialty isotope production
• Neutron scattering experimentation for 

materials science and other purposes, 
including enhancing surveillance 
technologies

• Science and technology associated with 
nonproliferation and threat reduction

• Measurements to study fundamental 
nuclear and subatomic physics

• Studies of the structure of biomolecules
• Research on properties of actinide 

materials, including properties that can 
affect their behavior when they are present 
in the environment

• Development of techniques to remotely 
detect atmospheric pollutants

The continuing need for LANL to support the
DOE’s national security mission elements was
recently confirmed by President Clinton, who
stated, “to meet the challenge of ensuring
confidence in the safety and reliability of our
stockpile, I have concluded that the continued

vitality of all three DOE nuclear weapon
laboratories will be essential” (DOE 1995a
(LANL, Lawrence Livermore National
Laboratory and Sandia National Laboratorie
are often referred to as the three “DOE nucle
weapons laboratories.”)

For the foreseeable future, DOE, on behalf 
the U.S. Government, will need to continue i
nuclear weapons research and developme
surveillance, computational analyse
components manufacturing, and nonnucle
aboveground experimentation.  Currently, ma
of these activities are conducted solely 
LANL.  For example, LANL designed the
nuclear components for the majority of th
nuclear weapons that are expected to compr
the U.S. stockpile under current arms contr
agreements and treaties, and will continue to
responsible for assessing the safety a
reliability of these weapons (Lawrenc
Livermore National Laboratory designed th
others).  Ceasing these activities would ru

TABLE  1.1.5–1.—Primary Laboratory Performers for DOE Missionsa

MISSION PRIMARY LABORATORY PERFORMERS

National Security Bettis Atomic Power Laboratory, Knolls Atomic Power Laboratory, Lawrence 
Livermore National Laboratory, Los Alamos National Laboratory, Sandia 

National Laboratories

Energy Resources Argonne National Laboratory, Federal Energy Technology Centerb, National 
Renewable Energy Laboratory, Oak Ridge National Laboratory, Pacific 

Northwest National Laboratory

Environmental Quality Federal Energy Technology Centerb, Idaho National Engineering and 
Environmental Laboratory, Lawrence Livermore National Laboratory, Los 

Alamos National Laboratory, Oak Ridge National Laboratory, Pacific 
Northwest National Laboratory, Sandia National Laboratories, Savannah River

Technology Center

Science Argonne National Laboratory, Brookhaven National Laboratory, Fermi Nationa
Accelerator Laboratory, Lawrence Berkeley National Laboratory, Lawrence 

Livermore National Laboratory, Los Alamos National Laboratory, Oak Ridge 
National Laboratory, Pacific Northwest National Laboratory, Princeton Plasma

Physics Laboratory, Stanford Linear Accelerator Center, Thomas Jefferson 
National Accelerator Facility

a Based on Table 2 of the Strategic Laboratory Missions Plan—Phase 1, Volume 1, July 1996, which was prepared by the DOE 
Laboratory Operations Board (DOE 1996f).

b Formerly referred to as the Morgantown Energy Technology Center/Pittsburgh Energy Technology Center.
1–11
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counter to national security policy as
established by Congress and the President. 

DOE has evaluated and continues to evaluate its
mission element assignments, including those at
LANL, in other programmatic NEPA
documents.  LANL’s mission element
assignments are not under evaluation in the
SWEIS.

1.3 OVERVIEW  OF THE 
ALTERNATIVES  CONSIDERED 

Four  alternatives were identified that would
meet DOE’s purpose and need.  The alternatives
analyzed in the SWEIS are: 

• No Action Alternative.  Under this 
alternative, LANL operations would 
continue at their currently planned levels.

• Expanded Operations Alternative.  Under 
this alternative, LANL’s level of operations 
would allow full implementation of earlier 
DOE decisions and current programs.  This 
alternative  represents the highest 
foreseeable level of future activities that 
could be supported by the LANL 
infrastructure.

• Reduced Operations Alternative.  Under 
this alternative, LANL’s operations would 
be reduced to the minimum levels that 
would maintain (for the near term) the 
capabilities necessary to support the 
mission elements currently assigned to 
LANL.

• Greener Alternative.  Under this alternative, 
LANL’s support for DOE nonproliferation, 
materials recovery stabilization, and basic 
science would be maximized.  This 
alternative would also emphasize the use of 
LANL capabilities for energy and other 
nonweapons research, including waste 
treatment technology research and 
development.  LANL’s current support to 

DOE defense and nuclear weapons 
programs would be minimized.  

The first three alternatives present differin
operational levels of the same types of activitie
The fourth, the “Greener” Alternative, wa
suggested and titled by stakeholders.  Th
alternative would emphasize the use of LAN
capabilities in nonweapons mission elements,
discussed above.  In some cases, levels
operations in the Greener Alternative would b
higher than in the No Action Alternative (but n
higher than the levels reflected in the Expand
Operations Alternative).  In other case
operations under the Greener Alternative wou
be the same or less than those under the 
Action Alternative (but not less than thos
reflected in the Reduced Operation
Alternative).

In the draft SWEIS, the DOE’s Preferre
Alternative was the Expanded Operation
Alternative.  In this final SWEIS, the Expande
Operations Alternative remains the Preferre
Alternative with one modification, as note
below.  The modification to the Preferre
Alternative involves the level at which pi
manufacturing will be implemented at LANL
Under the Expanded Operations Alternativ
DOE would implement pit manufacturing up t
the capacity of 50 pits per year under singl
shift operations (80 pits per year using multip
shifts).  However, as a result of delays in th
implementation of the Capability Maintenanc
and Improvement Project (CMIP) and rece
additional controls and operational constrain
in the Chemistry and Metallurgy Researc
(CMR) Building (instituted to ensure that th
risks associated with the CMR Building
operations are maintained at an accepta
level), the DOE has determined that addition
study of methods for implementing the 50 pi
per year production capacity is warranted. 
effect, because DOE has postponed a
decision to expand pit manufacturing beyond
level of 20 pits per year in the near future, th
1–12
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revised Preferred Alternative would only
implement pit manufacturing at this level.  This
postponement does not modify the long-term
goal announced in the ROD for the SSM PEIS
(up to 80 pits per year using multiple shifts). 

1.4 DECISIONS TO BE SUPPORTED BY 
THE SWEIS

The decisions that DOE expects to make as a
result of the alternatives analyzed in this SWEIS
would satisfy the purpose and need discussed in
section 1.2.  The decisions to be reached include
the level of operation for LANL and specific
decisions regarding facility construction or
modification projects discussed across the
alternatives, including:  (1) the site-specific
implementation of the plutonium pit production
capacity assigned in the SSM PEIS ROD
(61 FR 68014) and (2) the disposition of low-
level radioactive waste, given the waste
volumes associated with the decisions made
regarding the level of operation of LANL.  In
addition, DOE will select mitigating actions
presented in the SWEIS for implementation at
LANL.  These decisions will be announced in a
ROD no sooner than 30 days after the issuance
of the final SWEIS Notice of Availability
(NOA) by the U.S. Environmental Protection
Agency (EPA).

1.4.1 Public Comment Process on 
the Draft SWEIS

The draft SWEIS was developed after a series of
public pre-scoping and scoping hearings to
provide opportunities for stakeholders to
identify the issues, environmental concerns, and
alternatives that should be analyzed in the
SWEIS.  The scoping process and issues raised
during the scoping phase are described in the
SWEIS Implementation Plan (November 1995).
DOE released the draft SWEIS on May 15,
1998, for review and comment by the State of
New Mexico, Indian tribes, local governments,
other federal agencies, and the general public.

The formal public comment period laste
60 days, ending on July 15, 1998.  Commen
received after close of the comment period we
considered in the preparation of the fin
SWEIS to the extent practical.

DOE considered all comments to evaluate t
accuracy and adequacy of the draft SWEIS a
to determine when the SWEIS text needed to
corrected, clarified, or otherwise revised.  DO
gave equal weight to spoken and writte
comments, comments received at the pub
hearings, and comments received in other wa
Comments were reviewed for content an
relevance to the environmental analys
contained in the SWEIS.  Each comment 
addressed individually in volume IV, chapter 
of the SWEIS.

Commentors raised several common topi
during the SWEIS public comment process th
the DOE has attempted to address in the Ma
Issues section located in chapter 2 of volume I
In some cases, commentors raised issues 
were not within the scope of this SWEIS, suc
as comments regarding opposition to nucle
weapons.  To the extent practical, DO
addressed these comments in the Major Iss
section and in the individual responses.

1.5 RELATIONSHIP  TO OTHER DOE 
NEPA DOCUMENTS

In this SWEIS, DOE examines the
environmental consequences of alternati
levels of operation to meet the ongoing missi
elements assigned to LANL.  However, oth
DOE NEPA reviews recently completed o
currently being conducted could affect LANL
operations.  Below, these DOE NEP
documents are summarized and the
relationships to the SWEIS alternatives a
identified. 
1–13
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1.5.1 Waste Management 
Programmatic Environmental 
Impact Statement (DOE/
EIS–0200)

NEPA Analysis

The Waste Management Final Programmat
Environmental Impact Statement (DOE 1997a)
(WM PEIS) is a nationwide study examining th
potential environmental impacts of managin
five types of radioactive and hazardous was
that result primarily from nuclear defens
activities.  The ROD for treatment and storag
of TRU waste was issued on January 20, 19
(63 FR 3629), and the ROD for nonwastewat
hazardous waste was issued on August 5, 1
(63 FR 41810).  DOE plans to issue other RO
for other waste types at a later time.  DOE w
use the WM PEIS in deciding how to configur
needed treatment, storage, and dispo
capacity, depending on waste type.  Howev
the specific location of a facility at a selecte
site may not be decided until completion of 
subsequent site-wide or project-specific NEP
review.   

Relationship to LANL

LANL currently generates and manages fo
types of waste analyzed in the WM PEIS:  LLW
LLMW, TRU waste, and HW.  The WM PEIS
includes preferred alternatives for locations 
treatment, storage, and/or disposal of each of 
waste types analyzed.  The following list briefl
describes how LANL could be affected by th
respective WM PEIS preferred alternatives. 

• LLW and LLMW Treatment.  Under the 
WM PEIS Preferred Alternative, LANL 
would treat its own LLW and LLMW on the 
site and would not receive LLW or LLMW 
from off-site locations for treatment.

• LLW and LLMW Disposal.  Under the WM 
PEIS Preferred Alternative, LANL is one of
six sites from which DOE would select two

DOE Waste Types

DOE is responsible for managing inventories
of several types of wastes.  These wastes are
defined as follows:

Low-level radioactive waste (LLW) includes
all radioactive waste that is not classified as
high-level waste (HLW), spent nuclear fuel
(fuel discharged from nuclear reactors), TRU,
uranium and thorium mill tailings, or waste
from processed ore.  LLW does not contain
hazardous constituents that are regulated
under the Resource Conservation and
Recovery Act (RCRA) (42 U.S.C. §6901)

Low-level radioactive mixed waste (LLMW)
contains both hazardous and low-level
radioactive components.  The hazardous
component in LLMW is subject to regulation
under RCRA.

Transuranic waste contains more than
100 nanocuries of alpha-emitting TRU
isotopes per gram of waste, with half-lives
greater than 20 years, and an atomic number
greater than that of uranium (92).  TRU waste
has radioactive components such as
plutonium.

TRU mixed waste is TRU waste that also has
hazardous components, and thus, is mixed
waste regulated under RCRA.

High-level waste is the highly radioactive
waste that results from reprocessing spent
nuclear fuel and irradiated targets from
reactors.  LANL has no HLW in its inventory. 

Hazardous waste (HW) is defined as a solid
waste that, because of its characteristics, may
significantly contribute to an increase in
mortality, or may pose a potential hazard to
human health or the environment when
improperly treated, stored, or disposed.  RCRA
defines a “solid” waste to include solid, liquid,
semisolid, or contained gaseous material
(42 U.S.C. §6901 et seq.).  By definition, HW
has no radioactive components.
1–14
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or three preferred regional disposal sites, 
after further consultations with regulatory 
agencies, state and tribal governments, and 
other interested stakeholders; that is, LANL 
would either be a regional disposal site for 
LLW and LLMW or would ship these 
wastes off the site for disposal.

• TRU Waste Treatment and Storage.  Under 
the TRU waste ROD (63 FR 3629), LANL 
will treat its own TRU waste on site and 
receive small amounts of TRU waste from 
Sandia National Laboratories in 
Albuquerque, New Mexico, for treatment 
and storage, pending  its disposal.  

• HW Treatment.  Under the nonwastewater 
HW ROD, LANL will continue to use 
commercial facilities to treat most of its 
nonwastewater HW.

SWEIS Inclusion

The SWEIS analyzes on-site treatment of all of
LANL’s radioactive waste and the use of
commercial facilities to treat most of its
nonwastewater HW.  The TRU waste inventory
analyzed in the SWEIS includes the small
amounts of such waste that would come to
LANL from Sandia National Laboratories (in
Albuquerque, New Mexico) under the WM
PEIS ROD for TRU waste.  The SWEIS also
addresses the range of decisions (i.e., regional
disposal at LANL or shipment off the site) that
could be made concerning disposal of LLW and
LLMW.  If LANL is chosen as a regional
disposal site for LLW and LLMW, the site-
specific impacts of that decision would be
addressed in further NEPA review tiered from
the WM PEIS and this SWEIS.

1.5.2 Stockpile Stewardship and 
Management Programmatic 
Environmental Impact 
Statement (DOE/EIS–0236)

NEPA Analysis

The SSM PEIS addressed the facilities a
missions to support the stewardship a
management of the U.S. nuclear stockp
(DOE 1996a).  The ROD was issue
December 19, 1996 (61 FR 68014).  Th
purpose of stockpile stewardship is to ensure 
continued reliability and safety of U.S. nuclea
weapons and the preservation of the U.S. c
intellectual and technical competencies 
nuclear weapons in the absence of undergrou
nuclear testing.  In order to accomplish this go
it is necessary to provide the facilities and exp
judgment to predict, identify, and provid
solutions to problems that might affect th
safety and reliability of nuclear weapons.  

A primary goal of stockpile management is 
provide an effective and efficient productio
capability for a smaller stockpile by downsizin
and/or consolidating functions wher
appropriate.  Stockpile management activiti
include dismantlement, surveillance
maintenance, evaluation, production, and rep
or replacement of nuclear weapons a
weapons components.

Relationship to LANL

LANL was one of the sites analyzed for sever
potential assignments in the SSM PEIS.  Bas
on the SSM PEIS, DOE decided to reestabli
DOE’s plutonium pit production capability, a
well as to construct and operate Atlas at LAN
Atlas is a pulse-powered experimental facili
that will aid in studying the physics o
secondaries of nuclear weapons.  (It should 
noted that the data  for the SSM PEIS we
provided at a level that supported missio
element assignment decisions, except in t
case of Atlas at LANL and two projects at oth
1–15
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sites that were the subject of a complete
project-level NEPA analysis.  More extensive
data were developed to analyze implementation
of potential mission element assignments as part
of the SWEIS process.)

The SSM PEIS also examined alternatives for
assigning the production of high explosives
components and the production of secondary
assemblies to LANL.   Thus, the SWEIS Notice
of Intent (NOI) (60 FR 25697) included
consideration of these mission element
assignments in the Expanded Operations
Alternative.  Since that time, the SSM PEIS
ROD assigned the high explosives component
production to the Pantex Plant in Amarillo,
Texas, and secondary assembly production to
the Y-12 Plant in Oak Ridge, Tennessee.
Because LANL was not assigned these mission
elements, the SWEIS Expanded Operations
Alternative no longer includes them4.

SWEIS Inclusion

Because DOE has decided to proceed with
Atlas, this project is included in all alternatives
in the SWEIS.  In addition, different levels of
plutonium pit manufacturing operations are
addressed in the different alternatives in the
SWEIS.  

Even though the SSM PEIS has assigned the
production mission element to LANL at a
higher rate of production (up to 80 pits per ye
using multiple shifts), than can be supporte
with the existing fabrication capacity
production at this level would not begin until a
implementation decision is reached based on 
SWEIS and until completion of a constructio
project to establish the higher level o
production.  At this time, DOE is evaluating it
options for achieving this pit fabrication rat
(tiered from the SSM PEIS).  The Expande
Operations Alternative reflects the propose
construction of a project to enhance the existi
manufacturing capability and operations to th
level of 80 pits per year with multiple shif
operations.  However, it is possible that, ov
the next 10 years (the period of evaluation in t
SWEIS), DOE could operate at the No Actio
Alternative level of pit fabrication operation
(up to 14 pits per year), or slightly above th
level (up to 20 pits per year, the DOE’
Preferred Alternative) for some period of time
and later provide the full capacity.  It is als
reasonable that DOE could operate at Reduc
Operations or Greener Alternatives levels of p
manufacturing (6 to 12 pits per year) for 
period of time, while still maintaining a pit
fabrication capability and the ability to retur
later to a higher capacity.  Thus, the SWE
analyzes all levels of operations that cou
reasonably occur over the next 10 yea
regarding the manufacturing of pits, given th
recent  assignment of pit production to LANL.

This approach is discussed further in volume 
section II.2, in the discussion on enhanceme
of pit manufacturing.

In May 1997, 39 organizations challenged th
adequacy of the SSM PEIS by filing a complai
in the U.S. District Court for the District of
Columbia, citing a total of 13 claims to suppo
this allegation.  In January 1998, thes
organizations amended their complain
replacing the original 13 claims with two new
claims that alleged that DOE is required 
prepare a Supplemental PEIS because of n

4. The scope of the SWEIS was developed prior to the 
issuance of the SSM PEIS ROD.  Thus, the Expanded 
Operations Alternative  was originally defined to include the 
high explosives component production and the secondary 
assembly production mission elements.  Accordingly, the 
environmental consequences of the Expanded Operations 
Alternative (described in chapter 5) include the impacts 
associated with these mission elements.  However, because 
these activities do not contribute substantially to air quality, 
water resources, land use, socioeconomic, or other impact 
projections regarding LANL operations, the environmental 
consequences of the Expanded Operations Alternative, with or 
without these mission elements, are substantially the same.  
Therefore, DOE determined that it was not cost effective to 
restructure and reanalyze the alternative.  To the extent that this 
affects the impact analyses, the environmental consequences of 
the Expanded Operations Alternative can be expected to be 
somewhat less than those identified in chapter 5.
1–16
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information made available since the SSM PEIS
was issued.  One of the two new claims involved
information concerning pit manufacturing at
LANL.  Pursuant to its regulations
implementing NEPA, DOE prepared a
supplement analysis of the pit manufacturing
information contained in the amended
complaint.  Based on this supplement analysis
DOE  determined that a Supplemental PEIS was
not required.  The supplement analysis and the
memorandum documenting DOE determination
are included in this SWEIS as appendix H.

In an opinion and order issued on August 19,
1998, the court agreed that a supplemental PEIS
is not required at this time and dismissed that
part of the lawsuit involving the SSM PEIS.  As
part of the settlement, DOE agreed to prepare an
additional Supplement Analysis of pit
production based on (1) the results of several
pending peer-reviewed seismic reports due to be
issued by March 1999, and (2) technical
analysis of the plausibility of a building-wide
fire at Technical Area (TA)–55 under glove-box
propagation or seismic or sabotage initiation.
The Supplement Analysis is under preparation.
A summary of the methodology used in the
preparation of the Supplement Analysis is
included in chapter 5, section 5.1.11.12.
Information from the seismic reports published
by the end of December 1998 have been
incorporated into the SWEIS accident analyses.

1.5.3 Waste Isolation Pilot Plant 
Disposal Phase Supplemental 
Environmental Impact 
Statement
(DOE/EIS–0026–S2)

NEPA Analysis

WIPP is the proposed repository for retrievably
stored defense TRU waste.  In October 1980,
DOE issued an EIS on proposed development of
WIPP (DOE 1980).  The January 1981 ROD
(46 FR 9162) called for phased development of

WIPP, beginning with construction of the WIP
facility.  In 1990, DOE issued a supplement
EIS that considered previously unavailab
information (DOE 1990).  Based on thi
supplemental EIS, DOE decided to continu
phased development.

DOE has issued a second supplemental E
(SEIS-II) to analyze the impacts of TRU was
disposal at WIPP or continued storage at t
generating sites (DOE 1997b).  The SEIS
updates the information contained in th
previous EIS and supplemental EIS, analyz
various treatment alternatives for TRU wast
and examines any changes in environmen
impacts due to new information or change
circumstances.  Based on this analysis, DOE 
decided (63 FR 3623, January 23, 1998) 
dispose of defense-related TRU waste at WI
up to legal limits, once the waste is treated to t
WIPP waste acceptance criteria (WAC).  DO
will transport TRU waste to WIPP by truck. 

Relationship to LANL

The WIPP SEIS-II analyzes the impacts 
LANL TRU waste treatment and subseque
transportation to WIPP, in accordance wi
current DOE planning schedules.

SWEIS Inclusion

The treatment of TRU waste to the WIPP WA
and transportation to WIPP is included in a
SWEIS alternatives.  The SWEIS transportati
analyses address the use of the proposed ro
that would bypass the City of Santa Fe.
1–17
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1.5.4 Medical Isotopes Production 
Project:  Molybdenum-99 and 
Related Isotopes 
Environmental Impact 
Statement (DOE/EIS–0249)

NEPA Analysis

In the Molybdenum-99 EIS, DOE analyzed
alternatives to establish, as soon as practical, a
domestic capacity to produce molybdenum-99
and related medical isotopes for use by the U.S.
healthcare community using the U.S. Food and
Drug Administration-approved Molybdenum-
99 production process (DOE 1996c).

Relationship to LANL

The ROD associated with the Molybdenum–99
and Related Isotopes EIS (60 FR 48921) states
that DOE will use the facilities of Sandia
National Laboratories, New Mexico, and
LANL.  Under this approach, DOE uses the
CMR Building at LANL to fabricate the targets
containing HEU.  Molybdenum-99 is produced
at Sandia National Laboratories.  LLW from
target fabrication at LANL is disposed of on the
site, pending decisions based on the WM PEIS
and this SWEIS.

SWEIS Inclusion

The modifications required to fabricate targets
at LANL’s CMR Building are relatively minor.
Some interior walls will be removed, doors will
be relocated, and gloveboxes with filtered
exhaust systems will be installed.  These
activities and the target fabrication operations
are included in all alternatives in the SWEIS.

1.5.5 Storage and Disposition of 
Weapons-Usable Fissile 
Materials Programmatic 
Environmental Impact 
Statement (DOE/EIS–0229)

NEPA Analysis

After completion of the Storage and Disposition
of Weapons-Usable Fissile Materials
Programmatic Environmental Impac
Statement (DOE 1996d), DOE decided in the
related ROD how to implement its program 
provide for safe and secure storage of weapo
usable fissile materials (plutonium and HEU
and a strategy for the disposition of surplu
weapons-usable plutonium (62 FR 3014).  T
fundamental purposes of the program are 
maintain a high standard of security an
accounting for these materials while in stora
and to ensure that plutonium produced f
nuclear weapons and declared excess to natio
security needs is never again used for nucl
weapons. 

Relationship to LANL

LANL participates in the research an
development program to develop an
demonstrate the technologies necessary 
disposition and storage of plutonium.  I
particular, research and development regard
the conversion of surplus plutonium in weapo
components to  mixed oxide (MOX) reactor fu
is conducted at LANL.

SWEIS Inclusion

The research and development effor
supporting plutonium pit disassembly and MO
fuels development and demonstration are with
the levels of operation addressed in the SWE
Specifically, the No Action, Reduced
Operations, and  Greener Alternatives inclu
the current level of operation, and the Expand
Operations Alternative includes a higher lev
of  these activities.  
1–18
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1.5.6 EIS on Management of 
Certain Plutonium Residues 
and Scrub Alloy Stored at the 
Rocky Flats Environmental 
Technology Site (DOE/
EIS–0277)

NEPA Analysis

DOE has issued an EIS (DOE 1998d) to
evaluate the potential environmental impacts
associated with management of certain
plutonium residues and scrub alloy currently
being stored at RFETS in Golden, Colorado.
The residues and scrub alloy are materials that
were generated during the separation and
purification of plutonium or during the
manufacture of plutonium-bearing components
for nuclear weapons.  Alternatives analyzed in
the Residues EIS include No Action, process for
disposal without plutonium separation, and
process for disposal or other disposition with
plutonium separation.  In its ROD
(63 FR 66136) DOE selected processing
technologies for these residues, including some
that would involve separation of plutonium.  In
a second ROD, DOE will make a decision about
technologies for pyrochemical salt residues.
The preferred alternative is to preprocess at
RFETS, with plutonium separation to take place
at LANL.  The impacts of off-site transportation
and processing are analyzed in detail for the
Savannah River Site and LANL.

Relationship to LANL

LANL participates in the research and
development program to develop and
demonstrate the technologies necessary for
management (including the processing,
measuring and storing) of plutonium residues.
At times, LANL has processed and is expected
to continue to process small quantities of unique
or difficult-to-process residues from off-site
locations.  In addition, as noted above, the
Residues EIS analyzed LANL as a possible site

for processing some of RFETS’ chloride sa
residues.

SWEIS Inclusion

The development and demonstration activiti
for the processing, measuring, and storing 
plutonium residues are within the levels o
operation addressed under each of the SWE
alternatives.  The No Action Alternative
includes the current level of such operation
and the Reduced Operations Alternativ
includes a level of operations lower than that 
the No Action Alternative.  The Expande
Operations and Greener Alternatives include
larger throughput of residue processing than t
No Action Alternative, and in addition, include
increases in the amount of off-site material th
would be processed and  transported fro
RFETS.

1.5.7 Pit Disassembly and 
Conversion Demonstration 
Environmental Assessment 
(DOE/EA–1207)

NEPA Analysis

DOE prepared an environmental assessm
(EA) (DOE 1998a) to examine the
environmental impacts of the propose
development and demonstration of an integra
pit disassembly and conversion process 
fissile material disposition.  The demonstratio
would involve the disassembly of up to 25
weapons components (pits) over 4 years a
conversion of the recovered plutonium t
plutonium oxide.  DOE determined that th
proposed action would not significantly affec
the quality of the human environment an
issued a Finding of No Significant Impact i
August, 1998 (63 FR 44851).  Because this E
was under preparation, the proposed action
250 components was part of the Expand
Operations Alternative in the draft SWEIS.
1–19
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Relationship to LANL

The proposed work would be conducted at
LANL’s Plutonium Facility at TA–55.  No new
facilities would need to be constructed to
support the demonstration, although internal
modifications to the facility would be required.
All work would be performed in a series of
interconnected gloveboxes using remote
handling and computerized control systems.

SWEIS Inclusion

The modifications and conduct of the plutonium
pit disassembly and conversion demonstration
using up to 40 pits are within the level of
operations addressed in the SWEIS No Action,
Reduced Operations, and Greener Alternatives.
Demonstration activities using up to 250 pits
over 4 years is within the level of operations
included in the SWEIS Expanded Operations
Alternative.  The Expanded Operations
Alternative also includes continued use of the
process equipment for pit disassembly by other
programs after this demonstration project has
been completed. 

1.5.8 Surplus Plutonium 
Disposition Environmental 
Impact Statement (DOE/
EIS–0283)

NEPA Analysis

DOE is preparing an EIS (DOE 1998b) to
evaluate the potential environmental impacts for
the proposed siting, construction, and operation
of facilities for plutonium disposition.  These
would include a facility to disassemble and
convert plutonium pits into plutonium oxide
suitable for disposition, a facility to immobilize
surplus plutonium in glass or ceramic form, and
a facility to fabricate plutonium oxide into
MOX fuel.  The EIS also examines the potential
impacts of the siting, modification, and
operation of existing facilities for the
fabrication of lead test assemblies that would be

used in MOX fuel qualification demonstrations
The Draft Surplus Plutonium Disposition EIS
was issued in July 1998.

Relationship to LANL

DOE is analyzing LANL as one of five potentia
sites for the location of the fabrication of MOX
fuel lead test assemblies demonstration as p
of the surplus plutonium disposition program.

SWEIS Inclusion

The development and fabrication activities fo
the production of MOX fuel pellets would be 
demonstration activity.  The SWEIS include
continued development and demonstrati
activities for ceramic fuels.  The impacts o
implementing the Lead Test Assembl
demonstration activities at LANL are presente
in chapter 5, section 5.6.  Facility informatio
also is provided in chapter 2 (sections 2.2.2
and 2.2.2.15) regarding both operations.

1.5.9 EIS for Siting, Construction, 
and Operation of the 
Spallation Neutron Source 
(DOE/EIS–0247)

NEPA Analysis

DOE is evaluating the siting, construction, an
operation of a proposed spallation neutro
source (SNS) (DOE 1998c).  This facility woul
consist of a proton accelerator system; 
spallation target; and appropriate experimen
areas, laboratories, offices, and suppo
facilities to allow ongoing and expande
programs of neutron research.  The propos
site for the SNS is the DOE-owned Oak Ridg
National Laboratory in Oak Ridge, Tennesse
The alternative sites under consideration a
three other DOE-owned laboratories:  Argonn
National Laboratory, Argonne, Illinois; LANL;
and Brookhaven National Laboratory, Upto
New York.  The public scoping period for thi
1–20
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EIS was completed in September 1997.  A draft
EIS was completed in December 1998.

This facility is considered complementary to
existing accelerator-based spallation sources at
LANL, and would not be intended to replace the
existing facility.

Relationship to LANL

LANL is one of four alternatives for the SNS;
though not the preferred site.  If LANL is
selected, the facility would be built on a
currently undeveloped site.  This project is
independent of all current or planned future
operations at LANL.  

SWEIS Inclusion

The SNS EIS is being coordinated with this
SWEIS so that it can make use of the
information developed for the SWEIS and to
ensure that the SNS EIS considers the LANL
alternative in light of the information regarding
LANL operations and the corresponding
impacts, as described in this SWEIS.  Impacts
associated with the SNS project, including site
development, utilities, and waste management
are to be analyzed in the EIS specific to that
project and are not included in the SWEIS.   

1.5.10 EIS for the Proposed 
Conveyance and Transfer of 
Certain Land Tracts Located 
Within Los Alamos and Santa 
Fe Counties and Los Alamos 
National Laboratory

NEPA Analysis

DOE is preparing an EIS to assess the potential
environmental impacts of conveying or
transferring certain land tracts under the
administrative control of DOE located within
the Counties of Los Alamos and Santa Fe (the
CT EIS).  The EIS is evaluating the
congressionally mandated action required under
PL 105-119 of conveying certain land tracts to

the County of Los Alamos and to the Secreta
of the Interior in trust for the Pueblo of Sa
Ildefonso.

Relationship to LANL

LANL is the only DOE site involved in the
proposed action.  The NEPA review i
proceeding separately from the SWEIS.

SWEIS Inclusion

The SWEIS analysis does not include 
consideration for changing the size o
configuration of the LANL reserve through lan
conveyance or transfer, such as those to 
included in this CT EIS.  A draft CT EIS is
expected to be released for public review a
comment in early 1999.  The impacts o
implementing the proposed action ar
summarized in chapter 5, section 5.6 of t
SWEIS.  The SWEIS does take into account tw
proposals for land transfer or leasing that ha
already been analyzed by EAs with Findings 
No Significant Impacts (FONSI) (discussed 
section 1.6.2), although DOE has not reache
final decision to implement either of thes
proposals to date.

1.5.11 Environmental Assessment 
for the Proposed Strategic 
Computing Complex (DOE/
EA-1250)

NEPA Analysis

DOE prepared an environmental assessmen
evaluate the environmental impacts o
construction and operation of a Strateg
Computing Complex (SCC) within LANL’s
TA–3.  The SCC will be a facility designed t
house and operate an integrated system 
computer processors capable of performi
approximately 50 trillion floating point
operations per second, as part of the Accelera
Strategic Computing Initiative in support of th
Stockpile Stewardship and Manageme
Program.
1–21
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Relationship to LANL

LANL is the only site under consideration for
the SCC.  The SCC proposal was an allowable
interim action, and the NEPA review proceeded
separately from the SWEIS.  Based on the EA,
DOE determined that the proposed action would
not significantly affect the quality of the human
environment and issued a Finding of No
Significant Impact in December 1998.

SWEIS Inclusion

The major impacts of the operation of the SCC
will be on water consumption and use of electric
power.  The impacts of the construction and
operation of the SCC are included in the levels
of operation for all of the alternatives in the
SWEIS.

1.6 OVERVIEW  OF THE LANL 
SWEIS

General information regarding the NEPA
process and the process DOE used in
preparation of this SWEIS (including public
involvement) are included on the inside covers
of volume I of the SWEIS.  Additional
information specific to the SWEIS is described
in this section, including the objectives of the
SWEIS, DOE’s approaches in preparing the
document, the consideration of future projects
in the SWEIS alternatives and analyses, the role
of the Cooperating Agency, and a preview of the
remaining sections of the document.

1.6.1 Objectives of the SWEIS

The environmental impacts of LANL operations
have been addressed in the Final Environmental
Impact Statement:  Los Alamos Scientific
Laboratory Site (DOE 1979) and in subsequent
EISs, EAs, categorical exclusion
determinations, and other types of
environmental reviews for specific projects and
activities.  Changes in the world political
situation have the potential to alter the role of

LANL and its operations now and during th
next 10 years, and this SWEIS is intended 
support decision-making regarding LANL’s
operations.  In this SWEIS, DOE is examinin
the environmental impacts of four alternative
for the continued operation of the laborato
(section 1.3 and chapter 3 provide descriptio
of the alternatives analyzed).  

Given the decisions DOE intends to make bas
on this SWEIS (section 1.4), the objectives 
the SWEIS are to:

• Describe the current environment, current
operations, and the impacts associated w
the continued operation of LANL.

• Compare the environmental consequence
including cumulative impacts, of 
reasonable alternatives for the continued 
operation of LANL.

• Provide a sufficient level of information to 
facilitate routine decisions about, and 
verification of, operational status with 
respect to the SWEIS analyses.

• Provide the project-specific NEPA analyse
for proposed projects (including the 
expansion of LLW disposal capacity at 
Area G and the enhancement of plutonium
pit manufacturing at LANL) and include 
them in the overall SWEIS impact 
assessment.

• Serve as a site-wide document for tiering 
and reference information for future NEPA
analyses at LANL.

1.6.2 SWEIS Approaches

To meet these objectives, DOE used t
following approaches:

• The  sources of potential impacts analyze
in the  SWEIS are those associated with  
LANL operations within the 43-square-
mile (111-square-kilometer) LANL main 
site and the 0.3-square-mile (0.77-square-
kilometer) Fenton Hill site, located about 
20 miles (32 kilometers) west of LANL.
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• The SWEIS analyzes current and proposed 
activities that could occur over the next 10 
years.  DOE chose the 10-year period as 
one in which future activities could be 
reasonably anticipated and described.   
Predicting activities beyond 10 years would 
have been excessively speculative.

• Those operations that have the most 
potential for significant environmental and 
human health impacts, including areas of 
concern identified by the public during the 
scoping process, are described in detail by 
facility.  Operations of lesser potential 
impact are described and analyzed at the 
site-wide level only.

• Descriptions of the affected environment 
are based on the geographical area of the 
potential impact.  If the impact would be 
limited to a canyon or mesa top, the 
discussion is largely focused at that level.  
Parameters such as radiological air 
emissions and the potential consequences to 
air quality and human health are discussed 
at the regional level.

• The SWEIS also includes the impacts of a 
proposed land transfer and a proposed lease 
action that are currently being finalized.  
These proposals (Transfer of the DP Road 
Tract to the County of Los Alamos and 
Lease of Land for the Development of a 
Research Park) were analyzed in EAs 
(DOE 1997c and DOE 1997d).  The 
Secretary of Energy is directed to make 
additional land transfers in the Departments 
of Commerce, Justice, and State, the 
Judiciary, and Related Agencies 
Appropriations Act of 1998 (PL 105-119, 
Section 632), but the actual parcels to be 
transferred are not sufficiently defined to 
allow for meaningful analysis in this 
SWEIS.  On May 6, 1998, DOE published 
an NOI to prepare an EIS for the Proposed 
Conveyance and Transfer of Certain Land 
Tracts in the FR (63 FR 25022).  (See 
Section 1.5.10.)

• The SWEIS generally describes the 
environmental restoration actions planned
during the next 10 years to meet the 
requirements of LANL’s Hazardous Waste
Operating Permit and the various strategie
for managing the resulting wastes.  The 
types of impacts experienced and expecte
from such activities are described in gener
and are included with the site-wide impact
of each of the four alternatives analyzed in
the SWEIS.  These impacts are also 
analyzed in NEPA reviews and in RCRA 
documentation prepared using processes
that include opportunities for public 
comment, within the framework agreed 
upon among DOE, the LANL managemen
and operating contractor (University of 
California [UC]), and the New Mexico 
Environment Department (NMED).

• For the cumulative impact analysis, other 
proposals and plans by both private and 
government entities in the northern New 
Mexico area were reviewed, and their 
effects were considered together with thos
from LANL operations.

In this SWEIS, DOE  also examines mitigatio
measures for impacts of LANL operations
planning strategies to protect and conser
natural and cultural resources, and was
management (treatment, storage, and dispo
strategies for LANL, including pollution
prevention.

1.6.3 Consideration of Future 
Projects

DOE and researchers at LANL frequent
develop new ideas and proposals for whi
funding and programmatic support ar
requested.  Such proposals vary in terms of si
complexity, and potential environmenta
impact.  Many of these proposals a
characterized as projects.  These are typica
activities or groups of activities within the broa
research, development, and applicatio
1–23
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activities across LANL.  Some of these
activities also require construction or
modification of facilities or equipment.  The
discussion in this section focuses on these
construction and modification projects.  

Construction and facility modification projects
being considered by and for LANL are of many
sizes and levels of complexity and were
identified using a variety of sources.  These
sources included Capital Assets Management
Process (CAMP) Reports (e.g., LANL 1995),
LANL Institutional Plans (e.g., LANL 1996),
and other DOE NEPA documents and reports.
The potential projects identified were reviewed
to determine the appropriate level of analysis in
the SWEIS.  As a result of this process, potential
LANL projects were placed into one of these
three categories.

• Projects for which NEPA review has been 
completed and for which a decision has 
been made prior to the completion of the 
SWEIS.  These projects support the DOE 
mission and DOE’s ongoing program 
requirements and are included in all of the 
SWEIS alternatives.  Any of these projects 
that are considered major federal actions 
meet the test for interim actions found in 
the Council on Environmental Quality’s 
(CEQ’s) regulations for implementing 
NEPA at 40 Code of Federal Regulations 
(CFR) 1506.1.

• Site-specific proposed projects that are ripe 
for decision and are on the same schedule 
as the SWEIS and its ROD.   Several facility 
or equipment modification activities are 
described in the SWEIS (chapters 2 and 3).  
It is expected that the SWEIS will 
constitute the NEPA review for these 
projects.  However, if the scope or design 
for these projects changes substantially in 
the future, additional NEPA review may be 
necessary.  The construction projects 
analyzed include the expansion of LLW 
disposal capacity in  Area G and the 
enhancement of plutonium pit 

manufacturing operations (to reestablish 
DOE’s production capability for these 
weapons components).  For these two 
project-level analyses, a description of the
different locations within LANL considered
and the environmental impacts of 
constructing those facilities at the differen
locations is  included in volume II of the 
SWEIS, Project-Specific Siting and 
Construction (PSSC) Analyses.   These 
construction activities and subsequent 
facility operations are included in the 
Expanded Operations Alternative (chapter
3, section 3.2), and the impacts of these 
activities are included in the impacts of the
Expanded Operations Alternative (chapter
5, section 5.3) in volume I of the SWEIS.

• Projects that are not reasonably foreseeab
within the next 10 years.  Such projects are 
considered speculative; thus, they are not
analyzed in the SWEIS.  If such projects 
were eventually proposed, it is anticipated
that they would require NEPA review prior
to being undertaken.  Such analyses woul
be tiered from the SWEIS that is in effect a
the time.  

1.6.3.1 Emerging Actions at LANL

Because LANL is a site of ongoing and evolvin
research and development, there may 
potential actions or projects for which concep
are emerging or may emerge during th
preparation of this SWEIS.  Typically, suc
projects are still somewhat speculative or not
a sufficient stage of definition to allow fo
detailed NEPA analysis.  These projects are n
yet proposed (in the NEPA sense) and are 
ripe for analysis in the SWEIS.  If and whe
these projects are sufficiently defined, the
would be subject to appropriate NEPA review 
that time.  For the purposes of public disclosu
and to ensure the fullest possible description
site-wide activities, however, the following
information is provided on some emergin
projects.
1–24
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• DOE currently is studying a variety of 
options for the renovation of infrastructure 
at TA–3 that would include replacing a 
number of aging structures either 
individually or as part of a multi-building 
effort. It is anticipated that one or more 
building replacements will be needed at 
TA–3.  The construction would be of office 
and light laboratory buildings to continue 
housing the existing types of activities 
currently pursued at this TA.  Planning for 
renovations and/or replacements is still 
being discussed, and impacts cannot yet be 
analyzed.    

• An additional facility, the Los Alamos 
Nonproliferation and International Security 
Center, is also being studied.  This building 
would consolidate about 80 percent of 
office and light laboratory activities 
undertaken at LANL for verification and 
intelligence purposes.  The activities are 
currently undertaken in about 50 separate 
structures consisting of a variety of 
transportable facilities and various 
buildings spread out over five TAs.  TA–3 is 
being considered as a potential site.  

• As discussed further in chapter 4 (section 
4.9.2.1) and chapter 6 (section 6.1.1) of this 
SWEIS, DOE and other users of electric 
power in the area have been working with 
suppliers to resolve foreseeable power 
supply and reliability issues.  Some specific 
solutions to these issues are currently being 
examined for feasibility.  In particular, DOE 
is examining the potential for constructing a 
power line that would extend from the 
existing Public Service Company of New 
Mexico (PNM) Norton substation southeast 
of LANL to existing LANL substations, 
and potentially to a new LANL substation 
(which would be constructed if this is 
determined to be a feasible solution).

As noted above, these projects would be subject
to appropriate NEPA review when they are
sufficiently defined for analysis.

1.6.4 Cooperating Agency

In November, 1995, DOE agreed to the requ
of the Incorporated County of Los Alamos, Ne
Mexico, to be a Cooperating Agency in th
preparation of the SWEIS.  DOE and the Coun
of Los Alamos believed this status to b
appropriate given the interdependence of t
county’s planning and DOE’s planning fo
LANL.  DOE and the County of Los Alamos
signed a Memorandum of Agreement th
governs interactions with respect to the SWEI
The county’s participation in the SWEIS ha
included participation in planning meetings
development of analytical methodologies, da
projections, and review of analyses for, an
predecisional drafts of, the draft SWEIS.  Th
county’s participation has been greatest w
respect to socioeconomic analyses, includi
utilities and infrastructure demands associat
with LANL activities.

1.6.5 Organization of the SWEIS

The SWEIS is organized into four volumes an
a classified appendix.  The first volume contai
the following parts:

• Chapter 1 presents a description of LANL’s
role in supporting DOE’s missions, the 
purpose and need for agency action, and 
overview of the SWEIS.

• Chapter 2 presents a detailed description o
LANL’s facilities and activities.

• Chapter 3 describes the alternatives 
analyzed in the SWEIS and the alternative
not considered in detail, and provides  
comparison of the potential consequences
of the alternatives for continued operation

• Chapter 4 presents a description of the 
affected environment as it exists under 
current conditions and provides the basis 
against which impacts resulting from 
actions under each alternative can be 
compared.
1–25
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• Chapter 5 describes the potential 
consequences that could result from 
implementing each of the alternatives.

• Chapter 6 describes the mitigation 
measures that could be applied to minimize 
or reduce potential environmental 
consequences of the alternatives.

• Chapter 7 presents a summary of the 
regulatory requirements and provides 
information on federal permits and licenses 
that apply to LANL operations, as well as 
agencies consulted in the preparation of this 
SWEIS.

• Chapter 8 is a list of preparers of the 
SWEIS.

• Chapter 9 is a list of individuals and 
organizations receiving a copy of the 
SWEIS.

• Chapter 10 is a glossary of terms used in 
the SWEIS.

• Chapter 11 contains copies of statements by 
contractors who worked on the SWEIS 
regarding potential conflicts of interest.

• Chapter 12 is an index of key words or 
expressions used in this volume of the 
SWEIS.

The second volume of the SWEIS contains two
parts and addresses the siting and construction
impacts associated with the Expansion of
TA–54/Area G Low-Level Waste Area (part I)
and the Enhance of Plutonium Pit
Manufacturing (part II).

The third volume of the SWEIS contains nine
appendixes that present detailed information to
support the analyses presented in chapter 5 of
the SWEIS.

• Appendix A, Water Resources
• Appendix B, Air Quality
• Appendix C, Contaminant Data Sets 

Supporting Ecological and Human Health 
Consequence Analysis

• Appendix D, Human Health
• Appendix E, Cultural Resources

• Appendix F, Transportation Risk Analysis
• Appendix G, Accident Analysis
• Appendix H, Supplement Analysis for the 

Enhancement of Pit Manufacturing at Los
Alamos National Laboratory, Stockpile 
Stewardship and Management 
Programmatic Environmental Impact 
Statement

• Appendix I, Report on the Status and 
Implications of Seismic Hazard Studies at
LANL

The fourth volume of the SWEIS contains th
public comments received on the draft SWE
and DOE’s responses.  The volume conta
three chapters.

• Chapter 1 describes the public comment 
process for the draft SWEIS.

• Chapter 2 discusses several topics 
associated with the comments received on
the draft SWEIS that were of broad interes
or concern.  These topics were categorize
as “Major Issues.”  This chapter reflects 
how these broad issues were considered.

• Chapter 3 presents the comments received
on the draft SWEIS and DOE’s response t
each individual comment.

The discussions in this SWEIS are augment
by a classified supplement to the SWEIS.  Th
supplement contains certain classifie
information and data related to the activities 
LANL that, though important to suppor
understanding of certain details underlying th
SWEIS and its analyses, must be protected
accordance with the Atomic Energy Act of 1954
(42 U.S.C. §2011).  This information include
details associated with some operation
experiments, processes, or source terms.  D
presents as much information as possible in t
unclassified document.  Furthermore, th
environmental impacts are fully contained in th
results presented to the public in th
unclassified document.
1–26
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DOE invited the EPA, the DoD, the Accord
Pueblos, and the State of New Mexico to review
the classified supplement.  Only those
individuals with appropriate clearances and a
need to know were given access to the classified
information.

References used for the preparation of this
SWEIS are, to the extent practical, publicly
available.  To request assistance in obtaining or
accessing any of these references, please contact
Mr. Corey Cruz of DOE by the mechanisms
described on the cover sheet for this volume.

1.7 CHANGES TO THE DRAFT 
SWEIS

DOE revised the draft SWEIS in response to
comments received from other federal agencies;
tribal, state, and local governments;
nongovernmental organizations; the general
public; and DOE reviews.  The text was
changed to provide additional environmental
baseline information, to correct inaccuracies
and make editorial corrections, and provide
additional discussion of technical
considerations to respond to comments and
clarify text.  In addition, DOE updated
information due to events or decisions made in
other documents since the draft SWEIS was
provided for public comment in May 1998.

1.7.1 Summary of Significant 
Changes

1.7.1.1 Revised Preferred 
Alternative

In the draft SWEIS, the DOE’s Preferred
Alternative was the Expanded Operations
Alternative.  In this final SWEIS, the Expanded
Operations Alternative remains the Preferred
Alternative with one modification, as noted
below.  The modification to the Preferred

Alternative involves the level at which pi
manufacturing will be implemented at LANL
Under the Expanded Operations Alternativ
DOE would expand operations at LANL, as th
need arises, to increase the level of existi
operations to the highest reasonably foreseea
levels, including the full implementation of pi
manufacturing up to the capacity of 50 pits p
year under single-shift operations (80 pits p
year using multiple shifts).  However, as a res
of delays in the implementation of the CMIP
and recent additional controls and operation
constraints in the CMR Building (instituted to
ensure that the risks associated with the CM
Building operations are maintained at a
acceptable level), the DOE has determined t
additional study of methods for implementin
the 50 pits per year production capacity 
warranted. In effect, because DOE h
postponed any decision to expand p
manufacturing beyond a level of 20 pits per ye
in the near future, the revised Preferre
Alternative would only implement pit
manufacturing at this level.  This postponeme
does not modify the long-term goal announc
in the ROD for the SSM PEIS (up to 80 pits p
year using multiple shifts). 

1.7.1.2 Enhanced Pit 
Manufacturing

As described above, as a result of delays in 
implementation of the CMIP and recen
additional controls and operational constrain
in the CMR Building (section 2.2.2.3), DOE ha
postponed any decision to implement the p
manufacturing capability beyond a level of 2
pits per year (14 pits is the No Action level
DOE believes it can expand the p
manufacturing capability to 20 pits at TA–5
without significant infrastructure upgrades an
still meet its near-term mission requirement
When the additional studies are complete
DOE will provide the appropriate NEPA
review, tiered from this SWEIS, to implemen
1–27
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the pit manufacturing capability beyond the 20
pits per year capacity.  The PSSC analysis for
the Enhancement of Plutonium Pit
Manufacturing (in volume II of this SWEIS) no
longer states a “Preferred PSSC Alternative.”
The Preferred Alternative would only
implement pit production at a level of 20 pits per
year.  However, for completeness and to bound
the impacts of implementing pit production at
LANL, the “Utilize Existing Unused Space in
the CMR Building” Alternative (the Preferred
PSSC Alternative in the draft SWEIS) is still
included in the Expanded Operations
Alternative as the “CMR Building Use”
Alternative. The ROD for the SWEIS will only
include a decision regarding the operations to
implement the pit production mission at LANL
for up to 20 pits per year.  This change is
reflected in volume II, part II of the SWEIS.

1.7.1.3 Wildfire

The scenario that a wildfire could encroach on
LANL was analyzed and included in the
accident set presented for all the alternatives.
The detailed wildfire analysis, referred to as the
SITE–04 accident, is presented in appendix G,
section G.5.4.4 of volume III of this SWEIS.  A
summary of the impacts is presented in
chapter 5.

1.7.1.4 Comparison Between the 
Rocky Flats Plant and 
LANL

An overview of the 1969 plutonium fire at the
Rocky Flats site and a comparison of the design
and operational differences between the Rocky
Flats Plant and LANL are included in appendix
G, section G.4.1.2. A summary is included in
chapter 5.

1.7.1.5 CMR Building Seismic 
Upgrades

DOE has decided not to implement the seism
upgrades as part of the CMR Building Upgrad
Project, Phase II, as a result of:  (1) new seism
studies (chapter 4, section 4.2.2.2, a
appendix I) released after the draft SWEIS w
issued indicating the additional hazard of 
seismic rupture at the CMR Building an
(2) DOE’s postponement of any decisions 
implement the pit manufacturing capabilit
beyond 20 pits per year in the near futur
Although the seismic rupture risk does not ha
a substantial effect on the overall seismic ri
(chapter 2, section 2.2.2.3), it is an aspect of r
that cannot be cost-effectively mitigate
through engineered structural upgrades.  Giv
that assessment, the DOE is considering m
substantial actions that are not yet ripe f
analysis in the SWEIS (e.g., replacement 
aging structures).  The overall goal of DOE
evaluation is ultimately to reduce the ris
associated with a seismic event, should o
occur.  In the meantime, DOE is taking action
to mitigate seismic risks through means oth
than seismic upgrades (e.g., minimizin
material-at-risk and putting temporarily inactiv
material in process into containers).  In an
event, DOE is presenting the larger and mo
conservative impacts (no seismic upgrades) 
the SITE–01, SITE–02, and SITE–03 acciden
Therefore, SITE–01, SITE–02, and SITE–0
accidents were revised to include new seism
data published after the draft SWEIS wa
released and to exclude the mitigation of t
impacts of implementing the seismic upgrade
The detailed revised analysis is presented
appendix G.  A summary of the impacts 
presented in chapters 3 and 5.

1.7.1.6 Strategic Computing 
Complex 

The impacts of constructing and operating t
proposed SCC project, primarily electric powe
demand and water usage, were incorporated i
1–28
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all the alternatives analyzed.  Water usage was
not increased in these analyses because DOE
and LANL committed to no net increase of
water as a result of conservation measures and
recycling of treated wastewater from the
Sanitary Wastewater Systems Consolidation
Plant, TA–46, as cooling water for the SCC
project.

1.7.1.7 Conveyance and Transfer of 
DOE Land  

DOE has begun the preparation of an EIS for the
Conveyance and Transfer of Certain Land
Tracts at LANL.  The CT EIS, scheduled to be
released in draft form for public review and
comment in early 1999, will analyze the impacts
of conveying and transferring certain tracts of
land to the County of Los Alamos and the U.S.
Department of the Interior in trust for the Pueblo
of San Ildefonso.  The CT EIS also will present
the cumulative impacts of the land being
developed by either the County of Los Alamos

or the Pueblo, as well as the impacts 
continuing to operate LANL.

1.7.2 Next Steps

The ROD, to be published no sooner than 
days after NOA for the final SWEIS has bee
issued, will explain all factors, including
environmental impacts, that the DO
considered in reaching its decision.  The RO
also will identify the environmentally preferred
alternative or alternatives.  If mitigation
measures, monitoring, or other conditions a
adopted as part of DOE’s decision, these w
summarized in the ROD, as applicable, and w
be included in the Mitigation Action Plan tha
would be prepared following the issuance of t
ROD.  The Mitigation Action Plan would
explain how and when mitigation measure
would be implemented and how the DOE wou
monitor the mitigation measures over time 
judge their effectiveness.
1–29
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CHAPTER 2.0
BACKGROUND ON LOS ALAMOS NATIONAL 
LABORATORY FACILITIES AND ACTIVITIES

LANL’s current activities stem from its original
mission to build the world’s first nuclear
weapon.  In March 1943, a small group of
scientists led by J. Robert Oppenheimer, came
to the small community of Los Alamos to carry
out Project Y of the Manhattan Project (1943
through 1945).  

Although the original mission was assigned to a
few hundred scientists and technicians, by the
time the first nuclear bomb was tested at Trinity
Site, the Los Alamos Laboratory consisted of
more than 3,000 civilian and military personnel.
In 1947, Los Alamos Laboratory was renamed
the Los Alamos Scientific Laboratory, and in
1981 it was designated as a national laboratory
and became LANL.  Following World War II,
LANL activities continued to focus on nuclear
defense and related research and development,
but gradually expanded to include nuclear
energy and other high-technology civilian
research and development, and over time grew
to serve other government and civilian
programs.

This chapter provides an overview of LANL’s
activities, both direct-funded (section 2.1.1) and
support activities (section 2.1.2).  It includes a
discussion of responsibilities associated with
operational safety at LANL (section 2.1.3).  It
also provides a description of LANL’s technical
areas (TAs) (section 2.2.1), the 15 facilities that
were identified as key facilities for purposes of
the SWEIS (section 2.2.2), and identification of
nuclear and moderate hazard non-key facilities
(section 2.2.3).  Sections 2.3 and 2.4 discuss the

role of the University of California (UC) at
LANL and recent LANL funding levels,
respectively.  

2.1 OVERVIEW  OF LANL 
ACTIVITIES

The mission assignments and programs 
LANL are discussed in chapter 1.  However, th
essence of operations at LANL lies in its variou
research and development and some fabricat
activities, as well as the support activitie
These serve as the foundation upon which n
assignments and tasks build and rely.  The
activities are described in this section.

LANL is funded primarily to use its capabilities
in undertaking a broad range of theoretical a
experimental research and development, as w
as several production activities, for DOE an
other federal agencies (these are referred to
direct-funded activities).  Various suppo
activities throughout LANL are essential t
these undertakings.  

Research and development activities a
dynamic by their very nature, with the norm
being continual change within the limits o
facility capabilities, authorizations, and
operating procedures.  This section describ
the direct-funded activities at LANL in three
(overlapping) major areas:

• Theory, modeling, analysis, and 
computation (section 2.1.1.1)

This chapter provides a description of the activities and facilities at LANL.  The chapter includes a
description of the 49 technical areas and focuses on the activities at 15 key facilities.  The role of th
University of California in LANL’s operation and recent funding levels are also presented.
2–1



LANL SWEIS

e
d

-
ge
s. 

g,
ks
y
re
.

g
le
to
r
nd

nd
y,
or
nd
of
g,
ng,
,
he
d
ts
f
of

es
igh
or
se
r
the
t-

ile
• Experimental science and engineering 
(section 2.1.1.2)

• Advanced and nuclear materials research, 
development, and applications 
(section 2.1.1.3)

In addition, this section describes the support
services needed to operate the site, such as site-
wide management activities and ecological and
natural resource management.

2.1.1 Categories of Direct-Funded 
Activities

The operations of LANL are diverse and
dispersed throughout the large government
reservation.  A general description of the  types
of direct-funded activities undertaken at LANL
can be summarized as follows.

2.1.1.1 Theory, Modeling, and High 
Performance Computing

This class of research and development includes
theoretical activities that are primarily directed
toward model development, analysis, and
assessment.  Individual research activities
integrate basic theory and experimental data
across multiple disciplines into realistic
analytical and simulation models; analyze and
validate the models through comparison with
experiments (including dynamic and
hydrodynamic tests) and other expert
information; or integrate the models into
computer programs for the assessment of
complex systems.  Examples of such complex
systems include weapons performance and
surety, energy systems, military systems,
transportation, atmosphere and ocean
environments, manufacturing and materials
processes, nuclear facility performance and
safety, and health system analysis.  Another
aspect of LANL activities of this type is
fundamental theory in areas such as nuclear and
particle physics, astrophysics, biology, plasma
and beam physics, and materials.

Theory, modeling, and high-performanc
computing combines fundamental theory an
numerical solution methods with high
performance computing to model a broad ran
of physical, chemical, and biological processe

The operations supporting theory, modelin
and high-performance computing present ris
similar to those of commercial or universit
administrative and research facilities; these a
typically risks of industrial accidents/incidents

2.1.1.2 Experimental Science and 
Engineering

Experimental science and engineerin
undertaken at LANL ranges from small-sca
laboratory experimental activities and testing 
the operation of one-of-a-kind facilities fo
measurements with radioactive, explosive, a
hazardous materials and processes.

Experiments are conducted in nuclear a
particle physics, astrophysics,  chemistr
atomic and plasma physics, accelerat
technology, hydrodynamics, laser science, a
beam physics, as well as a wide range 
technology applications of neutron scatterin
transmutation technologies, plasma processi
radiography, microlithography, inertial fusion
and Earth and environmental sciences. T
capability includes integrating theory an
modeling with measurements from experimen
that are made using a wide variety o
instruments and techniques over a range 
physical conditions.

These activities often utilize energy sourc
such as accelerators, high-powered lasers, h
explosives, and pulsed-power systems.  F
example, Atlas and Pegasus-II provide pul
power for initiating hydrodynamic and othe
experiments and are located at TA–35, as is 
Trident laser. (Atlas was analyzed in a projec
specific appendix to the Final Programmatic
Environmental Impact Statement for Stockp
Stewardship and Management (SSM PEIS)
2–2
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[DOE 1996a, Appendix K]). Many smaller
lasers and pulsed-power devices are used
throughout LANL.  Analysis related to these
types of experiments is conducted at several
locations throughout LANL and supports
further theoretical development.

The hazards associated with experimental
science and engineering work are primarily due
to the presence of energy sources, such as lasers,
explosives, accelerator beams, and electricity.
These energy sources pose the risk of injury or
death to workers; however, they pose minimal
risk to the public because the public does not
have access to the energy sources.  Other risks
associated with this type of work are similar to
industrial, administrative, and research work
and could result in accidents/incidents.  Specific
experiments that use radioactive or other
hazardous materials also involve risk to workers
and to the public associated with exposure to
such materials.  (Public risk is associated with
the radioactive and hazardous contents of
effluents and emissions.)

A similar energy source at LANL is a very high
powered radiofrequency source called the
“Antenna Test and Calibration Range,” which is
an outdoor test range at TA–49.  As with lasers
and other energy sources, the primary hazards
associated with this type of work are due to the
energy sources (which pose a risk to workers)
and other hazards typical of industrial,
administrative, and research work that could
result in accidents/incidents.  Specific
experiments that use radioactive or other
hazardous materials also involve risk to workers
and to the public associated with exposure to
such materials.

2.1.1.3 Advanced and Nuclear  
Materials Research, 
Development, and 
Applications

These activities include those which are
theoretical and experimental in nature, but

because they are often focused on hazard
and nuclear materials, may require uniqu
facilities and equipment.

Advanced materials include energetic materia
(such as high explosives and detonator
hazardous materials (such as beryllium a
toxic organics), and structural materials (such
high load-bearing metals and metal alloy
intermetallic compounds, ceramics, and certa
organics such as plastics and polymer
Nuclear materials include highly enriche
uranium, tritium, and transuranics (includin
plutonium).  These materials are used both
weapons and nonweapons researc
development, and applications.

Activities under this category include researc
regarding the nature of materials, for example

• Physical and chemical behavior in a variet
of environments

• Development of technologies for handling
and processing hazardous and nuclear 
materials

• Development of fabrication technologies
• Development of measurement and 

evaluation technologies

In addition, the activities in this area includ
casting, forging, extruding, drawing, forming
and machining materials, including metal
ceramics, polymers, and electronic materials
many types in both bulk and thin film forms int
complex shapes over a range of size
Applications include:  complex electronic
materials development and characterizatio
development and use of thin films, coatings, a
membranes; and fabrication of components 
nuclear weapons (e.g., for primaries, g
reservoirs, and secondaries) or mock-ups 
such components and parts for research on 
behavior of materials.

The hazards associated with this type of wo
are those associated with energy sources 
discussed in section 2.1.1.2 above), industr
accidents/incidents, exposure to hazardo
2–3
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materials, and exposure to radioactive materials.
While all of these hazards could affect workers,
hazardous and radioactive constituents in
emissions and effluents, and radiation
exposures associated with the handling of
nuclear materials also have the potential to
affect the public and the environment.

2.1.2 Supporting Activities

As with the research and development activities
across LANL, many of the support activities and
infrastructure of LANL have varied within a
range of activities.  Such activities are expected
to continue with similar variance under all of the
SWEIS alternatives.  In addition, renovations
and some increased power, water, and natural
gas supplies will be required regardless of
which alternative is chosen. 

These supporting activities, which are not
expected to change among the alternatives, are:  

• Most aspects of site-wide waste 
management

• Infrastructure and central services
• Facility maintenance and refurbishment 
• Environmental, ecological, cultural, and 

natural resource management; and 
environmental restoration, including 
decontamination and decommissioning 

These activities are crucial to LANL’s
capabilities in supporting its assigned missions.
However, these activities present minimal risk
to the public and the environment, and the risks
posed to workers are similar to those in any
research laboratory (the site-wide consequence
analyses do include the contribution of these
operations).  These activities are described
below.

2.1.2.1 Waste Management

Waste treatment, storage, and disposal,
although not the primary business at LANL, are
central to all facilities and TAs within LANL.

Sewage wastes and industrial sol
(nonhazardous under the Resource
Conservation and Recovery Act [RCRA])
wastes at LANL are managed similarly t
commercial and municipal practices for the
wastes throughout northern New Mexic
(including use of sewage treatment plants a
landfills).  These are discussed in section 4.9
and are not elaborated upon further he
Radioactive and chemical wastes that res
from LANL operations receive treatment i
accordance with regulatory requirements a
are stored for off-site disposal or are disposed
in designated sites at LANL.

DOE directed the preparation of was
management strategies for treatment, stora
and disposal of LANL-generated radioactiv
and hazardous chemical waste (Waste
Management Strategies for LANL
LANL 1998b).  The current strategy at LANL
is characterized by utilization of existing on-sit
capabilities and cost-effective treatment an
disposal.  In addition, DOE also considered tw
other strategies:  minimizing the on-sit
treatment and disposal and maximizing the o
site treatment and disposal.  In Waste
Management Strategies for LANL, these three
strategies are applied (to the extent practicab
to each radioactive and chemical waste ty
generated at LANL for the volumes of was
projected under each SWEIS alternativ
Additionally, each waste type is subdivided in
treatability groups (groupings of waste type
that would undergo similar treatment an
disposal activities).  Specific plans for treatme
and disposal of LANL-generated waste a
presented in Waste Management Strategies fo
LANL for each waste type by treatability grou
(LANL 1998b).

Only the current strategy is carried through t
SWEIS alternative descriptions and analyse
for all waste types across the alternatives.  
examination of the changes caused 
employing these different strategies did n
reveal any deciding factors that would cause
change in the current strategy for most was
2–4
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streams.  Low-level radioactive mixed waste
(LLMW) (which is a mixture of hazardous and
low-level radioactive waste [LLW]) is primarily
shipped off the site for treatment and disposal,
with minimal on-site treatment.  LANL is a
minor user of these off-site facilities, and no
capacity constraints have been noted.  A change
in this strategy would require the development
of on-site treatment and disposal capability,
which is not currently envisioned.  Should
conditions change such that a specific proposal
might become viable in the future (such as a
substantial change in waste volume [e.g., if
LANL were chosen as a regional disposal site
for LLMW disposal, as discussed in chapter 1,
section 1.5.1] or type), an analysis would be
done at that time.  Transuranic (TRU) waste is
treated on site and stored pending shipment to
the Waste Isolation Pilot Plant (WIPP),
consistent with recent DOE decisions
(discussed in SWEIS sections 1.5.1 and 1.5.3).
LLW is the only waste type where more than
one viable strategy exists, and those options are
evaluated in this document.  The limited
disposal space remaining in Area G, and the
potential effects of the Waste Management
Programmatic Environmental Impact Statement
(WM PEIS) Record of Decision (ROD), causes
DOE to evaluate the effects of expanding
Area G or pursuing a strategy of shipping LLW
off the site.  The differences in these strategies
are reflected in the differences between the
alternatives (Expanded Operations is the only
alternative that includes expansion of Area G).
The project-specific siting and construction
(PSSC) analysis for the expansion of Area G in
volume II of this document reflects siting and
construction alternatives for on-site disposal of
LLW.

The principal radioactive and hazardous
chemical waste management facilities at LANL
are located at TA–50 and TA–54.  A wide
variety of waste types are managed at these
facilities, and these wastes are generated in
gaseous, liquid, and solid forms throughout
LANL.  These include administratively

controlled industrial solid wastes, toxic waste
hazardous wastes, LLW, TRU wastes, a
mixtures of the above (e.g., radioactive
contaminated asbestos, which is a tox
radioactive waste).  The management of the
wastes requires many different activitie
including waste minimization, waste
characterization, volume reduction, and was
treatment, storage, and disposal operatio
Detailed analyses of the waste managem
operations across the SWEIS alternatives 
focused on those activities conducted at TA–
and TA–54.  All other waste manageme
activities (outside of those performed in the
two facilities) are not expected to change amo
alternatives. 

Pollution prevention programs are common 
all alternatives as well.  These programs have
been successful in reducing overall LAN
wastes requiring disposal by 30 percent over 
last 5 years.  These programs are site wide 
have facility-specific components, especial
for the larger generators of radioactive an
hazardous chemical wastes.  Waste projectio
developed by alternative reflect onl
demonstrated waste minimization and pollutio
prevention improvements.  Past reduction
however, indicate that this is a conservati
assumption and that actual waste generated
the future should be less than that projecte
The Site Pollution Prevention Plan for Los
Alamos National Laboratory (LANL 1997a)
describes the LANL Pollution Prevention an
Waste Minimization Programs, as well a
general program descriptions, recent
implemented actions, specific volum
reductions due to recent actions, and curre
development/demonstration efforts that ha
not yet been implemented.

The DOE Stockpile Management Proce
Development Program also plays an importa
role in pollution prevention.  This program
assures the improvement of current producti
processes for regulatory compliance an
efficiency and the development of process
expected to be used for future productio
2–5
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Numerous initiatives have been and are
currently being funded through this program,
which will minimize the waste being generated
from production activities.  Additional
initiatives are anticipated in the upcoming years,
which will result in avoidance of TRU and
mixed TRU waste at the point of generation.
Process Development Program tasks associated
with waste minimization include electrorefining
and molten salt extraction processing, glovebox
decontamination, supercritical carbon dioxide
cleaning development, chloride solvent
extraction, enhanced waste immobilization,
nitric acid recycle and nitrate destruction,
density measurement technology, in-line TRU
waste assay and packaging, plutonium
machining development, reusable coated metal
molds for casting, and plutonium die casting. 

As with the pollution prevention program, the
SWEIS waste projections only take credit for
demonstrated technologies; actual waste
generation should continue to be reduced due to
this program.  A description of the major
stockpile management waste reduction
initiatives is included in the Waste Minimization
Activities for Pit Production at LANL
(LANL 1996a).

2.1.2.2 Infrastructure and Central 
Services

LANL has 2,043 structures containing
7.9 million square feet (734,700 square
meters), of which 1,835 are buildings, totaling
7.3 million square feet (678,900 square meters).
The other structures consist of such items as
meteorological towers, pumphouses, water
towers, manhole covers, and small storage
sheds.  According to LANL’s Fiscal Year (FY)
1997–2002 Institutional Plan (LANL 1996b),
administration occupies 25 percent of LANL
space, and storage and services (including
power facilities) occupy approximately
20 percent (Figure 2.1.2.2–1).  In other words,
central services and infrastructure use almost

half of LANL’s facilities and space.  These
activities  include:

• Administrative/Technical 
Services—Facilities used for support 
functions that include the Director’s Office;
Business; Human Resources; Facilities, 
Security and Safeguards; Environment, 
Safety, and Health; and communications.

• Public/Corporate Interface—Facilities, 
both restricted and unrestricted, that allow
public and corporate access and use, 
including such facilities as the 
Oppenheimer Study Center, Bradbury 
Museum, and special research centers.

• Physical Support and 
Infrastructure—Facilities used for physical 
support of other laboratory facilities.  Thes
include warehouses, general storage, 
utilities, and wastewater treatment.    

The natural gas and electric power needs
LANL are interdependent and are presented
this SWEIS by alternative.  Options to meet th
increased capacity, as well as reliability need
are being studied and involve multipl
organizations and communities in the are
Beyond simple maintenance and replacemen
needed for components of these systems
project-specific NEPA review will be
conducted when sufficient definition for th
specific options to meet projected needs h
been developed.

While demand for water and electricity differ
among alternatives, there are no chang
proposed in this SWEIS with respect to DO
operations to provide and distribute the
resources at LANL.  Thus, these operations 
not change across the alternatives analyzed 
are included in all alternatives. 

2.1.2.3 Maintenance and 
Refurbishment

LANL facilities have an estimated replaceme
cost of $4.2 billion, which includes buildings
2–6
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infrastructure, and capital equipment.  Many of
the facilities at LANL are essential for DOE to
meet mission requirements.

Many of the existing LANL facilities and
equipment are approaching, or have already
exceeded, their design life.  Thus, the activities
and cost to maintain these facilities and upgrade
them to current standards are increasing.
Currently, approximately 30 percent of
laboratory facilities are more than 40 years old,
with close to 80 percent of LANL facilities more
than 20 years old.  The 20-year design life of a
facility is considered the standard age at which
facility maintenance and operating costs
significantly increase.     

Many of these facilities are or soon will be one-
of-a-kind in the consolidated DOE complex.
Thus, their continued availability is essential for
DOE to meet its mission requirements.
Examples of the routine maintenance and
refurbishment activities necessary to

accomplish this and that are now underway 
planned for each of the alternatives include:  

• Maintaining and extending on-site roads 
and parking areas

• Replacing apparatus and components suc
as pumps and filters to retain and improve
the performance and extend the usefulnes
of buildings and equipment

• Cleaning, painting, repairing, and servicin
buildings, utility lines, and equipment

• Routine decontamination of equipment an
facilities

• Erecting, operating, and demolishing 
support structures

• Relocating and consolidating equipment 
and operations from one building or area t
another where similar activities are being 
performed

• Placing facilities in a safe shut-down 
condition when they will not be used for 
some time, if ever

FIGURE 2.1.2.2–1.—Gross Space Utilization by Function.
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DOE and LANL have the responsibility to
upgrade buildings and equipment in order to
protect the health, safety, and comfort of the
operating personnel, the general public, and the
environment (as discussed in section 2.1.3).
Although these upgrades are often made in
response to changed regulations, they are also
made as proactive changes to prevent
deterioration.  These activities generally do not
individually or collectively have significant
impacts to the environment.  These are
accomplished within the organized framework
of the laboratory support organization,
including the waste management system.
Typically, these upgrades are made in and
around existing buildings, in developed areas,
and along existing roadways.  Examples of
upgrades to enhance health, safety, and
environmental protection include:

• Installing and maintaining high efficiency 
particulate air (HEPA) filters in work 
enclosures and building air exhaust systems

• Installing detection and emergency 
equipment such as radiation monitors, wash 
stations, and alarms

• Removing hazardous, toxic, and radioactive 
materials from buildings and areas to 
protect worker health and the environment

• Regrading, contouring, and revegetating 
disturbed areas

• Cutting and clearing fire protection buffers 
around facilities

Some of the typical maintenance and
refurbishment projects at LANL are specific to
the protection of the facilities, equipment,
information, and materials located at LANL.
There are specific upgrades being undertaken at
LANL facilities to ensure compliance with
safeguards and security requirements of DOE.
Typically, these include replacement of
equipment with similar items, upgrades to
remove obsolete equipment, and upgrades to
incorporate state-of-the-art technology.  Those
upgrades that are common to all SWEIS
alternatives are those that need to be

implemented in order to maintain the viabilit
of existing facilities and ensure the availabilit
of existing capabilities.  Upgrades required f
all alternatives for continued operations includ

• New security host systems (computer and
software) including replacing some 
communications systems

• Replacement of sensors in Perimeter 
Intrusion Detection and Alarm Systems 

• Installation of required alarms and access
control panels

2.1.2.4 Environmental, Ecological, 
and Natural Resources 
Management Activities

DOE is responsible for the natural resources
LANL as a Natural Resources Truste
(DOE 1996d).  In order to fulfill this
responsibility, DOE and UC, as the DO
management and operating contractor f
LANL, are implementing a Natural Resource
Management Program integrating the ongoi
natural resources management activities 
LANL, which include:

• Biological Management—Includes research
and characterization of biological resource
(e.g., nongame and game species, wetlan
and vegetation), habitat stabilization and 
renovation as necessary, and wildlife 
management.

• Forest Management—Addresses wildfire 
prevention, forest condition assessment, 
forest maintenance (including thinning and
controlled burns), and firewood sales.

• Threatened and Endangered Species 
Habitat Management—Implements DOE 
responsibilities under the requirements of 
the Endangered Species Act, including 
species surveys and monitoring, habitat 
characterization and delineation, and 
implementation of project-specific 
mitigation and management measures, as
needed.
2–8
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• Groundwater Protection—Activities 
emphasize monitoring and characterization 
of groundwater resources, including the 
installation and maintenance of wells 
throughout LANL, sampling, analysis and 
characterization of quantities and qualities 
of groundwaters.

• Watershed Management—Activities 
include installation and maintenance of 
surface water monitoring stations, routine 
sampling and characterization, and surface 
water drainage stabilization and 
maintenance.

• Air Quality Management—Activities 
include installation of equipment and 
monitoring of stack emissions, ambient air 
quality monitoring stations, and air quality 
sample collection and analysis.

Results of these ongoing programs are reported
in the LANL annual surveillance reports and
other LANL documents.  In addition, there are
numerous small-scale research and
development activities seeking to quantify the
transport, fate, and effects of contaminants from
historical LANL operations on environmental
media and biological receptors.  Some of these
research and development activities are
associated with the LANL Environmental
Restoration Project.

Natural resources management activities are
included in the site-wide analysis contained in
all alternatives.  These efforts are generally
nonintrusive monitoring and surveillance
activities that result in little disturbance to the
environment.  Construction activities for new
wells or sampling stations undergo NEPA
review as they are identified and proposed for
development.

2.1.2.5 Environmental Restoration

Areas of known or suspected contamination
resulting from past operations (i.e., legacy
contamination) are being addressed by the
Environmental Restoration (ER) Project.  The

ER Project at LANL was established by DOE 
1989 to assess and remediate potentia
contaminated sites that either were or still a
under LANL control.  In 1996, the DOE Office
of Environmental Management (EM) initiated 
complex-wide strategy to accelerate si
cleanup and enhance performance of t
cleanup program.  The national strategy focus
in particular on completing as much work a
possible by the end of fiscal year 2006.  Know
as Accelerating Cleanup:  Paths to Closur
Report (DOE 1998b) (previously known a
“2006 Plan”), it includes input from all major
field sites, including LANL, to support EM’s
program planning process.   

The ER Project is ongoing and it
implementation is unaffected by the chang
examined in the four alternatives in the SWEI
The ER Project is included in all alternatives.

The primary objectives of LANL’s ER Projec
are:  (1) to protect human health and th
environment from exposure to releases 
wastes; (2) to meet the environmental clean
requirements of the Hazardous and Solid Wa
Amendments Module VIII of LANL’s permit to
operate under RCRA; (3) to conduct closure 
historical treatment, storage, and dispos
facilities; and (4) to decommission
contaminated facilities considered to be surplu

The ER Project provides formal and informa
mechanisms through which stakeholders c
participate in this corrective action proces
NEPA review of corrective actions is performe
as soon as enough information is available 
make a meaningful determination on th
appropriate level of review or analysis.  The
analyses, in combination with the remediatio
plans, are available to the public for review.  

About 2,120 potential release sites (PRSs) ha
been identified at LANL by the ER Project
These sites are a combination of potential so
waste management units identified in the RCR
permit for LANL and potentially contaminated
sites called “areas of concern,” which ma
2–9
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contain hazardous substances, such as
radionuclides, that are not regulated under
RCRA.  As of September 1997, 1,370 of these
sites had been identified as requiring no further
action based on human health concerns; these
sites will be reviewed in the future for
ecological concerns.  Included in these
ecological concerns are threatened and
endangered species.

The Accelerating Cleanup: Paths to Closure
document (DOE 1998b) includes a schedule for
the cleanup of the remaining approximately 700
to 750 sites.  This schedule encompasses a
period of 10 years, beginning with fiscal year
1998 and ending in fiscal year 2008.  The
number of cleanups per year varies from
approximately 18 in fiscal year 2008 to 100 in
fiscal year 2002.  An important and integral part
of the cleanup methodology and the need for
any interim protection measures is ecological
risk, which, again, includes threatened and
endangered species.  The location of threatened
and endangered species, their habitat, or
potential habitat in relation to these sites is an
integral part of the site cleanup prioritization
process.

Prior to 1994, the PRSs were organized into 24
operable units (OUs), for which RCRA Facility
Investigation (RFI) work plans were written.  In
an effort to streamline the characterization and
remediation process at LANL, the OUs were
grouped into five field units (FUs).  A sixth FU
includes all of the Decommissioning Project
areas.  Geographic locations of the OUs are
shown on Figure 2.1.2.5–1.  While OUs are no
longer used, they have been used in the recent
past and in some of the documents used as
references in the SWEIS.  Table 2.1.2.5–1
presents the relationships between FUs, OUs,
and TAs and the waste types that could be
generated during characterization and
remediation activities (note that Figure 2.2.1–1
reflects the locations of the TAs at LANL).
Projection of waste types and quantities
anticipated from remediation activities at the

LANL PRSs over the lifetime of the ER Projec
(approximately the next 10 years) are includ
in the total waste projections for each of th
SWEIS alternatives.  

The LANL PRSs are diverse and include pa
material disposal areas (landfills), canyon
drain lines, firing sites, outfalls, and othe
random sites such as spill locations.  Th
primary mechanisms for contaminant relea
from the ER sites are surface-water runo
carrying potentially contaminated sedimen
and soil erosion exposing buried contaminan
The main pathways by which release
contaminants can reach off-site residents a
through infiltration into alluvial aquifers,
airborne dispersion of particulate matter, an
sediment migration from surface-water runof
The contaminants involved include volatile an
semivolatile organics, polychlorinated
biphenyls (PCBs), asbestos, pesticide
herbicides, heavy metals, beryllium
radionuclides, petroleum products, and hig
explosives.

Since 1990, LANL’s ER Project has conducte
over 100 cleanups.  The ER Project has a
decommissioned over 30 structures a
conducted three RCRA closure actions duri
this period.  Some major decommissionin
activities are listed in Table 2.1.2.5–2.   Durin
these actions, no significant worker health a
safety occurrences or environmental reportab
incidents (contaminant releases) were reporte

DOE provides for surveillance, maintenanc
decontamination, and decommissionin
services for LANL’s contaminated surplus o
abandoned facilities following DOE guideline
and applicable regulations.  The project’s go
is to ensure that future programmatic us
of remaining facilities or surrounding area
are permitted without restriction.  Majo
decontamination and decommissionin
activities scheduled for completion in the ne
10 years are shown in Table 2.1.2.5–3. 
2–10



2–11

Background on LANL Facilities and Activities

FIGURE 2.1.2.5–1.—Geographic Locations of the Operable Units.
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TABLE  2.1.2.5–1.—Summary of Environmental Restoration Project Field Units, Technical Areas, 
Operable Units, Potential Contaminants, and Waste Types Generated During

Characterization/Remediation

ER 
FIELD 
UNIT

LOCATION  
(TECHNICAL 
AREAS AND 

OPERABLE UNITS)

ENVIRONMENTAL 
RESTORATION SITES

CONTAMINANTS OF 
CONCERN

WASTE TYPES TO BE 
GENERATED DURING 
CHARACTERIZATION 

REMEDIATION

1 TAs 0, 1, 3, 10, 19, 21, 
26, 30, 31, 32, 43, 45, 
59, 60, 61, 64, 73, and 

74

OUs 1071, 1078, 1079, 
1106, 1114, and 1136

Consist of 664 potential release 
sites at Los Alamos townsite, old 

plutonium processing facility, 
municipal sanitary landfill, and 

historic land areas

High explosives, volatile 
and semivolatile organics, 
PCBs, asbestos, pesticides, 

heavy metals, 
radionuclides, and 
petroleum products

RCRA organics, RCRA 
metals, LLW, PCBs, 
industrial, sanitary, 

LLMW

2 TAs 12, 14, 15, 18, 20, 
27, 36, 39, 53, 65, 67, 

68, 71, and 72

OUs 1085, 1086, 1093, 
1100, 1130, and 1132

Consist of 301 potential release 
sites all within DOE-controlled 

land at active/inactive firing sites, 
nuclear criticality research facility, 
and 0.5-mile (0.8-kilometer) long 

linear proton accelerator

Radionuclides, high 
explosives, organics, and 

heavy metals

RCRA organics, RCRA 
metals, LLW, LLMW

3 TAs 11, 13, 16, 24, 25, 
28, 33, 37, 46, and 70

OUs 1082, 1122, and 
1140

Consist of 555 potential release 
sites all within DOE-controlled 
land used for development and 

processing of high explosives and 
reactor components

High explosives, volatile 
and semivolatile organics, 
PCBs, asbestos, pesticides, 

herbicides, and 
radionuclides

RCRA organics, RCRA 
metals, LLW, PCBs, 
industrial, LLMW

4 TAs 2, 4, 5, 35, 41, 42, 
48, 52, 55, 63, 66, and 

Canyons

OUs 1049, 1098, and 
1129

Consist of 260 potential release 
sites including 110 miles 

(177 kilometers) of canyon 
systems,  reactor site, and other 

sites within DOE-controlled land

Radionuclides, high 
explosives, volatile and 

semivolatile organic 
compounds, and 

inorganics including heavy 
metals

RCRA organics, RCRA 
metals, LLW, LLMW

5 TAs 6, 7, 8, 9, 22, 23, 
40, 49, 50, 51, 54, 57, 

58, 62, and 69

OUs 1111, 1144, 1147, 
1148, 1154, and 1157

Consist of 313 potential release 
sites including explosives 

development areas, major waste 
management areas, and the Fenton 
Hill geothermal site in the Jemez 

Mountains

Radionuclides, high 
explosives, volatile 

organic compounds, and 
metals

RCRA organics, RCRA 
metals, LLW, industrial, 

sanitary, asbestos, LLMW, 
TRU, mixed TRU

6 All TAs where surplus 
facilities are located

Facilities considered excess or 
surplus including the TA–35 

Phase Separator Pit, TA–21 DP 
West Site, TA–33 Tritium Facility, 

TA–16 High Explosives Areas

Tritium, low-level 
radionuclides, asbestos, 

heavy metals, acids, 
volatile and semivolatile 
organics, high explosives

RCRA organics, RCRA 
metals, LLW, asbestos, 

LLMW, TRU, high 
explosives, mixed TRU
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TABLE  2.1.2.5–2.—Major Decommissioning Activities Completed to Date at LANL

LOCATION DECOMMISSIONING ACTIVITY YEAR

TA–33–21 Disposition of a plutonium-contaminated experimental facility 1975

TA–21–12 Demolition of a plutonium filter facility 1975

TA–21–153 Decommissioning of an actinium-contaminated filter building 1981

TA–35 Decommissioning of the Los Alamos Molten Plutonium Reactor Experiment (LAMPRE I) 1981

TA–35 Decommissioning of a titanium-contaminated laboratory 1981

TA–35–7 Removal of contaminated air scrubbers 1981

TA–42 Decommissioning of a plutonium-contaminated incinerator facility 1981

TA–21 Decontamination of plutonium facility at DP West 1982

TA–3 to TA–50 Removal of radioactive liquid waste lines parallel Diamond Drive and Pajarito Road 1986

TA–2 Decommissioning of the water boiler reactor 1991

TA–52 Decommissioning of a reactor facility 1991

TA–35 Decommissioning of the Los Alamos Power Reactor Experiment (LAPRE II) 1991

TA– 35 Phase separator pit 1997

TABLE  2.1.2.5–3.—Future Decommissioning Activities at LANL

LOCATION DECOMMISSIONING ACTIVITY COMPLETION YEAR

TA–16 Certain high explosives areas at S-Site 2007

TA–21 Decommissioning of TA–21, DP West Site 2004

TA–33 Building 86, Tritium Facility 1999
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2.1.3 Responsibilities for Safe 
Operations at LANL

This section describes the responsibilities for
the safe operation of LANL, with a focus on
nuclear facilities, as well as the policies and
procedures in place to establish an
understanding of the hazards and risks
associated with these operations; to control
operations such that workers, the public, and the
environment are protected; and to improve
safety performance and reduce the risks
associated with the operation of LANL.  This
section provides an overview of these topics;
other documents are cited that provide more
comprehensive discussions.   

DOE performs much of its work through its
contractors.  Therefore, the day-to-day
responsibility for safe operation of nuclear
facilities has also been delegated to contractors
(e.g., UC at LANL).  Through this delegation,
the responsibility becomes shared but not
relinquished by DOE.  DOE line managers are
responsible for assuring the safety of operations
assigned to them, and this responsibility is
delegated in part to contractors through
formally established policies, programs, and
processes. 

There are numerous processes and levels of
oversight for operations in existing nuclear
facilities,  for upgrades or changes to operations
in existing nuclear facilities, and for start/restart
of operations in existing or new nuclear
facilities.  All operations in DOE nuclear
facilities are conducted only with authorization
by DOE to operate.  The form of DOE
authorization is determined based on the hazard
of the operations in the facility (including types
and amounts of nuclear materials) and the
evaluated risk of operating the facility.  These
evaluations may be in the form of a safety
analysis report, a safety evaluation report, a
Basis for Interim Operation, or other analysis or
assessment document.  (These are established in
DOE Order 5480.22, Technical Safety

Requirements, and DOE Order 5480.23
Nuclear Safety Analysis Reports.) 

Contractor line management must opera
nuclear facilities in accordance with th
authorized DOE safety basis. LANL als
operates within a standards-based Integra
Safety Management System (currently bein
implemented at DOE sites, including LANL
approved by DOE and contractually binding o
UC for LANL operations.  This system
integrates the concept of “doing work safely” b
institutionalizing the planning and execution o
activities with the controls necessary to ensu
that environment, safety, and health objectiv
are achieved.  The contractor has a continu
obligation under the Integrated Safet
Management System, and delegated li
management safety responsibility,  to se
assess and self-identify safety aspects of 
work process and to address potential saf
concerns with existing operations.  Contract
line management must continually be confide
that all operations being conducted are with
acceptable safety risk (as agreed to by DO
and may take independent action to partially 
completely stop operations.  At any time, th
contractor, either at the management level or
the worker level, may cease operations f
safety (or for any other relevant concern), a
review internal processes and procedures, rev
them as necessary, and restart operations w
corrective actions are satisfactorily complete
At times, LANL has implemented this proactiv
approach by temporarily suspending operatio
to update training, or emphasize aspects of 
safety basis for operations.  This has been do
recently in TA–55 (in 1994) and in the
Chemistry and Metallurgy Research (CMR
Building at TA–3 (1997).  DOE and LANL have
also temporarily suspended operations 
upgrade equipment or systems to meet curr
standards or to improve safety performan
with state-of-the-art equipment (e.g., upgrad
to fire suppression systems or replacement
outdated electrical systems); these types 
upgrades happen frequently and are within t
2–14
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realm of maintenance and refurbishment, as
described in section 2.1.2.3.

At times, it is possible that the DOE
understanding of the risks associated with
facility operations can change substantially.
This could result, for example, from a different
understanding of the hazards or from new
information on health effects (e.g., a new
determination that a material could threaten
human health in ways not previously
understood, identification of seismic risks that
were not previously known, or identification of
potential “common cause” failures for safety
systems and their backups that were not
previously known).  In such cases, DOE and the
contractor examine the implications of this new
understanding with respect to the authorization
basis to determine whether operational changes,
facility or equipment upgrades, or other actions
are appropriate.  

Changes or upgrades to operations in a nuclear
facility, or identification by either DOE or the
contractor of potential concerns or needed
changes in the authorized safety basis, must also
be reviewed under formal DOE processes.
Some of these changes or issues can be
addressed by the contractor, and some of these
require DOE resolutions, in accordance with
processes established in DOE Order 5480.21,
Unreviewed Safety Questions.  Changes or
upgrades to a facility are also subject to NEPA
review under 10 Code of Federal Regulations
(CFR) 1021 and DOE Order 451.1A.

Formal start/restart processes are also
established in DOE Order 425.1, Start-up and
Restart of Nuclear Facilities.  Criteria are
established in this order for invoking the formal
DOE process of starting or restarting a nuclear
operation, including a formal and independent
DOE readiness review process for
demonstrating that a facility is safe to operate,
and authorizing the start/restart. 

2.1.3.1 Defense Nuclear Facilities 
Safety Board 

In addition to the responsibilities of DOE an
UC, the Defense Nuclear Facilities Safe
Board (DNFSB) also has broad oversig
responsibilities.  Under its enabling statu
amending the Atomic Energy Act, (Public Law
[PL] 100-456) the DNFSB is directed to:

• Review and evaluate the content and 
implementation of the standards relating t
the design, construction, operation, and 
decommissioning of defense nuclear 
facilities of the DOE and recommend to th
Secretary of Energy those specific measur
that should be adopted to ensure that pub
health and safety are adequately protecte

• Investigate any event or practice at a DOE
defense nuclear facility which the DNFSB
determines has adversely affected or may
adversely affect public health and safety.

• Review the design and construction of new
DOE defense nuclear facilities.

• Analyze facility design and operational 
data.

• Provide a meaningful opportunity for 
public participation in the recommendation
process. 

The DNFSB stays closely attuned to th
planning and execution of DOE’s defens
nuclear programs, gathering its informatio
from a broad range of sources, including but n
limited to on-site technical evaluations by th
DNFSB and its staff, critical review of DOE
safety analyses by technical experts, and pub
meetings at headquarters and in the field.

The DNFSB has issued a number 
recommendations for action as a result of 
reviews and evaluations of DOE’s defens
nuclear activities at LANL.  DOE has in the pa
and continues to work closely with the DNFS
and its staff to respond to thes
2–15
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recommendations as one means of ensuring the
public health and safety.

2.2 DESCRIPTION OF LANL 
FACILITIES

LANL is located in north-central New Mexico,
60 miles (97 kilometers) north-northeast of
Albuquerque and 25 miles (40 kilometers)
northwest of Santa Fe (see Figure 1.1–1 in
chapter 1).  LANL occupies approximately
43 square miles (111 square kilometers) of land
owned by the U.S. Government and under the
administrative control of DOE.  Most of LANL
is undeveloped to provide a buffer for security,
safety, and expansion possibilities for future
use.   

Approximately half of LANL’s square footage
is considered laboratory or production space;
the remaining square footage is considered
administrative, storage, service, and other space
(LANL 1998c).  The use of LANL space by
function is shown in Figure 2.1.2.2–1.  

All facilities at LANL (including those
proposed, under construction, pre-operational,
operational, or idle; DOE owned or leased;
temporary or permanent; occupied or
unoccupied) have been categorized according to
hazards inherent to their actual operations or
planned use.  LANL operations not directly
associated with a facility have also been
similarly categorized.  

DOE has identified two major hazard categories
determined by the type and quantity of
radionuclide:  those with a potential nuclear
(radiation) hazard (called nuclear facilities) and
those with nonnuclear hazard potential (called
nonnuclear facilities).  As part of its safety
analysis process for nuclear facilities or
operations, DOE performs a hazard analysis of
its nuclear activities and categorizes the
facilities or operations based on the inventory of
radioactive materials and the potential for

unmitigated or uncontrolled release of the
materials.  

For nuclear facilities, a Category 1 haza
categorization is usually applied to nucle
reactors.  A Category 2 hazard categorizati
has been applied to facilities with potential fo
nuclear criticality events or that contai
significant quantities of special nuclea
materials (SNMs) and energy sources that co
pose a risk to workers, the public and th
environment on the site.  Category 3, indicatin
potential for only localized consequences, h
been applied to facilities with small quantities o
SNMs.  There are no Category 1 hazards 
operations at LANL.   

Facilities that do not meet the criteria for nucle
facilities (as defined in DOE Order 5480.23
but that still contain some amount of radioactiv

Nuclear Facilities Hazards Classification
(DOE Order 5480.23)

Category 1 Hazard:  Hazard analysis shows
the potential for significant off-site
consequences.

Category 2 Hazard:  Hazard analysis shows
the potential for significant on-site
consequences.

Category 3 Hazard:  Hazard analysis shows
the potential for only significant localized
consequences. 

Special Nuclear Material

SNM is defined in the Atomic Energy Act to
mean (a) plutonium, uranium enriched in the
isotope 233 or in the isotope 235, and any
other material that is designated as special
nuclear material, or (b) any material
artificially enriched by any of the foregoing.
2–16
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material are called radiological facilities.
Radiological facilities may be categorized under
the nonnuclear facility categories as low
radioactive hazard (L/RAD) or moderate
radioactive hazard  (M/RAD).  

The number of nuclear and radiological
facilities by TA is  provided in Table 2.2–1.  The
number of nonnuclear facilities that have
moderate or low chemical hazard categorization
(M/CHEM or L/CHEM), and those with
energetic source hazard (L/ENS) are also listed.
LANL has no high-hazard nonnuclear facilities.

2.2.1 Technical Areas

LANL is divided into 49 separate TAs
(Figure 2.2.1–1) (the TAs are not numbered
sequentially).  These TAs compose the basic
geographic configuration of LANL.  TA–3 is
located on South Mesa and is the main, or core,
TA where approximately half of the personnel
are located.  TA–3 serves as the central
technical, administrative, and physical support
facility for LANL.  One TA is remote from the
main area; the Fenton Hill site, TA–57, is
located approximately 20 miles (32 kilometers)
west of LANL. 

A brief description of each TA operated b
LANL is presented in Table 2.2.1–1
Additional information is provided in the
Description of Technical Areas and Facilities a
LANL (LANL 1998c).

2.2.2 SWEIS Key Facilities

To facilitate a logical and comprehensiv
evaluation of the potential environmenta
impacts of the four alternatives for futur
operations of LANL, the SWEIS focuses o
those facilities or operations that meet th
following screening criteria.  The facilities
identified as key for the purposes of the SWE
are those that house activities that are critical
meeting assignments given to LANL, and:

• House operations that have potential to 
cause significant environmental impacts, o

• Are of most interest or concern to the publi
based on scoping comments received, or

• Would be the most subject to change due 
recent programmatic decisions

To identify the SWEIS key facilities, all LANL
structures were evaluated.  Of the over 2,0
numerically identified structures within the
43-square-mile (111-square-kilometer) area 
LANL, most are used for offices, storage, o
support functions.  Buildings or facilities
considered to have minimal environment
impact, such as office buildings, transportable
trailers, guard houses, and passageways w
eliminated from detailed consideration as ke
facilities.  DOE thus eliminated over 1,90
structures from identification as key facilitie
for the SWEIS.  The remaining facilities o
operations were evaluated based on operatio
emphasis, facility operations and capabilitie
and physical location.  Individual facilities o
groups of facilities that are closely related we
then evaluated against the criteria listed abov

Table 2.2.2–1 identifies the 15 key facilities
The locations of the key facilities are shown 
Figure 2.2.2–1.  Taken together, the ke

Nonnuclear Facility Hazard Classification
(DOE Order 5481.1B)

High hazard:  Have potential for on-site or
off-site impacts to large numbers of people
or for major impacts to the environment.

Moderate hazard:  Present considerable
potential for on-site impacts to people or the
environment, but at most only minor off-site
impacts.

Low hazard:  Present minor on-site and
negligible off-site impacts to people or the
environment.
2–17
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TABLE   2.2–1.—Number of Nuclear and Moderate/Low Hazard Facilities at LANL by
Technical Areaa

TECHNICAL 
AREA

 NUCLEAR FACILITIES NONNUCLEAR FACILITIES

CATEGORY 2 CATEGORY 3 M/RAD M/CHEM L/RAD L/ENS L/CHEM

TA–0 4

TA–2 4

TA–3 2 4 1 4 1 8

TA–8 4 5

TA–9 32 2

TA–11 4

TA–14 7

TA–15 4b 11

TA–16 3 1 61 3

TA–18 4 5

TA–21 2 1 2 4 2

TA–22 25 1

TA–28 5

TA–33 1 3

TA–35c 2 1 2 8

TA–36 1 11

TA–37 24

TA–39 2 14

TA–40 22

TA–41 4 1 7

TA–43 1 2

TA–46 1 2 9 1

TA–48 1

TA–49 3

TA–50 2 1

TA–53 1 21 5

TA–54 19 1 1 17

TA–55 2d 1 7 2

TA–72 1 2

TA–73 1

M/ = moderate hazard, L/ = low hazard, RAD = radiological, ENS = energetic source, and CHEM = chemical.
a TAs without nuclear or moderate/low hazard facilities are not shown.  LANL does not have any Category 1 nuclear facilities.
b Includes a facility not yet operational.
c In addition, TA–35 has one facility that is a low hazard environmental source facility, TA–35–85 (LANL 1998c), due to its 
mercury inventory.

d The Nuclear Materials Storage Facility is included, although it is not yet operational (discussed in section 2.2.2.1).
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FIGURE 2.2.1–1.—Technical Areas of Los Alamos National Laboratory.
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TABLE  2.2.1–1.—Overview of Technical Areas and Their Associated Activities

TECHNICAL AREA a ACTIVITIES

TA–0 LANL has about 180,000 square feet (16,722 square meters) of leased space for training, supp
architectural engineering design, and unclassified research and development in the Los Alamo
townsite and White Rock.  The Community Reading Room and the Bradbury Science Museum
also located in the Los Alamos townsite.

TA–2 (Omega Site) Omega West Reactor, an 8-MW nuclear research reactor, is located here.  It was placed in a 
shutdown condition in 1993.  It is currently being removed from the nuclear facilities list and will 
transferred into the decontamination and decommissioning (D&D) program possibly during 199
All fuel has been removed from this reactor.

TA–3 (Core Area) The Administration Complex contains the Director’s office, administrative offices, and support 
facilities.  Laboratories for several divisions are in the main TA.  TA–3 contains major facilities su
as the CMR Building, the Sigma Complex, the Main Shops, and the Materials Science Laborato
(MSL).  Other buildings house central computing facilities, chemistry and materials science 
laboratories, Earth and space science laboratories, physics laboratories, technical shops, cryog
laboratories, the main cafeteria, and the Study Center.  TA–3 contains about 50 percent of LAN
employees and floor space. 

TA–5 (Beta Site) This site contains some physical support facilities such as an electrical substation, test wells, 
environmental monitoring and buffer areas. 

TA–6 (Two-Mile Mesa Site) This site is mostly undeveloped and contains gas cylinder staging and vacant buildings pendi
decommissioning.

TA–8 (GT-Site [or Anchor 
Site West])

This is a dynamic testing site operated as a service facility for LANL.  It maintains capability in 
modern nondestructive testing techniques for ensuring quality of material, ranging from test 
weapons components to high-pressure dies and molds.  Principal tools include radiographic 
techniques (x-ray machines with potentials up to 1 MeV and a 24-MeV betatron), radioisotope 
techniques, ultrasonic and penetrant testing, and electromagnetic test methods.  

TA–9 (Anchor Site East) At this site, fabrication feasibility and physical properties of explosives are explored.  New org
compounds are investigated for possible use as explosives.  Storage and stability problems are
studied.

TA–11 (K-Site) These facilities are used for testing explosives components and systems, including vibration te
and drop testing, under a variety of extreme physical environments.  The facilities are arranged
that testing may be controlled and observed remotely and so that devices containing explosive
radioactive materials, as well as those containing nonhazardous materials, may be tested.

TA–14 (Q-Site) This dynamic testing site is used for running various tests on relatively small explosive charge
fragment impact tests, explosives sensitivities, and thermal responses.

TA–15 (R-Site) This site houses the Pulsed High-Energy Radiation Machine Emitting X-Rays (PHERMEX) 
Facility, a multiple-cavity electron accelerator capable of producing a very large flux of x-rays fo
dynamic experiments and hydrodynamic testing.  It also is the site for the Dual Axis Radiograp
Hydrodynamic Test (DARHT) Facility (now under construction), whose major feature will be its 
intense high-resolution, dual-machine radiographic capability.  This site is also used for the 
investigation of weapons functioning and systems behavior in nonnuclear tests, principally thro
electronic recordings.

TA–16 (S-Site) Investigations at this site include development, engineering design, prototype manufacture, an
environmental testing of nuclear weapons components and subsystems.  It is the site of the Wea
Engineering Tritium Facility (WETF) that focuses on research and applications using tritium.  
Development and testing of high explosives, plastics, and adhesives, and research on process
development for manufacture of items using these and other materials are accomplished in 
extensive facilities.
2–20
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TA–18 (Pajarito Laboratory 
Site)

This is a nuclear facility that studies both static and dynamic behavior of multiplying assemblies
nuclear materials.  SNMs are used to support a wide variety of activities for stockpile managem
stockpile stewardship, emergency response, nonproliferation, safeguards, etc.  In addition, this
facility provides the capability to perform hands-on training and experiments with SNM in variou
configurations below critical.

TA–21 (DP-Site) This site has two primary research areas:  DP West and DP East.  DP West has been in the D
Program since 1992, and about half of the facility has been demolished.  DP West continues to
provide office space for ongoing functions.  Some activities conducted at DP West, primarily in 
inorganic and biochemistry, are being relocated during 1997 and 1998, and the remainder of the
scheduled for D&D in future years.  DP East is a tritium research site and includes the Tritium 
Science and Fabrication Facility (TSFF) and Tritium Systems Test Assembly (TSTA).

TA–22 (TD-Site) This site is used in the development of special detonators to initiate high-explosives systems. 
Fundamental and applied research in support of this activity includes investigating phenomena
associated with initiating high explosives and research in rapid shock-induced reactions.

TA–28 (Magazine Area A) This is an explosives storage area.

TA–33 (HP-Site) The old, High-Pressure Tritium Laboratory Facility is being decommissioned.  Tritium operation
this site were suspended in 1990, and the tritium inventory and operations were moved to WET
TA–16.  The National Radio Astronomy Observatory’s Very Large Baseline Array Telescope is a
located at this site.  

TA–35 (Ten Site) Activities include nuclear safeguards research and development that are concerned with tech
for nondestructive detection, and identification and analysis of fissionable isotopes.  Research 
also done on reactor safety, laser fusion, optical sciences, pulsed-power systems, high-energy
density physics, metallurgy, ceramic technology, and chemical plating.

TA–36 (Kappa-Site) This TA has four active firing sites that support explosives testing.  Nonnuclear ordnance tests
conducted here, including tests of armor and armor-defeating mechanisms, as well as tests of 
shockwave effects on explosives and propellants.  Phenomena of explosives, such as detonati
velocity, are investigated at this dynamic testing site.

TA–37 (Magazine Area C) This is an explosives storage area.

TA–39 (Ancho Canyon Site) The behavior of nonnuclear weapons is studied here, primarily by photographic techniques.  
Investigations are also made into various phenomenological aspects of explosives, interactions
explosives, explosions involving other materials, shock wave physics, equation-of-state 
measurements, and pulsed-power systems design.

TA–40 (DF-Site) This site is used in the development of special detonators to initiate high-explosives systems. 
Fundamental and applied research in support of this activity includes investigating phenomena
associated with the physics of explosives.

TA–41 (W-Site) Personnel at this site engage primarily in engineering design and development of nuclear 
components, including fabrication and evaluation of test materials for weapons.

TA–43 (Health Research 
Laboratory)

This site is adjacent to the Los Alamos Medical Center.  Research performed at this site includ
structural, molecular, and cellular radiobiology; biophysics; mammalian radiobiology; mammalia
metabolism; biochemistry; and genetics.  The DOE Los Alamos Area Office is also located with
TA–43.  

TA–46 (WA-Site) Activities include applied photochemistry research such as the development of technology for 
isotope separation and laser enhancement of chemical processes.  A new facility completed du
1996 houses research in inorganic and materials chemistry.  The Sanitary Wastewater System
Consolidation Project is located at the east end of this site. 

TA–48 (Radiochemistry Site) Research and development activities at this site include a wide range of chemical processes
nuclear and radiochemistry, geochemistry, biochemistry, actinide chemistry, and separations 
chemistry.  Hot cells are used to produce medical radioisotopes. 

TABLE  2.2.1–1.—Overview of Technical Areas and Their Associated Activities-Continued

TECHNICAL AREA a ACTIVITIES
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TA–49 (Frijoles Mesa Site) This site is currently restricted to carefully selected functions because of its location near Banier 
National Monument and past use in high-explosives and radioactive materials experiments.  Th
Hazardous Devices Team Training Facility and the Antenna Test Range are located here.  A 
helicopter pad used for wildfire response and storage for interagency wildfire response supplies
also located here.

TA–50 (Waste Management 
Site)

Activities include management of the industrial liquid and radioactive liquid waste received from
various TAs.  Activities also include development of improved methods for solid waste treatmen
and containment of radionuclides removed by treatment.

TA–51 (Environmental 
Research Site)

Research and experimental studies on the long-term impact of radioactive waste on the environ
and types of waste storage and coverings are studied at this site.

TA–52 (Reactor 
Development Site)

A wide variety of theoretical and computational activities related to nuclear reactor performanc
and safety are done at this site.

TA–53 (Los Alamos Neutron 
Science Center)

This site includes the Los Alamos Neutron Science Center (LANSCE), the LANSCE linear prot
accelerator, the Manuel Lujan Jr. Neutron Scattering Center, and a medical isotope production 
facility.  Also located at TA–53 are the Accelerator Production of Tritium Project Office, includin
the Low-Energy Demonstration Accelerator (LEDA), and research and development activities i
accelerator technology and high-power microwaves.

TA–54 (Waste Disposal Site) Activities consist of radioactive and hazardous solid waste management including storage, 
treatment, and disposal operations.

TA–55 (Plutonium Facility 
Site)

This facility provides research and applications in chemical and metallurgical processes for 
recovering, purifying, and converting plutonium and other actinides into many compounds and 
forms, as well as research into material properties and fabrication of parts for research and stoc
applications.  Additional activities include the means to safely and securely ship, receive, hand
and store nuclear materials, as well as manage the wastes and residues produced by TA–55 
operations.  The Nuclear Materials Storage Facility (NMSF) is located at this TA.

TA–57 (Fenton Hill Site) This site is located about 20 miles (32 kilometers) west of Los Alamos on the southern edge o
Valles Caldera in the Jemez Mountains, and was the location of LANL’s now decommissioned H
Dry Rock geothermal project.  The site is used for the testing and development of downhole we
logging instruments and other technologies of interest to the energy industry.  Because of the h
elevation and remoteness of Fenton Hill, a gamma ray observatory is located at the site, and o
astrophysics experiments are planned.

TA–58 (Two-Mile North 
Site)

This site is reserved for multi-use experimental sciences requiring close functional ties to activi
currently located at TA–3.

TA–59 (Occupational Health 
Site)

Occupational health and safety and environmental activities are conducted at this site.  
Environmental, safety and health offices, and emergency management facilities are also locate
here.

TA–60 (Sigma Mesa) This area contains physical support and infrastructure facilities, including the Test Fabrication
Facility and Rack Assembly and the Alignment Complex.

TA–61 (East Jemez Road) This site is used for physical support and infrastructure facilities, including the Los Alamos C
sanitary landfill.

TA–62 (Northwest Site) This site is reserved for multi-use experimental science, public and corporate interface, and 
environmental research and buffer zones.

TA–63 (Pajarito Service 
Area)

This site is a major growth area with environmental and waste management functions and facilit
This area contains physical support facilities operated by Johnson Controls, Inc.

TA–64 (Central Guard Site) This is the site of the Central Guard Facility and headquarters for the Hazardous Materials Re
Team.

TA–66 (Central Technical 
Support Site)

This site is used for industrial partnership activities.

TA–67 (Pajarito Mesa Site) This area is a buffer zone, designated as a TA in 1989.  No operations or facilities are curren
located here.

TABLE  2.2.1–1.—Overview of Technical Areas and Their Associated Activities-Continued

TECHNICAL AREA a ACTIVITIES
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NL.  
TA–68 (Water Canyon Site) This is a dynamic testing area. 

TA–69 (Anchor North Site) This undeveloped TA serves as an environmental buffer for the dynamic testing area.

TA–70 (Rio Grande Site) This undeveloped TA serves as an environmental buffer for the high-explosives test area.

TA–71 (Southeast Site) This undeveloped TA serves as an environmental buffer for the high-explosives test area.

TA–72 (East Entry Site) This is the site of the Protective Forces Training Facility (Live Firing Range).

TA–73 (Airport Site) This area is the Los Alamos Airport.  DOE owns the airport, and the County of Los Alamos 
manages, operates, and maintains it under a leasing arrangement with DOE.  Use of the airpor
private individuals is permitted with special restrictions.

TA–74 (Otowi Tract) This large area, bordering the Pueblo of San Ildefonso on the east, is isolated from most of LA
This site  contains LANL water wells and future well fields.

a The concept of technical areas (TAs) was implemented during the first 5 years of LANL’s existence; however, the early TA designations did not 
cover all land within the LANL boundary and, in the early 1980’s, LANL’s TA numbering system was revamped to provide complete coverage.  
Because all TAs received new numbers, a correlation between the historic system and the current system does not exist.  In addition, in the current 
system, some numbers were reserved for future TAs.  Sites that have been closed or abandoned were incorporated into adjacent TAs.

MW = Megawatt, MeV = million electron volts

TABLE  2.2.1–1.—Overview of Technical Areas and Their Associated Activities-Continued

TECHNICAL AREA a ACTIVITIES
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facilities represent the great majority of
exposure risks associated with continuing
operations at LANL because these facilities
represent:   

• Over 99 percent of all radiation doses to  
LANL personnel

• Over 99 percent of all radiation doses to the 
public

• Over 90 percent of all radioactive liquid 
waste generated

• Over 90 percent of  the radioactive solid 
waste generated

• Approximately 30 percent of chemical 
waste (both RCRA regulated and industria
generated; the remaining 70 percent of 
chemical wastes are generated in very sm
volumes throughout the balance of the 
laboratory in individual bench-scale and 
laboratory experiments and in analytical 
chemistry support activities

Practically all of the facilities that are nuclea
facilities or moderate hazard nonnucle
facilities are included as key facilities in th
SWEIS.  The only moderate hazard nonnucle
facilities not included are water treatmen
stations using chlorine (these nonnucle
facilities are considered in the accide
analysis as discussed in section 5.1.11) a
two nonoperating nuclear facilities, Omeg
West Reactor (fuel has been removed) a
a tritium facility at TA–33, which have been
stabilized, contain only minimal inventorie
and are awaiting decontamination an
decommissioning (section 2.2.3).

LANL actions anticipated over the next 10 yea
within the key facilities are identified for eac
alternative, as described in chapter 3 a
analyzed in chapter 5.  

2.2.2.1 Plutonium Facility Complex 
(TA–55)

The facilities at TA–55 are located on a 40-ac
(16-hectare) site about 1 mile (1.6 kilometer
southeast of TA–3 (Figure 2.2.2.1–1).  TA–55
one of the larger TAs at LANL.  The main
complex has five connected buildings
Administration Building (55–1), Support Office
Building (55–2), Support Building (55–3)
Plutonium Facility (55–4), and Warehous
(55–5) (listed in Table 2.2.2.1–1).  The Nuclear
Materials Storage Facility (NMSF, 55–41) i
separate from the main complex but shares
underground transfer tunnel with 55–4.  (No
that these buildings are sometimes referred to
Plutonium Facility [PF]–1, PF–2, PF–3, PF–

TABLE  2.2.2–1.—Identification of Key 
Facilities for Analysis of LANL Operations

KEY FACILITY 
IDENTIFICATION

TECHNICAL 
AREA

Plutonium Facility Complex TA–55

Tritium Facilities TA–16 & TA–21

CMR Building TA–3

Pajarito Site (including the Los 
Alamos Critical Experiments 
Facility [LACEF])

TA–18

Sigma Complex TA–3

MSL TA–3

Target Fabrication Facility TA–35

Machine Shops TA–3

High Explosive Processing 
Facilities

TA–8, TA–9, TA–11, 
TA–16, TA–28 & 

TA–37

High Explosive Testing Facilities TA–14, TA–15, 
TA–36, TA–39, & 

TA–40

LANSCE TA–53

Health Research Laboratory 
(HRL)

TA–43

Radiochemistry Laboratory TA–48

Waste Management Operations:  
Radioactive Liquid Waste 
Treatment Facility

TA–50 & 21

Waste Management Operations:  
Solid Radioactive and Chemical 
Waste Facilities

TA–50 & TA–54
2–24
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FIGURE 2.2.2.1–1.—TA–55 Plutonium Facility Complex.
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PF–5, and PF–41.)  After renovations are
completed, the NMSF will provide
intermediate-term storage for up to 7.3 tons
(6.6 metric tons) of LANL’s SNM inventory,
mainly plutonium. Various support, storage,
security, and training structures are located
throughout the main complex.  The cornerstone
research and development facility at TA–55 is
the Plutonium Facility (55–4).  Plutonium is
processed at this facility, which is a two-story
laboratory of approximately 151,000 square feet
(14,028 square meters).  The Plutonium Facility
complex has the capability to process and
perform research with the range of actinide
materials (actinides are a series of chemically
similar, mostly synthetic, radioactive elements
with atomic numbering ranging from 89
[actinium] through 103 [lawrencium] and
including thorium [90], uranium [92],
plutonium [94], and americium [95]).  The
discussion focuses on plutonium because most
of the work in this facility is done with
plutonium; work done with other actinides is
similar in nature.   

Description of Facilities

Building TA–55–4 is categorized as a Haza
Category 2 nuclear facility (see the text box o
Nuclear Facilities Hazards Classification i
section 2.2), and was built to comply wit
seismic standards for Hazard Category 
buildings.  The ventilation system in the facilit
has four zones.  The overall design concept 
the Plutonium Facility separates the buildin
into two halves, separated by a fire wall an
other fire safety features.  TA–55–4 wa
designed to correct the deficiencies that led
the 1969 Rocky Flats fire.  An overview of th
1969 plutonium fire at the Rocky Flats site an
a comparison of the design and operation
differences between the Rocky Flats Plant a
TA–55–4 are presented in appendix G, secti
G.4.1.2.  Two facilities (TA–55–3 and
TA–55–5) are designated as low haza
chemical facilities, and one facility (TA–55–7
has a low hazard energetic source classificatio
The other facilities at TA–55 are designated 
no hazard facilities.  (These are administrative
technical, and general storage building
passageways, and pump stations.)

The NMSF (TA–55–41) is located to the west 
the main Plutonium Facility complex (shown i
Figure 2.2.2.1–1) but shares an undergrou
transfer tunnel with that facility.  The building’s
main vault area is a two-level design, 36 fe
(11 meters) tall by 55 feet (17 meters) wide b
150 feet (46 meters) long, of reinforce
concrete.  The lower level is below grade (i.e.,
is below the surface of the ground).  The offic
mechanical, and receiving area is a single-sto
concrete structure 85 feet (26 meters) wide 
150 feet (46 meters) long.  The ventilation sta
rises 17 feet (5 meters) above the roof line.  T
NMSF was designed to be an intermediat
duration (up to 50 years) storage facility for th
LANL inventory of plutonium, uranium, and
other actinides and to be the central shippi
and receiving point for nuclear materials 
TA–55.  The design capacity is 7.3 ton
(6.6 metric tons) of SNM in metal and oxid
forms, which will make the facility Hazard

TABLE  2.2.2.1–1.—Principal Buildings and 
Structures of the Plutonium Facility Complex 

(TA–55)

TECHNICAL 
AREA

PRINCIPAL BUILDINGS AND 
STRUCTURES

TA–55 Offices, Laboratories:  55–1, 2, 3, 20, 39, 
107, 110, 114, 124, 135, 136, 137, 138, 

139, 144, 145, 177, 264

Plutonium Building:  55–4

Warehouse:  55–5

Calcium Building:  55–7

Materials Control and Accountability 
Support Building:  55–28

Training Center:  55–39

Nuclear Materials Storage Facility:  55–41

Process Support Building:  55–42

Assessment Buildings:  55–43, 142

Generator Building:  55–47

TRU Drum Storage Building:  55–185
2–27
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Category 2, once it is authorized to operate.
Although construction was completed in 1987,
the facility has never been operated because of
major design and construction deficiencies.  

Design for renovation of this facility is currently
underway.  The actual renovations are
scheduled to begin in 2000, but are not yet
funded.  Renovations are scheduled for
completion in 2005, and the facility is expected
to be operational in 2005.  The NMSF
renovation project includes:

• Installing a drywell storage array system
• Reworking the air flow system to allow the 

storage array to be passively cooled by 
convection of ambient air

• Constructing a new mechanical penthouse 
for heating, ventilation, and air 
conditioning equipment

• Reconfiguring the administrative support 
area, security system, decontamination 
stations, and mechanical room

• Adding reinforcement to the structure
• Reconstructing the Material Access Area 

(MAA)

The facility is planned to operate as a passive
air-cooled storage structure with air intake at the
lower level and exhaust through the stack.  A
taller stack (as compared to the existing one)
might be required for the passive convective
cooling system to operate effectively.
Alternatively, an active cooling system may be
considered appropriate.  

A material accountability and assay area may
be established in the NMSF as support for the
storage, shipping, and receiving functions.
Nondestructive assays may be performed at the
NMSF on sealed containers as they are received
and before they are shipped, to verify identity
and quantity of package contents.  The primary
containers of nuclear materials will not be
opened within NMSF.  

Because materials in the vault area are store
sealed containers, the vault area will not be hi
HEPA filtered; the air in the receiving area
material assay area, and change rooms w
exhaust through HEPA filters. 

Description of Capabilities

The capabilities at TA–55 include man
operations by which actinides (primarily
plutonium):  

• Are used in research on and 
characterization of physical and chemical 
properties and metallurgy of these materia
and alloys.

• In weapons component form are taken apa
or disassembled into metal scrap to be 
recovered.

• In metal scrap form are recovered (or 
reprocessed) into oxide and metal forms 
(stabilized) that may be stored or redirecte
into fabrication, research and developmen
processes, or may be dispositioned. 

• In residue form are dissolved and 
chemically processed to recover the 
plutonium as metal, oxalate or oxide, for 
further processing.

• In metallic form are manufactured into 
components or parts useful in research or
weapons applications.

• In metal or oxide form are processed (or 
fabricated) into materials useful as source
of heat and nuclear power (fuel pellets an
rods).

• Can be converted from metal to oxide and
visa versa.

• In any of the above forms serve as 
feedstock for various research and 
development activities.  

• Measurement technologies are developed
for material control, nonproliferation, 
international inspection applications. 
2–28
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The processing capabilities can be divided into
manufacturing steps and reprocessing or
recovery steps.  Processes can also be
considered as “wet” or “dry” in terms of the
relative volumes of radioactive liquid wastes
produced.  Chemical reprocessing operations
are generally considered wet because they
generate radioactive liquid wastes from
precipitation, wash, and ion exchange elution
steps.  The nitrate and chloride aqueous
processes produce  acid and caustic streams
containing most of the radioactive content in the
aqueous waste from TA–55.

Manufacturing processes are considered to be
dry because they involve metal forming and

oxide pressing operations that do not produ
aqueous wastes containing dissolved actinid
Similarly, pyrochemical processing and oth
recovery processes that utilize heat to effe
separations (e.g., tritium separations) a
considered dry processes.  

Division into wet and dry processes i
complicated because 95 percent by volume
the radioactive liquid waste effluent from
TA–55 is industrial wastewater, water used 
various cooling processes within the facility
All the manufacturing and pyrochemica
operations and many of the reprocessi
operations require water for cooling.  Th
includes water used in cooling processin
equipment (cooling jackets on ion exchang
columns and metal melting furnaces) and t
discharge from the heating, ventilation, and a
conditioning system that serves the radioacti
processing areas in TA–55–4.

The principal activities conducted at th
Plutonium Facility are described below.  Th
manner in which these activities would var
among the alternatives is described in chapter

Plutonium Stabilization.  Stabilization
encompasses a variety of plutonium (and oth
actinide) recovery operations.  The goal of th
activity is to improve the storage condition o
legacy plutonium in the LANL inventory.
Some of the existing containers show signs 
corrosion.  Further, the stability of some of th
materials can be improved throug
reprocessing, cleaning, high-firing (oxidizing a
relatively high temperatures) oxides, an
storage in improved containers.  As of ear
1996, the inventory included 1.2 ton
(1.1 metric tons) of metallic plutonium
0.83 tons (0.75 metric tons) of plutonium i
residue forms, and 0.83 tons (0.75 metric ton
of plutonium in oxide forms.  Under all of the
alternatives, the plan is to reprocess 10 perc
of the metal form, all of the residues, an
15 percent of the oxides to a stable oxide for
The remainder of the metal will be cleaned a
remaining oxides will be high-fired.  After thes

Terminology Related to Pit Production

Fabrication/Manufacturing—For purposes
of the SWEIS, these terms are synonymous.
LANL has an existing capability to fabricate
or manufacture plutonium parts.  That is, the
equipment, knowledge, supporting
infrastructure, and administrative procedures
and controls exist at LANL to create
plutonium metallic shapes to precise
specifications.  This capability is currently
used in support of existing missions for
research and development and will be used to
rebuild some of the pits destroyed in stockpile
surveillance activities.

Production—For the purposes of the SWEIS,
this term is used to describe the fabrication/
manufacturing of a relatively large quantity of
parts (as compared to the research and
development and prototype capability).  In the
ROD for the SSM PEIS, DOE decided to meet
its need for a pit production capability by
enhancing its existing fabrication/
manufacturing capability at LANL.  This
enhancement consists of changes to optimize
material flows, remove “choke points” that
limit the quantity that can be made, improve
efficiency, and replace or upgrade equipment
to improve process yield and reliability.
2–29
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stabilization steps, the materials will be
repackaged under inert atmosphere (an
atmosphere free of materials that may initiate
chemical reactions) in pressure-closure cans
that are then placed in outer cans that are welded
closed.  These will be stored until needed to
support program requirements. The processes
that will be used to clean metallic plutonium, to
convert metal to oxide, to reprocess the scrap
material, and to high-fire oxides are parts of the
regular chemical processing capability in
operation at TA–55.  The length of time that
would be taken to complete these activities
varies among the alternatives.

Manufacturing Plutonium Components.  The
goal of this activity is to take purified plutonium
metal and use it to manufacture pits or other
items for research and development or to
manufacture components for the nuclear
weapons stockpile.  This capability includes the
fabrication of samples and parts for research
applications, including dynamic experiments,
subcritical experiments (at the Nevada Test
Site), fundamental research on plutonium at the
Los Alamos Neutron Science Center
(LANSCE), and has been used in the past to
fabricate pits for nuclear tests.  Some
equipment, tools, designs, and documentation
specific to pit manufacturing have been moved
from the Rocky Flats Plant to LANL.  Changes
will be made in the manufacturing process to
reduce waste production and worker exposure.
In general, the processes and procedures used
for this capability differ in capacity, in
technology, and in safety and environmental
measures as compared to those previously used
at the Rocky Flats Plant.  Some aspects of the
manufacturing process such as welding and
coating technologies are still being developed.
Pure metal will be cast to a very close
approximation of the final dimensions (near net
shape).  This will reduce the need for extensive
machining and reduce the production of waste
and scrap (as compared to techniques used in the
past).  Some final machining and polishing will
be required.  The plutonium items produced

may be encapsulated or coated with stainle
steel, beryllium, or other materials.  At ever
step, the pieces are inspected and samples
taken for analysis.  Those finished componen
that meet the specifications may be stored in 
Plutonium Facility vault or NMSF pending
shipment or research use.  Those that do 
meet specifications are reprocessed in
plutonium metal.  

Surveillance and Disassembly of Weapons
Components.  The goal of this activity is to
conduct a series of nondestructive an
destructive evaluation on pits removed from th
stockpile and/or from storage, as well as f
materials being considered in proce
development activities.  These evaluatio
determine the effects of aging and other stres
on pits, as well as the compatibility of materia
used or being considered for use in weapo
They are a part of the stockpile reliability an
safety analysis and documentation progra
that DOE has conducted for the nucle
weapons stockpile since pit production wa
initiated.  The evaluation program wa
transferred from the Rocky Flats Plant to LAN
in the early 1990’s.  Beginning with the intac
pit, a series of tests are made to determine 
changes in the materials from which the pit w
constructed.  Tests include leak testin
weighing, dimensional inspection an
measurements, dye penetration tests, a
radiography.  Some of the pits evaluated 
LANL are returned to storage after thes
nondestructive analyses (to be analyzed agai
a later date).  Other pits are taken ap
(disassembled) for further tests, which includ
metallography, micro-tensile testing, an
chemical analysis.  The scrap remaining af
these destructive tests is reprocessed.  Any
fabricated at LANL or sent to LANL could be
evaluated or disassembled through the
processes.

Actinide Materials Science and Processing
Research and Development.  Several aspects
of materials research on plutonium (and oth
actinides) are conducted at TA–55.  In gener
2–30
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these include metallurgical and other
characterization of materials, and measurements
of physical materials properties.  These
measurements provide data that support
assessments of the safety and reliability
performance of nuclear weapons, including the
behavior of aging weapons components and
replacement components and their suitability
for certification.  They also support other
activities at LANL, such as characterizing
samples for components, including those
produced at TA–55, for experiments conducted
at LANL or elsewhere, as well as measurements
surveillance of stockpile components.
Activities to develop new measurements for
enhanced surveillance also are conducted at the
facility.  In addition, measurements at TA–55
study the properties of plutonium materials and
samples at high strain rates using a
40-millimeter projectile launcher Impact Test
Facility, apparatus such as Kolsky
(split Hopkinson) Bars, and other bench-scale
capabilities to measure mechanical and physical
properties.  These operations are usually
conducted in gloveboxes and involve relatively
small amounts of plutonium, as compared with
other activities at TA–55.

In addition, research at TA–55 supports
development and assessment of technologies for
manufacturing and fabrication of components, a
capability discussed previously in this section.
These activities include research on welding
and bonding processes and research associated
with casting, machining, and other forming
technology.  In addition, measurements
associated with fire-resistance of weapons
components are conducted at TA–55.

Actinide processing (also called recovery and
reprocessing) includes methods by which
plutonium and other actinides can be extracted,
concentrated, and converted into forms easier to
store and to use in other activities.  The
discussion below focuses on plutonium because
this accounts for most of the processing activity
at TA–55, but the discussion also applies to the
many other actinides used in research at LANL.

The ease with which plutonium may b
recovered depends upon the form of th
material: 

• Recoverable—Metal components, ash, 
sand, slag, castings, combustible and 
noncombustible equipment, impure oxides
sweepings, organic solutions, alloys, 
various salts, and filter residues

• Difficult to recover further—Leached 
metal, decontaminated components, and 
evaporation residues

• Practically irrecoverable—Vitrified 
material and ceramic forms

The form, recoverability, and the concentratio
of plutonium remaining determines whether th
material will be discarded as waste or treat
with further reprocessing steps.  Aspects of th
reprocessing capability are described below.

Actinide recovery processing typically involve
dissolving materials in nitric or hydrochloric
acid using the physical and chemic
characteristics of the actinide (e.g., usin
solvent extraction or ion-exchange processes
preferentially extract it as a high purity solution
The high-purity actinide can then be remove
from the solution (through precipitation an
filtration) and converted to an oxide or oxala
form.  Finally, the oxides and oxalates can 
converted to metal using a variety of chemic
processing techniques, including hig
temperature oxidation and electrochemic
techniques.  Waste solutions from the
processes are pre-treated (redistilled to recla
acid and precipitate nitrate sludges 
appropriate) before being discharged 
radioactive liquid waste to TA–50 (described 
section 2.1.2.14).  

Tritium separation is a special type of actinid
processing.  Tritium sorbs into many  actinid
materials where it is strongly held.  Tritium ca
be removed from these materials by heating 
material in an inert atmosphere.  The actini
material is then cooled and removed.  Th
dedicated glovebox line at TA–55–4 containin
2–31
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the furnace and associated equipment is called
the Special Recovery Line. 

The hydride-dehydride process is another
special type of actinide processing.  This
process is used in the Advanced Recovery and
Integrated Extraction System and may be used
in other disassembly and material recovery
processes.  This process converts plutonium
metal to plutonium hydride, which can be easily
removed from other materials.  The plutonium
hydride can then be converted to either
plutonium metal or oxide.  The hydrogen used
in this process is recycled. Although this
process was designed for pits, other forms of
metallic plutonium that are amenable to
hydriding could also be reprocessed using this
technique.  

Actinide materials that emit alpha particles,
such as plutonium or americium, have been
intimately mixed with a material such as
beryllium or beryllium oxide, to produce a
strong and long-lasting source of neutrons,
which is then sealed in stainless steel cladding.
The U.S. Government provided about 20,000 of
these neutron sources to universities, industry,
and governmental agencies, which are licensed
through the U.S. Nuclear Regulatory
Commission (NRC) to utilize such materials.
Most of these sources are no longer in use and,
through an agreement with the NRC, they are
being returned to DOE for reprocessing (using
actinide recovery processes) at LANL.  At
present, plutonium-239/beryllium sources are
being reprocessed at TA–55, but the capability
could be used to reprocess americium-241/
beryllium sources as well. 

In addition, this actinide reprocessing capability
includes research into new recovery and
decontamination techniques, research regarding
the fundamental properties of actinides,
analytical and nondestruction measurement of
actinides (including development of new
techniques), and research regarding nuclear
fuels.

Fabrication of Ceramic Based Fuels.  LANL
develops and demonstrates ceramic ba
nuclear reactor fuel fabrication technologie
LANL has demonstrated the ability to produc
such fuel, including prototype mixed oxid
(MOX) fuel from plutonium and uranium.  This
demonstration involves processing of meta
and oxides.  Plutonium and uranium oxides a
mixed together, and made into a ceramic for
which is pressed into pellets.  The pellets a
sealed in cladding materials as a fuel rod.  Fu
rods can be bundled together into fu
assemblies.

Plutonium-238 Research, Development, and
Applications.  Plutonium-238 has the
interesting properties of being minimally fissil
(making it more difficult to sustain a chain
reaction) yet producing a large amount of he
through radioactive decay.  This isotope is us
to provide a long-term reliable source of he
that can be used directly and can be conver
into electricity when assembled into
radioisotopic thermoelectric generators (RTGs
The electricity produced by the RTGs has be
used to operate mechanical device
instruments, and communications on remo
sensing devices such as spacecraft and 
activate switches in some nuclear weapo
designs.  RTGs and units called milliwa
generators have been produced, tested, 
reprocessed at the Plutonium Facility for man
years, and RTG research and developm
(including design), fabrication, and testin
activities continue.  Plutonium-238 activitie
are kept separate from the other plutoniu
processes to avoid cross-contamination 
isotopes.  After the RTGs are produced, they a
extensively tested for integrity, resistance 
mechanical shocks, and heat generation rate

Aqueous reprocessing of plutonium-23
material uses the same processing technique
used for other actinides as discussed above. 

Storage, Shipping, and Receiving.  Under this
activity, LANL stores, packages, measure
(using variety of destructive and nondestructi
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techniques), ships, and receives nuclear
materials.  These activities are housed
throughout TA–55–4, with storage currently in
the TA–55–4 vault and projected in NMSF upon
completion of the renovation project.  

2.2.2.2 Tritium Facilities (TA–16, 
TA–21)

Tritium is a radioactive isotope of hydrogen.
LANL tritium operations are primarily
conducted at three facilities:  Weapons
Engineering Tritium Facility (WETF), Tritium
Systems Test Assembly (TSTA) Facility, and
Tritium Science and Fabrication Facility
(TSFF) (see Figures 2.2.2.2–1 and 2.2.2.2–2
and Table 2.2.2.2–1).  WETF is located at
TA–16; TSTA and TSFF are located at TA–21.
Operations involving the removal of tritium
from actinide materials are conducted at
LANL’s TA–55 Plutonium Facility.  These
operations are described in section 2.2.2.1.
Limited research, instrument calibration,
analytical, and storage activities involving
tritium are conducted at other LANL facilities;
however, the primary potential environmental
impacts from tritium operations at LANL reside
with the three tritium facilities listed above.
These facilities support several tritium-related
programs at LANL and play an important role in
DOE’s energy research and nuclear weapons
programs.

At various times, DOE has considered whether
to consolidate TA–21 tritium operations and
activities at the TA–16 WETF site; most
recently, this was discussed as a potential
project to begin in the year 2000 and be
completed by the year 2006.  However, any
consolidation of tritium operations and
activities is speculative at this time and for this
reason is not included  in SWEIS analyses.  If
such a project were proposed by DOE,
additional NEPA analysis would be pursued,
tiering from the SWEIS.  There will continue to
be movement of tritium operations and
activities among the tritium operations facilities

in order to optimize use of equipment an
personnel and to increase programma
efficiency.  

Description of Facilities

The Weapons Engineering Tritium Facility, 
Hazard Category 2 nuclear facility, is located 
Building 16–205, in the southeast section 
TA–16.  Planning for WETF began in 1981 wit
construction occurring between 1982 and 198
WETF began operation in 1989.  Constructio
of an addition to WETF was started in 1993 a
completed in 1994.  Except for the mezzani
area in Building 205, WETF is a single-leve
structure with approximately 7,885 square fe
(732 square meters) of floor area.  Th
equipment in the building includes gas transf
and pumping systems, gloveboxes, a gloveb
exhaust system, a system of monitors a
alarms, and subsystems to contain any leak
tritium gas and tritiated wastewater.

Tritium-related activities occur in the
contiguous tritium-handling-areas, which ar
served by a ventilation system that exhausts t
60-foot (18-meter) stack.  The stack, which 
northeast of 16–205, is equipped wit
continuous air monitors that are equipped with
tritium bubbler system for determining tritiate
water and gas ratios in the effluent air strea
There is no liquid discharge from Building

TABLE  2.2.2.2–1.—Principal Buildings and 
Structures of the Tritium Facilities

TECHNICAL 
AREA

PRINCIPAL BUILDINGS AND 
STRUCTURES

TA–16 Weapons Engineering Tritium 
Facility Processing Building:  

16–205

Formerly the Weapons 
Components Test Facility:  16–450

TA–21 Tritium Systems Test Assembly 
Facility:  21–155

Tritium Science and Fabrication 
Facility:  21–209
2–33
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16–205 to a National Pollutant Discharge
Elimination System (NPDES) outfall or directly
to the Radioactive Liquid Waste Treatment
Facility (RLWTF); the small amounts of
contaminated mop water are collected and
stored in a tank at the facility, then transported
by radioactive liquid waste tanker truck to the
RLWTF.  The facility is functionally divided
into multiple areas including an operations
control area, tritium-handling areas, and support
areas.  Walls, roofs, and air locks separate the
tritium handling areas from the rest of the
facility.  The support areas include offices,
restrooms, and rooms that house equipment.  An
adjacent building (TA–16–450) will be
connected to WETF, along with a new exhaust
air stack, change room, and mechanical
building.  These changes are scheduled during
the late 1990’s for neutron tube target loading
(NTTL) operations and related research
(DOE 1995a).  This building will receive a
hazard category designation when it is
authorized by DOE to operate.  

Planning for the Tritium Systems Test
Assembly facility at TA–21 began in 1977 after
LANL was chosen to develop, demonstrate, and
integrate technologies related to the deuterium-
tritium fuel cycle for large-scale fusion reactor
systems.  Construction was completed and pre-
tritium testing initiated in 1982.  TSTA is a
Hazard Category 2 nuclear facility.  The TSTA
facility is located at TA–21 (also called DP
Site).  TA–21 has two primary research areas:
DP West and DP East.  The DP West area is
currently under decontamination and
decommissioning.  The TSTA facility is located
at the DP East research area.

An existing building (21–155N) was modified
to accommodate TSTA.  The main experimental
tritium area (Room 5501) has 3,700 square feet
(344 square meters) of floor area.  Two small
laboratories are connected to the 5501
ventilation system, which also services the main
experimental tritium area.  In the same building,
but in the area surrounding the main

experimental area, there is an addition
5,993 square feet (557 square meters) of flo
space that is used for the Control Room, Supp
Center, office area, equipment rooms, and
diesel generator.  Another existing buildin
(21–155S), which has 3,819 square fe
(355 square meters) of floor area, is used 
office and shop space.  

In addition to the main building, there i
1,506 square feet  (140 square meters) 
storage space in a metal warehouse (Buildi
21–213) located north of the main experimen
area.  The east end of this building has be
sectioned off and is used as a storage area
tritium contaminated equipment.  There is also
portable building (Building 21–369) located o
the west side of the main laboratory, which ad
an additional 753 square feet (70 square mete
of office space.  One stack, which is located
the northwest corner of TA–21–155N, service
the TSTA tritium experimental areas.

The TSFF, a Hazard Category 2 nuclear facili
is a tritium research and development facili
located in Building 209 at TA–21.  The TSF
facility is located east of the TSTA facility at th
DP East research area.  The building was buil
1964 as a chemistry process building a
modified in 1974 to accommodate tritium
operations associated with nuclear weapo
development and test programs.  TSFF is
3,228-square-foot (300-square-meter) bloc
walled area within the Building 21–209, whic
is a one-story building with a basement.  TSF
is serviced by a process exhaust air treatm
system that discharges into an exhau
ventilation system that discharges room air a
treated process air to a 75-foot (23-meter) hi
exhaust air stack.

The radioactive materials used at WET
TSTA, and TSFF are primarily tritium gas an
metal hydride storage beds, some of whi
contain depleted uranium powder.  Sever
nonradioactive toxic and hazardous substanc
such as methanol and acetone, are used in s
2–36
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quantities to clean and maintain processing
equipment at the three facilities.  These are
common solvents and cleaners found in most
modern chemistry laboratories.

Description of Capabilities

The principal activities conducted at WETF,
TSTA, and TSFF are described below.  The
manner in which these activities will vary
among the alternatives is described in chapter 3.

High-Pressure Gas Fills and Processing
(WETF) .  High-pressure gas fills and
processing operations for research and
development and nuclear weapon systems are
performed at WETF at TA–16–205.  High-
pressure gas containers (reservoirs) are filled
with tritium/deuterium gas mixtures to specified
pressures in excess of 10,000 pounds per square
inch.  This capability is also used for filling
experimental devices (e.g., small inertial
confinement fusion [ICF] targets that require
high pressure tritium gas).

Gas Boost System Testing and Development
(WETF).   Modern nuclear weapons are
equipped with gas boost systems that use
hydrogen isotopes including tritium.  These
systems and their components need ongoing
maintenance, testing, development, gas
replacement, and modifications to maintain
safety and reliability.  WETF provides highly
specialized boost system function testing and
experimental equipment.  Also, more efficient
and effective boost systems are under
development and tested at WETF.

Cryogenic Separation (TSTA).  To separate
pure gas species from gaseous mixtures, a
distillation technique is used, known as
cryogenic distillation.  The technique combines
super cooling and high vacuum technologies for
separating gaseous mixtures.  This capability is
used to separate gaseous tritium from other
gases at TSTA.  It is possible that other tritium
facilities, such as WETF, at LANL could use
this technique in the future.

Diffusion and Membrane Purification
(WETF, TSTA, TSFF).  Different gaseous
species of elements move (diffuse) throug
membranes and other barriers at rates t
depend on their molecular weight.  Also
gaseous species penetrate (pass through) ce
membranes differently based on their molecu
size.  Gas separation and purification techniqu
have been developed based on these t
characteristics of the gaseous speci
Currently, several systems exist that utilize
multi-step membrane diffusion process fo
effective and efficient gas separations. 

All three LANL tritium facilities currently
possess or plan to have the operation
capability to separate and purify tritium from
gaseous mixtures using diffusion and membra
purification techniques.

Metallurgical and Material Research
(WETF, TSTA, TSFF).  Tritium handling
capabilities at the WETF, TSTA, and TSF
facilities accommodate a wide variety o
metallurgical and material research activitie
One example of this type of research is t
investigation into the ability of various
containers to remove hydrogen isotop
(including tritium) from a flowing stream of
nitrogen and other inert gases.  In applicatio
this capability may be used to clean up exha
air streams and the air in tritium containme
areas without generating tritiated water, a mo
hazardous form of tritium.

Thin Film Loading (TSFF, WETF).  The thin
film loading process capability involves
chemically bonding a radioactive gas, tritium, 
a metallic surface.  These operations a
currently conducted at TSFF, but are bein
moved to WETF.

Tritium for the NTTL thin film loading
operations are contained within a small hydri
collection bed, which is refilled periodically
The hydride bed collects the tritium gas in 
metal hydride form and holds it until the bed 
heated to a temperature of 1,110 degre
2–37
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Fahrenheit (°F) (600 degrees Celsius [°C]).
Hence, the release of tritium from the bed is a
well-controlled process and the tritium cannot
be released from the bed at normal
temperatures.  The process is conducted under
vacuum conditions in an inert atmosphere.

The NTTL thin film loading system is
constructed in a modular fashion.  The basic
modules include the loader itself, several
control racks, a glovebox and hood with all
internal and external attachments, a gas purifier,
a chiller, and several oil-free vacuum pumps.

Gas Analysis (WETF, TSTA, TSFF).  It is
essential for nuclear material control and
accountability, as well as experimental
purposes, to have the capability to measure the
composition and quantities of the gases used.
Mass spectrometers are common laboratory
measurement instruments used at the three
LANL tritium facilities to measure the
composition of gas samples.  Also, Raman
spectrometry is used for real time gas analysis.
Other techniques such as beta scintillation
counting are also used for real time and batch
gas analysis.  The amount of gas, including
tritium, that is needed for any of these
measurement techniques is small.

Calorimetry (WETF, TSTA, TSFF).
Calorimetry is a well established nondestructive
method used for measuring the amount of
tritium in a container.  This method is based on
the measurement of heat flow from a container.
The radioactive decay of tritium gives off heat at
a rate that is directly proportional to the amount
of tritium contained in gas containers.  No
tritium leaves the container in the performance
of calorimetry measurements.   

Solid Material and Container Storage
(WETF, TSTA, TSFF).  Safe storage of
hydrogen isotopes including tritium is an
important capability of all three LANL tritium
facilities.  Tritium in gaseous form may be
stored in either specially designed dual wall
containers or certified shipping containers.

Tritium gas may also be safely stored in me
hydride form contained in dual wall container
The metal hydride that forms when tritium
reacts with the metallic powder in the contain
is a very stable compound.  Tritium can b
released from this compound by heating t
container to several hundred degrees Celsi
Accountable quantities of tritium are stored 
these ways in designated areas that have b
approved for such storage.

Tritium oxide (tritiated water) can also be store
in solid form when it is adsorbed (gathered on
surface in a condensed layer) on molecu
sieves.  Molecular sieves are made wi
materials that adsorb tritiated water in the fin
pores on their surface, thus  forming a so
material that can be stored in containe
Tritiated water adsorbed on molecular sieves
physically stable.  Tritiated water is release
from the molecular sieve when the temperatu
is raised above the boiling point for water.  

2.2.2.3 Chemistry and Metallurgy 
Research Building 
(TA–3–29)

The CMR Building (TA–3–29) was designe
within TA–3 as an actinide chemistry an
metallurgy research facility (Table 2.2.2.3–1
The main corridor with seven wings wa
constructed in 1952 (Figure 2.2.2.3–1).  In
1960, a new wing (Wing 9) was added fo
activities that must be performed in hot cells 
hot cell is an enclosed area that allows for t

TABLE  2.2.2.3–1.—Principal Buildings and 
Structures in the Chemical and Metallurgy 

Research Building

TECHNICAL 
AREA

PRINCIPAL BUILDINGS AND 
STRUCTURES

TA–3 CMR Laboratory:  3–29

Hot Waste Pump House:  3–154
2–38
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remote handling of highly radioactive
materials).  Wings 6 and 8 were never
constructed.  The three-story building now has
eight wings connected by a spinal corridor and
contains a total of 550,000 square feet
(51,097 square meters) of space.  It is a
multiple-user facility in which specific wings
are associated with different activities.  It now is
the only LANL facility with full capabilities for
performing SNM analytical chemistry and
materials science.  

Description of Facility

CMR facilities include hot cells and SNM
vaults.  Waste treatment and pretreatment
conducted within the facility is sufficient to
meet waste acceptance criteria for receiving
facilities, on site or off site.  In addition, these
facilities are used to support various activities at
other LANL locations.  TA–55 (described in
section 2.2.2.1) provides support to CMR in the
areas of materials control and accountability,
waste management, and SNM storage.

The aqueous waste from radioactive activities
and other non-hazardous aqueous chemical
wastes from the CMR Building are discharged
into a network of drains from each wing
specifically designated to transport waste
solutions to the RLWTF in TA–50 (described in
section 2.2.2.14) for treatment and disposal.
The primary sources of radioactive inorganic
waste at the CMR Building include laboratory
sinks, duct wash-down systems, and overflows
and blowdowns from circulating chilled-water
systems.  The facility infrastructure is designed
with air, temperature, and power systems that
are operational nearly 100 percent of the time.
Power to these systems is backed up with an
uninterruptable power supply.  The CMR
Building has one NPDES outfall, which
discharges seasonally into Mortandad Canyon
at a rate of one gallon per minute.  This outfall
is slated for waste stream corrections as part of
LANL’s outfall reduction plan.  The CMR
Building was constructed in the early 1950’s to
the industrial building code standards in effect

at that time.  Over the intervening years, DO
has systematically identified and correcte
some deficiencies and upgraded some syste
to address changes in standards or impro
safety performance.  Beginning in 1970, the
included:

• Ventilation system upgrades (1973 to 197
• Fire protection system upgrades (1978)
• Surety facility upgrades (1981, 1992)
• Asbestos repair and removal (1984 to 

present)
• Acid drain line replacement (1984)
• Evacuation system—public address syste

and alarms (1984)
• Curbing installed around equipment (1985
• Vacuum system for continuous air monitor

(1987)
• Exhaust duct cool-down system (1987)
• Heating, ventilation, and air conditioning 

controls (1987)
• Main storage vault (1987 to 1994)
• Alarm monitors (1988)
• PCB transformer replacement (1989)
• Removal of natural gas service from the 

building (1990)
• Stack emissions monitoring system (1991
• Air sampling probes (1991)
• SNM waste assay facility (1991)

However, these upgrades have not kept up w
the aging of the building or increasingl
stringent safety standards.  A mor
comprehensive series of upgrades w
identified and authorized by DOE addressin
specific safety, reliability, consolidation, an
safeguards issues.  These were prioritized, w
the highest priority being assigned to equipme
replacements and activities essential to maint
the minimum safe operating conditions for a
interim period of 5 to 10 years, while mor
comprehensive upgrades were develope
These upgrades were identified by DOE 
routine maintenance work, having n
significant potential for environmenta
2–40
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consequences and not intended to prolong the
useful life of the facility.  These “Phase I”
upgrades were categorically excluded by DOE
from the need for further NEPA analysis.  The
proposed work and the status of completion as
of March 1998 includes:

• Augmenting and replacing continuous air 
monitors in building wings (95 percent 
complete)

• Replacing some heating, ventilation, and air 
conditioning blowers (95 percent complete)

• Upgrading basic wing electrical systems 
(80 percent complete)

• Upgrading power distribution system 
(55 percent complete)

• Replacing the stack monitoring systems 
(75 percent complete)

• Installing an uninterruptable power supply 
for the stack monitoring systems in the 
laboratory wings (90 percent complete)

• Making limited (interim) improvements to 
the duct washdown system (89 percent 
complete)

• Improvements to acid vents/drains 
(41 percent complete)

• Modifying the sanitary sewer system 
(completed)

• Performing a fire hazard analysis 
(completed)

• Preparing an Engineering Assessment and 
Conceptual Design Report (CDR) 
(completed)

In addition to the highest priority (Phase I)
upgrades, the CMR Building was recognized to
require additional upgrading if it is to continue
to perform the essential analytical chemistry
and metallurgy operations for LANL’s existing
assignments in a safe, secure, and
environmentally sound manner for an additional
20 to 30 years.  These further upgrades are not
intended to increase the capabilities of the
facility nor allow new missions or functions to
be located there.  These Phase II Upgrades,
analyzed in the Environmental Assessment for

the Proposed CMR Building Upgrade
(DOE 1997a) (and also presented in a Capi
Asset Management Process Repo
[LANL 1996c]), include:  

• Seismic and Tertiary Confinement 
Upgrades.  Diagonal braces from walls to 
roof, exterior bracing from second floor to 
ground, internal vertical bracing, 
strengthening exterior columns, filling in 
window openings, and adding bracing to 
the Wing 9 hot cell supports would allow 
the CMR Building to meet seismic 
(earthquake resistance) criteria for a Haza
Category 2 facility.

• Security Upgrades.  Building doorways and 
other openings would be changed to make
human entry other than through the securi
stations much more difficult.

• Ventilation Confinement Zone Separation i
Wings 1, 3, 5, 7, and 9.  The ventilation 
systems in these wings would be improve
by adding one-way flow baffles and liners 
in the ventilation ducts, installing better 
doors and vestibules, adding a new filter 
tower to Wing 3, and installing a separate 
glovebox exhaust system.  These upgrade
are intended to prevent backflow of air 
carrying radioactive materials and chemica
fumes from contaminated areas such as 
gloveboxes to uncontaminated laboratorie
corridors, and offices.  

• Standby Power and Communications 
Systems.  This upgrade would provide 
standby electrical power in case a power 
failure caused the ventilation system to fail
This back up power would maintain 
negative pressure in the laboratories of 
Wings 3, 5, 7, and 9, reducing the 
likelihood that contamination from a 
laboratory would be spread into other area
A small generator will provide standby 
power to the ventilation system and the 
emergency communication system.

• Wing 1 Upgrades.  Wing 1 will be 
decontaminated and a new heating, 
ventilation, and air conditioning system wil
2–41
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be installed to improve worker health and 
safety.

• Operations Center Upgrades.  All building 
monitoring and control systems will be 
reported at a central location.  This will 
include continuous air monitors (CAMs), 
stack monitors and alarms, fire alarm 
panels, heating, ventilation, and air 
conditioning and other building utilities, 
electrical substation switchgear, and 
glovebox sensors.

• Chilled Water in Wings 3, 5, and 7.  The 
40-year-old evaporative coolers in each 
wing will be replaced with refrigeration 
units.  Chilled water is supplied to cool 
process equipment.  A chilled water plant 
will be constructed outside the CMR 
Building, just west of Wing 1.

• Main Vault CAMs and Dampers.  Detection 
capability for radioactive contamination 
will be enhanced by installing new CAMs 
in the main vault.  The CAMs will be 
monitored in the CMR Building Health 
Physics Office.  In addition, seismically 
qualified dampers will be installed in the 
vault ventilation ducts.

• Acid Vents and Drains in Wings 3, 5, and 7.  
The current acid vents and drains do not 
rinse or drain completely, allowing 
radioactive liquid waste residues to stand in 
nearly horizontal sections of the piping.  
These systems would be replaced to 
provide greater slope and better drainage.  
These wastes are discharged to the RLWTF.

• Fire Protection Upgrades.  To improve the 
fire protection system, backflow preventers, 
fire dampers, and new fire alarm system 
panels will be installed throughout the 
CMR Building.

• Operations Center Standby Power.   A 
standby generator will provide power to the 
Operations Center in the event  the main 
system electrical power is lost.

• Exhaust Duct Washdown Recycle System in 
Wings 3, 5, and 7.   This planned upgrade is 
a waste minimization initiative whereby the 

duct washdown system would be fitted wit
a system to recycle up to 80 percent of the
water used to rinse away materials from th
air exhaust that fall out on the duct surface
This upgrade is anticipated to decrease th
volume of radioactive liquid waste from 
the duct washdown system by about 
450,000 gallons per year (1,700,000 liters
per year), to about 120,000 gallons per ye
(454,300 liters per year).

• Wings 2 and 4 Safe Standby.  Wings 2 and 
4, unneeded to accomplish current missio
element assignments, would be placed in 
safe standby, meaning that loose 
contamination and some equipment would
be removed and the remaining equipment
would be placed in a safe and stable 
condition such that it could not be used.  

In its finding of no significant impact regarding
the CMR Phase II Upgrades, DOE stated th
two potential upgrade designs wer
encompassed within the environment
assessment (DOE 1997a) analyses:  upgrad
Wings 3, 5, and 7 without moving office spac
currently located on the perimeter of each win
and relocating the office space away from t
laboratory functions while upgrading th
laboratory space in those wings.  In the latt
case, two wings would be reconfigured a
laboratory space and the third would be put in
safe standby condition.

The CMR Phase II Upgrades are funded, a
construction is expected to begin in mid 199
These upgrades were originally scheduled 
completion in 2004.  

In early 1997, it became apparent that the co
of ongoing (Phase I) upgrades at the CM
Building would overrun the budgeted 199
costs for that construction project.  Afte
considering budget, schedules, and proje
management issues, LANL, with DOE
concurrence, suspended CMR Buildin
Upgrades Project activities pending a thorou
budget and project management revie
(Whiteman 1997).  During 1997, several aud
2–42
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and assessment activities were completed by
LANL and DOE in which root causes and
corrective measures required to address project
management issues were identified.
Throughout the second half of 1997 and 1998,
LANL and DOE have been implementing a
series of corrective actions related to improving
project management performance on the CMR
Building Upgrades Project to allow project
activities to resume.  

In addition to the information discussed above
regarding ongoing and planned upgrades,
additional developments occurred during 1997
regarding CMR Building operations.  These are
highlighted here as contextual information.
These developments are consistent with
responsibilities and approaches regarding safe
operations at LANL, as discussed in
section 2.1.3.

On September 2, 1997, in response to safety
considerations, LANL temporarily suspended
operations within the CMR Building pending an
in-depth review of all operations and procedures
being implemented within the building to
support ongoing LANL activities.  During the
period from September 1997 through April
1998, operations were resumed in a phased
manner as work control and work authorization
procedures were verified for each set of
operations within the building (Gancarz 1997).
Full resumption of CMR Building operations
was authorized by DOE on April 17, 1998.  To
further improve operation of the CMR facility
within a safe operating envelope for nuclear
facilities, LANL Director Browne announced a
new integrated management organization for
the CMR Building in which the technical,
operations, and facility management of the
CMR Building would be integrated with that of
TA–55.  This reorganization became effective
in January 1998 (Browne 1997).

In September 1997, DOE and LANL decided to
develop a “Basis for Interim Operations” (BIO)
at the CMR facility in lieu of a Safety Analysis
Report in order to establish the safety

authorization basis for the facility.   This effor
was completed in October 1998, with th
issuance of the BIO and associated techni
safety requirements (TSRs) that must 
implemented according to a DOE/LANL
approved plan over the next 2 years1.   With the
authorization basis established through the BI
the CMR Building Upgrades Project i
responding to meeting the TSR implementati
requirements to ensure safe operations with 
facility.  TSR implementation requires certai
facility modifications be completed.
Throughout 1998, the CMR Building Upgrade
Project was integrated into the BIO/TS
development process. On March 24, 1998,
workshop was held to evaluate CMR Buildin
upgrades required to support BIO/TS
implementation.   A second workshop was he
on July 17, 1998, to further refine BIO/TSR
implementation upgrades and addition
upgrades related to safe, reliable operatio
within the CMR Building. 

Based on the above information, the CM
Building Upgrades Project has resumed, and 
first priority is the completion of CMR facility
modifications required to implement the BIO
TSRs and satisfy compliance requiremen
Formal restart of CMR Building Upgrade
Project activities commenced on April 13, 199
with DOE authorizing LANL to initiate
activities in support of BIO/TSR
implementation that are within the scope of th
CMR Building Upgrades Project.   Since Apr
1998, additional project activities have bee
authorized (repriortized, but within the origina
scope) by the DOE.   Authorized CMR Buildin
Upgrades Project activities since resumpti
include:

1. The approved CMR BIO includes a comprehensiv
accident analysis section, including a wing-wide fire scena
that is similar to an accident evaluated in this SWEIS.  The
analyses were compared, and it was found that, althou
modeling assumptions and methods varied significantly, t
estimated consequences and frequency demonstrated a 
agreement.  See appendix G, section G.5.6.16, for furt
details.
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• Fire protection panel replacement
• Transient combustible loading reduction
• Motor control centers replacement 

(completed)
• Duct washdown system refurbishment in 

Wings 3, 5, and 7
• Interim project management activities

Additional project activities under review or
consideration currently include:

• Air compressor replacement
• Hood washdown system installation
• Heating, ventilation and air conditioning 

(HVAC) DP indicator installation
• Wing 9 ventilation system upgrades
• Emergency personnel accounting system 

installation
• Stack monitoring upgrades
• Hot cell upgrades, Wing 9 (several 

subprojects)

A crosswalk between the approved CM
Building Upgrades Project (Phases I and 
baseline and the authorized or under revie
work in support of the BIO/TSR
implementation activities is given in
Table 2.2.2.3–2. 

All of the above-listed project activities wer
developed and reviewed during the March a
July 1998 workshops. The DOE and LANL ar
continuing to define all required facility
modifications based on ongoing evaluations 
site or facility conditions and program
requirements to support a  rebaselining of t
overall CMR Building Upgrades Project durin
1999.

In 1996 through 1998, LANL geologists
conducted detailed geologic  studies in a
around TA–3 and TA–55 and geologi
trenching studies on the Pajarito Fault.  Resu
from these studies indicate that a possib
connection exists between the Pajarito, Rend

TABLE  2.2.2.3–2.—CMR Building Upgrades Project Crosswalk Between Phases I and II and 199
Scope of Work Authorized or Under Review

BASELINE DESCRIPTION AUTHORIZED (A) OR UNDER REVIEW (R)

Fire protection upgrades, Phase II • Fire protection panel replacement (A)

• Transient combustible loading reduction (A)

Upgrading basic wing electrical systems, Phase I Motor control centers replacement (A)

Duct washdown upgrade, Phase Ia Condition assessment upgrade (A)

Duct washdown system refurbishment, Wings 3, 5, 7b (R)

Ventilation confinement zone separation upgrades, 
Phase II

• Air compressor replacement subsystems controlling 
HVAC dampers (R)

• HVAC delta pressure indicator installation subsystem 
monitoring HVAC negative pressure (R)

• Wing 9 Ventilation system upgrades (R)

Communications upgrades, Phase II Emergency personnel accounting system (R)

Stack monitors upgrade, Phase I Stack monitoring upgrades (R)

-- Hot cell upgrades - Wing 9 (R)
a  Hood washdown upgrades may be addressed under facility operations administrative controls and is currently not includ
a subproject.

b Only condition assessments for duct washdown have been authorized.  Separate authorization will be issued for constru
upon completion of assessments.
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Canyon, and Guaje Mountain faults, which may
increase the likelihood for fault rupture within
TA–3 should a seismic event occur (see
chapter 4, section 4.2.2.2, and appendix I).  The
earthquake accident frequencies utilized in
appendix G have been compared to that which
would be derived considering the results from
the geologic mapping and trenching studies.
Potential building seismic damage has been
addressed for ground shaking and fault rupture,
where appropriate, from earthquakes
(volume III, appendix G, Table G.5.4–3).  The
seismic failure frequencies that were used in the
accident analysis do not increase significantly
as a result of seismic ground rupture.  The basis
for this conclusion is that the return period (the
inverse of frequency) for a damaging fault
rupture is significantly greater than the return
periods used for damaging ground motion in the
accident analysis.  Because additional damage
could result should a fault rupture occur at the
CMR Building, a sensitivity study is performed
for this scenario as part of the earthquake
analysis (appendix G, SITE–03).

The DOE has decided not to implement the
seismic upgrades as part of the CMR Building
Upgrades Project, Phase II.  This is a result of:
(1) new seismic studies published after the draft
SWEIS was released that indicated the
additional hazard of a seismic rupture at the
CMR Building (chapter 4, section 4.2.2.2, and
appendix I) and (2) DOE’s postponement of the
decision to  implement the pit manufacturing
capability beyond 20 pits per year in the near
future.  Although the seismic rupture risk does
not have a substantial effect on the overall
seismic risk, it is an aspect of risk that cannot be
cost-effectively mitigated through engineered
structural upgrades.  Given that assessment, the
DOE is considering more substantial actions
that are not yet ripe for analysis in the SWEIS
(e.g., replacement of aging structures).  The
overall goal of DOE’s evaluation is to
ultimately reduce the risk associated with
seismic event, should one occur.  In the
meantime, DOE is taking actions to mitigate

seismic risks through means other than seism
upgrades (e.g., minimizing material at risk an
putting temporarily inactive material in proces
into more sturdy containers).

Description of Capabilities

The operational CMR capabilities include bo
radioactive and nonradioactive substance
Work involving radioactive material (including
uranium-235, depleted uranium, thorium-23
plutonium-238, and plutonium-239) is
performed inside hoods, hot cells, an
gloveboxes.  Chemicals such as various aci
carcinogenic materials, and organic-bas
liquids are used in small quantities, generally 
preparation of radioactive materials fo
processing or analysis.  

The  principal activities conducted at the CM
Building are described below.  The manner 
which these activities will vary among th
alternatives is described in chapter 3.

Analytical Chemistry. Analytical chemistry
capabilities involving the study, evaluation, an
analysis of radioactive materials reside at t
CMR Building.  These activities suppor
research and development associated w
various nuclear materials programs, many 
which are performed at other LANL location
on behalf of or in support of other sites acro
the DOE complex (e.g., Hanford Reservatio
Savannah River Site, Sandia Nation
Laboratories).  Sample characterizatio
activities include assay and determination 
isotopic ratios of plutonium, uranium, and othe
radioactive elements; major and trace eleme
in materials; the content of gases; constituents
the surface of various materials; and methods
characterize waste constituents in hazardo
and radioactive materials.

Uranium Processing.  Operations essential fo
the stewardship of uranium products a
conducted at this facility.  They include uraniu
processing (casting, machining, an
reprocessing operations, including research a
2–45
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development of process improvements and
characteristics of uranium and uranium
compounds), and the handling and storage of
high radiation materials.  The facility also
provides limited backup to support the nuclear
materials management needs for activities at
TA–55 and also provides pilot-scale unit
operations to back up the uranium technology
activities at the Sigma Complex (described in
section 2.2.2.5), other LANL facilities, and
other DOE sites.

Destructive and Nondestructive Analysis.
Destructive and nondestructive analysis
employs analytical chemistry, metallographic
analysis, measurement on the basis of neutron or
gamma radiation from an item, and other
measurement techniques.  These activities are
used in support of weapons quality, component
surveillance, nuclear materials control and
accountability, SNM standards development,
research and development, environmental
restoration, and waste treatment and disposal.

Nonproliferation Training .  LANL utilizes
measurement technologies at the CMR Building
and other LANL facilities to train international
inspections teams for the International Atomic
Energy Agency.  Such training may use SNM.

Actinide Research and Processing.  Actinide
research and processing at the CMR Building
typically involves solids, or small quantities of
solution.  However, any research involving
highly radioactive materials or remote handling
may use the hot cells that are in Wing 9 of the
CMR Building to minimize personnel exposure
to radiation or other hazardous materials.  CMR
actinide research and processing may include
separation of medical isotopes from targets,
processing of neutron sources (DOE 1995d),
and research into the characteristics of
materials, including the behavior or
characteristics of materials in extreme
environments (e.g., high temperature or
pressure).

Fabrication and Metallography.  Fabrication
and metallography at the CMR Building
involves a variety of materials, including
hazardous and nuclear materials.  Much of th
work is done with metallic uranium.  The CMR
Building can fabricate and analyze a variety 
parts, including targets, weapon componen
and parts used for a variety of research a
experimental tasks.

2.2.2.4 Pajarito Site:  Los Alamos 
Critical Experiments 
Facility (TA–18)

The Los Alamos Critical Experiments Facilit
(LACEF) and other experimental facilities ar
located at TA–18, which is known as Pajarito
Site.  TA–18 facilities are 3 miles
(4.8 kilometers) from the nearest residenti
area, White Rock, and 0.25 miles (400 mete
from the closest technical are
(Figure 2.2.2.4–1 and Table 2.2.2.4–1).  These
facilities are in a canyon near the confluence
Pajarito Canyon and Threemile Canyon.  Som
natural shielding is afforded by the surroundin
canyon walls that rise approximately 200 fe
(61 meters) on three sides.  

Description of Facility

The facility consists of a main building, thre
outlying remote-controlled critical assembl
buildings known as kivas, and several smal
laboratory, nuclear material storage, an
support buildings.  Kivas #1, #2, and #3 a
Category 2 nuclear facilities.  Each kiva 
surrounded by a fence to keep personnel a
safe distance during criticality experiments, a
the entire site is bounded by a security fence
aid in physical safeguarding of SNM.  Sit
access is through a guarded portal.   

The main laboratory building (Building 30
houses offices for group management, staff, a
health physics personnel.  There are seve
radioactivity counting rooms, an electroni
2–46



2–47

Background on LANL Facilities and Activities

F
IG

U
R

E
 2

.2
.2

.4
–1

.—
T

A
–1

8 
P

aj
ar

ito
 S

ite
.



LANL SWEIS

t,
d
ls
n,
of
y
e
n

f
ty
d

ts
 at
3,
s
d
d

re
d at
ge
art

e
el
s

ts.
ed

ed
st-
d
e
e
ely
r

as
-
ial
ed
lt.
assembly area, the site machine shop, and the
critical assembly control rooms in Building 30.
Other support buildings are the Hillside Vault
(Building 26) for nuclear material storage, the
Pulsed Accelerator Building (Building 127) for
projects requiring a “clean” radiation
environment, and Building 129 for detector
development and calibration. 

Description of Capabilities

The principal TA–18 activities are the design,
construction, research, development, and
applications of critical experiments (that is,
experiments having to do with nuclear
criticality).  These are conducted using five
types of assemblies: 

• Benchmark critical assemblies
• General purpose assembly machines
• Solution assemblies (which use fissile 

solutions)
• Prototype low power reactor assemblies 

(these do not need heat rejection systems) 

• Fast-burst assemblies for producing fast-
neutron pulses

TA–18 activities also include developmen
training, and applying nuclear diagnostic an
accountability techniques.  Nuclear materia
control and handling, waste characterizatio
and criticality experiments are areas 
particular interest.  The Nuclear Emergenc
Search Team, Strategic Defense Initiativ
Program, and the Strategic Arms Reductio
Treaty Verification Group all utilize TA–18 in
fulfilling their program requirements. The
TA–18 staff trains personnel from a variety o
occupations and several countries in criticali
safety as well as radiation detection an
instrumentation.  

Since 1948, thousands of criticality experimen
and measurements have been performed
LACEF on assemblies using uranium-23
uranium-235, and plutonium-239 in variou
configurations, including nitrate, sulfate, an
oxide compounds as well as solid, liquid, an
gas forms.  Critical assemblies at LACEF a
designed to operate at low-average power an
temperatures well below phase chan
transition temperatures (which sets them ap
from normal reactors) with low fission
production and a minimal inventory.  Thes
assemblies are very flexible in terms of fu
loading, configuration, and the types and form
of material that can be used for experimen
Since these assemblies do not require forc
convection cooling, a potential source of stor
energy and fission products is eliminated.  Po
shutdown cooling is unnecessary, an
experiments are “walk-away” safe.  Machin
designs are relatively simple with the prim
requirement being that operations are remot
controlled from a control room in Building 30 o
from behind thick shielding.  

Experiments employ fissile species such 
uranium-233, uranium-235, and  plutonium
239.  Between experiments, these spec
nuclear materials are stored in designat
storage areas at kivas or in the Hillside Vau

TABLE  2.2.2.4–1.—Principal Buildings and 
Structures of the Pajarito Site

TECHNICAL 
AREA

PRINCIPAL BUILDINGS AND 
STRUCTURES

TA–18 Warehouse:  18–28

Main Building:  18–30

Pulsed Accelerator Building:  
18–127

Reactor Subassembly Buildinga:  
18–129

Critical Assembly Kivas:  18–23, 
18–32, 18–116

Vault:  18–26

Sheba Building:  18–168

Accelerator Development 
Laboratory:  18–227

a This is a historical name.  This building is currently used 
for detector development and calibration and has never 
housed a nuclear reactor.
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Nuclear material is moved by truck to and from
TA–18 over public roads in U.S. Department of
Transportation (DOT)-approved shipping
containers or using road closures on an as-
required (infrequent) basis.  The on-site TA–18
nuclear materials inventory is relatively stable,
and consists primarily of isotopes of plutonium
and uranium.  The bulk of the plutonium is solid
and is either clad or encapsulated; plutonium
oxide is doubly canned.  The use of toxic and
hazardous chemicals is limited.  

The criticality experiments generate very small
amounts of fission products and there is
essentially no radioactive waste.  Criticality
experiments do not release significant emissions
to the atmosphere at the site. 

The principal sets of experimental activities
conducted at TA–18 are described below.  The
manner in which these activities would vary
under each of the alternatives is described in
chapter 3.

Dosimeter Assessment and Calibration.
TA–18 critical assemblies are used to evaluate
the performance of personnel radiation
dosimeters.  Nuclear accident dosimetry studies
are conducted using the critical assembly
radiation to simulate criticality accident
radiation.  The facility hosts national dosimetry
intercomparison studies involving personnel
and dosimeters from DOE and private nuclear
facilities.

Detector Development.  TA–18 personnel
have developed and built nuclear materials
detection instruments used to monitor
pedestrians and vehicles, as well as hand-held
and field-deployable neutron and gamma-ray
detectors.  TA–18 personnel also operate a
simulation facility in which nuclear materials
can be configured to develop and validate
instruments and methods used in nuclear
nonproliferation programs.  

A new method of monitoring alpha-particle-
emitting nuclear materials is undergoing

development at TA–18 along with th
development of detectors that can help ass
potential threats from terrorist organization
TA–18 personnel also train nuclear emergen
search team personnel in the use of the
instruments.

Materials Testing.  The TA–18 facilities are
used to characterize and evaluate materia
primarily by measuring the nuclear properties 
these materials.  The materials evaluated 
typically structural materials or those to be us
as shielding or neutron absorbers.  Materia
testing typically involves use of radiation
sources or critical assemblies as radiati
generators and measurement of radiation lev
under a variety of conditions.

Subcritical Measurements.  Subcritical
measurements are those done on arrays of fis
material that are below the critical mass f
material in a given form.  Subcritica
experiments may vary any or all of the facto
that influence criticality (mass, density, shap
volume, concentration, moderation, reflectio
neutron absorbers, enrichment, an
interactions).  Associated measureme
techniques involve measuring some aspect
the neutron or gamma population in the mater
to assess its criticality state.

Fast-Neutron Spectrum.  TA–18 has bare and
reflected metal critical assemblies that opera
on a fast-neutron spectrum.  These assemb
typically have irradiation cavities in which flux
foils, small replacement samples, or sma
experiments can be inserted.  Typic
experiments include evaluation of the reactivi
of material samples, irradiation of novel neutro
and gamma measuring instrumentation, a
testing and calibrating radiation dosimeters.

Dynamic Measurements.  Two fast-pulsed
assemblies at TA–18 produce controlle
reproducible pulses of neutron and gamm
radiation from tens of microseconds to seve
tens of milliseconds in duration.  These puls
2–49
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are useful for applications such as neutron
physics measurements, instrumentation
development, dosimetry, and materials testing.  

Skyshine Measurements.  The study of
skyshine (radiation transported point to point
without a direct line of sight) is a component of
dosimetry primarily applicable to neutron
producing processes and facilities.  TA–18 uses
critical assemblies to produce radiation fields to
mimic those found around nuclear weapons
production and dismantlement facilities, in
storage areas, and in experimental areas.

Vaporization.  The fast-pulsed assemblies at
TA–18 have the capability of vaporizing fissile
materials placed in a thermalizing material next
to the assembly or in an internal cavity.  These
vessels are placed inside multiple containment
vessels to prevent leakage of vaporized
materials and fission products.  This capability
is useful for testing materials, measuring the
properties of fissile materials, and testing
reactor fuel materials in simulated accident
conditions.

Irradiation.  Several critical assemblies at
TA–18 can have varying spectral characteristics
in both steady state and pulsed modes.  These
assemblies are typically used for irradiating
fissile materials and other materials with
energetic responses for the purposes of testing
and verifying computer code calculations.

2.2.2.5 Sigma Complex (TA–3–66, 
TA–3–35, TA–3–141, and 
TA–3–159)

The Sigma Complex consists of the main Sigma
Building (Building 66) and its associated
support structures, including the Beryllium
Technology Facility (Building 141), the Press
Building (Building 35), and the Thorium
Storage Building (Building 159) (see
Figure 2.2.2.5–1 and Table 2.2.2.5–1).  

The Sigma Complex supports a large, mul
disciplinary technology base in materia
fabrication science.  This facility is used main
for materials synthesis and processin
characterization, fabrication, joining, an
coating of metallic and ceramic items.  The
capabilities are applied to a variety of materia
including uranium (depleted uranium an
enriched uranium), lithium, and beryllium; th
Sigma Complex is equipped to handle su
materials safely.  The current activities focus 
limited production of special (unique o
unusual) components, test hardware, prototy
fabrication, and materials research in support
DOE programs in national security, energ
environment, industrial competitiveness, an
strategic research.  The Sigma Complex a
provides support to research and developm
activities conducted elsewhere at LANL b
constructing special pieces of equipment a
test items.    

Description of Facilities

The Sigma Building is designated as a Haza
Category 3 nuclear facility.  The Sigm
Building was built in 1958 and 1959, with a
addition constructed in the late 1980’s.  
contains four levels and approximatel
168,200 square feet of floor spac
(15,626 square meters).  The Sigma Building
composed of four sectors.  Three sectors built
the late 1950’s were not constructed to curre
seismic design criteria (seismic upgrades a
included in all alternatives).  The fourth secto

TABLE  2.2.2.5–1.—Principal Structures and 
Buildings in the Sigma Complex

TECHNICAL 
AREA

PRINCIPAL STRUCTURES 
AND BUILDINGS

TA–3 Sigma Building:  3–66

Press Building:  3–35

Beryllium Technology Facility:  
3–141

Thorium Storage Building:  3–159
2–50
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FIGURE 2.2.2.5–1.—The Sigma Complex in TA–3.
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built in the late 1980’s, meets current seismic
design criteria.  Hazardous chemicals such as
concentrated acids and caustic solutions are
used and stored at the Sigma Building.  Sigma
Building air exhausts through six major exhaust
stacks and through numerous roof exhausts.
Aqueous waste from enriched uranium
processing and liquid chemical waste are routed
to the RLWTF at TA–50 (described in
section 2.2.2.14).  Most of the liquid waste
from the Sigma Complex is generated from the
electroplating operation at the Sigma Building.
Electrodeposition solutions are now vacuum
distilled and re-used; the sludges are managed
as RCRA wastes.  

The Beryllium Technology Facility (3-141),
formerly called the Rolling Mill Building, was
built in the early 1960’s and encompasses
approximately 20,213 square feet (1,878 square
meters) on three levels.  This building does not
have a hazard designation.  The two sectors of
the building meet current seismic design
criteria.  The building houses powder
metallurgy activities, filament welding,
ceramics research and development, and rapid
solidification research.  Fabrication work using
beryllium and uranium/graphite fuels is
performed here.  The beryllium area has a
permitted, monitored stack equipped with a
HEPA filtered exhaust air system.

The Press Building (3-35) was built in 1953 and
contains approximately 9,860 square feet
(916 square meters) of space located on one
floor and a partial basement.  This building does
not have a hazard designation and was not
evaluated for seismic capability.  A 5,000-ton
(4,536-metric-ton) hydraulic press used for
work with depleted uranium is operated here.
One stack exhausts through HEPA filters.  The
exhaust stream is monitored for radioactive
emissions.  Aqueous waste from uranium
processing and other nonhazardous operations
is routed, via a pipeline, to the RLWTF at
TA–50.

The Thorium Storage Building is designated 
a Hazard Category 3 nuclear facility.  Thorium
is stored here, in both ingot and oxide form
This building is very small and was no
evaluated for seismic capability.  

Description of Capabilities

The primary activities conducted within th
Sigma Complex are described below.  Th
manner in which these activities would var
under each of the alternatives is described
chapter 3.

Research and Development on Materials
Fabrication, Coating, Joining, and
Processing.  Materials synthesis and processin
work addresses research and development
making items out of materials that are difficu
to work with.  The processes include applyin
coatings and joining materials using plasma, a
welding and other techniques.  The materia
used in fabrication are also reprocessed (i
separated into pure forms for reuse or storag

Characterization of Materials.  Materials
characterization work includes understandin
the properties of metals, metal alloys, ceram
coated metals, and other similar combinatio
along with the effects on these materials a
properties brought about by aging, chemic
attack, mechanical stresses, and other agent

Fabrication of Metallic and Ceramic Items.
Materials fabrication includes work with
metallic and ceramic materials, an
combinations thereof.  Items are fabricated o
of uranium, both depleted and enriched 
uranium-235.  Stainless steel, lithium, variou
ceramics, and beryllium items are als
fabricated.  Items are fabricated on a limite
production basis as well as one-of-a-kind a
prototype pieces.  One specific set 
applications for this technology is th
fabrication of nonnuclear weapons componen
The responsibility for production of thes
components was assigned to LANL on th
basis of the Nonnuclear Consolidation
2–52
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Environmental Assessment (DOE 1993).  This
environmental assessment (EA) addressed the
upgrades an interior modifications necessary for
this assignment, and these upgrades and
modifications are expected to continue through
completion under all of the SWEIS alternatives
(as identified in chapter 3).

2.2.2.6 Materials Science 
Laboratory (TA–3–1698)

The Materials Science Laboratory (MSL,
TA–3–1698) is located in an unrestricted access
area at the southeastern edge of TA–3
(Figure 2.2.2.6–1 and Table 2.2.2.6–1).  The
facility is a two-story modern laboratory of
approximately 55,360 square feet of floor space
(5,143 square meters) arranged in an H-shape.
It is designed to accommodate scientists and
researchers, including participants from
academia and industry whose focus is on
materials science research.  The Environmental
Assessment for the Materials Science
Laboratory (DOE 1991) details the impacts of
the new facility.  The completion of the top floor
of the MSL was planned and was included in the
environmental assessment, but not funded in
1992.  Completion of this floor is still desired
but is not currently scheduled. 

Description of Facilities

The MSL consists of 27 laboratories, 15 support
rooms, 60 offices, 21 distinct materials research
areas, and several conference rooms that are
used by technical staff, visiting scientists and
engineers, administrative staff, and building

support personnel.  It is constructed of preca
concrete panels sealed to a structu
framework, with concrete floors, drywal
interior, casework, hoods, and a utilit
infrastructure.  Safety controls throughout th
complex include a wet-pipe sprinkler system
automatic fire alarms, chemical fume hood
gloveboxes, HEPA-filtered heating, ventilation
and air conditioning, and safety showers.  

Limited quantities of radioactive isotopes a
used at MSL.  These include small quantities
solid sodium, zirconium, and depleted uranium
Because of the diversity of research with
MSL, a large variety of small quantities o
nonradioactive, toxic, and hazardous materia
are also used.  This is similar to the corrosi
and reactive chemicals typically used 
synthesize and clean materials in wet chemis
or mechanical property laboratories.  Fo
example, semiconductor additives such 
tantalum metal and tungsten compounds, alo
with chromic acid and perchloric acid fo
metallography activities, are used in glovebox
or fume hoods.  Other acids such a
hydrofluoric, phosphoric, and sulfuric, are use
in various materials preparation activities and
laser operations.  Small amounts of typic
laboratory organic chemicals such as aceto
methyl alcohol, and methyl ethyl ketone are al
used in MSL activities.     

Description of Capabilities

There are four major types of experimentatio
supported at MSL:  materials processin
mechanical behavior in extreme environmen
advanced materials development, and mater
characterization.  These four areas, each 
which are described below, contain over 2
capabilities that support materials research 
DOE programs.  Collaboration with privat
industry is also an important feature of much 
the work performed at MSL.  The manner 
which these activities vary among th
alternatives is described in chapter 3.

TABLE  2.2.2.6–1.—Principal Buildings and 
Structures of Materials Science Laboratory

TECHNICAL 
AREA

PRINCIPAL BUILDINGS AND 
STRUCTURES

TA–3 Materials Science Laboratory:  
3–1698
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Materials Processing.  MSL supports the
formulation of a wide range of useful materials
through the development of materials
fabrication and chemical processing
technologies.  The following synthesis and
processing techniques represent some of the
capabilities available in MSL for this area of
research:  wet chemistry, thermomechanical
processing, materials handling, microwave
processing, heavy equipment materials
processing, single crystal growth synthesis,
amorphous alloys, tape casting, inorganic
synthesis, and powder processing.

Some of the laboratories, housing heavy
equipment for novel mechanical processing of
powders and non-dense materials, are
configured to explore net shape and zero-waste
manufacturing processes.  Several laboratories
are dedicated to the development of chemical
processing technologies, including recycling
and reprocessing techniques to solve current
environmental problems.

Mechanical Behavior in Extreme
Environments.  The mechanical testing
laboratories contain equipment for subjecting
materials to a broad range of mechanical
loadings to study their fundamental properties
and characterize their performance.  The
laboratories utilized for this major area of
materials science include dedicated space for
mechanical testing; mechanical fabrication,
assembly and machining research;
metallography; and dynamic testing. 

The mechanical testing laboratory offers
capabilities to study multiaxial, high
temperature, and high load behaviors of
materials.  The assembly areas consist of
metalworking and experimental assembly areas
that house a variety of electrically or
hydraulically powered machines that twist, pull,
or compress samples.  The most energetic of
these is a gas launcher, which projects a sample
against an anvil at very high velocities. The
MSL dynamic materials behavior laboratory is
utilized by researchers for the study of high

deformation rate behaviors.  The dynam
testing equipment allows materials to b
subjected to high rate loadings, includin
impact up to 1.2 miles (2 kilometers) pe
second.  The metallography area contai
equipment for sectioning, mounting, polishing
and photographing samples.

Advanced Materials Development.  The
various laboratories are configured for th
exploration of new materials for high streng
and high temperature applications.  Many of t
laboratories support synthesis an
characterization of single crystals, nanopha
and amorphous materials, as well as providi
areas for ceramics research including solid sta
inorganic chemical studies involving materia
synthesis.  A substantial amount of effort in th
area is dedicated to producing new hig
temperature superconducting materials.  MS
also provides facilities for synthesis an
mechanical characterization of materia
systems for bulk conductor applications.

Materials Characterization. Materials
characterization provides the ability t
understand the properties and processing 
materials and to apply that understanding 
materials development.  MSL contains 
collection of spectroscopy, imaging, an
analysis tools for characterizing advance
materials.  The electron microscopy laborato
area has four microscopes to character
subnanometer to micrometer structure
including chemical analysis and high resolutio
electron holography.  The optical spectrosco
laboratory allows ultrafast and continuous wa
tunable resonance Raman scatteri
spectroscopy, high-resolution Fourie
Transform Infrared absorption, and ultraviole
(UV) visible to near infrared (IR) absorption
spectroscopy.  The x-ray laboratory allows f
the study of samples at temperatures up 
4,892°F (2,700°C) and pressures up 
80 kilobar.  A metallography and ceramograph
support laboratory has the latest equipment 
optical characterization.  A laboratory area 
2–55
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provided to support surface-science study and
corrosion characterization of materials.

2.2.2.7 Target Fabrication Facility 
(TA–35)

The Target Fabrication Facility (TFF) is
approximately 61,000 square feet (5,667 square
meters) of floor space with approximately
48,000 square feet (4,459 square meters) of
laboratory area and 13,000 square feet
(1,208 square meters) of office area
(Figure 2.2.2.7–1 and Table 2.2.2.7–1).  TFF is
a two-story structure sited at TA–35
(Building 213) immediately to the east of
TA–55, directly north of TA–50.  Laboratories
and offices occupy both the ground (lower)
floor and the upper floor.  In general, the
structure is reinforced concrete.  Vibration
sensitive areas are supported on isolated
concrete slabs.  The HVAC system maintains a
negative pressure (i.e., a pressure that is less
than the pressure of the atmosphere outside the
building) in the laboratories with both room air
and hood exhaust vented to the atmosphere
through filtered and, until 1995, monitored
exhaust stacks.  In 1995, monitoring was
terminated when it was determined through
analyses that monitoring was not required
because of low facility chemical and radioactive
material inventories.  Sanitary waste is piped to
the sanitary waste disposal plant near TA–46.
Radioactive liquid waste and liquid chemical
waste are shipped to TA–50 using a direct
pipeline. 

Description of Facilities

TFF maintains a beryllium machining capabilit
used to manufacture structural shapes fro
beryllium.  TFF is not a nuclear facility.  Tritium
was removed from the facility in 1993
however, operations involving tritium-
contaminated materials are ongoing.  Tritiu
contamination levels are low and are controlle
below levels that would make this a nucle
facility.  Depleted uranium coatings are n
longer applied at TFF.  Although a large numb
of chemicals are used, they are used in sm
quantities. TFF is designated as a moder
hazard chemical facility.  The design fo
earthquake loads is in accordance with curre
applicable standards.  Transportation in and o
of the TFF consists of occasional deliveries a
waste pickup typical of a research an
development facility.    

TFF houses the equipment and personnel 
precision machining, physical vapor depositio
chemical vapor deposition, polymer science
and assembly of targets for inertial confineme
fusion and physics experiments.  The
capabilities are complemented by personnel a
equipment capable of performing high
technology material science, effects testin
characterization, and technology developmen

Description of Capabilities

The three primary activities located at TFF a
described below.  The manner in which the
activities would vary among the alternatives 
described in chapter 3.     

Precision Machining and Target Fabrication.
Precision machining operations produc
sophisticated devices consisting of ve
accurate part shapes and often optical qua
surface finishes.  A variety of processes are us
to produce the final parts, which includ
conventional machining, ultra-precisio
machining, lapping, and electron discharg
machining.  Dimensional inspections ar
performed during part production using 

TABLE  2.2.2.7–1.—Principal Buildings and 
Structures of Target Fabrication Facility

TECHNICAL 
AREA

PRINCIPAL BUILDINGS AND 
STRUCTURES

TA–35 Target Fabrication Facility:  
35–213
2–56
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FIGURE 2.2.2.7–1.—Target Fabrication Facility.
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variety of mechanically and optically based
inspection techniques.

Polymer Synthesis.  Polymer synthesis science
formulates new polymers, studies their structure
and properties, and fabricates them into various
devices and components.  Capabilities exist at
TFF for developing and producing polymer
foams by organic synthesis, liquid crystalline
polymers, polymer host dye laser rods,
microfoams and composite foams, high energy
density polymers, electrically conducting
polymers, chemical sensors, resins and
membranes for actinide and metal separations,
thermosetting polymers, and organic coatings.
The materials and devices are typically prepared
using solvents at temperatures ranging from 68°
to 302°F (20° to 150°C) or by melt processing at
temperatures from room temperature up to
572°F (300°C).  A wide variety of analytical
techniques are used to determine the structure
and behavior of polymers, including
spectroscopy, microscopy, x-ray scattering,
thermal analysis, chromatography, rheology,
and mechanical testing.

Chemical and Physical Vapor Deposition.
Chemical vapor deposition (CVD) and chemical
vapor infiltration (CVI) are processes used to
produce metallic and ceramic bulk coatings,
various forms of carbon (including pyrolytic
graphite, amorphous carbon, and diamond),
nanocrystalline films, powder coatings, thin
films, and a variety of shapes up to 3.5 inches
(9 centimeters) in diameter and 0.5 inches
(1.25 centimeters) in thickness.  CVD and CVI
coating processes are routine operations that use
a variety of techniques such as thermal hot wall,
cold wall and fluidized bed techniques, laser
assisted, laser ablation, radio frequency and
microwave plasma techniques, direct current
glow discharge and hollow cathode, and
organometallic CVD techniques.  The CVD
process is used to produce thin film metallic,
carbide, oxide, sulfide and nitride coatings.
TFF scientists have also studied infiltrated
materials using isothermal, thermal gradient,
forced flow and plasma techniques.   Polymer

processing and extensive characterization 
performed in conjunction with this work and
occasionally, highly toxic substances such 
nickel carbonyl, iron carbonyl, or arseni
hydride are handled.

Physical Vapor Deposition capabilities at TF
can apply layers of various materials o
sophisticated devices with high precisio
These layers, applied by various coatin
techniques, include a wide range of metals a
metal oxides as well as some organic materia
Beryllium coatings applied to substrates b
magnetron sputtering (performed in a specia
ventilated vacuum chamber with HEPA filtere
exhaust) is an example of physical vap
deposition performed at TFF.

2.2.2.8 Machine Shops (TA–3)

The main machine shops complex consis
of two structures in the southwestern quadra
of TA–3:  TA–3–39 and TA–3–102
(Figure 2.2.2.8–1 and Table 2.2.2.8–1).  The
two buildings are connected by a 125-fo
(38-meter) long corridor.  The machine sho
provide special (unique or unusual) parts 
support of other activities throughout LANL.   

Description of Facilities

Building TA–3–39, the Beryllium Shop,
was constructed in 1953, has a total floor spa
of approximately 134,000 square fee
(12,449 square meters), and contains a vari
of milling machines, vertical and horizonta
lathes, surface grinders, internal and extern
grinders and assorted saws, laser cutter w

TABLE  2.2.2.8–1.—Principal Buildings and 
Structures of Main Machine Shops

TECHNICAL 
AREA

PRINCIPAL BUILDINGS 
AND STRUCTURES

TA–3 Machine Shops:  3–39

Machine Shops:  3–102
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welders, welding operations, and measuring
equipment (Table 2.2.2.8–1).  The Uranium
Shop, TA–3–102, constructed in 1957, has a
total floor space of approximately 12,500 square
feet (1,161 square meters) and, like TA–3–39,
contains a variety of metal fabrication
machines. 

The turnings and fines from depleted uranium
fabrication result in a limited volume of
radioactive waste.  The use of depleted uranium
is restricted to Building TA–3–102.  While
depleted uranium represents the bulk of the
materials used, many other potentially
hazardous materials (with toxic and pyrophoric
characteristics) are used in this facility.  These
include materials such as beryllium and lithium
compounds.

Description of Capabilities

Historically, LANL has maintained a prototype
capability in support of research and
development for nearly all of the components
(parts) in nuclear weapons that are designed at
LANL.  The capabilities at the machine shops
complex are:  fabrication of specialty
components, fabrication using unique or exotic
materials, and  dimensional inspection of the
fabricated components.  Each of these activities
is described below.  The manner in which these
activities would vary among the alternatives are
described in chapter 3.

Fabrication of Specialty Components.  The
fabrication of specialty components is the
primary purpose for the existence of the
machine shops complex.  Specialty components
are unique, unusual, or one-of-a-kind parts,
fixtures, tools, or other equipment.  These
include components or equipment used in the
destructive testing, replacement parts for the
Stockpile Management Program, and
gloveboxes for a variety of applications.  

Fabrication Using Unique Materials.
Fabrication using unique or exotic materials is
one of the more important features of the

machine shops complex.  The list of unusual
unique materials routinely used include
depleted uranium, beryllium, and lithium (a
extremely reactive material) and its compound

Dimensional Inspection of Fabricated
Components. Dimensional inspection of the
finished component is a standard step in t
fabrication process and involves numero
measurements to ensure that the componen
of the correct size and shape to fit into i
allotted space and perform its intended functio

2.2.2.9 High Explosives Processing

The High Explosives (HE) Research an
Development and Processing Facilities a
located in parts of TA–8, TA–9, TA–11
TA–16, TA–22, TA–28, and TA–37
(Figures 2.2.2.9–1 through 2.2.2.9–8).  The
facilities were originally designed and built fo
production-scale operations during the early a
mid 1950’s and produced HE components f
nuclear weapons in the U.S. stockpile reser
for several years (Table 2.2.2.9–1).  LANL has
historically upgraded and modernize
processing equipment in these facilities 
provide prototype HE components to meet t
needs of the Nevada Test Site (NTS) progra
hydrodynamic tests at LANL, detonator desig
and production, and other HE activities.  Ov
the last few years, LANL has typically
fabricated an average of 1,000 to 1,500 HE pa
a year.  With reductions in funding, man
operations are being consolidated to reduce 
number of buildings that must be maintaine
and the number of workers required.  

Description of Facilities

TA–9 facilities with over 60,000 square fee
(5,574 square meters) of floor space support H
synthesis, formulation, and characterizatio
operations, as well as HE-related analytic
chemistry, safety testing, process developme
and stockpile surveillance.  TA–16 facilitie
with over 280,000 square fee
2–60
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FIGURE 2.2.2.9–1.—TA–8 High Explosives Processing.
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FIGURE 2.2.2.9–5.—TA–16 West High Explosives Processing.
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FIGURE 2.2.2.9–6.—TA–16 East High Explosives Processing.
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2–69

TABLE  2.2.2.9–1.—High Explosives Processing Facilities:  Identification of Principal
Buildings/Structures

TECHNICAL AREA PRINCIPAL BUILDINGS AND STRUCTURES

TA–8 Nondestructive Testing/Radiography:  8–22, 23, 24, 70
Storage, Radiography Sources:  8–65

TA–9 Offices, Laboratories:  9–21, 32, 33, 34, 35, 37, 38, 42, 43, 45, 46
Service Magazines:  9–22, 23, 24, 25, 26, 27, 208

Shop Buildings:  9–28, 214
Nuclear Materials Storage:  9–30

Solvent Storage:  9–31
Magazines:  9–36, 39, 44, 47, 49, 52, 53, 54, 55, 204

Thermal Cycle Facility:  9–40
HE Machining Building:  9–48

Receiving and Shipping Building:  9–50
Detonator Storage:  9–51

TA–11 Control Buildings:  11–2, 3, 4
Air Gun Building:  11–24

Drop Tower:  11–25
Vibration Test Building:  11–30

Air Compressor Building:  11–33
Magazine:  11–36

Weapon Burn Test Facility:  11–0

TA–16 Instrumentation, Testing:  16–54
Magazine:  16–58

Storage Buildings:  16–164, 208, 332
Dark Room:  16–222

Process Buildings:  16–260, 306
Rest Houses (HE Magazines):  16–261, 263, 267

HE Assembly/Rest House:  16–265
Inspection Building:  16–280

Rest House/HE Shipping:  16–281
Rest House/Museum:  16–283

Rest House/HE Receiving:  16–285
Mock Explosives Prep (being vacated):  16–300
Rest House/HE Environmental Testing:  16–301

Process Building (being vacated):  16–302
Rest House (being vacated):  16–303
Plastics Buildings:  16–304, 305, 307

Solvent Storage:  16–339
Explosives Process Building:  16–340

Rest Houses:  16–341, 345, 411, 413, 415, 435, 437

TA–22 Detonation Systems Laboratory 22-90, 91, 93
Solvent Storage Shed 22-95

HE Storage Building 22-66, 67, 68, 69
Advanced Development Laboratory 22-34

HE Process Building 22-8
Magazines 22-7, 22–15, 16, 17, 18, 19, 20, 21, 22, 23

TA–28 Magazines, Protective Force:  28–1, 2, 3
Magazine, Explosives:  28–4

Magazine:  28–5

TA–37 Standard HE Magazines:  37–2 through 26
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(26,013 square meters) of space support
formulation, casting, pressing, machining,
assembly, and a range of quality assurance
operations.  In addition, two beryllium
operations are performed at TA–16.  TA–11
comprises 12 buildings with 9,300 square feet
(864 square meters) in which various
environmental and safety tests are performed.
The four principal buildings at TA–22, known
as Los Alamos Detonator Facility (LADF),
contain 50,000 square feet (4,650 square
meters) supporting fabrication, testing, and
surveillance of explosive detonation systems.
In addition, LADF provides DOE-wide support
for packaging and transportation of electro-
explosive devices.  TA–28 and TA–37 are
magazine storage areas.  The HE facilities at
TA–8 occupy buildings with 14,500 square feet
(1,347 square meters) in which nondestructive
testing operations are performed. 

All existing HE fabrication structures meet
current applicable earthquake standards.
Structures containing HE and those in which HE
operations are conducted are constructed with
2-foot (0.6-meter) thick, steel-reinforced
concrete walls designed to mitigate the effects
of an accidental explosion.  Most facilities
include support areas for offices; break rooms;
restrooms; electrical equipment; heating,
ventilation, and air conditioning equipment;
maintenance; and in-process staging for
materials, components, tooling, and supplies.

TA–16 is categorized as a moderate hazard
facility because of the presence of chlorine and
a tritium facility.  (WETF, described in
section 2.2.2.2, is a separate “key” facility but
is in the same TA as some of the HE processing
facilities described here.)  Two projects related
to HE operations during the next 5 to 10 years
were analyzed in the Relocation of the Weapons
Components Testing Facility Environmental
Assessment (DOE 1995b) and in the
Environmental Assessment, High Explosive
Wastewater Treatment Facility (DOE 1995d)
(operational in October 1997).  Another project
is the TA–16 Steam Plant Conversion, a

maintenance and refurbishment project that w
completed and operational in September 199

Several permitted outfalls exist at TA–8, TA–9
TA–11, and TA–16.  These outfalls are slate
for modification as stated in the Effluent
Reduction Environmental Assessme
(DOE 1996c).  Six of the outfalls will be
eliminated completely, four outfalls are slate
for waste stream consolidation, two outfalls a
slated for outfall reduction, and one wi
decrease discharge rates as stated in the 
Wastewater Treatment Facility EA, and fou
will be decontaminated, but will continue t
discharge.  The disposition of the remainin
outfalls will not change.

The HE processing facilities include suppo
infrastructure for shipping, receiving, storag
packaging, and transportation.  All receivin
activities are conducted at TA–16, with storag
at TA–28 and TA–37.

These facilities also include disposal facilitie
that are permitted by the State of New Mexic
for disposal of HE waste and HE contaminat
materials.  A large flash pad is used to therma
remove HE contamination from other materia
prior to burial.  Two aboveground burning tray
are used to destroy HE scrap and residue.  T
sand filters remove water from sump sludge f
drying and burning.  One aboveground tra
burns oil contaminated with HE.  An incinerato
is available for disposal of trash from the H
areas; such trash is presumed to 
contaminated with HE due to association wi
HE processes.  All water is filtered for HE an
treated with activated carbon for solven
removal.  Chemical oxygen demand, suspend
solids, and acidity (pH) are measured prior 
authorizing release to the environment.  No
HE hazardous wastes and LLW are trucked
the LANL waste management facilities.

Description of Capabilities

The major HE processing activities and the
principal locations are described below.  Th
2–70
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manner in which these activities would vary
among the alternatives is described in chapter 3.

High Explosives Synthesis and Production.
These activities include explosive-
manufacturing capabilities such as synthesizing
new explosives and manufacturing pilot-plant
quantities of raw explosives and plastic-bonded
explosives.  These operations allow LANL to
develop and maintain expertise in explosive
materials and processes that are essential for
long-term maintenance of stockpile weapons
and materials.  Most of the HE synthesis and
small-scale production activities are conducted
at TA–9.  War Reserve detonator testing and
production is conducted at TA–22, as discussed
below under Research, Development, and
Fabrication of High-Power Detonators.

High Explosives and Plastics Development
and Characterization.  These activities
provide characterization data for any explosives
application in nuclear weapons technology.
Information on initiation and detonation
properties of HE coupled with non-HE
component information for modeling is
essential to the design and safety analysis of a
weapon.    These activities are conducted at
TA–9 and TA–40.  A wide range of plastic and
composite materials are used in nuclear
weapons such as adhesives, potting materials,
flexible cushions and pads, thermoplastics and
elastomers.  It is also necessary to have a
thorough understanding of the chemical and
physical properties of these materials to model
weapons behavior.  Most of the materials
characterization work is conducted at TA–9,
TA–16, and TA–40.

High Explosives and Plastics Fabrication.
HE powders are typically compacted into solid
pieces and machined to final specified shapes.
Some small pieces are pressed into final shapes,
and some powders, based upon their properties,
are melted into stock pieces.  Fabrication of
plastic materials and components is a core
capability associated with HE processing.
Efforts are focused on weapons needs, but a

wide variety of plastic and composite materia
may be fabricated.  Most of the HE and plasti
fabrication is performed at TA–9 and TA–16.

Test Device Assembly.  Test devices are
assembled, ranging from full-scale nucle
explosive-like assemblies (where fissil
material has been replaced by inert material)
material characterization tests.  Assemb
operations for the largest test devices a
performed in TA–16. Smaller test assembli
may be prepared at the explosives testi
support facilities at TA–9, TA–22, and TA–40
Radiography examinations of the final assemb
are done at TA–8.

Safety and Mechanical Testing.  Capabilities
exist for measuring mechanical propertie
of explosives samples, including tensile
compression, and creep properties (i.e., chan
of materials shapes over time).  Test assemb
can be instrumented with strain gages, press
gages, or other diagnostic equipment.  Saf
testing, such as HE handling tests, drop tes
and impact tests, are used to evaluate abnor
conditions.  Accelerated aging tests a
conducted at TA–9.  Most safety, mechanic
and environmental testing is conducted 
laboratory and test buildings at TA–9, TA–11
and TA–16.

Research Development and Fabrication of
High-Power Detonators.  Capabilities at
TA–22 include detonator design; printed circu
manufacture; metal deposition and joining
plastic materials technology; explosive
loading, initiation, and diagnostics; lasers; an
safety of explosives systems desig
development, and manufacture.  Detonato
cables, and firing systems for tests are built 
this program.  This also includes support to t
DOE complex for packaging and transportatio
of electro-explosive devices.

The LADF (Figure 2.2.2.9–9) (Buildings 90, 91
93, and 34) houses the research, developm
and fabrication capabilities for detonatio
systems.  This facility consists of three
2–71
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connected buildings, one of which, Building 90,
is an office wing connected to Building 91 by a
corridor.  Building 91 is designated as the inert
half of the facility, meaning there are no high
explosives processed there.  The printed circuit
manufacturing, cable fabrication, and
electronics work is done in this facility.

In Buildings 93 and 34, bulk explosive powder
is formed into detonator subassemblies and
incorporated into final assemblies that are then
measured, inspected, and prepared for storage
or test firing.   The area around the HE building
(93 and 34) is enclosed by a fence with a locked
gate, and access to the building is limited to
authorized personnel.  Small-scale testing
activities are also performed in Building 34.

A facility may be constructed in the future as a
separate detonator production facility.  This
action, which was analyzed in the Nonnuclear
Consolidation EA (DOE 1993), was delayed
from its original schedule; it is currently
uncertain when this action might be undertaken.

2.2.2.10 High Explosives Testing: 
TA–14 (Q-Site), TA–15 
(R-Site), TA–36 (Kappa-
Site), TA–39 (Ancho Canyon 
Site), and TA–40 (DF-Site)

The facilities that make up the explosives
testing operations are used primarily for
research, development, test operations, and
detonator development and testing related to
DOE’s stockpile stewardship and management
programs (Figures 2.2.2.10–1 through
2.2.2.10–7).  The firing sites specialize in
experimental studies of the dynamic properties
of materials under conditions of high pressure
and temperature.  The firing site facilities,
occupying approximately 22 square miles
(57 square kilometers) of land area, represent at
least half of the total land area occupied by
LANL (see Table 2.2.2.10–1).

Various radioactive and nonradioactiv
materials are used in the firing sites operation
Depleted uranium and plutonium metal are us
in some of the operations (plutonium in suc
operations is contained to prevent releas
Nonradioactive toxic or hazardous materia
may include beryllium, copper, aluminum, an
heavy metals.  Other materials used are solve
such as acetone, chlorinated hydrocarbo
toluene, xylene, or 1,1,1–trichloroethan
Sulfur hexafluoride is used as an insulating g
in specialized high-voltage equipment.

There are 13 permitted NPDES outfalls locat
at the firing site operations.  DOE plans 
eliminate one of these outfalls as described
the Environmental Assessment for Efflue
Reduction  (DOE 1996c).  

An ongoing construction project related to th
TA–15 firing site operations is the Dual Axi
Radiographic Hydrodynamic Test (DARHT
Facility, analyzed in the Dual Axis
Radiographic Hydrodynamic Test Facility
Final Environmental Impact Statemen
(DOE 1995c).  The first axis for this facility is
currently being installed and is expected to 
operational by the end of 1999.  The second a
is expected to be operational by the end of 20

Description of Facilities

HE testing activities are conducted in five TA
having a total of 13 associated firing sites.  (Th
number can change slightly over time.)  All o
the firing areas are located in remote locatio
on the Pajarito Plateau or within canyons of t
plateau.  Four of the areas are located on or 
below Threemile Mesa.  The nearest priva
residences to these four firing areas are in 
Royal Crest Trailer Park north of Sandi
Canyon located approximately 2 mile
(3.2 kilometers) to the north, and White Roc
approximately 4 to 6 miles (6.4 to
9.7 kilometers) to the southeast.  The followin
paragraphs contain descriptions of the fiv
firing areas.
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FIGURE 2.2.2.10–3.—TA–15 Central High Explosives Testing.
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FIGURE 2.2.2.10–4.—TA–15 East and TA–36 West High Explosives Testing.
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TABLE  2.2.2.10–1.—Principal Buildings and Structures of High Explosives Testing Facilities

TECHNICAL AREAS PRINCIPAL BUILDINGS AND STRUCTURES

TA–14 (Q-Site) Warehouse:  14–6
Magazines:  14–22, 24

Control Room, Make-Up Room, Laboratory:  14–23

TA–15 (R-Site) Firing Areas:  15–184, 185, 310
Weapons Testing Backup Facilities:  15–280

Ector Multidiagnostic Hydrotest Facility:  15–306
Firing Bunker:  15–44
Control Room:  15–45

Weapons Storage and Preparation:  15–41
Magazines:  15–42, 43, 241, 243

Make-Up Building, Short-Term Storage:  15–242
Storage, Laboratory:  15–20

Machine Shop:  15–50 
Laboratory:  15–194

Storage:  15–30
Pulsed-Power Laboratory and Shop:  15–203

Offices Buildings:  15–40, 183, 305

TA–36 (Kappa-Site) Offices, Laboratories:  36–1, 48, 84
Control Buildings:  36–3, 6, 8, 12, 107, 120
Preparation Buildings:  36–4, 5, 7, 11, 82

Magazines:  36–9, 10, 83
Firing Box:  36–21

Pixy Facility:  36–86
Oil Tanks:  36–141, 142

TA–39 (Ancho Canyon Site) Main Office, Laboratories, Shops:  39–2
Magazines:  39–3, 5, 77
Trim Building:  39–4

Firing Sites:  39–6, 57, 88
Gas Gun Facility:  39–56

Storage and Assembly Building:  39–62
Gun Room, Instrument Room:  39–69

Gas Gun Support Building:  39–89
Shop:  39–98

Pulsed-Power Building:  39–111
Storage:  39–137, 138

Bunkers:  39–56, 95, 97
Experiments:  39–67

TA–40 (DF-Site) Offices, Laboratories:  40–1
Machine Shops:  40–23
Gas Gun Facility:  40–9

Firing Sites:  40–4, 5, 8, 9, 15
Preparation Rooms:  40–3, 6, 11, 12, 14

Magazines:  40–2, 7, 10, 13, 36, 37, 38, 39, 40
Laboratory Building:  40–41



LANL SWEIS

nt

t
s
g
nt
ld
l,
e.

are
e

e
t

,
ic
hic
s.)

es
n
ce
e
d
g

o
ad
f
 A
e
ds
t.

r
in
d
of
d
so
ho
The major use of the TA–14, Q-Site, firing area
is testing quantities of energetic materials (such
as HE) that exceed the safety limits for these
materials indoors at TA–9.  Two firing sites are
available at the Q-Site firing area.  Up to
100 pounds (45.4 kilograms) of HE per test
may be fired at this area.  Characterization tests
to determine the chemical and physical
properties of energetic materials used to model
weapons behavior are conducted at this site.
DOE has applied for a RCRA permit for the
disposal of explosives and explosives-
contaminated materials at Q-Site by either
detonation or by burning.  Currently, waste
disposal is performed under RCRA interim
status requirements by either detonation or by
burning.   

TA–15, R-Site, contains three firing sites:
Pulsed High-Energy Radiation Machine
Emitting X-Rays (PHERMEX) facility,
DARHT Facility, and R306, a general purpose
firing site.  The PHERMEX facility is capable
of producing high-resolution x-ray pictures of
very dense, fast-moving materials and is used
primarily for weapons studies.  The PHERMEX
firing site is used for full-scale, multidiagnostic
hydrodynamic tests and for smaller scale
experiments, such as the study of HE or
materials driven by HE that might require fast,
high-resolution, high-intensity radiography.
The firing site can handle up to 154 pounds
(70 kilograms) of explosives on the firing
runway in front of machines.  Charges up to
1,600 pounds (730 kilograms) or more of
explosives may be detonated at points east of the
runway (at greater distance from the
PHERMEX machine).  All of the buildings
adjacent to the firing site are constructed of
heavily reinforced concrete. 

The DARHT facility is currently under
construction near the PHERMEX firing site.
When completed, the DARHT facility will
provide dual axis, multiple exposure
radiographs at the highest penetration and
resolution available for the study of devices and
materials under hydrodynamic conditions.  This

facility will be used primarily in support of
DOE’s Stockpile Stewardship and Manageme
Programs.

The third firing site at TA–15 is located a
building R306.  Currently, the R306 firing site i
used for nonradiographic studies.  This firin
site and the nearby IJ firing site are curre
candidates for redevelopment and wou
probably continue to be used only for electrica
mechanical, and optical studies in the futur
The IJ site is currently in safe standby. 

Both open-air and contained explosives tests 
performed at TA–15 as described in th
DARHT EIS (DOE 1995c) and ROD
(60 FR 53588).

TA–36, Kappa-Site, contains four activ
firing sites.  A variety of diagnostic equipmen
is available at the four firing sites. A
number of 2.3-million electron volts,
600-kiloelectronvolts, 450-kiloelectronvolts
and 150-kiloelectronvolts flash radiograph
systems are also available.  (These radiograp
systems may also be used at other firing site
In addition to providing support for DOE
nuclear weapons programs, the explosiv
testing and firing facilities at TA–36 are ofte
used for a wide variety of nonnuclear ordnan
testing for the U.S. Department of Defens
(DoD).  These tests may include warhea
development, armor and armor-defeatin
mechanisms, explosives vulnerability t
projectile and shaped-charge attack, warhe
lethality studies, and the safety implication o
shock waves on explosives and propellants. 
total of 700 to 1,200 experimental firings ar
performed annually, using up to 5,000 poun
(2,270 kilograms) of explosives in a single tes

The Ancho Canyon Site, TA–39, is used fo
studying high-energy-density properties 
experiments using explosives-driven pulse
power.  Various phenomenological aspects 
explosives, interactions of explosives, an
explosions acting on other materials are al
investigated.  Gas guns are located at Anc
2–82
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Canyon for the testing of inert materials.
Typically, open air detonation is used, and up to
4,400 pounds (2,000 kilograms) of explosives
may be used in a single test.  In the past,
contained testing involving plutonium was
performed here.  DOE may perform such testing
again in the future.

Firing sites TA–39–6 and TA–39–88 typically
support high-explosives-driven, pulsed-power
experiments to study high-energy-density and
high magnetic fields for stockpile stewardship,
basic research, or other applications.  These
firing sites also can be used for other HE
experiments in materials phenomenology.  The
pulsed-power experiments usually involve HE
detonations and high-voltage, energy-storage
capacitor bank discharges.  Currently, for
operational efficiency TA–39–6 is the principal
firing site used for HE experiments for the
National High Magnetic Field Laboratory,
though both sites can be used for such
experiments.  The firing sites at TA–39 and the
gas guns are used to measure the characteristics
of weapons materials driving by HEs.  Tests
associated with proliferation control and
verification activities are performed here also.
Equation-of-state experiments may also be
carried out at TA–39 to determine the properties
of materials at extreme conditions.

Three separate firing sites at TA–40, DF Site,
are used for general testing of explosives or
other materials and in the development of
special detonators to initiate HE systems.  One
site is used for the characterization of energetic
materials using two gas guns normally located
at TA–40.  Another site employs a containment
system in the study of small-scale experiments
(less than 22 pounds [10 kilograms] of HE).
The third site includes a laboratory for growth of
long HE crystals used to study the properties of
explosives.  The TA–40 facility has been used
for many years for the testing of HE and physics
experiments related to the nuclear weapons
programs.

Some experiments at TA–40 include detonati
of assemblies and configurations contributed 
other groups at LANL.  Experimenta
assemblies containing up to 55 poun
(25 kilograms) of explosives in various
diagnostic configurations are routinel
constructed and fired, while detonation o
charges of up to 110 pounds (50 kilograms) c
be studied. 

Description of Capabilities

The major categories of HE testing activitie
across the firing sites are described below.  T
manner in which these activities would var
among the alternatives is described in chapte

Hydrodynamic Tests.  A hydrodynamic test is
a dynamic, integrated systems test of a mock-
nuclear package during which the hig
explosives are detonated and the resulti
motions and reactions of materials an
components are observed and measured.  
explosively generated high pressures a
temperatures cause some of the materials
behave hydraulically (like a fluid).  Surrogat
materials are used to replace the actual weap
materials in the mock-up nuclear weapo
package, to ensure that there is no potential 
a nuclear yield.  Most hydrodynamic tests w
be conducted at TA–15, with some bein
conducted at TA–36.

Dynamic Experiments.  A dynamic
experiment is an experiment to provid
information regarding the basic physics o
materials or characterize the physical chang
or motion of materials under the influence of H
detonations.  Some dynamic experimen
involve SNM.  Most dynamic experiments wil
be conducted at TA–15 and TA–36, with som
experiments being conducted at TA–39 a
TA–40.  In the past, DOE has conducte
dynamic experiments using plutonium meta
DOE may perform such studies again in th
future at PHERMEX, DARHT, and othe
facilities.  As a matter of policy, dynamic
2–83
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experiments involving plutonium would always
be conducted inside containment vessels.

Explosives Research and Testing.  Explosives
research and testing activities are conducted
primarily to study the properties of the
explosives themselves as opposed to explosive
effects on other materials.  Examples include
tests to determine the effects of aging on
explosives, the safety and reliability of
explosives from a quality assurance point of
view, and fire resistance of explosives.  Select
explosive research and testing activities may be
performed at any of the HE testing sites.

Munitions Experiments.  Munitions
experiments are those tests conducted to study
the influence of external stimuli on explosives
(i.e., projectiles or other impacts).  These studies
include work on conventional munitions for
DoD.  Most of the munitions experiments are
expected be performed at TA–36, yet any of the
other firing sites may be used as required.

High Explosives Pulsed-Power Experiments.
High explosives pulsed-power experiments are
those tests conducted to develop and study new
concepts based on the use of explosively
driven  electromagnetic power systems.  These
experiments will be conducted primarily at
TA–39.

Calibration, Development, and Maintenance
Testing.  Calibration, development, and
maintenance testing are those experiments
conducted primarily to prepare for more
elaborate tests, and include tests to develop,
evaluate, and calibrate diagnostic
instrumentation or other systems.  The
calibration, development, and maintenance
testing activities will be concentrated at TA–15
and TA–36, but may involve any of the HE
testing sites.

Other Explosives Testing.  Other explosives
testing includes such activities as development
of advanced HE and/or work to improve
weapons evaluation techniques.  Any of the HE

testing sites may be used for select testi
activities.  

2.2.2.11 Los Alamos Neutron 
Science Center (TA–53)

LANSCE is the name applied to a group o
facilities located at TA–53 (Figures 2.2.2.11–
through 2.2.2.11–3).  Initial construction of the
original facility (then called the Los Alamos
Meson Physics Facility, or LAMPF) was
completed in 1970, and it remains one of t
highest powered and largest resear
accelerators in the world.  The LANSCE facilit
is located on a 750-acre (303-hectare) mesa 
area, contains approximately 400 buildings a
other structures, and houses abo
700 personnel (Table 2.2.2.11–1).  The numb
of personnel can increase by several hund
when the accelerator is in operation, 
additional scientists are on site to monitor a
participate in experiments.    

LANSCE is LANL’s major accelerator researc
and development complex.  The facilit
produces intense proton beams and sources
pulsed spallation neutrons for neutron resea
and applications.  The facility is composed of
high-power 800-million electron volt proton
linear accelerator (linac), a proton storage ri
(PSR), production targets at the Manuel Luja
Neutron Scattering Center (Manuel Luja
Center), and the Weapons Neutron Resea
(WNR) facility, and a variety of associate
experiment areas and spectrometers.  T
facility uses particle beams to conduct basic a
applied research in the areas of condens
matter science, materials science, nucle
physics, particle physics, nuclear chemistr
atomic physics, and defense-relate
experiments.  LANSCE also produces medic
radioisotopes.  As a National User Facility fo
research in condensed matter scienc
LANSCE hosts scientists from universities
industry, LANL, and other research facilitie
from around the world. 
2–84
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FIGURE 2.2.2.11–2.—TA–53 Los Alamos Neutron Science Center West.
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FIGURE 2.2.2.11–3.—TA–53 Los Alamos Neutron Science Center East.
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LANSCE has 375 administrative, technical,
physical support, and other buildings and
structures assigned a no hazard classification.
LANSCE also has 27 low hazard facilities.

Twenty-one of these are classified as low haza
because of their radionuclide inventory and fiv
due to potentially hazardous energy sourc
LANSCE also contains one Hazard Category
nuclear facility, the isotope production facility
within Building 53–003M (refer to
Figure 2.2.2.11–3).

LANSCE accounts for more than 90 percent 
all radioactive air emissions from LANL.  Thes
emissions come predominantly (greater th
95 percent) from stack ES–3, which ventilate
Building 53–003, the linear accelerato
and adjacent experimental stations.  Addition
emissions come from stack ES–2, whic
exhausts the PSR and experimental stations
the Manuel Lujan Center and WNR building
Both ES–2 and ES–3 are equipped wi
continuous monitoring equipment.  

TA–53 contains six NPDES-permitted an
NPDES-monitored outfalls.  All of these
outfalls discharge cooling tower blowdown
Three of the outfalls discharge into Los Alamo
Canyon.  The three remaining outfalls dischar
into Sandia Canyon, one of which is slated f
outfall reduction as part of LANL’s Outfall
Reduction Program.  Effluent from two of th
outfalls and from a former outfall has create
three wetland areas in TA–53.

Low-level radioactive liquid wastes produced 
LANSCE are collected and allowed to decay 
four underground tanks prior to discharge to
lined lagoon.  Two unlined wastewater lagoo
(no longer used) collected sanitary wastes pr
to construction of the sanitary waste treatme
facility at TA–46.  Traces of both radioactiv
and hazardous wastes have been discovere
the sludges in these lagoons, and they n
require a formal closure under RCRA
Radioactive solid wastes such as beam li
components and scrap metals, papers, a
plastics are also produced at LANSCE.  Sm
quantities of hazardous and toxic wastes such
liquid solvents, solvents on wipes, lead, an
solder are produced from accelerat
maintenance and development.

TABLE  2.2.2.11–1.—Principal Buildings and 
Structures of Los Alamos Neutron

Science Center

TECHNICAL 
AREA

PRINCIPAL BUILDINGS AND 
STRUCTURES

TA–53 Accelerators:

Linear Accelerator Injector:  53–003J  

Proton Beam Linear Accelerator:   53–003A 
through H

Linear Accelerator Switchyard:  53–003S

Accelerator Control Room:  53–004

Low Energy Demonstration Accelerator:   
53–365

Experimental Areas:

Experimental Area A:  53–003M

Experimental Area B:  53–003N

Experimental Area C:  53–003P

Neutrino Experiment Facility:  53–364

Short-Pulse Spallation:

Proton Storage Ring:  53–008

Proton Storage Ring Equipment:  53–028

Manuel Lujan Center Target, ER–1, Weapons 
Neutron Research Target #2:  53–007

40-Meter Experiment Station:  53–029

Manuel Lujan Center ER–2:  53–030

Weapons Neutron Research Target #4:  53–369

Major Laboratories:

High-Resolution Accelerator Beam, Detector 
Development Laboratory:  53–010

Accelerator Technology Laboratory (High-
Powered Microwave and Advanced 

Accelerator):  53–014

Weapons Neutron Research Support 
Laboratory:  53–015

Pulsed-Power and Structures  Laboratories:  
53–017

High-Powered Microwave, Injector and RF 
Laboratories:  53–018

Accelerator Technology Laboratory:  53–019

Other:

LANSCE Office Building:  53–001

Equipment Maintenance and Test Shop:  
53–002

“Orange Box” Office Building:  53–006

Office Building:  53–024

Office Building:  53–031

Manuel Lujan Center Office Building:  53–622
2–88
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Support activities at TA–53 provide for facility
and plant operating and engineering services,
environment, safety, and health services and
oversight, site and building physical security,
visitor control, and facility specific training.

Description of Facilities

The heart of TA–53 is the linear accelerator, or
linac, itself, Building 53–003.  It is more than
0.5 mile (0.8 kilometer) in length, and has
316,000 square feet (29,390 square meters) of
floor space.  The building contains equipment to
form hydrogen ion beams (protons and negative
hydrogen ions), and to accelerate them to
84 percent of the speed of light.  Ancillary
equipment is used to transport the ion beams,
maintain vacuum conditions in the beam
transport system, and provide ventilation and
cooling.  Creating and directing the ion beam
requires large amounts of power, much of it
ultimately removed as excess heat.  The beam
tunnel itself is located 35 feet (11 meters) below
grade (i.e., below the ground) to provide
radiation protection.  Above-surface structures
house radio frequency power sources used to
accelerate the beam. 

In the linear accelerator, an 800-million electron
volt proton beam is generated in three stages.
The linear accelerator has the capability to
simultaneously accelerate both H+ and H- ion
beams.  In the first stage, three injectors
(Building 53–003J) generate ionized H+ or H-

beams, which are accelerated to 4 percent of the
speed of light (corresponding to an energy level
of 0.75 million electron volts).  

The second stage (Building 53–003A) consists
of a 203-foot (62-meter) series of drift-tube
linear accelerator sections.  By alternately
exposing the proton ion beam to, and shielding
it from, an externally generated electromagnetic
field, ions are accelerated and exit this second
stage at 43 percent of the speed of light
(corresponding to an energy level of 100 million
electron volts).  

The third stage (Buildings 53–003B throug
53–003H) consists of a 2,400-foot (731-mete
long side-coupled cavity accelerator.  Ions e
at 84 percent of the speed of light with an ener
level of 800 million electron volt (Allred and
Talley 1987, pp. 10-13).  

The ion beam then enters a switchya
(Building 53–003S), where the H+ and H-

beams are split and directed to Experimen
Areas A, B, C, WNR Building, and/or the PSR
The PSR converts the negatively charged be
into short (250 nanoseconds) intense pulses
protons.  These pulses are delivered to 
Manuel Lujan Center neutron production targ
at a rate of 20 per second.

At present, the 800-million electron volt linea
accelerator is the only operating proton beam
TA–53.  This will change when the Low-Energ
Demonstration Accelerator (LEDA) become
operational in late 1998.  The environment
impacts of this facility were analyzed in th
Low-Energy Demonstration Accelerato
Environmental Assessment (DOE 1996b).
LEDA will generate lower-energy protons
(40-million electron volts as compared to th
800-million electron volt beam discusse
above), but at a much higher beam curre
(200 milliamps versus 1).  LEDA operation
will be conducted in Building 53–365.

Description of Capabilities

The  major categories of LANSCE activities a
described below.  The manner in which the
activities would vary among the alternatives 
described in chapter 3.

Accelerator Beam Delivery, Maintenance,
and Development.   Generation and delivery o
the proton ion beams requires significa
development and maintenance capabilities 
all components of the 800-million electron vo
accelerator, including the ion sources an
injectors, the mechanical systems in th
accelerator (including cooling water), a
systems for the PSR and its associated tran
2–89
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lines, and beam diagnostics in the accelerator
and transfer lines.  Beam development activities
include beam dynamics studies, and design and
implementation of new capabilities.  This
activity requires the coordination of many
disciplines, including accelerator physics,
high-voltage and pulsed-power engineering,
mechanical engineering, materials science,
radiation shielding design, digital and analog
electronics, high vacuum technology,
mechanical and electronics design, mechanical
alignment, hydrogen furnace brazing,
machining, and mechanical fabrication. These
activities take place throughout Building
53–003 (800-million electron volt accelerator),
and in Buildings 53–008/028 (PSR), 53–365
(LEDA), 53–002 (equipment maintenance and
test shop), and Line D (Manuel Lujan Center
and WNR). 

The short-pulse spallation source enhancement
will result in higher neutron flux and greater
beam availability from experimenters in WNR
and the Manuel Lujan Center.  (This project was
categorically excluded from further NEPA
review.)  The upgrade would enhance the
existing H+ beam and the PRS to operate at
200 microamps and 30 hertz (versus the current
70 microamps at 20 hertz) and will add
from five to seven new neutron-scattering
instruments to the Manuel Lujan Center.  All
modifications will occur within existing
buildings.

Experimental Area Support.  Experiments
using proton and neutron beams are conducted
by personnel from the LANSCE and Physics
Divisions, other LANL organizations, and other
users such as scientists from universities, other
laboratories, and the international scientific
community.  These beam users require support
from TA–53 personnel, whether preparing for,
performing, or closing out their experiments.
This support capability focuses on the
maintenance, improvement and operational
readiness of the high intensity beam line
(Line A) and associated secondary beam lines
and experimental areas at LANSCE.  This

requires the specification, engineering, desi
utilizing computer-aided design (CAD)
fabrication (often using computer-aide
manufacturing), installation, and checkout an
maintenance of various beam line compone
(and their controls and interlocks) including
particle production targets, uncooled and wate
cooled devices such as magnets, beam sto
vacuum enclosures and beam collimators (fix
and movable), and absorbers.  

Support also includes:  the design, operatio
and maintenance of remote handling syste
for highly activated components; the handlin
and transportation (usually for disposal) o
highly activated components; and th
specification, engineering, design an
installation of radiation shielding.   Shieldin
activities include Monte Carlo shielding
calculations and heavy equipment (bridg
cranes and forklifts) operation.  

Support activities occur in all of the
experimental support areas:  A (Buildin
53–003M), B (53–003N), C (53–003P), Manu
Lujan Center (53–007, 53–029, and 53–03
WNR (53–007 and 53–369), and the neutrin
experiment hall (53–364).

Radiofrequency Technology and Operatio.

The 800-million electron volt and LEDA
accelerators require large power sources, a
both are supplied at TA–53 by radiofrequenc
(RF) power sources.  The capability to desig
fabricate, operate, and maintain RF systems 
accelerators and other applications is 
important support function for LANSCE
operations.  This capability also provides the R
systems, including state-of-the-art fast feedba
controls and high-power klystron amplifier
used in electron accelerator projects and oth
advanced accelerator concepts at TA–53.  
technology development also suppor
microwave materials processing and RF syst
design.  Design work includes determinin
optimal systems for very high-powe
continuous-duty systems for applications su
as accelerator production technology.
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RF power generation for the 800-million
electron volt accelerator primarily occurs in the
above-surface portions of Building 53–003,
Sectors A through H, and will occur in Building
53–365 for LEDA.

Neutron Research and Technology.
Fundamental research is conducted on the
interaction of neutrons with various materials,
molecules, and nuclei to advance condensed
matter science (including material science and
engineering and aspects of bioscience), nuclear
physics and LANL’s capability in the study of
dynamic phenomena in materials.  Applied
neutron research is conducted to provide
scientific and engineering support to weapons
stockpile stewardship and nonproliferation
surveillance.  Efforts include resonance neutron
spectroscopy and neutron radiography.
(Radiography using protons rather than
neutrons is discussed below under Subatomic
Physics Research.)  Research is also performed
to develop instrumentation and diagnostic
devices by scientists from universities, other
federal laboratories, and industry.

Accelerator-Driven Transmutation
Technology.  This research area probes the use
of a fundamentally different approach to the
management of nuclear waste by using an
accelerator beam to convert plutonium and
high-level radioactive wastes into safer
elements.  Planned experimental progression
will start by performing tests to establish a
technology base for materials handling and
operation of liquid lead spallation neutron
targets, including the assembly and testing of a
Russian built lead/bismuth target (using a
1-megawatt target/blanket, expected to be
categorically excluded from further NEPA
review by May 1, 1998).  This liquid lead
technology could then be used to construct a
target/blanket assembly for low-power (up to
5 megawatts) experiments with representative
fission products and fissionable materials.
These experiments will allow measurement of
the production and removal of spallation
products and fission products, and the testing of

transmutation effectiveness in differen
configurations.  

Subatomic Physics Research.  Historically, a
wide variety of subatomic physics research w
conducted at this accelerator facility.  Currentl
experiments are conducted at the Liqu
Scintillator Neutrino Detector Facility
(Building 53–364) in conjunction with severa
universities.  Atomic parity nonconservatio
experiments are conducted in Area A.  The
use a thin target to produce unstable isotop
and detectors to measure their propertie
Research built on subatomic physics techniqu
and knowledge is also developing th
technology for, and use of, neutron and prot
radiography for stockpile stewardshi
applications.  Experiments to date have be
directed at radiographing static objects usi
WNR and small, contained dynami
experiments in Line B, utilizing appropriate
locations for access to the proton beam.  The
experiments have demonstrated the utility of t
technique and provide data on explosiv
behavior.  Experiments take place in Line C
which allows room for continued dynami
materials research studies and techniq
development.  This research include
development and demonstration of advanc
detectors.

Medical Isotope Production.  The 800-million
electron volt accelerator proton beam is used
produce radioisotopes used by the medic
community for diagnostic procedures
therapeutic treatment, clinical trials, an
biomedical research.  Nearly 40 differen
medical radioisotopes have been produced a
shipped in the 20 years of production at LANL
During 1995, for example, 75 shipments we
made to user facilities in nine countrie
including France, Germany, and Australia.

Isotopes are currently produced at the Isoto
Production Facility (IPF), at the linea
accelerator beam stop in Area A
(Building 53–003M).  The IPF currently make
use of that portion of the proton beam that is n
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consumed by and used for proton and neutron
experiments and research.  The IPF has nine
independent stringers or target stations.  A small
amount of target material is loaded onto each
movable stringer, and the stringer is inserted
into the proton beam path.  Remote handling
equipment and water-cooled targets are required
due to the high radiation levels (up to 50,000
roentgen per hour) and temperatures (up to
1,832oF [1,000oC]) generated by the spallation
process.  Isotope production and facilities will
be relocated to a new 100-million electron volt
station in an add-on to Building 53–003B.  This
change will result in more selective and more
efficient isotope production and the generation
of fewer byproduct isotopes (as compared to the
current use of the 800-million electron volt
beam).

 are transported from TA–53 to the
Radiochemistry Facility in TA–48 (described in
section 2.2.2.13) for recovery of the desired
radioisotopes from the target material.  

High-Power Microwaves and Advanced
Accelerators.  High-power microwave research
and experiments, mostly conducted in Buildings
53–014 and 53–018, occur in a number of
technology areas:  (1) high-power microwave,
RF, and electromagnetic pulse sources that
typically use multi-kiloampere, relativistic
electron beams; (2) future linac power sources
and directed energy; (3) explosively driven
high-power microwave and RF systems for
defense applications; (4) intense beam physics
and modeling for application to high-power
microwave source development; (5) high-
power, free-electron lasers based on
high-brightness electron accelerators; (6) high-
brightness accelerator as a driver for an extreme
UV source for lithography; (7) high-
performance ground penetrating radar for
environmental remediation; (8) application of
high-power microwaves to industrial
processing, such as chemical catalysis and
environmental remediation; (9) microwave and
electromagnetic pulse vulnerability and effects
testing of weapons systems; (10) novel

high-power microwave sources based on sho
compression of solid materials; (11) advanc
pulsed-power modulator developmen
(12) development of room-temperature an
superconducting RF linac structures; an
(13) development of advanced electro
accelerators.  Research also will be conducted
support development of the spallation neutr
source (as discussed in chapter 1, section 1.5

2.2.2.12 Health Research Laboratory 
(TA–43)

The Health Research Laboratory (HRL
complex within TA–43 includes the main HRL
and 13 support buildings and facilitie
(Figure 2.2.2.12–1 and Table 2.2.2.12–1).  T
Life Sciences Division is the primary occupan
of TA–43 and is responsible for manageme
and safety measures, procedures, and mos
the research and experimental science activit
at HRL.  Three of the support buildings an
structures have low hazard classifications.  HR
is designated a low hazard as a radioact
material source and low hazard as a chemi
source facility.  One transportable buildin
houses lasers and is designated low hazard a
energy source, and a safety storage shed wh
chemical waste is stored is assigned a lo
hazard as a chemical source.  The oth
buildings have no hazard classification.

TABLE  2.2.2.12–1.—Principal Buildings and 
Structures of the Health Research Laboratory

TECHNICAL 
AREA

PRINCIPAL BUILDINGS AND 
STRUCTURES

TA–43 Offices, Laboratories:  43–1, 20, 24, 37

Sewage Lift Station:  43–10

Storage:  43–12, 28, 36, 46

Cooling Tower:  43–44

Computer/Instrument Assembly Building:  
43–45

Chemical Storage Sheds:  43–47, 49, 61
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Description of Facilities

Research areas in HRL focus on trying to
understand the relationships between energy
and health by studying the effects of different
types of radiation and chemicals on cells and
subcellular components.  This research is
important to DOE because of its work in nuclear
fission and fossil fuels, both of which generate
byproducts that can affect human health by
damaging deoxyribonucleic acid (DNA) and
can lead to carcinogenesis.   

Small quantities of many toxic and hazardous
chemicals are transported to and used in
research projects at HRL.  They include
solvents, flammable materials, dilute suspect
carcinogens, certain recombinant biological
preparations, and compressed gasses.  There are
four low-level radioactive sources used for the
irradiation of samples:  two cesium-137 sources,
one cobalt-60 source, and one plutonium-238
source.  In addition, several sealed sources of
depleted uranium (uranium-238) are used to
check personnel monitoring equipment.
Radioisotope-labeled compounds are also used
in small volume operations and include
phosphorus-32, phosphorus-33, and sulfur-35.
All are short-lived (half lives in days) beta
emitting radionuclides.  Radioactive wastes are
typically allowed to decay before being
discarded.  Operations at HRL may involve
samples that contain radionuclides as well as
dilute suspect carcinogens and other hazardous
chemicals.    

Chemical and radiological wastes produced at
HRL are disposed of through LANL’s waste
management system.  Animal tissues and
carcasses are identified as infectious medical
wastes and are disposed of as medical wastes
(biohazard) through an off-site commercial firm
that destroys such waste.  All cells, subcellular
materials, and culture media are sterilized and
then disposed of along with solid wastes at the
Los Alamos County Landfill.  Wastes from the
animal colony are also disposed of as
administrative wastes in the Los Alamos

County Landfill because the animals are n
used as hosts for disease organisms and in
animals are not treated with radioactiv
materials (the animal colony has rats, mic
rabbits, and similar small mammals, but n
primates or large mammals).  Wastewater fro
animal colony  cleaning operations is dispos
of into the sanitary sewage system.  All of th
research activities at HRL produce low volume
of waste. 

There is one outfall associated with HRL, and
discharges cooling water from lasers into L
Alamos Canyon.  The Life Sciences Division 
considering the elimination of this outfall an
discharging cooling water instead to the Lo
Alamos County Sewage Treatment Facilit
Further NEPA review would be prepared fo
any such proposal.

Because of its location, utilities (gas, water, a
electricity) are delivered to HRL from Los
Alamos County distribution systems.  Thes
delivery systems are metered, unlike most of t
other facilities at LANL.

Description of Capabilities

The capabilities at HRL are described below.

Genomic Studies.  These studies are directed a
understanding the organization, replication, a
regulation of complex genomes.

Cell Biology.  Activities are directed at
understanding how whole cells respond 
insults from the environment, including
ionizing radiation and oxidants.

Cytometry.  Activities focus on developing,
refining, and applying laser-based techniqu
for imaging and analyzing biological materia
such as whole cells and subcellular organelle

DNA Damage and Repair.  Studies involve
how DNA is damaged and how it is repaired.

Environmental Effects.  Studies involve the
ecology of microbes and how the DNA an
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protein components in microbes are changed as
a result of changes that humans introduce into
the environment.

Structural Cell Biology.  These are activities to
understand the structure, functions, and
interactions of subcellular structures and
biological macromolecules.

Neurobiology.  These activities include studies
of the functions of the human brain, using
magnetic waves generated by the brain to map
the areas that become active as the brain
receives certain sensory stimuli and goes
through thinking/reasoning activities.

In-Vivo Monitoring.  This activity provides a
service to other LANL operations.  Extremely
sensitive detection equipment measures photons
emitted by the bodies of workers to determine
whether they have inhaled any radioactive
material.

2.2.2.13 Radiochemistry Facility 
(TA–48)

The Radiochemistry Facility at TA–48 was
constructed from 1955 through 1957.  The entire
TA covers 116 acres (47 hectares), but the main
buildings are enclosed behind a security fence
on 8.6 acres (3.5 hectares) (Figure 2.2.2.13–1).
TA–48 contains five research buildings:
the Radiochemistry Laboratory (48–1),
the Isotope Separator Facility (48–08),
the Diagnostic Instrumentation and
Development Building (48–28), the Advanced
Radiochemical Diagnostics Building (48–45),
and the Analytical Facility (48–107)
(Table 2.2.2.13–1).  

The Radiochemistry Facility is a research
facility that fills three roles.  Research supports
environmental management projects (e.g.,
Yucca Mountain Project, plutonium
stabilization), catalysis, basic energy, and other
scientific endeavors.  Chemistry research is
performed in the areas of inorganic, actinide,

organometallic, environmental, geochemist
and nuclear chemistry.  The Radiochemist
Facility is also a production facility, using th
hot cell in Building 48–01 to separate an
package radioisotopes needed and us
by researchers, physicians, hospitals, a
pharmaceutical companies all over the worl
In a typical year, the LANL isotopes program
makes more than 150 shipments of up to 
different isotopes, some of which are availab
only from LANL.  In addition, the facility
provides services to other LANL organization
(e.g., samples are analyzed at TA–48 as par
the environmental surveillance program).    

Description of Facilities

Building 48–01 is a Hazard Category 3 nucle
facility, and the other four laboratory building
are classified as low-level radiological hazar
Twenty-six other structures are classified as 
hazard, including trailers, transportab
buildings, metal sheds, office buildings, an
storage facilities.   

The Radiochemistry Laboratory is a single
story building with a basement and a penthou
With  slightly more than 100,000 square fe
(9,300 square meters) of floor space, Buildin
48–01 is divided into several wings for differin
types of research: 

• Laboratory wings for light chemical 
analysis and research

TABLE  2.2.2.13–1.—Principal Buildings and 
Structures of the Radiochemistry Facility

TECHNICAL 
AREA

PRINCIPAL BUILDINGS AND 
STRUCTURES

TA–48 Radiochemistry Laboratory:  48–1
Isotope Separator Facility:  48–8
Diagnostic Instrumentation and 
Development Building:  48–28

Advanced Radiochemical Diagnostics 
Building:  48–45

Analytical Chemistry Facility:  48–107
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• A hot cell for the separation, packaging, 
and shipment of radioisotopes to medical 
facilities, research institutions, and 
pharmaceutical firms

• An alpha wing for research with plutonium 
and other alpha-emitting radionuclides

• A counting wing, which houses detectors 
and equipment for the assay of radioactive 
samples.  There is also an office wing and a 
secure wing for historical weapons data.  
Most radiochemical research is conducted 
on the main floor, although a few 
laboratories are located in the basement.  
The basement also houses utilities, support 
systems, and ventilation exhaust fans and 
ductwork.  Ventilation intake fans and 
heating and cooling units are located in the 
penthouse. 

Three exhaust stacks at Building 48–01 are
continuously sampled for radioactive emissions
in accordance with requirements of the EPA’s
National Emission Standards for Hazardous Air
Pollutants (NESHAP):  FE–7 (hot cell), FE–54
(the alpha wing), and FE–60 (hot cell dilution
bench).  Building 48–01 also discharges cooling
tower waters through three outfalls into
Mortandad Canyon.

Research at the Isotope Separator Facility
(48–08) includes the separation and collection
of radioactive isotopes for analytical
quantification and the development of
equipment used for isotope separation.
Building 48–28 has two laboratories; one
houses five laser systems and two mass
spectrometers used for environmental research
experiments, and the other is used to analyze
radioactive water samples.  

The Advanced Radiochemical Diagnostics
Building (48–45) contains 11 chemistry and 7
instrument laboratories.  These laboratories are
clean rooms designed to minimize the effect of
environmental factors on the accuracy of
isotope measurements for experiments in solar

physics, geosciences, biology, and atmosphe
science.  

The Analytical Chemistry Facility (48–107
contains four light chemistry laboratories an
a laser laboratory and is used to suppo
environmental research, catalysis research, a
inorganic chemistry. 

Description of Capabilities

There are several services and capabilit
available at TA–48:  radionuclide transpo
studies, environmental restoration suppo
ultra-low-level measurements, nuclear an
radiochemistry, high-level beta/gamm
chemistry, actinide TRU chemistry, dat
analysis, inorganic chemistry, structura
analysis, and sample counting.  Each of thes
described below.  The manner in which the
activities would vary among the alternatives 
described in chapter 3.

Radionuclide Transport.  Numerous chemical
and geochemical investigations are undertak
that address concerns about hydrologic flow a
transport of radionuclides.  Areas of stud
include the sorption (binding) of actinides
fission products, and activation products 
minerals and rocks, and the solubility an
speciation of actinides in various chemic
environments (e.g., environments associat
with waste disposal).  These studies are pai
with the development of models to evaluate, f
example, the parameters for performan
assessment of mined geologic disposal syste

Environmental Remediation.  Environmental
remediation capabilities at TA–48 fall into two
categories:  characterization and remediation
soils contaminated with radionuclides and tox
metals; and data analysis and integrated s
wide assessment.  In characterizing a
remediating soils contaminated wit
radionuclides and toxic metals, a majo
objective is to minimize the generation of larg
volumes of metal- and radionuclide
contaminated soils.  The objective of da
2–97
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analysis and integrated side-wide assessment is
to accelerate remediation through improved
sampling schemes, clearer and more efficient
evaluation of characterization data, and more
effective tools for assigning priority to cleanup
targets.

Ultra-Low-Level Measurements.  Isotopic
tracers and high-sensitivity measurement
technologies have been developed to support
the U.S. nuclear weapons program.  The
isotopic tracers can include both radioactive and
nonradioactive isotopes, with emphasis on the
nonradioactive.  Some are commercially
available, and some can be produced at LANL.
The research staff also specializes in developing
analytical techniques for a variety of problems
in nuclear, environmental, and biological
sciences.

Mass spectrometers detect and analyze samples
as small as one-thousandth of one-billionth of a
gram.  Chemical separation procedures to
isolate the element to be measured are
conducted in a chemistry laboratory specially
designed to keep the sample from being
contaminated by natural or man-made sources.
This technique can determine both the source
and the amount of radioactive contamination.
For example, these efforts allow determination
of whether radiation in an environmental
sample results from contamination from a
nearby nuclear reactor or from radioactive
fallout from global weapons testing.  LANL
researchers can also trace the migration of
radioactive contamination through the
environment.

Nuclear/Radiochemistry.  Activities under this
capability include developing radiation
detectors, conducting radiochemical
separations, and performing nuclear chemistry.
Development, calibration, and use of radiation
detectors include the use of off-the-shelf
systems for routine measurement of
radioactivity and development of new radiation
detection systems for a number of special

applications.  LANL conducts both routine an
special separations of radioactive materia
from other radioactive species and stab
impurities.  These experiments have provid
support to Hanford waste tank treatme
activities and production of medical isotope
Separations are based on traditional approac
that use commercially available ion-exchang
media, extractants, and other reagents.  LAN
also develops new separations based 
experimental chemical systems, usin
radioactive tracers to synthesize the chemic
and to characterize their performance.

Nuclear chemistry efforts use exotic laser-bas
atom traps for probing the interactions of ener
and atoms in energy regimes not easily acces
by other techniques.  This work require
conducting extensive laser spectroscop
handling of radioactive materials, an
interpreting the resulting data.  In other nucle
chemistry efforts, targets are irradiated an
isotopes are captured at LANSCE (described
section 2.2.2.11) or at off-site reactors 
produce specific radioactive isotopes.  The
isotopes are then separated from impurities, a
their neutron capture cross sections a
measured at TA–48.

Isotope Production.  This capability produces,
chemically separates, and distributes isotopes
the medical and industrial user communitie
TA–48 activities include preparing the targe
packages that will be irradiated to mak
isotopes, transporting these packages 
the LANSCE accelerator (described i
section 2.2.2.11), inserting them into th
proton beam, retrieving them from the beam
and transporting them back to TA–48.  Once t
target packages arrive back at TA–48, they a
disassembled and the target material is moved
a chemistry hot cell for processing to recover t
desired isotopes.  Post-irradiation activitie
associated with these targets must be carried
using remote handling techniques.  Separa
isotopes are packaged for shipment and 
distributed to customers throughout the world
2–98
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Actinide/Transuranic Chemistry.  The
activities in the alpha wing are essentially the
same as the radiochemical separations carried
out in the rest of the facility.  The materials
handled are actinides and transuranics (elements
with an atomic weight greater than that of
uranium [92]) that require the special safe-
handling environment provided in this wing.

Data Analysis.  Data analysis is the process of
taking information learned from all of the
measurements made on a material and putting it
into the context of the experimental design.
This process is a paper exercise that turns data
into useful information that will help answer
experimenters’ questions.

Inorganic Chemistry.  Inorganic chemistry
work at TA–48 includes two main categories
of activities: (1) synthesis, catalysis, and
actinide chemistry and (2) development of
environmental technology.  The former
category includes chemical synthesis of new
organometallic complexes, structural and
reactivity analysis, organic product analysis,
reactivity and mechanistic studies, and
synthesis of new ligands for
radiopharmaceuticals.  Development of
environmental technology includes designing
and synthesizing ligands for selective extraction
of metals, soil washing, development of
membrane separators, photochemical
processing, and ultrafiltration.  Other work
involves oxidation reduction studies on uranium
and other metals for both environmental
restoration and advanced processing.

Structural Analysis.  Structural analysis at
TA–48 includes the synthesis, structural
analysis, and x-ray diffraction analysis of
actinide complexes in both single-crystal and
powder form.  This capability supports
programs in basic energy sciences, materials
characterization, stockpile stewardship, and
environmental management.

Sample Counting.  Sample counting, the
measurement of the quantity of radioactivity

present in a sample, is accomplished with
variety of radiation detectors, each customiz
to the type of  radiation being counted and t
expected levels of radioactivity.  All sample
counted in the counting facility are sealed item
that are placed inside appropriate detectors fo
specified period of time.  At the end of th
count, the data are automatically process
through the computer system and results a
presented to the users.  Other activities in t
counting room include system calibration
quality checks on system performance, a
corrective action when problems occur.

2.2.2.14 Radioactive Liquid Waste 
Treatment Facility (TA–50)

TA–50 is located near the center of LANL (se
Figure 2.2.2.14–1 and Table 2.2.2.14–1).  Its
62 acres (25 hectares) are the home for 33 to
waste management structures, including offi
trailers, tanks, storage sheds, and four buildin
Approximately 110 people participate in th
following waste management activities: 

• Treatment of radioactive liquid wastes 
• Decontamination of respirators, equipmen

instruments, vehicles, and waste items 
• Size reduction of TRU waste
• Characterization of TRU waste

As discussed in the SWEIS Notice of Intent, th
DOE had, at one time, proposed a construct
project to replace the aging RLWTF.  Given th

TABLE  2.2.2.14–1.—Principal Buildings and 
Structures of the Radioactive Liquid Waste 

Treatment Facility

TECHNICAL 
AREA

PRINCIPAL STRUCTURES 
AND BUILDINGS

TA–50 Radioactive Liquid Waste 
Treatment Facility:  50–1

Decontamination Trailer:  50–185
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cost of such a replacement facility, DOE
withdrew that project and initiated studies to
benchmark the “best in class” private-sector
radioactive liquid waste treatment options.  The
DOE currently is considering various options
for future liquid waste treatment, including the
benefits of a centralized versus a decentralized
approach (at the point of generation).  In
recognition of potential environment, safety,
and human health issues associated with
operations in an aging facility, as well as
compliance issues regarding the effluent from
the RLWTF, the DOE has been upgrading the
facility and treatment technologies utilized.
Upgrades have included retrofitting to upgrade
or replace tanks and pipes (which are now
double-walled), ventilation and air monitoring
systems, and a treatment system (discussed later
in this section).  Future upgrades or replacement
proposals would be subject to NEPA reviews
tiered from this SWEIS. 

Description of Facilities

Waste management operations at TA–50
principally take place at three facilities:  the
RLWTF, the Radioactive Materials Research,
Operations, and Demonstration (RAMROD)
Facility, and the Waste Characterization,
Reduction, and Repackaging (WCRR) Facility.
Activities in the RAMROD and WCRR
facilities are associated with TRU wastes, and
are described as part of the Solid Radioactive
and Chemical Waste Facility (described in
section 2.2.2.15).  

RLWTF (Building 50–01) is the largest
structure at TA–50 with 40,000 square feet
(3,720 square meters) under roof.   It is a Hazard
Category 2 nuclear facility.  Liquid wastes from
the plutonium facility at TA–55 (described in
section 2.2.2.1) are pre-treated in Room 60, then
added to influent tanks that collect radioactive
liquid waste from other LANL facilities.  These
combined liquid wastes are processed, then
collected in tanks, and, if in compliance with
regulatory standards, discharged into

Mortandad Canyon.  Improvements in treatme
technology (ultrafiltration/reverse osmosis) a
planned to come online by early 1999.  LLW
sludge from the chemical treatment step 
drummed and sent to TA–54 for disposal, whi
TRU sludge is solidified and sent to TA–54 fo
storage pending eventual disposal (described
section 2.2.2.15). 

The south wing of the basement of Buildin
50–01 houses equipment for th
decontamination of personnel respirators fro
LANL operations, vehicles, equipmen
portable instruments, precious metals, and sc
metal.  Decontamination solutions are drain
to influent tanks for radioactive liquid waste an
LLW treatment operations.  Decontaminatio
allows re-use of respirators and equipment, a
recycle of materials such as precious metals a
scrap metals.  It also reduces the volume 
wastes that must be disposed. 

The Lead Decontamination Trailer, Buildin
50–185, is located just behind the RLWTF
Here, contaminated lead bricks are subjected
a grit blast and subsequent water wash 
remove radioactive contamination.  Bricks a
then re-used within the laboratory.  Spent grit
packaged as solid LLW or TRU waste and se
to TA–54 for disposal or storage.  Was
solutions are drummed, sampled, an
transported to RLWTF for treatment.

There are seven concrete underground stor
tanks (USTs) adjacent to RLWTF.  These ran
in size from 2,600 to 75,000 gallons (9,840 
283,875 liters).  However, two of three existin
influent USTs were replaced by fou
aboveground steel tanks.  This 1.4-million
dollar modification to the tank farm
(Building 50–02) was completed in 1997.  Th
total influent holding capacity remains a
50,000 gallons (190,000 liters).  

Each of the three major buildings at TA–50 h
a stack for the discharge of equipment and
process room air.  Each of these stacks
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equipped with a continuous air sampling device.
Buildings 50–01 and 50–69 also have two
additional ventilation stacks each that are not
continuously sampled.

Approximately 5 million gallons (20 million
liters) of treated effluent are discharged
annually from RLWTF into Mortandad Canyon
via NPDES Outfall #051.  Discharges from
RLWTF into Mortandad Canyon have created a
small wetland area near this outfall. 

An estimated 3.68 million cubic feet
(103,000 cubic meters) of chemical,
radioactive, and mixed solid wastes were buried
from 1948 to 1974 in 7 pits and 108 shafts in
former Material Disposal Area (MDA) C.
MDA C covers 11.8 acres (4.78 hectares), is
completely fenced in, and is being investigated
as part of LANL’s ER Project.  Disposal pits and
shafts lie 1,300 feet (397 meters) above the main
aquifer.  Surface waters drain to the northeast
into Ten Site Canyon, a branch of Mortandad
Canyon.  There is no evidence of migration of
wastes from Area C (LANL 1992).

In response to the November 1997 report of the
DOE Inspector General on the RLWTF
(DOE 1997b), DOE prepared a “make or buy”
analysis of radioactive liquid waste collection
and treatment at LANL, focusing on possible
privatization of the RLWTF.  The DOE
concluded that the continued operation of the
RLWTF by LANL was the appropriate course
of action (Gurule 1998).

Description of Capabilities

Capabilities and operations performed at the
RLWTF include:  waste characterization,
packaging, and labeling; waste transport,
receipt, and acceptance; waste storage; liquid
waste pre-treatment and treatment; and material
decontamination.  Each of these is described
below.  The manner in which these activities
would vary among the alternatives is described
in chapter 3.

Waste Characterization, Packaging, and
Labeling.  Waste characterization is the proce
of identifying and quantifying constituents o
concern in waste streams, accomplished in o
of three ways.  The first, process knowledg
uses information in lieu of sampling an
analysis to characterize the waste.  The seco
radiological testing, employs techniques such
gamma spectroscopy, liquid scintillation, an
passive/active neutron scanning to determi
types and quantities of radionuclides in a was

The third is waste sampling and analysis, whi
depends on the ability to obtain representat
samples and on analytical reproducibility.  Th
three methods may also be used together w
characterizing a waste stream.

DOT regulations specify what types o
containers are acceptable for transporting ea
type of  waste and labeling requirements f
each type of container.  Waste generato
perform the initial packaging and labelin
operations, but waste management person
sometimes perform two other packagin
operations.  Waste may be overpacked to ens
container integrity (e.g., by placing a 55-gallo
drum into an 85-gallon drum).  Wastes can al
be repackaged to reduce storage a
transportation costs.  In this operation, was
management personnel either combine t
waste from a number of smaller containers in
a single container, or place smaller containers
waste into a larger container.

Waste Transport, Receipt, and Acceptance.
Liquid wastes travel from generator facilities t
the RLWTF at TA–50 by one of thee mode
Most radioactive liquid wastes are sent via 
underground pipeline system that transfe
liquids directly to RLWTF influent tanks.  Othe
generators, not connected by the undergrou
pipeline system, transfer their wastes into 
special tanker truck for delivery to the RLWTF
Generators of small quantities of radioactiv
liquid wastes drum their wastes, then truck t
drums to TA–50.
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Waste receipt and acceptance occurs with every
shipment of waste to a waste management
facility.  Activities typically include visual
inspection of vehicle and container, cross-
checking container labels and shipment
manifests, radiation surveys of the vehicle and
containers, and weighing of vehicles, and/or
containers.

Waste Storage.  Liquid and solid chemical,
radioactive, and mixed wastes are stored at both
TA–50 and TA–54.  At TA–50, wastes are
stored within the RAMROD Facility, adjacent
to the WCRR Facility, and within influent
storage tanks at the RLWTF.

Radioactive Liquid Waste Pre-Treatment.
Radioactive liquid wastes from TA–21
(described in section 2.2.2.2) are pre-treated at
Building 21–257 using pH adjustment (using
sodium hydroxide), flocculation (using calcium
hydroxide, ferric sulfate, and a polymer),
settling, and filtration.  Radioactive liquid
wastes from TA–55 (described in
section 2.2.2.1) are pre-treated in the same
fashion in Room 60 of the RLWTF at TA–50.
Pre-treated streams are added to similar
radioactive liquid wastes from all other LANL
generators, then treated in the main process line
of the RLWTF.

Radioactive Liquid Waste Treatment.
Beginning in early 1997, the main process for
treatment of radioactive liquid wastes employs
ultrafiltration and reverse osmosis.
Ultrafiltration typically removes solids and
dissolved materials as small as 10 nanometers in
diameter, while reverse osmosis will remove
materials less than 1 nanometer in size.  The
newer technology also reduces the amounts of
most chemicals required by the pre-treatment
process (calcium hydroxide, ferric sulfate, and
polymers are not required, and sodium
hydroxide use is approximately halved).  Once
treated, effluent is discharged via NPDES
Outfall 051.  Solid wastes generated from
treatment processes are  shipped to TA–54 for
appropriate storage or disposal.  In the summer

of 1998, process equipment for nitrate reducti
will be installed to ensure compliance wit
recent changes to groundwater discharge lim
The new process will use biologica
denitrification to reduce nitrate concentration
to 10 parts per million or lower.  The new
process is expected to become operational
mid 1999.  

Decontamination Operations.
Decontamination is performed by wast
management personnel either  to enable re-
of an item or to re-classify the waste type.  Bo
activities are used primarily to achieve was
volume reduction.  An example of the forme
activity is the removal of radioactive surfac
contamination from lead bricks, thus enablin
the bricks to be re-used as shielding.  A
example of the second activity is the sorting a
segregating of a waste item or package into 
components (e.g., hazardous and radioactive
that the waste is no longer a mixed was
Decontamination operations take place 
Buildings 50–01 and 50–185.

2.2.2.15 Solid Radioactive and 
Chemical Waste Facilities 
(TA–54 and TA–50)

TA–50 houses some solid waste facilitie
(Figure 2.2.2.15–1) in addition to the
radioactive liquid waste facilities described i
section 2.2.2.14.  At 943 acres (382 hectare
TA–54 is one of the larger technical areas 
LANL (Figures 2.2.2.15–1 through 2.2.2.15–4
There are 120 structures within TA–54
of which 101 house waste manageme
personnel and operations (Table 2.2.2.15–
Approximately 130 workers are needed 
perform these treatment, storage, and dispo
operations.  A variety of wastes are managed
TA–54, including industrial, toxic, hazardous
LLW, TRU, and mixtures of the above.  Was
forms are solid except for small quantities 
gaseous or liquid hazardous, toxic, and mix
wastes.  Storage, disposal, and some treatm
operations are conducted. 
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FIGURE 2.2.2.15–1.—TA–50 Solid Radioactive and Chemical Waste Facilities.
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FIGURE 2.2.2.15–3.—TA–54 Solid Radioactive and Chemical Waste Facilities.
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Description of Facilities

TA–54 West.  The far west portions of TA–54
are the location for environment, safety, and
health offices (Buildings 54–1001 through
54–1004), a research and development
laboratory (Building 54–1009), and a potable
water pumping station and chlorination
facilities.  None of these are waste management
operations.  TA–54 West is also the location of
the Radioactive Assay and Nondestructive Test
(RANT) Facility, Building 54–038, which is a
Hazard Category 2 nuclear facility.  This
6,900-square-foot (640-square-meter) structure
is used to verify characterization data for
unopened containers of TRU waste and solid
LLW.  Verification steps include container
contamination surveys,  container weighing,
passive/active neutron assay to determine
radionuclide content, and  real-time radiography
to confirm physical contents.  RANT will also
serve as the loading station for shipments of
TRU waste to WIPP.

Area H.  Radioactive wastes were disposed of
in nine shafts between May 1960 and August
1986. (Historical information is insufficient to

determine whether these wastes would 
considered LLW or TRU waste under curre
classifications.)  This 0.3-acre (0.12-hectar
site is now a Solid Waste Management Un
(SWMU) under the ER Project.  Each shaft 
6 feet (1.8 meters) in diameter and 60 fe
(18 meters) deep (with a capacity to ho
1,714 cubic feet [48 cubic meters] of wastes
This area was used for the disposal of classif
wastes.  Tritium contamination has bee
detected in soils adjacent to some of the sha
(LANL 1992).  There are no abovegroun
structures at Area H. 

Area J.  Area J is 2.65 acres (1.07 hectares)
size and has been used since 1961 for 
disposal of industrial solid wastes.  The area h
six disposal cells and four disposal shafts.  Ce
1 and 2 are filled and capped with soil.  Cell 3
filled and capped with asphalt, and an asbes
transfer station is located on the asphalt.  Ce
4, 5, and 6 are open.  Two of the four shafts a
filled and capped with concrete.  Shafts 3 and
are less than 10 percent filled.  Shafts are 6 f
(1.8 meters) in diameter and 60 feet (18 mete
deep, while pits vary in size  (LANL 1992).  

TABLE  2.2.2.15–1.—Principal Buildings and Structures of the Solid Radioactive and Chemical
Waste Facilities

TECHNICAL 
AREA

PRINCIPAL BUILDINGS AND STRUCTURES

TA–50 Radioactive Materials Research, Operations, and Demonstration Facility:  50–37

Waste Characterization, Reduction, and Repackaging Facility:  50–69

TA–54 Drum Preparation Facility:  54–033

Radioactive Assay and Nondestructive Test (RANT) Facility:  54–038

PCB Storage Building:  54–039

TRU Waste Storage Domes:  54–048, 153, 283

Mixed Waste Storage Domes:  54–049, 215, 224

TRU Waste Retrieval Enclosure:  54–226

TRU Waste Storage Domes:  54–229, 230

Gas Cylinder Storage Canopy:  54-216

Earth-Covered Drums of TRU Waste:  Pads 1, 2, 4

Compactor Facility:  54–281

Storage Dome for Supplies:  54–282
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Disposal operations have interim status under
RCRA, subtitle D, from the State of New
Mexico.  Five waste management operations are
conducted at Area J:     

• Administratively controlled industrial solid 
wastes (e.g., paper trash containing 
personnel information or contracts) are 
disposed.  Three disposal cells are open; 
three have been filled to date.  Waste 
volumes have been shrinking the past 
several years, and there is enough disposal 
capacity in the three unfilled cells for at 
least another 8 years of operation.  

• Previously hazardous wastes.  In the past, 
barium-contaminated soils were neutralized 
at TA–54, Area L, then disposed of at 
Area J in the same cells as industrial 
wastes.  The last such disposal occurred in 
October 1993.

• Classified industrial wastes are disposed in 
shafts.  There are four shafts, each 60 feet 
(18 meters) deep and 5 feet (1.5 meters) in 
diameter.  Two of the shafts are filled and 
two nearly empty. 

• Asbestos wastes are stored prior to 
shipment to a permitted asbestos disposal 
facility.  Two roll-off containers are used to 
store friable asbestos wastes; nonfriable 
asbestos wastes are stored on an asphalt 
pad.

• Oil-contaminated soils are land farmed 
under an interim permit from the State of 
New Mexico.  Soil is turned periodically, 
and soils are sampled for hydrocarbon 
content.  The land farm covers an area of 
8,200 square feet (763 square meters) 
(0.2 acre [0.08 hectare]) between Cells 1 
and 6.  Oil-contaminated soils have not 
been added to the land farm area since 
September 1992. 

There are a number of storage sheds and a
storage dome (Building 54–282) at the entrance
gate to Area J.   These hold supplies for all waste
management operations at TA–54. 

Area L.  Area L is a 2.65-acre (1.07-hectare
operations site that is paved and fence
Formerly used for the disposal of chemic
wastes, the area is now used for receipt, stora
and shipment of Toxic Substances Control Ac
(TSCA), RCRA, and mixed wastes.  Thes
include hazardous waste (HW) (gaseous, liqu
and solid), PCB wastes (solid and liquid), liqu
LLMW, and irradiated lead stringers from
TA–53 (described in section 2.2.2.11).  

Important structures within Area L are
discussed below. 

• Liquid LLMW Storage Building 54–215. 
This is a large (16,000-square-foot 
[1,490-square-meter]), new structure used
for storing drums of LLMW.  The building 
has a bermed asphalt floor, an unfiltered 
exhaust stack, interior lighting, and an 
overhead fire suppression system. 

• Gas Cylinder Canopy 54–216.  This one-
walled, roofed facility (4,000 square feet 
[370 square meters]) is used to store gas 
cylinders until they can be shipped off site
for treatment and disposal. 

• PCB Building 54–039 and Attached 
Canopy.  Liquid and solid PCB wastes are 
stored until they are shipped off site for 
treatment and disposal.  Some of the was
liquids are also contaminated with 
hazardous and/or radioactive wastes. 

• Liquid Chemical Waste Storage Canopy 
54–032.  Drums of liquid chemical wastes 
are segregated for compatibility, then store
in the appropriate section of this open 
structure. 

• Laboratory Pack Storage Units 54–068, 
54–69, and 54–70.  Small quantities of HW 
are placed in 5-gallon (19-liter) laboratory 
packs.  Laboratory packs are segregated 
compatibility, then stored in these small 
sheds until shipped for treatment and 
disposal.  Storage units are equipped with
secondary containment. 
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• Sampling, Shipment, and Treatment 
Canopies 54–058, 54–36, 54–35.   These 
sheltered pads have an overhead covering, 
but no sides.  Canopy 54–035 contains two 
treatment tanks that are currently not in use.  
Canopy 54–036 holds equipment used to 
survey and sort mixed wastes. 

Because Area L is covered with asphalt,
stormwater is directed to a single outfall that
discharges into Cañada del Buey at the northeast
corner of the liquid LLMW storage dome
54–215.  An overflow weir is used to measure
discharge flow rates and volumes. 

Chemical wastes were disposed of at Area L
from the 1950’s until December 1986.  Inactive
disposal units include 1 cell, 3 surface
impoundments, and 34 shafts, with a total
disposal capacity of 71,540 cubic feet
(2,004 cubic meters) (LANL 1992).
Noncontainerized solids and drummed, but
without absorbent, liquids were disposed of in
the unlined pit and shafts.  Unlined surface
impoundments B and C were used to evaporate
treated salt solutions such as ammonium
bifluoride and electroplating waste solutions.
Unlined impoundment D was used to react
lithium hydride with water and also served as
secondary containment for waste oil tanks.  This
area is now being investigated under the LANL
ER Project as part of Operable Unit 1148.  To
date, cadmium, chromium, and volatile organics
have been detected in subsurface soils. 

Area G.  Area G is used principally for the
disposal of solid LLW and the storage of TRU
waste.  Some LLMW is also currently stored in
one part of Area G.  Also, Area G has EPA
approval for disposal of PCB waste (greater
than 50 parts per million) in either disposal cells
or shafts.  However, only solid radioactively
contaminated PCB waste may be disposed in
Area G.  Stabilized PCB waste also may be
disposed, provided it has been stabilized in
accordance with EPA requirements.   Some
treatment of LLW and TRU waste also takes
place (e.g., compaction or other nondestructive

volume reduction technologies).  The legac
inventory buried at Area G includes TRU was
disposed of prior to 1971 and LLMW dispose
of prior to the promulgation of RCRA in 1986
Important structures within Area G ar
presented in the PSSC analysis of the Expans
of Area G (see volume II, section I.1) an
summarized below. 

Disposal Cells and Shafts.  At present,
subsurface disposal units include 35 cel
approximately 260 shafts, and 4 trench
(Krueger 1994).  The Area G disposal facilit
(Figure 2.2.2.15–5) has been a disposal site 
LANL’s solid radioactive waste since 1957, an
is currently the only active disposal site fo
LLW.  

Five cells (15, 31, 37, 38, 39) are currently 
use.  These five have a remaining dispos
capacity of about 928,200 cubic fee
(26,000 cubic meters).  The existing footprin
for Area G disposal operations has space 
new cells that would add capacity for abo
another 357,000 cubic feet (10,000 cub
meters) of wastes.  Continued disposal 
TA–54 would require expansion of dispos
operations beyond the current footprin
Alternatively, wastes would have to b
packaged and shipped for off-site disposal. 

Temporary Retrieval Dome, Building 54–226
This large (approximately 21,000 square fe
[1,950 square meters]) fabric-covered dom
structure is the site of the TRU Wast
Inspectable Storage Project (TWISP), a mul
year project in which approximately 17,00
earth-covered containers of TRU waste will b
retrieved, characterized, and placed in
aboveground storage facilities.  The dom
provides an enclosure and weather protect
for workers and is equipped with a ventilatio
system and HEPA filters.  It will be dismantle
and re-erected as retrieval operations proce
through TRU waste storage Pads 1, 2, and 4.

Drum Preparation Facility, Building 54–33.
This facility has bays for steam cleaning and f
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painting drums of TRU waste retrieved during
TWISP, associated water sedimentation pits and
collection tanks, a drum venting system to
safely puncture and vent retrieved drums of
TRU waste, and a general treatment bay with
modular containment for size reduction of
gloveboxes and similar large waste items, and
for waste segregation. 

Compactor Facility, Building 50–281.  This
building houses a waste compactor with
200 tons (180 metric tons) of compressive
force, which can achieve volume reductions as
great as 8 to 1.  Compacting waste helps to
conserve disposal space and minimizes soil
subsidence at the disposal cell.  A smaller
compactor is used to crush items such as empty
drums. 

Waste storage facilities.  Area G also includes:

• Tension Support Buildings 54–049 and 
54–224 for solid LLMW 

• Sheds 54–144, 145, 146, and 177 for mixed 
tritiated wastes 

• Tension Support Buildings 54–048, 153, 
and 283 for newly generated TRU waste 

• Storage Domes 54–229 and 230 
(16,000 square feet [1,488 square meters] 
each) for legacy TRU waste retrieved 
during TWISP

Storage Pads 1, 2, and 4.  These asphalt pads
hold legacy TRU waste in drums and other
containers.  Pads and containers were covered
with earth during the 1970’s and 1980’s.
Wastes are to be retrieved and placed into
above-surface storage domes so that RCRA
inspection requirements can be met and so that
wastes and containers are in a form suitable for
disposal.  A total of six storage domes will be
required; two were constructed in 1995 and four
more are planned.  The domes are 280 feet
(85 meters) long, 60 feet (18 meters) wide, and
40 feet (12 meters) high and can store about
3,000 drums of waste.  (This action was

categorically excluded from further NEPA
review.)

An asphalt pad adjacent to Building 54–049 
used for the outdoor storage of pyrophor
uranium waste chips. 

Other structures at TA–54 include: 

• 54–002—maintenance shop 
• 54–011—offices and a personnel 

decontamination shower facility 
• 54–020, 54–079, and 54–092—equipment 

shelter canopies 

TA–50.  TA–50 is the location of RLWTF for
the treatment of radioactive liquid wastes 
described in section 2.2.2.14.  TRU waste
however, are processed in two facilities 
TA–50 and then transported to TA–54 fo
storage.

WCRR Facility, Building 50–069.  This is a
nuclear facility that is used to size reduce lar
TRU waste items such as gloveboxes.  Wa
items are stored outdoors, brought into t
building through a vehicle air lock, then
introduced into a cutting enclosure (glovebox
A plasma cutting torch is used to section lar
waste items and the smaller pieces are load
into standard waste boxes.  Clean-up liquids a
piped to the RLWTF in Building 50–01 throug
a filter and storage system that allow
characterization of the liquids prior to transfe
A second operation is the visual inspection 
the contents of TRU waste drums that ha
already been characterized.  This visu
inspection is performed on a statistic
percentage of drums and provides a qual
assurance overcheck of the TRU was
characterization program. 

RAMROD Facility, Building 50–037.  An
incinerator for PCBs and combustibl
hazardous wastes was formerly housed in t
facility.  Re-named the RAMROD Facility,
Building 50–037 is a candidate Hazar
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Category 2 nuclear facility.  Equipment for the
characterization of TRU waste has been
installed and is expected to be operational by
mid 1998.  The RAMROD Facility is also a
general host for any other process that requires
the containment and controls of a nuclear
facility.

Description of Capabilities

Capabilities required for the management of
solid radioactive and chemical wastes include
waste characterization, packaging, and labeling;
waste transport, receipt, and acceptance; and
waste storage and disposal.  In addition,
compaction, size reduction, waste retrieval, and
other treatment operations are performed.  Each
of these activities is described below.
(Additional information on waste management
facilities and operations is included in
Waste Management Strategies for LANL
[LANL 1998b]).  The manner in which they
would vary among the alternatives is described
in chapter 3.

The RAMROD Facility is being considered as
an alternative for Lead Test Assembly and
inspection operations in the Surplus Plutonium
Disposition Environmental Impact Statement
(DOE 1998a; section 1.5.8).  This activity
includes the receipt and inspection of MOX fuel
rods that would be fabricated at the Plutonium
Facility Complex (described in section 2.2.2.1),
assembled into bundles, inspected, and shipped
off site.  Such operations would constitute a new
capability at RAMROD.  The impacts
associated with implementing this proposal are
described in chapter 5, section 5.6.  This
addition would change the amount of material in
the facility (plutonium/uranium MOX)  and
increase shipments of nuclear materials to and
from LANL, as compared to the SWEIS
Expanded Operations Alternative.

Waste Characterization, Packaging, and
Labeling.  This is similar to the activities
described under this heading in section 2.2.2.14.
At TA–54, this activity includes characterizing

and certifying that TRU wastes comply wit
waste acceptance criteria (WAC) for WIPP
Activities specific to WIPP WAC include drum
venting, core sampling, and visual inspection

Drum Venting.  Drums containing TRU-
contaminated hydrogenous materials such 
plastic and cellulose could accumula
hydrogen gas through radiolytic decompositio
of the waste matrix or packaging materia
Accordingly, WIPP WAC specify that all waste
packages be vented with one or more specif
filters.  Nondegraded drums retrieved during t
TWISP are processed through the drum venti
system at the Drum Preparation Facilit
Building 54–33.  The system safely ven
containers up to 55 gallons (208 liters) in siz
and installs a filter vent in each.

Core Sampling.  In a glovebox in the RAMROD
Facility, samples will be cored from solidified
TRU waste in order to analyze the chemic
composition of wastes that have been solidifie

Visual Inspection.  At the WCRR Facility, waste
packages are opened, sampled, and examin
and the condition of the packages themselve
evaluated.  Any items determined to b
noncompliant are removed.  A similar glovebo
will be placed into operation in the RAMROD
Facility.  This characterization step is performe
on a percentage of already-certified TRU was
packages to verify stated contents.

Compaction.  Solid LLW is compacted in
Building 54–281 at Area G.  The compacto
uses a hydraulic piston to generate 200 to
(180 metric tons) of compressive force
achieving waste volume reductions as great
8-to-1.  Compacting  provides improved was
package integrity, minimizes soil subsidence 
the disposal pit, and conserves disposal spa
The process also confirms that there are 
trapped or interstitial liquids within the wast
package.  Building 54–281 is also equippe
with a smaller compactor that can be used
crush items such as empty drums.
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Size Reduction.  Size reduction operations
occur within the WCRR Facility at TA–50 and
the Drum Preparation Facility at TA–54.  The
WCRR Facility is operated for the purpose of
sectioning (to reduce volume) and repackaging
bulky TRU-contaminated metallic waste into
containers approved for shipment to WIPP.  The
interior of the WCRR Facility consists of a large
(6,790-cubic-foot [190-cubic-meter]) ventilated
enclosure in which discarded gloveboxes and
other TRU waste items are cut apart with a
plasma torch.  Waste items are staged in an
outside storage area, brought into the building
through an air lock, unpacked, and then moved
into the main enclosure.  At the Drum
Preparation Facility, modular containment is
used for size reduction operations.

Waste Transport, Receipt, and Acceptance.
Containers for transport of solid wastes vary
widely, and depend upon the waste, its
destination, and transport regulations.  Solid
radioactive wastes, for example, are transported
on site in drums, dumpsters, crates, or specially
designed shielded packages.  Periodically,
containers other than DOT-specified containers
may be used for some on-site shipments,
provided the transport route is controlled (i.e.,
by road closure) during transport.  Off-site
transport of waste may require additional
preparations.  DOT-specified packages must be
used for off-site transport, and waste must be
certified to meet the WAC of the receiving
facility.

Waste receipt and acceptance activities
typically include visual inspection of the vehicle
and the container, cross-checking container
labels and shipment manifests, radiation
surveys of the vehicle and containers, and
weighing of vehicles and/or containers.  These
activities include receipt and acceptance of
small quantities of off-site LLW and TRU
waste.

Waste Storage.  At TA–50, wastes are stored
within the RAMROD Facility and adjacent to

the WCRR Facility.  At TA–54, chemica
wastes are stored at Areas J and L un
sufficient quantities are accumulated for 
shipment to off-site treatment, storage, a
disposal facilities.  Because they are used o
to store items prior to processing or shippin
however, these storage areas are small 
comparison to those at TA–54 for storage 
LLMW and TRU waste.   LLMW and TRU
waste represent the vast majority of wastes
storage and are stored in large fabric-cover
domes within Area L (Dome 54–215) an
Area G (seven domes).  This activity include
the storage of small quantities of waste from o
site.

Waste Retrieval.  Between 1979 and 1991
LANL stored packages of TRU waste on thre
pads at the east end of Area G, then placed 
containers under earthen cover.  Because so
of these packages contained mixed TRU was
they are subject to RCRA and its requiremen
for periodic container inspection and respon
to emergency conditions.  Accordingly, LANL
has developed the facilities and capability 
retrieve these wastes, repackage a
characterize them, and place the wastes i
new, aboveground storage domes.

The operation begins with the construction 
the retrieval enclosure (Building 54–226) atop
storage pad.  Containers are removed as ear
cleared away.  Degraded containers will b
overpacked, repaired, or secured by wrapping
plastic or by banding with metal straps
Nondegraded drums are transported 
the adjacent Drum Preparation Facilit
(Building 54–33), where they will be vented
using the drum vent system and then stea
cleaned, re-painted, and re-labeled as need
Retrieved containers will then be characteriz
and certified to meet the WIPP WAC.

Other Waste Processing.  Several treatment
operations occur periodically or in small scale 
LANL facilities for solid radioactive and
chemical wastes.  Solidification of TRU sludge
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is performed at the RLWTF (described in
section 2.2.2.14).  Sludges are mixed with
cement in 55-gallon (208-liter) drums, allowed
to cure, then transported to Area G for storage
(prior to eventual shipment to WIPP).  

Stabilization of pyrophoric uranium chips is
periodically performed in a permacon on the
asphalt pad adjacent to Building 54–049 in
Area G.  Chips, and the oil in which they are
immersed, are mixed with a chemical agent to
produce a gel.  Thus stabilized, the uranium is
then disposed of in disposal cells at Area G.  

Electrochemical treatment of LLMW is
performed at RAMROD.  This is a
demonstration project involving two pilot-scale
treatment units.  Solutions containing low levels
of metals, nitrates, sulfides, and/or organics will
be subjected to electric current.  Metals will be
electrochemically deposited on cathodes;
sulfides will precipitate out of solution; and
organics will oxidize to carbon dioxide and
water.  The remaining solution will contain low
levels of radioactivity and be managed as a
radioactive liquid waste.  Other research and
development on possible treatments for LLMW,
including electrochemical and other currently
undefined technologies, may also be performed
at RAMROD as demonstration projects.  Pilot-
scale treatment units will be used, and small
quantities of wastes will be processed.  

Limited treatment of hazardous wastes is
performed at Area L.  This typically consists
only of chemically treating characteristic
hazardous wastes.  Treatment of cylinders of
gases has also been performed in the past.  

As discussed under “Description of Facilities”
earlier in this section, land farming of oil-
contaminated soil is performed at Area J.

Disposal.  Disposal operations are performed
only at Area G and Area J.  Solid LLW is
disposed of at Area G in cells and shafts.  Solid
industrial wastes are disposed of at Area J.

At Area G, cells are generally rectangula
excavations to a depth of 66 feet (20 meter
constructed in accordance with guideline
established by the U.S. Geological Survey a
the Area G Performance Assessme
(LANL 1998d).  Each layer of waste is covere
with a layer of backfill that is 6 to 12 inche
(15 to 30 centimeters) thick.  When nearly fu
the upper 2 meters of each cell is filled wit
crushed tuff, mounded over with topsoil, an
then re-vegetated.  Approximately 20 to 2
percent of the pit volume is filled with LLW,
and the remainder is either void space or tu
soil backfill.  Five cells are currently open an
in use.  Four of these receive solid LLW and o
receives asbestos wastes that have radioac
contamination.

At Area G, shafts range from 1.0 to 8 feet (0.3
2.5 meters) in diameter and up to 66 fe
(20 meters) in depth and are covered with
concrete plug.  Shafts, readily capped until t
next shipment of waste is received, a
dedicated to specific types of waste such as so
LLW with activity greater than 1 rem per hou
tritiated wastes with activity greater tha
20 microcuries per cubic meter, radioactiv
biological wastes, radioactive PCB waste
radioactive beryllium wastes, and radioactiv
classified wastes.

Lesser volumes of administratively controlle
industrial solid wastes and formerly
characteristic  wastes are disposed at the Are
landfill.  The majority of these wastes ar
disposed in cells, where wastes are da
covered with backfill.  Nonradioactive
classified wastes are disposed in shafts 
Area J.

Disposal activities include the disposal of sma
quantities of LLW from off-site locations
(discussed further in section 4.9.3).

While LANL does not currently have any site
designated for disposal of LLMW, the
WM PEIS (DOE 1997c) considers LANL as a
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alternative regional disposal site for this type of
waste.  If selected, LANL would have to
establish a LLMW disposal capability, as well
as WAC for LLMW and would identify
candidate sites for disposal.  The WM PEIS
indicates that up to 2,263,000 cubic feet
(64,100 cubic meters) of such waste could be
designated for disposal at LANL over the next
20 years.  The actual amount that would be
disposed of at LANL, if selected, is highly
dependent on the WAC, actual waste
generation, and the sites identified that would
ship such waste to LANL.  As such, the siting
and sizing of such a capability is highly
uncertain and is not analyzed in the SWEIS.

2.2.3 Nuclear and Moderate 
Hazard Facilities Not 
Analyzed as Key Facilities

This section identifies LANL facilities that are
designated as nuclear or moderate hazard
facilities, but that do not meet the criteria for key
facilities described in section 2.2.2 of the
SWEIS.  These facilities include those that are
operating and several that are surplus and
awaiting decontamination and
decommissioning following removal of SNM
and hazardous materials.  No substantial change
is anticipated in the future operations or impacts
associated with these facilities.  

As noted previously, there are no Hazard
Category 1 nuclear facilities at LANL.  Hazard
Category 2 nuclear facilities (those for which a
hazard analysis shows the potential for
significant on-site consequences) that did not
meet the criteria for key facilities are discussed
in section 2.2.3.1.   Hazard Category 3 nuclear
facilities (those for which a hazard analysis
shows the potential for only significant
localized consequences) that did not meet the
criteria for key facilities are discussed in section
2.2.3.2.  Nonnuclear moderate hazard facilities
that do not meet the criteria for key facilities are
discussed in section 2.2.3.3

2.2.3.1 Hazard Category 2 Nuclear 
Facilities

The Source Storage Building (TA–3
Building 65) was given a Hazard Category 
classification because of the presence 
encapsulated radioactive materials and SN
used for research and measurement activiti
All radioactive sources and SNM are sealed
steel containers that are never opened.

In addition, the Omega West Reactor (TA–
Building 1) has been placed in permane
shutdown.  All SNM and hazardous materia
have been removed from the facility.  Th
facility is surplus and was reclassified from 
Category 2 nuclear facility to a low hazar
radiological facility.

2.2.3.2 Hazard Category 3 Nuclear 
Facilities

The following are Hazard Category 3 nucle
facilities that do not meet the criteria for ke
facilities:

• Calibration Building (TA–3 Building 
130)—The Calibration Facility is 
designated as a Hazard Category 3 nucle
facility due to the radioactive source 
inventories stored in the building.  The 
primary functions of this facility are 
performing radiation evaluation studies 
involving sealed radiation sources; 
calibrating instrumentation; and evaluating
the response of various detectors to x-ray
gamma, beta, and neutron emissions.  
Activities do not include processing of 
nuclear material because radioactive 
sources are sealed at all times.

• Portion of Physics Building (TA–3 Building
40)—The Health Physics Instrument 
Calibration facilities, located within the 
Physics Building, are designated a Hazard
Category 3 nuclear facility because of the
radioactive materials and SNM used in the
laboratories for instrument calibration, as 
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well as the radioactive and SNM source 
inventories that are stored in the two 
storage vaults.  The primary function of this 
facility is the calibration and evaluation of 
all types of radiation detection 
instrumentation used throughout the 
laboratory.  The instrumentation includes 
alpha, beta-gamma, neutron, and tritium gas 
detectors. 

• High Pressure Tritium Facility (TA–33 
Building 86)—This building is an old high-
pressure tritium handling facility that is 
currently in safe shutdown mode pending 
decontamination and decommissioning.  
Upon completion of decontamination and 
decommissioning activities, the facility is 
expected to have radionuclide inventories 
below threshold quantities, which, in turn, 
will result in the facility being downgraded 
from its current Hazard Category 3 
classification. 

• Nuclear Safeguards Research Facilities 
(TA–35 Buildings 2 and 27)—These 
facilities are classified as Hazard Category 
3 nuclear facilities because each facility 
contains an SNM storage vault.  All 
radioactive sources and SNM are 
encapsulated or in sealed containers that 
prevent contamination to the workers and 
facility.  Uranium is singly contained, while 
plutonium is doubly contained within this 
facility.  The primary mission of both 
facilities is to support nonproliferation and 
international security activities; however, 
other research and development activities 
include various studies of radiation effects 
on materials in support of fusion, ceramic 
science, and technology programs. 

2.2.3.3 Nonnuclear Moderate 
Hazard Facilities

The following are nonnuclear moderate hazard
facilities that do not meet the criteria for key
facilities:

• Various Chlorination Stations (TA–0 
Buildings 1109, 1110, 1113, 1114; TA–16 
Building 560; TA–54 Building 1008; TA–72
Building 3; TA–73 Building 9)—These 
facilities are designated moderate chemic
hazards because they are all gas 
chlorination stations where the potable 
water supply for the Los Alamos townsite 
and LANL is chlorinated.

• Sewage Treatment Plants (TA–46, 
Building 340)—The sewage plants are 
designated as moderate chemical hazard 
facilities because of the historical use of 
chlorine gas to disinfect plant effluent prio
to its release to holding ponds.  (Building 
340 is a chlorine storage building.)  These
are being replaced currently by a new 
process not requiring the use of gaseous 
chlorine. 

• Liquid and Compressed Gas Facility (TA–
Building 170)—All toxic materials have 
been removed from this facility.  A 
reclassification to a low chemical hazard 
status is pending.

• Laboratory (TA–21 Buildings 3 and 
4)—Current activity at this facility includes
radiochemistry operations in the laborator
areas of Buildings 3 and 4 North.  Building
3 and 4 South had decontamination and 
decommissioning activities begin in 1994,
with eventual decontamination and 
decommissioning activity to be performed
at Building 3 North pending funding.

• Laboratory Building (TA–41 
Building 4)—The facility is a laboratory 
called the Icehouse, where past operation
included the handling and storage of 
materials such as uranium, tritium, 
deuterium, and liquid nitrogen.  All nuclear
materials were removed from this facility in
1995.  The work currently performed in this
facility consists of nonradiological work 
related to weapons engineering.
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2.3 THE ROLE OF THE UNIVERSITY  
OF CALIFORNIA  IN LANL 
ACTIVITIES

The U.S. Government, through DOE, owns all
the land, buildings, and equipment at DOE
facilities, including LANL.  DOE contracts with
commercial and academic entities for facility
operations, a relationship referred to as
government owned, contractor operated.  The
UC manages LANL for DOE and has
continuously operated this facility since its
creation during World War II.  As LANL is
managed by a nonprofit entity, UC, its operating
budget is not subject to state or local gross
receipts taxes.

The management and operating contract
between DOE and UC has been renegotiated
numerous times.  The most recent 5-year
contract was signed in October 1997.   

The UC contract contains specific performance
measures (i.e., criteria by which DOE evaluates
the success of the operator).  These performance
criteria are reviewed and modified annually.
Based on the results of performance appraisals
for LANL and two other DOE sites (Lawrence
Berkeley National Laboratory  and Lawrence
Livermore National Laboratory), UC will
receive a performance fee that can be used for
any operating costs from these laboratories not
otherwise reimbursed by the government or for
discretionary research by or at these
laboratories.

The UC contract is administered by DOE
through the DOE Los Alamos Area Office and
the Albuquerque Operations Office.  Major
subcontractors to UC under this contract include
Johnson Controls World Services, Inc.,
Protection Technology Los Alamos, and
Bechtel Nevada.

In response to DOE requests for information,
UC has provided data projections and
descriptive information that has been relied
upon as source material for this SWEIS.  This

includes background information on the histo
of LANL, information regarding funding,
information regarding the buildings at LANL
and their hazards, and detailed informatio
regarding the operations within each of the k
facilities.  UC has compiled such information i
several documents that were published 
correspond with the publication of the dra
SWEIS.  These documents are cited through
the SWEIS (particularly in chapter 5) and a
available in hard copy at the LANL Communit
Outreach Center in Los Alamos.  The title
LANL document numbers, and web site of tho
documents are:

• Waste Management Strategies for Los 
Alamos National Laboratory - 1997, 
LA-UR-97-4764, http://lib-www.lanl.gov/
la-pubs/00412794.pdf (LANL 1998b)

• Overview of Los Alamos National 
Laboratory - 1997, LA-UR-97-4765, http://
lib-www.lanl.gov/la-pubs/00412795.pdf 
(LANL 1998a)

• Description of Technical Areas and 
Facilities at Los Alamos National 
Laboratory - 1997, LA-UR-97-4275 
(LANL 1998c)
— Part I:  http://lib-www.lanl.gov/la-pubs/

00412796.pdf
— Part II:  http://lib-www.lanl.gov/la-

pubs/00412797.pdf

A popular Los Alamos publication web site i
http://lib-www.lanl.gov/pubs/la-pubs.htm.

2.4 RECENT LANL F UNDING 
LEVELS

Table 2.4–1 shows recent and projected fund
levels for DOE and non-DOE activities b
major budget category.  This information,
requested by commentors through the scop
process, is provided for context to indica
current sponsors and users of LANL facilitie
and expertise.  While funding levels fo
programs may change, the expertise and ty
of operations are expected to remain relative
constant.
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TABLE  2.4–1.—LANL Consolidated Funding Summary (Fiscal Year 1994 to Fiscal Year 1998)

PROJECTS

CONSOLIDATED FUNDING (MILLIONS)

ACTUAL COSTS
 FUNDING 

PROJECTIONS

1994
(9/30/94)

1995
(9/30/95)

1996
(9/30/96)

1997
(9/30/97)

1998
(3/04/98)

DOE OPERATING  FUNDS

Defense Activities 430 446 488 563 631

Nonproliferation/International Security 85 77 88 101 112

Materials Dispositiona 0 0 10 21 28

Environmental Restoration and Waste 
Management

217 210 148 134 154

Energy Research 95 92 65 71 65

Nuclear Energy 13 17 18 18 14

Civilian Radioactive Wasteb 17 10 0 0 0

Energy Efficiency 15 14 11 13 11

Science Education and Technology 1 1 1 0 0

Other DOE 9 14 12 8 10

Subtotal DOE 882 881 841 929 1,025

REIMBURSABLE  OPERATING  FUNDS

DoD 82 71 52 54 44

U.S. Nuclear Regulatory Commission 3 2 2 3 1

Intelligence 18 14 10 12 10

Remaining Reimbursable Workc 70 113 103 108 108

Subtotal Reimbursable Work 173 200 167 177 163

Total Operating Fundsd 1,055 1,081 1,008 1,106 1,188

CAPITAL /CONSTRUCTION FUNDS

Total 109 102 102 143 149

a Prior to 1996, funding in this area was included in Defense Activities funding.
b Included in Remaining Reimbursable Work after 1995.
c Includes DOE Reimbursable Work.
d Operations that are capitalized are included in Capital/Construction Funds.
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CHAPTER 3.0
ALTERNATIVES FOR THE CONTINUED OPERATION OF 

THE LOS ALAMOS NATIONAL LABORATORY  

DOE is considering four alternatives for the
continued operation of LANL to support its
existing and potential future program
assignments (described in SWEIS chapter 1,
section 1.1).  These alternatives are: 

• No Action Alternative (section 3.1)
• Expanded Operations Alternative and 

Preferred Alternative (section 3.2)
• Reduced Operations Alternative 

(section 3.3)
• Greener Alternative (section 3.4)

The first three alternatives present differing
operational levels of the same types of activities,
with the No Action Alternative representing the
currently planned levels of operation.  The
fourth (the Greener Alternative) emphasizes use
of LANL capabilities in nonweapons missions,
such as nonproliferation and nonweapons
research.  Some activities in the Greener
Alternative are the same as in the No Action or
Reduced Operations Alternatives.  In other
facilities, operations under the Greener
Alternative are the same as those under the
Expanded Operations Alternative, but they are
conducted for nonproliferation, waste
management, or other nonweapons purposes.  

In the draft SWEIS, the DOE’s Preferred
Alternative was the Expanded Operations
Alternative.  In this final SWEIS, the Expanded
Operations Alternative remains the Preferred

This chapter describes the four alternatives DOE has analyzed in detail regarding the continue
operation of LANL.  Specifically, it describes the activities at LANL’s key facilities that vary among th
alternatives and the activities that are common to all alternatives.  In addition, the chapter identifies th
alternatives DOE considered, but has not analyzed in detail because they were not reasonable.  T
chapter concludes with a comparison of the environmental consequences of the four alternatives.

Alternatives Analyzed

No Action—LANL operations would continue
at their currently planned level.

Expanded Operations—implements all
current DOE mission element assignments to
LANL, including full implementation of those
made in recent programmatic EIS (PEIS)
Records of Decision, at the highest
foreseeable levels of activity.

Reduced Operations—conducts the minimal
levels of activities necessary to maintain the
capabilities necessary to support DOE
missions.

Greener—uses LANL capabilities to maximize
support to DOE nonproliferation, basic
science, and materials recovery/stabilization
mission elements, and minimizes support to
DOE defense and nuclear weapons mission
elements.

Preferred Alternative—DOE has identified
the Preferred Alternative as the Expanded
Operations Alternative, with the exception
that pit manufacturing would not be
implemented at a 50 pits per year level, single
shifts, but only at a level of 20 pits per year, in
the near term.
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Alternative with one modification, as noted
below.  The modification to the Preferred
Alternative involves the level at which pit
manufacturing will be implemented at LANL.
Under the Expanded Operations Alternative,
DOE would expand operations at LANL, as the
need arises, to increase the level of existing
operations to the highest reasonably foreseeable
levels, including the full implementation of pit
manufacturing up to the capacity of 50 pits per
year under single-shift operations (80 pits per
year using multiple shifts).  However, as a result
of delays in the implementation of the
Capability Maintenance and Improvement
Project (CMIP) and recent additional controls
and operational constraints in the Chemistry and
Metallurgy (CMR) Building (instituted to
ensure that the risks associated with the CMR
Building operations are maintained at an
acceptable level), DOE has determined that
additional study of methods for implementing
the 50 pits per year production capacity is
warranted. In effect, because DOE has
postponed any decision to expand pit
manufacturing beyond a level of 20 pits per year
in the near future, the revised Preferred
Alternative would only implement pit
manufacturing at this level.  This postponement
does not modify the long-term goal announced
in the Record of Decision (ROD) for the
Stockpile Stewardship and Management
Programmatic EIS (SSM PEIS) (up to 80 pits
per year using multiple shifts). 

LANL’s direct-funded and support activities are
described in general terms in SWEIS chapter 2,
sections 2.1.1 and 2.1.2, respectively.  In
addition, the operations of 15 key facilities are
described in section 2.2.2.  Those direct-funded
and support activities that occur outside of the
key facilities will not change among the
alternatives (outside the expected variability
due to the dynamic nature of research and
development, as discussed in section 2.1).
Thus, the alternatives for continued operations
of LANL focus on four differing levels of
operation at the key facilities. 

Many of these key facilities are primarily
engaged in supporting the national secur
mission.  Additionally, the key facilities include
those that may be upgraded and modified 
implement the ROD of the programmatic NEP
documents addressing stockpile stewards
and management, waste management, a
disposition of weapons-usable fissile materia
Other key facilities are engaged in neutro
science and research and development effo

Some Terminology Notes

Activities—The specific research and
development, experimentation, and studies
conducted at LANL under assignment from
DOE or through DOE by assignment from
other government entities, industries, or
organizations.  This definition includes facility
or technical area operations, as well as
studies, monitoring, and other actions DOE
may cause to be undertaken to manage and
maintain LANL.

Operations—This term is used in two senses
in this document.  The first is the overall
continuing use of the capabilities of LANL.
The second sense is specific to facilities and
technical areas (TAs), the subset of activities
undertaken.  Examples are accelerator
operations or activities that are procedure-
controlled such as movement of appreciable
quantities of special materials, including
special nuclear materials, through process
lines such as gloveboxes resulting in one or
more products and waste.

Facility—One or more buildings in a
technical area of LANL that house specific
activities.

Capability—The combination of equipment,
facilities, infrastructure, and expertise
required to undertake types or groups of
activities and to implement assignments.
Using a capability results in facility or
technical area operations (see the second use
of operations above).
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such as materials research, radiochemistry, and
health research.  By using this approach, DOE
has examined in the greatest detail the LANL
facilities and activities that are critical to
meeting mission element assignments at LANL,
could result in the most significant health and/or
environmental impacts, are of most interest or
concern to the public, and are the most subject
to change across the alternatives due to recent
programmatic decisions.  

For clarity and brevity, the descriptions of the
alternatives in the text (sections 3.1, 3.2, 3.3,
and 3.4) and in the tables (section 3.6) in this
chapter focus on significant “markers” to
characterize the variation of activities across
alternatives.  More complete descriptions of the
activities at LANL are provided by facility in
chapter 2 (section 2.2), and all of these activities

were projected and used in evaluating t
impacts of each alternative.

Where consolidation of operations i
appropriate in a specific alternative, the clean
of the excess facilities or space is reflected in t
description of that alternative.  At a minimum
estimates were made of consequences 
activities undertaken to place such facilities in
“secure safe shutdown” condition.  Thes
facilities retain negligible inventories o
radioactive or hazardous materials and aw
decontamination or renovation for other use 
the space.  A few of these are already schedu
for decommissioning as part of the LANL
Environmental Restoration (ER) Projec
described in chapter 2, section 2.1.2.5.

All of the alternatives include the activities o
projects for which NEPA analysis an
documentation already exist and on which DO
has already made a decision.  DOE is n
revisiting any programmatic decisions mad
through its NEPA process, such as tho
addressing weapons complex consolidation a
reconfiguration, materials disposition, or was
management.  

Although DOE is not addressing changes 
LANL’s mission element assignments, it doe
analyze the site-specific implementation 
assignments that were analyzed in oth
programmatic NEPA documents.  Specificall
the SWEIS evaluates the impacts of continui
and planned activities, representing a range
operational levels that could be reasonab
implemented in the 10-year time frame of th
SWEIS analysis.  Inclusion of these activities 
the SWEIS is intended to provide DOE, and t
public, with a better understanding of the tot
consequences of the alternatives for continu
operations of LANL.  

For a variety of reasons (including th
variability inherent in research and developme
activities), no one condition and time wa
simultaneously typical of all LANL activities.
Therefore, an index was established f

Key Facilities in the SWEIS

While the SWEIS analyzes the ongoing and
future (reasonably foreseeable within the next
10 years) activities throughout LANL, DOE
has identified 15 key facilities that account for
a large majority of the issues and impacts
addressed in the SWEIS.  Alternatives
analyzed for continued operations at LANL
focus on differing levels of activities
conducted in the key facilities.  Alternative
operating levels of key facilities are analyzed
in detail because such operations are critical
to meeting assignments at LANL, and:  they
could result in the most significant health or
environmental impacts; or they are of most
interest or concern to the public; or they are
the most subject to change due to recent
programmatic decisions.  Descriptions of key
facilities and their operations are presented in
section 2.2.2.  However, a large amount of the
research and development and experimental
work conducted at LANL does not occur in the
key facilities and, for the purposes of this
analysis, is not expected to change outside of
the variation that is typical of research and
development activities.
3–3



LANL SWEIS

ile
l
 to
d
s
g
ns

o
s
ite

y
.S.
,
r
ed
n
d
rs
ar

le

y
ort
t
f

es
e.
d
 in
,
n.)
le
to
y
e

)
er
operations in each key facility and for each
parameter used to evaluate impacts.  The index
contains the best data set from historical records
that could be used to describe conditions
associated with activities expected in the future.
This index was used as a base to project levels
of activity with associated impact parameters
for the various alternatives.

As noted above, sections 3.1, 3.2, 3.3, and 3.4
present the four SWEIS alternatives.
Section 3.5 describes other alternatives that
DOE considered, but did not analyze in detail in
the SWEIS.  Section 3.6 provides a comparison
of the changes across the alternatives and of the
environmental impacts associated with each of
the alternatives.  

3.1 NO ACTION  ALTERNATIVE

The Council on Environmental Quality (CEQ)
NEPA implementing regulations (40 CFR 1500
through 1508) require analysis of the No Action
Alternative to provide a benchmark against
which the impacts of the other alternatives can
be compared.  In the SWEIS, the No Action
Alternative is a projection over the next
10 years, from the index established for past
operations, of a level of activity for facility
operations that would implement current
management plans for assigned programs.  

These planned actions include:  continued
support of major DOE programs including

defense programs, nuclear energy, fiss
material disposition, environmenta
management, and energy research; projects
maintain existing facilities and capabilities; an
projects previously receiving NEPA review
resulting in decisions (e.g., the CMR Buildin
Phase I and Phase II Upgrades).  The pla
utilized in preparing the description of the N
Action Alternative include the Capital Asset
Management Process, DOE Program Plans, S
Development Plans for LANL, interagenc
agreements between DOE and the U
Department of Defense (DoD), PEISs
Presidential Directives, and the DOE Work fo
Others proposals and guidance.  The plann
activities reflected in this alternative include a
increase in some LANL operations an
activities over the actions in previous yea
(e.g., the suspension of underground nucle
testing results in increased stockpi
stewardship activities at LANL).  

The No Action Alternative also includes
continued scientific, engineering, technolog
research and development, and supp
activities throughout LANL, including those a
the SWEIS key facilities.  By the very nature o
research and development, specific activiti
are expected to vary and evolve through tim
However, they can be sufficiently characterize
to assure the analysis of their consequences
the SWEIS.  (For the non-key facilities
chapter 2, section 2.1 provides this descriptio
This alternative includes foreseeab
construction projects that are required 
maintain facilities necessary for currentl
authorized activities, and this SWEIS is th
entire NEPA review for these activities.  

3.1.1 Plutonium Facility Complex

The Plutonium Facility (PF) Complex (TA–55
is described in chapter 2, section 2.2.2.1.  Und
the No Action Alternative, the following
activities would occur at this complex.

Organization of SWEIS Chapter 3

Sections 3.1 through 3.4 describe the
activities that would occur at each of the key
facilities under each of the four alternatives.

Section 3.5 describes alternatives that DOE
considered, but did not analyze in detail
because they are unreasonable.

Section 3.6 compares the environmental
consequences of the alternatives.
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Plutonium Stabilization.  LANL would
recover, process, and store its existing
plutonium residue inventory  in 8 years.  

Manufacturing Plutonium Components.
LANL would produce up to 14 plutonium pits
per year (its existing capacity), as well as
fabricate parts and samples for research and
development activities (including parts for
subcritical experiments).  

Surveillance and Disassembly of Weapons
Components.  LANL would disassemble up to
40 plutonium pits per year (including up to
20 pits that would be destructively examined).
In addition, up to 20 pits per year would be
nondestructively examined.

Actinide Materials Science and Processing
Research and Development.  Research, as
described in chapter 2 (section 2.2.2.1), would
continue to be conducted on plutonium (and
other actinide) materials, including
metallurgical and other characterization of
samples and measurements of mechanical and
physical properties.  This would include
continued operation of the 40-millimeter Impact
Test Facility and other apparatus.  Research also
would be conducted to develop new techniques
useful for such research or for enhanced
surveillance.  In addition, LANL would perform
research supporting development and
assessment of technology for manufacturing
and fabrication of components, including
activities in areas such as welding bonding, fire
resistance, and casting, machining, and other
forming technologies.

LANL would demonstrate the disassembly/
conversion of 1 to 2 pits per day (up to 40 pits
total) using hydride-dehydride processes.  Up to
1,000 curies of neutron sources (plutonium-239/
beryllium and americium-241/beryllium)  and
up to 220 pounds (100 kilograms) of actinides
would be processed each year.  LANL would
process up to 12 items per year (1 to 2 items per
month) through tritium separation and would
perform decontamination (to remove

plutonium) of 15 to 20 uranium components p
month.

Research on the physical and chemic
characteristics of actinides and in support 
DOE’s actinide cleanup activities and o
actinide processing and waste activities at DO
sites would be conducted.  In addition, LAN
would stabilize minor quantities of specialt
items and residues from other DOE site
fabricate and study small amounts of nucle
fuels used in terrestrial and space reacto
fabricate and study prototype fuel for lead te
assemblies, develop safeguards instrumentat
for plutonium assay, and analyze samples.

Fabrication of Ceramic-Based Reactor Fuels.
LANL would make prototype mixed oxide
(MOX) fuel and continue research an
development on other fuels.

Plutonium-238 Research, Development, and
Applications Processing.  LANL would
process, evaluate, and test up to 55 poun
(25 kilograms) of plutonium-238 per year i
production of materials and parts to suppo
space and terrestrial uses.  In addition, up
22 pounds (10 kilograms) of plutonium-238 pe
year would be processed to recover mater
from heat sources and milliwatt generator
research and development, and safety testing

Storage, Shipping, and Receiving.  As under
all alternatives, the Nuclear Material Storag
Facility (NMSF) is to be renovated to perform
as originally intended:  to serve as a centraliz
receiving area and vault for the interim stora
of up to 7.3 tons (6.6 metric tons) of the LAN
special nuclear material (SNM) inventory
mainly plutonium.  This is expected to be a
adequate capacity to allow the PF-4 vault 
return to its intended use as a working vault a
to accommodate the projected inventory grow
at LANL (approximately 287 pounds
[130 kilograms] per year under al
alternatives—refer to volume III, appendix F
section F.5.3).  The NMSF renovation 
included in all alternatives.  Once renovation 
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complete, nuclear materials will be moved to the
NMSF from other LANL vaults and from other
DOE facilities as necessary to support tasks
assigned to LANL.  Nondestructive assays
would be conducted on SNM at the NMSF to
verify and identify the content of stored
containers.  Material stored would be limited to
nuclear material in metal or oxide forms.
Nuclear material solutions and tritium would
not be stored in NMSF, although some may be
accepted at the receiving area and redirected to
other facilities within the same day.

Under all alternatives, the Plutonium Facility
would be renovated to ensure the continued
availability of existing capabilities under all
alternatives.  Activities to be included in all
alternatives as renovation that will ensure
continued availability of the Plutonium
Facility’s existing capabilities are:

• Improvements to utilities that increase 
reliability

• Emergency lighting and interior 
improvements to meet fire and life safety 
code requirements

• Replacement of components in the process 
waste treatment systems

• Replacement of outdated laboratory 
equipment

• Improvements to communication and fire 
alarm systems 

• Electrical system improvements

It is recognized that project plans can change
over time.  If this alternative is selected, the
construction projects proposed under this
alternative, as described above, would be
reviewed prior to construction to determine
whether additional NEPA analysis is required.

3.1.2 Tritium Facilities

The Tritium Facilities are described in chapter 2
(section 2.2.2.2).  Under the No Action
Alternative, the following activities would
occur at these facilities.

High Pressure Gas Fills and Processing.
LANL would handle and process tritium gas i
quantities of up to 3.53 ounces (100 grams)
the Weapons Engineering Tritium Facilit
(WETF) approximately 25 times per year.  

Gas Boost System Testing and Development
Approximately 20 times per year, LANL would
conduct gas boost system researc
development, and testing and gas process
operations at WETF involving quantities of u
to 3.53 ounces (100 grams) of tritium.  

Cryogenic Separation.  At the Tritium Systems
Test Assembly (TSTA), LANL would purify
and process tritium gas in quantities of up 
7.06 ounces (200 grams) approximately 3 tim
per year using cryogenic separation.

Diffusion and Membrane Purification.
LANL would conduct research on tritium
movement and penetration through materia
including major experimental efforts
approximately 2 to 3 times per month.

Metallurgical and Material Research.  LANL
would also conduct metallurgical and materia
research involving tritium, including researc
and application studies regarding tritium
storage.  

Thin Film Loading.   LANL would use its thin
film loading capability (involving chemically
bonding tritium to a metallic surface) for tritium
loading of neutron tube targets, processi
approximately 800 units per year.

Gas Analysis.  LANL’s activities to measure
the composition and quantities of gases us
would continue in support of tritium operation
under this alternative.

Calorimetry.   LANL would also continue its
calorimetry measurements (a nondestructi
method of measuring the amount of tritium in
container) in support of tritium operations und
this alternative. 
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Solid Material and Container Storage.
Tritium would continue to be stored on site in
WETF, TSTA, and the Tritium Science and
Fabrication Facility (TSFF).  Storage of tritium
occurs in process systems, process samples,
inventory for use, and waste.  

Under all alternatives, LANL would remodel
Building 16-450 and connect it to WETF in
support of neutron tube target loading, as
discussed in chapter 2 (section 2.2.2.2).

3.1.3 Chemistry and Metallurgy 
Research Building

The CMR Building is described in
section 2.2.2.3.  Under the No Action
Alternative, the following activities would
occur at this facility.

Analytical Chemistry.  LANL would provide
sample analysis in support of actinide research
and processing activities, processing
approximately 5,200 samples per year.  

Uranium Processing.  LANL would conduct
activities to recover, process, and store LANL’s
highly enriched uranium inventory over the next
8 years.  

Destructive and Nondestructive Analysis.  Up
to a total of 10 secondary assemblies over the
next 10 years (an average of 1 each year) would
be evaluated through destructive and
nondestructive analysis and disassembly.  

Nonproliferation Training.   LANL would
conduct nonproliferation training using SNM. 

Actinide Research and Processing.  LANL
would process up to 3,600 curies of
plutonium-238/beryllium neutron sources and
up to 500 curies of americium-241/beryllium
neutron sources per year.  In addition, up to
1,000 plutonium-238/beryllium and
americium-241/beryllium neutron sources
would be staged in CMR Building Wing 9 floor

holes.  LANL would retain its capability for
research and development activities on sp
nuclear fuels.  Further, LANL would
characterize approximately 50 samples per y
using metallurgical microstructural/chemica
analysis and would conduct compatibilit
testing of actinides and other metals in order
study long-term aging and other materi
effects.  LANL would also conduct analysis o
transuranic (TRU) waste disposal related to t
validation of Waste Isolation Pilot Plant (WIPP
performance assessment models, characte
TRU waste, and analyze gas generation such
that which could occur during transportation 
WIPP.  LANL would continue to develop
demonstrate, and test nondestructive assay 
evaluation equipment.

Fabrication and Metallography.  LANL
would produce 1,080 targets per year f
production of molybdenum-99, with each targ
containing approximately 0.71 ounce
(20 grams) of uranium-235.  In addition, LANL
would support highly enriched uranium
processing, research and development, p
operations, and casting and fabrication of me
shapes using from 2.2 to 22 pounds (1 
10 kilograms) of highly enriched uranium in
each operation, with an annual throughput 
approximately 2,200 pounds (1,000 kilogram
(which would remain in the LANL material
inventory).  

Four construction or facility modification
projects are currently in development o
implementation at the CMR Building and ar
included in all alternatives (all have previous
been reviewed under NEPA), as discussed
section 2.2.2.3: 

• CMR Building Phase I Upgrades (ongoing
• CMR Building Phase II Upgrades 

(DOE 1997)
• Medical Radioisotope Target Fabrication 

(DOE 1996c)
• Radioactive Source Recovery Program 

(DOE 1995d)
3–7



LANL SWEIS

,

e
or
0
0
m,
,

r
(30
st
her
of
or
ar
or

e
n
he
e

:

 

a
e

g 

n 

g.
3.1.4 Pajarito Site (Los Alamos 
Critical Experiments Facility)

The Pajarito Site is described in detail in
section 2.2.2.4.  Under the No Action
Alternative, the following activities would
occur at this facility.

LANL would continue to conduct experiments
and tests in all areas described in chapter 2,
section 2.2.2.4.  In 1997, up to 570 experimental
operations would be expected; annual growth of
about 5 percent is anticipated over the next
10 years to meet the planned research and
development needs of DOE and other sponsors.  

In addition, LANL would  develop safeguards
instrumentation and research and development
activities for SNM, light detection and ranging
experiments, materials processing, interrogation
techniques, and field systems.

3.1.5 Sigma Complex

The Sigma Complex is described in
section 2.2.2.5.  Under the No Action
Alternative, the following activities would
occur at this complex.

Research and Development on Materials
Fabrication, Coating, Joining, and
Processing.  LANL would continue to fabricate
items from metals, ceramics, salts, beryllium,
enriched uranium, depleted uranium, and other
uranium isotope mixtures.  Activities include
casting, forming, machining, polishing, coating,
and joining.  

Characterization of Materials.  LANL would
continue research and development activities on
properties of ceramics, oxides, silicides,
composites, and high-temperature materials;
analyze up to 24 tritium reservoirs per year; and
develop a library of aged non-SNM materials
from stockpiled weapons and develop
techniques to test and predict changes.  Up to

250 non-SNM samples, including uranium
would be stored and characterized.

Fabrication of Metallic and Ceramic Items.
LANL would, on an annual basis, fabricat
stainless steel and beryllium components f
approximately 50 plutonium pits, 50 to 10
reservoirs for tritium, components for up to 5
secondary assemblies (of depleted uraniu
depleted uranium alloy, enriched uranium
deuterium, and lithium), nonnuclea
components for research and development 
major hydrotests and 20 to 40 joint te
assemblies, beryllium targets, targets and ot
components for accelerator production 
tritium research, test storage containers f
nuclear materials stabilization, and nonnucle
(stainless steel and beryllium) components f
up to 20 plutonium pit rebuilds.

In addition, all of the alternatives includ
construction, renovation, and modificatio
projects that are underway and planned in t
near term for the purpose of maintaining th
availability and viability of the Sigma Complex

• Sigma Building Renovation.  These 
renovations, described further below, are 
required to keep the building in good 
operating condition for current missions.  

• Nonnuclear Consolidation/Pit Support and
Beryllium Technology Support.  This was 
previously reviewed under NEPA 
(DOE 1993), as discussed in 
section 2.2.2.5. 

Typical activities to be included for the Sigm
Building (SM–66) in all alternatives to ensur
continued availability of the existing
capabilities are:

• Perform seismic upgrades including addin
shear walls and reinforcements.

• Replace the roof.
• Replace and upgrade the graphite collectio

systems.
• Replace the cooling water pump and pipin
3–8
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• Modify the industrial drain system.
• Replace and upgrade electrical components.
• Perform site work such as relocating a fire 

hydrant, repairing the dock area, and 
removing unneeded exterior equipment.

In addition, at one of the shops (SM–106), the
baghouse on the ventilation system will be
replaced with new ductwork and a
high-efficiency particulate air (HEPA) filter
system.

It is recognized that project plans can change
over time.  If this alternative is selected, the
construction projects proposed under this
alternative, as described above, would be
reviewed prior to construction to determine
whether additional NEPA analysis is required.

3.1.6 Materials Science Laboratory

The Materials Science Laboratory (MSL) is
described in chapter 2 (section 2.2.2.6).  Under
the No Action Alternative, the following
activities would occur at this facility.

Materials Processing.  LANL would continue
research at the MSL at current levels of
operation, including synthesis and processing
techniques, wet chemistry, thermomechanical
processing, microwave processing, heavy
equipment materials, single crystal growth,
amorphous alloys, and powder processing.

Mechanical Behavior in Extreme
Environments.  LANL would continue
mechanical testing, dynamic testing, and
fabrication and assembly research at current
levels of operation.  

Advanced Materials Development.  LANL
would continue research in materials, synthesis
and characterization, ceramics, and
superconductors at current levels of operation.

Materials Characterization.  LANL would
also continue activities in these six areas at

current levels of operation:  surface scien
chemistry, corrosion characterization, electro
microscopy, x-ray, optical metallography, an
spectroscopy.

3.1.7 Target Fabrication Facility

The TFF described in section 2.2.2.7.  Und
the No Action Alternative, TFF materials
research, development, effects studies, a
characterization work would continue at curre
levels, along with the following activities.

Precision Machining and Target Fabrication.
LANL would provide targets and specialize
components for approximately 1,200 laser a
physics tests per year, including a 10 perce
annual growth in operations for the nex
10 years.  

Polymer Synthesis.  LANL would produce
polymers for targets and specialize
components for approximately 1,200 laser a
physics tests per year, including a 10 perce
annual growth in operations for the nex
10 years. 

Chemical and Physical Vapor Deposition.
LANL would coat targets and specialize
components for approximately 1,200 laser a
physics tests per year, including a 10 perce
annual growth in operations for the nex
10 years.  This would also support  plutoniu
pit manufacturing operations (as discussed 
section 3.1.1). 

3.1.8 Machine Shops

The Machine Shops are described in chapte
(section 2.2.2.8).  Under the No Actio
Alternative, the following activities would
occur at these facilities.

The Machine Shops would provide fabricatio
support for the dynamic experiments progra
and explosive research studies, support up to
hydrodynamic tests annually, manufacture 20
3–9
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40 joint test assembly sets annually, and provide
general laboratory fabrication support as
requested.  LANL would also continue its
fabrication activities using unique and unusual
materials and provide appropriate dimensional
inspection of these activities.

3.1.9 High Explosives Processing 
Facilities

The High Explosives Processing Facilities are
described in chapter 2 (section 2.2.2.9).  The
operations listed below are expected to require a
total of 46,750 pounds (21,200 kilograms) of
explosives annually and 1,590 pounds
(720 kilograms) of mock explosives.  (This is
considered an appropriate indicator of overall
activity levels for this key facility.)  Under the
No Action Alternative, the following activities
would occur at these facilities.

High Explosives Synthesis and Production.
LANL would continue its current level of high
explosives synthesis and production research
and development, produce new materials and
formulate plastic-bonded explosives as needed.
Process development would increase over
current levels and materials would be produced
for research and stockpile applications. 

High Explosives and Plastics Development
and Characterization.  LANL would evaluate
stockpile returns and increase efforts in
development and characterization of new
plastics and high explosives for stockpile
improvement.  LANL would also improve its
predictive capabilities and conduct research into
high explosives waste treatment methods.

High Explosives and Plastics Fabrication.
LANL would continue its traditional stockpile
surveillance and process development and
would supply parts to Pantex for surveillance,
war reserve (WR) rebuilds, and joint test
assemblies.  Fabrication for hydrodynamic and
environmental testing would be increased over
current levels.

Test Device Assembly.  Operations would be
increased over current levels to suppo
stockpile related hydrodynamic tests, joint te
assemblies, environmental and safety tests, 
research and development activitie
Approximately 30 major hydrodynamic tes
devices would be assembled annually.

Safety and Mechanical Testing. Safety and
environmental testing related to stockpi
assurance would be increased over curr
levels and predictive models would b
improved.  Approximately 12 safety an
mechanical tests would be conducted annual

Research, Development, and Fabrication of
High-Power Detonators.  LANL would
increase efforts to support SSM activitie
manufacture up to 20 major product lines p
year, and support DOE-wide packaging an
transportation of electro-explosive devices.

3.1.10 High Explosives Testing

High explosives testing is described i
section 2.2.2.10.  The No Action Alternativ
includes approximately 600 experiments p
year of varying degrees and types at the hi
explosives testing firing sites.  Up to 30 of the
would be characterized as major hydrodynam
tests.  Firing site activities would includ
expenditures of materials, which are consider
to be useful indicators of overall test activity
Under this alternative, about 2,900 pound
(1,320 kilograms) of depleted uranium would b
expended annually.  This is considered to be 
minimum level required for the maintenance 
capabilities, including staff expertise an
equipment, and the recertification of the safe
and reliability of the nuclear weapons stockpil
The operation of the Dual Axis Radiograph
Hydrodynamic Test (DARHT) facility is
included in all alternatives, using phase
containment as described in the Final DARH
EIS (DOE 1995c).
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Under the No Action Alternative, the following
activities would occur.

Hydrodynamic Tests.  LANL would conduct
hydrodynamic tests, develop containment
technology, and conduct tests of weapons
configurations.  Up to 30 of these per year
would be characterized as major hydrodynamic
tests. 

Dynamic Experiments.  LANL would conduct
dynamic experiments to study properties and
enhance understanding of the basic physics and
equation of state and motion for materials used
in nuclear weapons, including some
experiments with SNMs.  

Explosives Research and Testing.  High
explosives tests would be conducted to
characterize explosive materials.  

Munitions Experiments.  LANL would
continue to support the DoD with research and
development on conventional munitions,
conducting experiments with projectiles, and
studying other effects of munitions. 

High Explosives Pulsed-Power Experiments.
LANL would conduct high explosives pulsed-
power experiments and development tests.

Calibration, Development, and Maintenance
Testing.  LANL would conduct tests to provide
calibration data, instrumentation development,
and maintenance of image processing
capability.

Other Explosives Testing.  LANL would also
conduct advanced high explosives or weapons
evaluation studies. 

3.1.11 Los Alamos Neutron Science 
Center

The Los Alamos Neutron Science Center
(LANSCE) is described in chapter 2
(section 2.2.2.11).  Under the No Action
Alternative, the following activities would
occur at this facility.

Accelerator Beam Delivery, Maintenance,
and Development.  LANSCE would deliver a
linear accelerator beam to Areas A, B, and 
the Weapons Neutron Research (WNR
buildings; Manuel Lujan Center; radiograph
firing sites; and a new Isotope Productio
Facility (IPF) for 8 months each yea
(5,100 hours).  The H+ beam current would be
1,000 microamps, and the H- beam current
would be 200 microamps.  The beam delive
and support equipment would be reconfigur
to support new facilities, upgrades, an
experiments.  

A 40-million electron volt low-energy
demonstration accelerator (LEDA) would b
built and operated in an existing facility
(TA–53–365) for 6 years, operating up t
approximately 6,600 hours per year.  LED
would be used to demonstrate the practicality
using continuous-wave accelerator bea
technology to produce tritium, as an alternati
to the historical use of nuclear reactors.  Th
facility would be located in existing
Building 53–365, as described in
section 2.2.2.11.  

The LEDA building consists of two major parts
an underground, shielded beam tunn
(16,200 square feet [1,500 square meters]) an
four-story, steel-frame building (53,800 squa
feet [5,000 square meters]).  The heatin
ventilation, and air conditioning system woul
allow short-lived radioisotopes to decay in th
beam tunnel prior to release via the 82-foot-hi
(25-meter-high) exhaust stack.

The construction and operation of LEDA wa
analyzed under NEPA in an environment
assessment that supported a finding of 
significant impact (DOE 1996b). 

Experimental Area Support.  Support
activities would continue to ensure availabilit
of the beam lines, beam line componen
handling and transportation systems, a
shielding, as well as radiofrequency pow
sources (including technology development a
application).  Remote handling and packagi
3–11
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of radioactive materials and wastes at LANSCE
would be maintained at fiscal year 1994 levels.

Neutron Research and Technology.  LANL
would conduct 500 to 1,000 different
experiments annually, using neutrons from the
Manuel Lujan Center and the WNR Facility.
LANL would also conduct an accelerator
production of tritium target neutronics
experiment for 6 months.  In addition, LANL
would continue to  support contained weapons-
related experiments using small to moderate
quantities of high explosives.  These
experiments would include: 

• Experiments with nonhazardous materials 
and small quantities of high explosives (up 
to approximately 100 per year)

• Experiments with up to 10 pounds 
(4.54 kilograms) of high explosives and/or 
depleted uranium (up to approximately 30 
per year)

• Experiments with small quantities of 
actinides, high explosives, and sources (up 
to approximately 40 per year)

• Shockwave experiments involving small 
amounts, up to nominally 0.18 ounces 
(5 grams), of plutonium

In addition, LANL would provide support for
static stockpile surveillance technology
research and development.

Accelerator-Driven Transmutation
Technology.  LANL would conduct lead target
tests for 2 years at the Area A beam stop,
establish a 1-megawatt target/blanket
experimental area at one existing target area in
Area A, and conduct low-power (less than
1 megawatt) experiments during the 8 months
of accelerator operations per year for 4 years.

Subatomic Physics Research.  LANL would
conduct five to ten physics experiments
annually at the Manuel Lujan Center and WNR
and conduct proton radiography experiments.
Proton radiography experiments would include
contained experiments using small to moderate

quantities of high explosives, similar to thos
discussed above under Neutron Research 
Technology.

Medical Isotope Production.  Up to
approximately 40 targets per year would b
irradiated for medical isotope production.

High-Power Microwaves and Advanced
Accelerators.  Research and developmen
would be conducted for advanced accelera
concepts, high-power microwaves, room
temperature and superconducting line
accelerator structures, and in support of t
Spallation Neutron Source Program.  Resea
and development also would be conducted
microwave chemistry for industrial and
environmental applications.

Under all alternatives, the following facilities
would be constructed and operated based 
previous NEPA reviews, as discussed 
chapter 2 (section 2.2.2.11):

• The LEDA would be constructed.
• Proton radiography and neutron 

spectroscopy facilities (for neutron researc
and technology) would be constructed 
within existing buildings and would house 
photographic equipment and experiments
contained within closed vessels.  

• IPF (for medical isotope production) and 
equipment would be relocated to a new 
100-million electron volt station, instead o
using the full 800-million electron volt 
beam as is currently done.  

• The short-pulse spallation source (SPSS) 
enhancement will result in higher neutron 
flux and greater beam availability for 
experimenters in WNR and the Manuel 
Lujan Center.  

It is recognized that project plans can chan
over time.  If this alternative is selected, th
construction projects proposed under th
alternative, as described above, would 
reviewed prior to construction to determin
whether additional NEPA analysis is required
3–12
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3.1.12 Health Research Laboratory

The Health Research Laboratory (HRL) is
described in section 2.2.2.12.  Under the No
Action Alternative, the following activities
would occur at this facility.

Genomic Studies.  LANL would continue to
conduct research at current levels using
molecular and biochemical techniques to
analyze the genes of animals, particularly
humans.  Specifically, personnel are developing
strategies to analyze the nucleotide sequence of
individual genes, especially those associated
with genetic disorders, and to identify their map
genes and/or genetic diseases to locations on
individual chromosomes.  Part of this work is to
map each nucleotide, in sequence, of each gene
in all 46 chromosomes of the human genome.

Cell Biology.  LANL would continue to
conduct research at current levels using whole
cells and cellular systems, both in-vivo and in-
vitro, to investigate the effects of natural and
catastrophic cellular events such as response to
aging, harmful chemical and physical agents,
and cancer.  

Cytometry.  LANL would also conduct
research utilizing laser imaging systems to
analyze the structures and functions of
subcellular systems.

DNA Damage and Repair.  LANL would
conduct research using isolated cells to
investigate deoxyribonucleic acid (DNA) repair
mechanisms.

Environmental Effects.  LANL would conduct
research that identifies specific changes in DNA
and proteins in certain microorganisms that
occur after events in the environment.  

Structural Cell Biology.  LANL would
conduct research utilizing chemical and
crystallographic techniques to isolate and
characterize the three dimensional shapes and
properties of DNA and protein molecules.

Neurobiology.  LANL would conduct research
using magnetic fields produced in active are
of the brain to map human brain location
associated with certain sensory and cogniti
functions.  

In-Vivo Monitoring.   LANL would also
continue to conduct 1,500 whole-body sca
annually as a service that supports operatio
with radioactive materials conducted elsewhe
at LANL.  

3.1.13 Radiochemistry Facility

The Radiochemistry Facility is described i
chapter 2 (section 2.2.2.13).  Overall, levels 
activity under this alternative would remain a
current levels.  Because much of the work he
is research and development work, one indica
of activity levels is employment.  This
alternative would be expected to utilize abo
170 full-time equivalent employees (FTEs) t
perform the activity below.  Under the No
Action Alternative, the following activities
would occur at this facility.

Radionuclide Transport.  LANL would
conduct 45 to 80 of these studies annually.

Environmental Remediation.  Environmental
remediation activities would continue to
provide field support at current levels. 

Ultra-Low-Level Measurements.  These
activities would continue at current levels.

Nuclear/Radiochemistry.  These operations
would also continue at current levels.

Isotope Production.  LANL would conduct
target preparation, irradiation, and processing
recover medical and industrial applicatio
isotopes at current levels.  

Actinide/Transuranic Chemistry.  LANL
would perform radiochemical separations at t
current level of operations.
3–13
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Data Analysis.  LANL would continue to
re-examine archive data and measure nuclear
process parameters of interest to weapons
radiochemists at current levels.  

Inorganic Chemistry.  LANL would conduct
these activities at current levels.

Structural Analysis.  LANL would continue
these activities at current levels of operation.  

Sample Counting.  LANL’s sample counting
activity to measure the quantity of radioactivity
in samples would continue at current levels.

3.1.14 Radioactive Liquid Waste 
Treatment Facility

The Radioactive Liquid Waste Treatment
Facility (RLWTF) is described in chapter 2
(section 2.2.2.14).  Under the No Action
Alternative, the following activities would
occur at this facility.

Waste Characterization, Packaging, and
Labeling.  LANL would support, certify, and
audit generator characterization programs and
maintain the waste acceptance criteria (WAC)
for the RLWTF.  

Waste Transport, Receipt, and Acceptance.
LANL would collect radioactive liquid waste
from generators and transport it to the RLWTF
in TA–50.  

Radioactive Liquid Waste Pretreatment.
LANL would pretreat 185,000 gallons
(700,000 liters) of radioactive liquid waste per
year at TA–21;  7,900 gallons (30,000 liters) of
radioactive liquid waste per year at TA–50; and
solidify, characterize, and package 71 cubic feet
(2 cubic meters) of TRU waste sludge per year
at TA–50.

Radioactive Liquid Waste Treatment.  LANL
would install equipment for nitrate reduction in
mid 1999, treat  6,600,000 gallons (25 million
liters) of radioactive liquid waste (RLW) per

year; dewater, characterize, and packa
247 cubic feet (7 cubic meters) of low-leve
radioactive waste (LLW) sludge per year; an
solidify, characterize, and package 812 cub
feet (23 cubic meters) of TRU waste sludge p
year.

Decontamination Operations.  LANL would:

• Decontaminate  personnel respirators for 
reuse (approximately 500 per month).

• Decontaminate air-proportional probes for
reuse  (approximately 200 per month).

• Decontaminate vehicles and portable 
instruments for re-use (as required).

• Decontaminate precious metals for resale
(acid bath).

• Decontaminate scrap metals for resale 
(sand blast).

• Decontaminate 6,710 cubic feet (190 cubi
meters) of lead for reuse (grit blast).

Three modifications were recently completed 
are planned for the RLWTF:  an upgrade to t
influent tank system, installation of a new
process for treatment of RLW, and installatio
of additional treatment steps for removal 
nitrates.  These have all been previous
reviewed under NEPA and are included in all 
the SWEIS alternatives (these are discuss
further in section 2.2.2.14).

3.1.15 Solid Radioactive and 
Chemical Waste Facilities

The Solid Radioactive and Chemical Was
Facilities are described in chapter
(section 2.2.2.15).  Under the No Actio
Alternative, the following activities would
occur at these facilities.

Waste Characterization, Packaging, and
Labeling.  LANL would support, certify, and
audit generator characterization programs a
maintain the WAC for LANL waste
management facilities.  At the Solid Radioactiv
and Chemical Waste facilities, LANL would
3–14
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characterize 26,830 cubic feet (760 cubic
meters) of legacy low-level radioactive mixed
waste (LLMW); characterize 318,000 cubic feet
(9,010 cubic meters) of legacy TRU waste;
verify characterization data at the Radioactive
Assay and Nondestructive Test (RANT)
Facility for unopened containers of LLW and
TRU waste; maintain the WAC for off-site
treatment, storage, and disposal facilities; and
overpack and bulk waste containers.

LANL would also perform coring and visual
inspection of a percentage of TRU waste
packages, ventilate 16,700 drums of TRU waste
retrieved during the TRU Waste Inspectable
Storage Project (TWISP), and maintain the
current version of the WIPP WAC and
coordinate with WIPP operations.

Compaction.  LANL would compact up to
614,000 cubic feet (17,400 cubic meters) of
LLW.  

Size Reduction.  In addition, 91,800 cubic feet
(2,600 cubic meters) of TRU waste would be
reduced in size at the Waste Characterization,
Reduction, and Repackaging (WCRR) Facility
in TA–50 and the Drum Preparation Facility in
TA–54.

Waste Transport, Receipt, and Acceptance.
LANL would collect chemical and mixed
wastes from LANL generators and transport
them to TA–54.  LANL would ship 31,960 tons
(29,000 metric tons) of chemical wastes and
126,700 cubic feet (3,590 cubic meters) of
LLMW for off-site treatment and disposal in
accordance with EPA land disposal restrictions.
In addition, LANL would ship 1,437,000 cubic
feet (40,700 cubic meters) of LLW for off-site
disposal.  Beginning in 1999, 318,00 cubic feet
(9,010 cubic meters) of legacy TRU waste
would be shipped to WIPP.  LANL would also
ship 86,800 cubic feet (2,460 cubic meters) of
TRU waste generated as a result of future
operations and research to WIPP and

100,600 cubic feet (2,850 cubic meters) 
LLMW in environmental restoration soils fo
off-site solidification and disposal.

Waste Storage.  Prior to shipment to off-site
treatment, storage, and disposal facilitie
LANL would store  chemical and mixed waste
LANL would also continue to:  store legac
TRU waste until WIPP is open for disposa
LLMW until treatment facilities are available
and LLW uranium chips until sufficient
quantities were accumulated for stabilizatio
campaigns.

Waste Retrieval.  LANL would retrieve
165,900 cubic feet (4,700 cubic meters) of TR
waste from Pads 1, 2, and 4 by 2004.

Other Waste Processing. LANL would
demonstrate treatment (e.g., electrochemical)
LLMW liquids, land farm oil-contaminated
soils at Area J, stabilize 14,500 cubic fe
(410 cubic meters) of uranium chips an
provide special case treatment for 23,650 cu
feet (670 cubic meters) of TRU waste.

Disposal.  LANL would dispose of 3,530 cubic
feet (100 cubic meters) of LLW in shafts a
Area G, 1,271,000 cubic feet (36,000 cub
meters) of LLW and small quantities o
radioactively contaminated polychlorinate
biphenyls (PCBs) in disposal cells at Area G
approximately 3,530 cubic feet (100 cub
meters) of administratively controlled industria
solid wastes in cells at Area J annually, a
nonradiological classified wastes in shafts 
Area J. 

In addition, under all alternatives, LANL would
construct TRU Waste Inspectable Stora
Project storage domes for TRU waste
recovered from Pads 1, 2, and 4, as describe
section 2.2.2.15.  This proposal has be
reviewed under NEPA and is included under 
four alternatives. 
3–15
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3.2 EXPANDED  OPERATIONS 
ALTERNATIVE

The Expanded Operations Alternative for the
SWEIS reflects the implementation of
assignments at higher levels of operations
through much of LANL.  This alternative
includes full implementation of new mission
element assignments as defined in RODs of
DOE programmatic NEPA documents such as
the SSM PEIS (DOE 1996a).  This activity level
is a projection from the index established for
past operations and represents a level that is
possible to attain within a 10-year period, given
an increased level of funding for programs,
consistent with current and newly assigned
LANL missions.  DOE’s Preferred Alternative
is the Expanded Operations Alternative, with
the exception that pit manufacturing would not
be implemented at a 50 pits per year level, single
shifts, but only at a level of 20 pits per year in
the near term.

New facilities and modifications to existing
facilities that are necessary to support projected
capabilities and operations levels considered in
this alternative are also analyzed.  Specifically,
construction and/or modifications are analyzed
that could be required to optimize facilities for
increased levels of operations and to increase
capabilities or capacities where necessary.  

The construction and upgrade projects
associated with the Expanded Operations
Alternative are identified in the descriptions of
activities under this alternative for each of the
key facilities.  This SWEIS constitutes the entire
NEPA review for these projects. 

In particular, the Expanded Operations
Alternative includes the project-level analyses
for the Expansion of TA–54/Area G and for the
Enhancement of Pit Manufacturing (to
implement the pit production mission element
assignment at LANL), including the siting and
construction analyses detailed in volume II of
this SWEIS.  While the full implementation of

the pit production mission at LANL is expecte
to continue beyond the period of time covered
this SWEIS, the impacts are projected based
the best available information.  The first pha
of this proposed action (establishing p
production at a 20 pits per year rate, DOE
Preferred Alternative) is discussed in th
alternative, and the impacts associated with t
level of operation are presented in chapter 5
this SWEIS, as are the impacts of fu
implementation of pit production at the 80 pi
per year level (using multiple shifts).

The selection of the Preferred Alternative as t
Expanded Operations Alternative, but only 
pit manufacturing rate of 20 pits per year, 
influenced by several factors, including:

• DOE’s obligation to assure a safe and 
reliable nuclear weapons stockpile

• The unique capabilities (facilities, 
equipment, instrumentation, and expertise
at LANL that support DOE’s obligation to 
assure a safe and reliable nuclear weapon
stockpile

• The continued consolidation and 
downsizing of the DOE weapons complex
increasing demands on the remaining 
facilities and capabilities

• The U.S. policy decision to suspend 
underground nuclear testing, increasing 
dependence upon modeling and 
experimentation with enhanced diagnostic
and instrumentation to provide for 
continued stockpile confidence

• The continued emphasis on applying the 
resources and technologies developed 
within DOE national laboratories to 
improve the U.S. technological position an
competitiveness

• The unique capabilities at LANL to suppor
DOE’s basic science mission

These factors will continue to influence DO
budget requests, management practices, 
decisions.  While future budget allocation
cannot be predicted with accuracy, DOE 
3–16
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preparing for the future based on expressed
national policies and the factors noted above.
Thus, DOE expects that future demands on the
unique capabilities at LANL are best addressed
by the levels of operations described in the
Expanded Operations Alternative, but at the
20 pits per year level. 

It should be noted that the implementation of the
50 to 80 pits per year production capacity is
more than 10 years into the future.  While this
level is the long-term goal, DOE’s proposed
action in the near term (next 10 years) is to
achieve the 20 pits per year production level. 

3.2.1 Plutonium Facility Complex

The Plutonium Facility Complex (TA–55) is
described in chapter 2 (section 2.2.2.1).  Under
the Expanded Operations Alternative, the
following activities would occur at this
complex.

Plutonium Stabilization.  LANL would
recover, process, and store its existing
plutonium residue inventory  in 8 years.  

Manufacturing Plutonium Components.
LANL would produce up to 80 plutonium pits
per year in multiple shift operations (up to
50 pits per year in single-shift operations).  This
would be implemented in a phased manner, with
the near-term objective of establishing this
capability at a 20 pits per year rate (Preferred
Alternative).  Under longer-term objectives, the
80 pits per year (using multiple shifts) capability
would be established.  In addition, LANL would
fabricate parts and samples for research and
development at a higher level than under the No
Action Alternative (within the existing capacity
of TA–55–4).

Surveillance and Disassembly of Weapons
Components.  LANL would continue to
examine and disassemble plutonium pits, but
the existing equipment and the responsibility for
this activity would be moved to the CMR

Building  to make room for the expanded p
production capability needed at the Plutoniu
Facility.  (A detailed analysis of the alternative
considered to address the need for additio
space for pit production is included in th
project-specific siting and construction [PSSC
analysis in the SWEIS, volume II.  To bound th
impact analysis, PSSC “CMR Building Use
Alternative, relocation of some activities to th
CMR Building is assumed because it does n
create new nuclear space.)  This relocati
would result in increased transportatio
between the Plutonium Facility and the CM
Building, causing increases in road closur
(and increased inconvenience to motorists) or
increased packaging costs and risks to the pu
if U.S. Department of Transportation (DOT)
approved packaging without road closures 
used.  The DOE has included the environmen
impacts to establish a dedicated road f
transport between the Plutonium Facility an
the CMR Building in the Expanded Operation
Alternative.  However, the road would not b
constructed to establish the 20 pits per ye
capability (Preferred Alternative).  Also, unde
the Preferred Alternative, the pit manufacturin
process activities would not be moved to th
CMR Building.

Actinide Materials Science and Processing
Research and Development.  Research would
continue to be conducted on plutonium (an
other actinide) materials, as described 
chapter 2 (section 2.2.2.1) at a higher level th
under the No Action Alternative (but within the
existing capacity of TA–55–4).  LANL would
demonstrate the disassembly/conversion 
plutonium pits as under the No Action
Alternative and would also develop expande
disassembly capacity,  processing up to 200 p
per year (including a total of 250 pits ove
4 years as part of disposition demonstrati
activities) (DOE 1998).  Up to 5,000 curies o
neutron sources (plutonium-239/beryllium an
americium-241/beryllium) would be processe
at TA–55.  Up to 880 pounds (400 kilograms) 
actinides would be processed each year betw
3–17
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TA–55 and the CMR Building.  LANL would
also process neutron sources other than sealed
sources.  Although LANL would continue to
process items through the Special Recovery
Line (tritium separation), that activity would
also move to the CMR Building to make room
for the expanded pit production at the Plutonium
Facility.  LANL would perform oralloy
decontamination of 28 to 48 uranium
components per month in the TA–55 Plutonium
Facility.

Research in support of DOE’s actinide clean-up
activities and on actinide processing and waste
activities at DOE sites would be conducted at a
level higher than that under the No Action
Alternative.  In addition, LANL would stabilize
larger quantities of specialty items and residues
from other DOE sites (including plutonium salts
from the Rocky Flats Environmental
Technology Site [RFETS]); fabricate and study
larger amounts of nuclear fuels used in
terrestrial and space reactors; fabricate and
study larger amounts of prototype fuel for lead
test assemblies; develop safeguards
instrumentation for plutonium assay at a level
increased from that of the No Action
Alternative; and analyze samples.  Half of the
sample analysis would be conducted at the
Plutonium Facility, with the remainder moved
to the CMR Building (again, to make room for
expanded pit production at the TA–55
Plutonium Facility).

Fabrication of Ceramic-Based Reactor Fuels.
LANL would make prototype MOX fuel and
would build test reactor fuel assemblies.  LANL
also would continue research and development
on other fuels.  

Plutonium-238 Research, Development, and
Applications.  LANL would process, evaluate,
and test up to 55 pounds (25 kilograms) of
plutonium-238 per year in production of
materials and parts to support space and
terrestrial uses.  In addition, LANL would
recover, recycle, and blend up to 40 pounds
(18 kilograms) per year of plutonium-238. 

Storage, Shipping, and Receiving.  NMSF is
to be renovated to perform as original
intended:  to serve as a vault for the interi
storage of up to 7.3 tons (6.6 metric tons) of t
LANL SNM inventory, mainly plutonium.
Storage, shipping, and receiving activitie
would be similar to those under the No Actio
Alternative, with the differences in shipping
activity, as presented in volume III (appendix F
section F.5), increasing the amount of shippi
and receiving activity (but not requiring a
change in the storage capacity for TA–55).

Under all alternatives, the Plutonium Facilit
would be renovated to ensure the continue
availability of existing capabilities, as describe
under the No Action Alternative, section 3.1.1
Under the Expanded Operations Alternativ
additional upgrades would be performed 
support newly assigned missions.  Addition
upgrades to support newly assigned missio
under the Expanded Operations Alternativ
could include reconfiguration of interior spac
and installation of new equipment (se
volume II, part II, for additional information on
these upgrades) in support of expand
activities, as described above.

It is recognized that project plans change ov
time.  If this alternative is selected, th
construction projects proposed under th
alternative as described above, would 
reviewed prior to construction to determin
whether additional NEPA analysis is required

3.2.2 Tritium Facilities

The Tritium Facilities are described in chapter
(section 2.2.2.2).  Under the Expande
Operations Alternative, the following activitie
would occur at these facilities.

High Pressure Gas Fills and Processing.
LANL would handle and process tritium gas i
quantities of up to 3.53 ounces (100 grams)
WETF approximately 65 times per year.  
3–18
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Gas Boost System Testing and Development.
Approximately 35 times per year, LANL would
conduct gas boost system research,
development, and testing and gas processing
operations at WETF involving quantities of up
to 3.53 ounces (100 grams) of tritium.  

Cryogenic Separation.  At TSTA, LANL
would purify and process tritium gas in
quantities of up to 7.06 ounces (200 grams)
approximately 5 to 6 times per year using
cryogenic separation.

Diffusion and Membrane Purification.
Significantly increasing from the No Action
Alternative level, LANL would conduct
research on tritium movement and penetration
through materials including major experimental
efforts approximately 6 to 8 times per month,
accompanied by continuous use for effluent
treatment.  

Metallurgical and Material Research.
LANL’s metallurgical and materials research
capability would be expanded above the No
Action Alternative level, although the amount
of tritium used would remain the same.  

Thin Film Loading.   LANL would use its thin
film loading capability (involving chemically
bonding tritium to a metallic surface) for tritium
loading of neutron tube targets, processing
approximately 3,000 units per year using small
quantities of tritium.

Gas Analysis.  LANL’s activity to measure the
composition and quantities of gases used would
increase from the No Action Alternative level in
support of increased tritium operations under
this alternative.

Calorimetry.   LANL’s calorimetry
measurements (a nondestructive method of
measuring the amount of tritium in a container)
would also increase from the No Action
Alternative level in support of increased tritium
operations under this alternative.

Solid Material and Container Storage.
Tritium would continue to be stored on site i
WETF, TSTA, and TSFF at approximatel
10 times the amount to be stored under the 
Action Alternative level.  

Under all alternatives, LANL would remode
Building 16-450 and connect it to WETF in
support of neutron tube target loading.

3.2.3 Chemistry and Metallurgy 
Research Building

The CMR Building is described in chapter
(section 2.2.2.3).  Under the Expande
Operations Alternative, the following activitie
would occur at this facility.

Analytical Chemistry.  LANL would provide
expanded sample analysis in support of actin
research and processing activities, process
approximately 11,000 samples per ye
(including actinide sample analysis relocate
from the Plutonium Facility).  

Uranium Processing.  LANL would conduct
activities to recover, process, and store LANL
highly enriched uranium inventory over the ne
8 years (same as No Action Alternative). 

Destructive and Nondestructive Analysis.  Up
to 10 secondary assemblies per year would
evaluated through destructive an
nondestructive analysis and disassembly.  

Nonproliferation Training.   LANL would also
conduct more nonproliferation training usin
SNM than would be conducted under the N
Action Alternative, and would possibly us
different types of SNM in that training. 

Actinide Research and Processing.  LANL
would process up to 5,000 curies of neutr
sources (both plutonium-238/beryllium an
americium-241/beryllium sources) per year 
the CMR Building and would process neutro
sources other than sealed sources.  In addit
up to a total of 1,000 plutonium-238/beryllium
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and americium-241/beryllium neutron sources
would be staged in CMR Building Wing 9 floor
holes.  LANL would begin a research and
development effort on spent nuclear fuels
related to long-term storage and would analyze
materials from spent and partially spent fuels.
Further, LANL would characterize
approximately 100 samples per year using
metallurgical microstructural/chemical
analysis, would conduct compatibility testing of
actinides and other metals in order to study
long-term aging and other material effects, and
would conduct research and development
activities in hot cells on plutonium pits exposed
to high temperatures.  LANL would also
conduct analysis of TRU waste disposal related
to the validation of WIPP performance
assessment models, characterize TRU waste,
and analyze gas generation such as that which
could occur during transportation to WIPP.
Further, LANL would demonstrate
decontamination technologies for actinide-
contaminated soils and materials and develop an
actinide precipitation method to reduce mixed
wastes in LANL effluents.  

Under the Expanded Operations Alternative,
some actinide activities currently housed in the
Plutonium Facility Complex (at TA–55) would
move to the CMR Building to make room in
TA–55–4 for increased plutonium pit
production.  Up to 400 kilograms of actinides
would be processed per year between TA–55
and the CMR Building, and hydrodynamic
testing and tritium separation activities would
be supported at the CMR Building.

Fabrication and Metallography.  LANL
would produce 1,320 targets per year for
production of molybdenum-99, with each target
containing approximately 20 grams of
uranium-235.  LANL would separate fission
products from the irradiated targets to provide
molybdenum-99 (and other isotopes); this
capability would produce up to 3,000 6-day
curies of molybdenum-99 per week.  (A 6-day
curie is defined as the amount of product, in
curies, remaining 6 days after the product is

delivered to the radiopharmaceutical compan
In addition, LANL would retain the capability
to fabricate metal shapes using  highly enrich
uranium (as well as the related uraniu
processing activities), with an annua
throughput of approximately 2,200 pound
(1,000 kilograms).  

Surveillance and Disassembly of Weapons
Components.  The CMR Building would also
be used to disassemble approximately 
plutonium pits per year (including 40 pit
destructively examined).  Up to 20 pits per ye
would be nondestructively examined, wit
additional testing conducted under th
Expanded Operations Alternative (as compar
to the No Action Alternative).  This activity
would move to the CMR Building from the
TA–55 Plutonium Facility.

The Expanded Operations Alternative als
includes the upgrades necessary 
accommodate activities displaced from th
Plutonium Facilities Complex to the CMR
Building as a result of implementing enhance
pit fabrication.  These upgrades are addresse
the PSSC analysis for the enhancement 
plutonium pit manufacturing in this SWEIS
volume II.

In addition, under the Expanded Operatio
Alternative,  modifications to CMR Building
Wing 9 hot cells would be undertaken to provid
for the safety testing of pits in a
high-temperature environment (to assess the 
resistance of pits).  These changes would pla
a glovebox and a furnace into one of the h
cells, as well as introduce additiona
instrumentation and equipment for controlling
monitoring and measuring such tests.

In addition, the four projects currently in
development or implementation at the CM
Building are included in all alternatives a
described under the No Action Alternative
section 3.1.3. 
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It is recognized that project plans change over
time.  If this alternative is selected, the
construction projects proposed under this
alternative (as described above), would be
reviewed prior to construction to determine
whether additional NEPA analysis is required.

3.2.4 Pajarito Site (Los Alamos 
Critical Experiments Facility)

The Pajarito Site is described in chapter 2
(section 2.2.2.4).  Under the Expanded
Operations Alternative, the following activities
would occur at this facility.

LANL would continue to conduct experiments
and tests in all of the areas described in
section 2.2.2.4.  These activities would increase
by about 25 percent from the No Action
Alternative levels of operation, and the nuclear
materials inventory would increase by about
20 percent over No Action Alternative levels.
As under the No Action Alternative, LANL
would also develop safeguards instrumentation
and perform research and development
activities for SNM, light detection and ranging
experiments, materials processing, interrogation
techniques, and field systems. 

3.2.5 Sigma Complex

The Sigma Complex is described in chapter 2
(section 2.2.2.5).  Under the Expanded
Operations Alternative, the following activities
would occur at this complex.

Research and Development on Materials
Fabrication, Coating, Joining, and
Processing.  Under the Expanded Operations
Alternative, as under the No Action Alternative,
LANL would continue to fabricate items from
metals, ceramics, salts, beryllium, enriched
uranium, depleted uranium, and other uranium
isotope mixtures.  Activities include casting,
forming, machining, polishing, coating, and
joining.  

Characterization of Materials.  LANL would
continue research and development activities
properties of ceramics, oxides, silicide
composites, and high-temperature materials a
level slightly increased over that for the N
Action Alternative.  In addition, LANL would
analyze up to 36 tritium reservoirs per year; a
develop a library of aged non-SNM materia
from stockpiled weapons and develo
techniques to test and predict changes.  Up
2,500 non-SNM samples, including uranium
would be stored and characterized.

Fabrication of Metallic and Ceramic Items.
LANL would, on an annual basis, fabricat
stainless steel and beryllium components f
approximately 80 plutonium pits, 200 reservoi
for tritium, components for up to 50 seconda
assemblies (of depleted uranium, deplet
uranium alloy, enriched uranium, deuterium
and lithium), nonnuclear components fo
research and development (50 to 100 ma
hydrotests and 50 joint test assemblie
beryllium targets at a slightly increased lev
over the No Action Alternative, targets an
other components for accelerator production 
tritium research, test storage containers f
nuclear materials stabilization, and nonnucle
(stainless steel and beryllium) components f
up to 20 plutonium pit rebuilds.

In addition, all of the alternatives includ
construction, renovation, and modificatio
projects that are underway and planned in t
near term for the purpose of maintaining th
availability and viability of the Sigma Complex
as described under the No Action Alternativ
section 3.1.5.  

It is recognized that project plans change ov
time.  If this alternative is selected, th
construction projects proposed under th
alternative (as described above), would 
reviewed prior to construction to determin
whether additional NEPA analysis is required
3–21
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3.2.6 Materials Science Laboratory

The MSL is described in chapter 2
(section 2.2.2.6).  Under the Expanded
Operations Alternative, the following activities
would occur at this facility.

Materials Processing.  LANL would maintain
seven of eight materials processing activities at
current levels of research; these activities are:
wet chemistry, thermomechanical processing,
microwave processing, heavy equipment
materials, single crystal growth, amorphous
alloys, and powder processing.  LANL would
expand its materials synthesis/processing
activity to develop cold mock-up of weapons
assembly and processing and to develop
environmental and waste management
technologies.

Mechanical Behavior in Extreme
Environments.  In addition, LANL would
continue mechanical testing, fabrication, and
assembly at current levels of research.  Dynamic
testing would be expanded to include research
and development on the aging of weapons
materials, and a new research capability in
machining technology would be developed.  

Advanced Materials Development.  LANL
would continue activities in materials, synthesis
and characterization, ceramics, and
superconductors at current levels of research.

Materials Characterization.  LANL would
also continue four of its six materials
characterization activities at current levels of
operation.  These are:  surface science
chemistry, x-ray, optical metallography, and
spectroscopy.  Corrosion characterization
would be expanded to develop surface
modification technology and electron
microscopy would be expanded to develop
plasma source ion implantation.

3.2.7 Target Fabrication Facility

The Target Fabrication Facility is described 
chapter 2 (section 2.2.2.7).  Under the Expand
Operations Alternative, the following activitie
would occur at this facility. 

Precision Machining and Target Fabrication.
LANL would provide targets and specialize
components for approximately 2,400 laser a
physics tests per year, including a 10 
20 percent annual growth in DoD and hig
explosives pulsed-power target operations f
the next 10 years.  This level of operation
would include a 20 percent increase (over N
Action Alternative levels) in high explosives
pulsed-power target operations an
approximately 100 high-energy density physi
tests per year.  

Polymer Synthesis.  LANL would produce
polymers for targets and specialize
components for approximately 2,400 laser a
physics tests per year, including a 10 
20 percent annual growth in DoD and hig
explosives pulsed-power target operations f
the next 10 years.  This level of operation
would include a 20 percent increase (over N
Action Alternative levels) in high explosives
pulsed-power target operations an
approximately 100-high energy density physi
tests per year.  

Chemical and Physical Vapor Deposition.
LANL would coat targets and specialize
components for approximately 2,400 laser a
physics tests per year, including a 10 
20 percent annual growth in DoD and hig
explosives pulsed-power target operations f
the next 10 years.  This level of operation
would include a 20 percent increase (over N
Action Alternative levels) in high explosive
pulsed-power target operations an
approximately 100 high-energy density physi
tests per year.  This also would suppo
plutonium pit manufacturing operations (a
discussed in section 3.2.1). 
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3.2.8 Machine Shops

The Machine Shops are described in
section 2.2.2.8.  Under the Expanded
Operations Alternative, the following activities
would occur at these facilities.

The Machine Shops would provide fabrication
support for the dynamic experiments program
and explosive research studies, support up to
100 hydrodynamic tests annually, manufacture
50 joint test assembly sets annually, and provide
general laboratory fabrication support as
requested.  LANL would also continue its
fabrication activities using unique and unusual
materials and provide appropriate dimensional
inspection of these activities at a level up to
3 times that of the No Action Alternative.
In addition, LANL would undertake additional
types of measurements and inspections in
its dimensional inspection of fabricated
components.

3.2.9 High Explosives Processing 
Facilities

The High Explosives Processing Facilities are
described in chapter 2 (section 2.2.2.9).
Activities under this alternative would require
an estimated 82,700 pounds (37,500 kilograms)
of explosives and 2,910 pounds
(1,320 kilograms) of mock explosives
annually (this is an indicator of overall activity
levels in this key facility).  Under the Expanded
Operations Alternative, the following activities
would occur at these facilities.

High Explosives Synthesis and Production.
LANL would increase by 50 percent over the
No Action Alternative level of high explosives
synthesis and production research and
development, produce new materials, and
formulate plastic-bonded explosives as needed.
Process development would increase over the
No Action Alternative level and materials
would be produced for research and stockpile
applications.  

High Explosives and Plastics Development
and Characterization.  LANL would evaluate
stockpile returns and increase by 40 perce
(over No Action Alternative levels) efforts in
development and characterization of ne
plastics and high explosives for stockpi
improvement.  LANL would also increase it
efforts to improve its predictive capabilities an
conduct research into high explosives was
treatment methods over No Action Alternativ
levels.

High Explosives and Plastics Fabrication.
LANL would increase its stockpile surveillanc
and process development by 40 percent a
double the supply of parts to Pantex fo
surveillance and WR rebuilds and join
test assemblies over No Action Alternativ
levels.  Fabrication for hydrodynamic an
environmental testing would be increased 
50 percent over No Action Alternative levels.

Test Device Assembly.  Operations would be
increased over current levels to suppo
stockpile related hydrodynamic tests, joint te
assemblies, environmental and safety tests, 
research and development activitie
Approximately 100 major hydrodynamic tes
device assemblies would be supported annua

Safety and Mechanical Testing.  Safety and
environmental testing related to stockpi
assurance would be increased by 50 perc
over No Action Alternative levels and
predictive models would be improved
Approximately 15 safety and mechanical tes
would be conducted annually.

Research, Development, and Fabrication of
High-Power Detonators.  LANL would
increase efforts to support SSM activitie
manufacture up to 40 major product lines p
year, and support DOE-wide packaging an
transportation of electro-explosive devices.
3–23
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3.2.10 High Explosives Testing

High explosives testing is described in
section 2.2.2.10.  This alternative includes
about 1,800 experiments per year, 100 of which
would be characterized as major hydrodynamic
tests.  In addition to smaller quantities of other
materials, up to 6,900 pounds (3,130 kilograms)
of depleted uranium would be expended in
experiments annually.  As these numbers
indicate, overall high explosives test activity
would be about three times that under the No
Action Alternative.  Under the Expanded
Operations Alternative, the following activities
would occur.

Hydrodynamic Tests.  LANL would increase
the number of hydrodynamic tests (over the No
Action Alternative), develop containment
technology, and conduct tests of weapons
configurations.  These would include up to 100
major hydrodynamic tests per year.

Dynamic Experiments.  LANL would increase
these experiments by approximately 50 percent
(over No Action Alternative levels) the number
of dynamic experiments to study properties and
enhance understanding of the basic physics of
state and motion for materials used in nuclear
weapons, including some experiments with
SNMs.  

Explosives Research and Testing.  Up to twice
as many high explosives tests would be
conducted as under the No Action Alternative to
characterize explosive materials.  

Munitions Experiments.  As under the No
Action Alternative, LANL would continue to
support DoD in conventional munitions,
conducting experiments with projectiles and
studying other effects of munitions.

High Explosives Pulsed-Power Experiments.
LANL would conduct up to twice as many high
explosives pulsed-power experiments and
development tests.  

Calibration, Development, and Maintenance
Testing.  LANL would conduct up to twice as
many tests to provide calibration data
instrumentation development, and maintenan
of image processing capability.

Other Explosives Testing.  LANL would
conduct 50 percent more advanced hi
explosives or weapons evaluation studies th
under the No Action Alternative.  

The operation of the DARHT facility is
included in all alternatives.

3.2.11 Los Alamos Neutron Science 
Center

LANSCE is described in chapter 2
(section 2.2.2.11).  Under the Expande
Operations Alternative, the following activitie
would occur at this facility.

Accelerator Beam Delivery, Maintenance,
and Development.  LANSCE would deliver a
linear accelerator beam to Areas A, B, and 
the WNR buildings; the Manuel Lujan Cente
the dynamic test facility; and a new Isotop
Production Facility for 10 months each yea
(6,400 hours).  The H+ beam current would be
1,250 microamps and the H- beam current
would be 200 microamps.  The beam delive
and support equipment would be reconfigur
to support new facilities, upgrades, an
experiments.  

A 40-million electron volt LEDA would be
built and operated in an existing facility
(TA–53–365) for 10 to 15 years, operating up 
approximately 6,600 hours per year, a
described under the No Action Alternative
section 3.1.11.  

Experimental Area Support.  Support
activities would continue, consistent with th
levels of operation under this alternative (sam
activities as those described under the N
Action Alternative).  Remote handling an
3–24



Alternatives for the Continued Operation of LANL

r
an
e
of
is

y

get

ld
der
e-
is
s
o
ed

n

ell
,
d
m

ed

a

y
of

ls
ch
r

ic
ls

s.
rt
ed
y
d

ld
se
by
ith
m

packaging of radioactive materials and wastes at
LANSCE would increase to handle waste
generation that results from the facility
construction and modifications at LANSCE
under this alternative (as discussed later in this
section).

Neutron Research and Technology.  LANL
would conduct 1,000 to 2,000 different
experiments annually, using neutrons from the
Manuel Lujan Center, WNR, and the Long-
Pulse Spallation Source (LPSS).  The LPSS
would be a new experimental facility that would
provide advanced capabilities for neutron
scattering and subatomic physics using cold and
ultracold neutrons.  Together with the SPSS at
the Manuel Lujan Center, the LPSS would
provide U.S. scientists with a complementary
pair of neutron sources for research in materials,
biological, and nuclear science.

The LPSS neutron production system, which
would be located in Area A, would consist of a
tungsten target, moderators, and a reflector
surrounded by a large iron and concrete
biological shield.  The Area A building has
100,000 square feet (9,300 square meters) of
space and a usable height of 45 feet (14 meters).
No modifications would be required to the
building or floor of Area A, but existing
experimental stations and other equipment in
Area A would have to be dismantled and
removed, including Area A experimental
stations, the Neutrino Scintillation Detector
Station, and Area A shielding.  This removal of
existing experimental stations, instrumentation,
and related hardware would generate an
estimated 118,000 cubic feet (3,300 cubic
meters) of suspect contaminated concrete that
would be disposed at TA–54/Area G
(8,400 tons [7,620 metric tons], 420 shipments),
and another 48,000 cubic feet (1,350 cubic
meters) of activated metals and debris (for
which 200 Type B cask shipments would be
required, and 900 low specific activity and
Type A shipments, all to TA–54).

As part of the LPSS project, the linea
accelerator  would be upgraded to deliver 
average proton current of 1.25 milliamper
(versus 1.0 at present), for a power 
1.0 megawatt (versus 0.8 at present).  Th
upgrade would increase LANSCE electricit
and cooling water requirements.

The LPSS design would use an evacuated tar
cell that would largely eliminate short-lived
activation products.  This newer design wou
decrease radioactive air emissions by an or
of magnitude (per unit basis of microamper
hours of linear accelerator operation).  Th
design would result in LPSS operation
contributing no more than 1 millirem per year t
the dose received by the maximally expos
individual defined for LANSCE.  (The term
“maximally exposed individual” is discussed i
the Air Quality sections of chapters 4 and 5).

The LPSS target, moderators, and hot c
would be constructed inside Building 53–003M
and would thus require no additional lan
disturbance.  There would be no change fro
the current industrial use of these disturb
areas.  

LANL also would construct and operate 
Dynamic Experiment Laboratory (DEL) to
provide both neutron and proton radiograph
and resonance neutron spectroscopy 
materials for the study of dynamic materia
phenomena under a single roof.  Su
techniques are currently employed fo
experiments at LANSCE but in varying
locations; they complement x-ray radiograph
and other techniques for dynamic materia
studies used at LANL and other DOE facilitie
The DEL also would provide improved suppo
for these experiments and some add
capabilities.  It would provide more effectivel
utilized physical space and dedicate
infrastructure for these experiments; it wou
enable proton radiography experiments to u
beam from the Proton Storage Ring, there
reducing interference of these experiments w
other LANSCE uses and increasing the bea
3–25
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intensity available for proton radiography; and
it would incorporate gas guns to enable
additional shock wave experiments and simplify
some such experiments.  The DEL would be
constructed as a new facility adjacent to WNR.
It would make use of existing LANSCE
infrastructure, including the 800-million
electron volt linear accelerator, the Proton
Storage Ring, and existing personnel.

The proton radiography experimental program
requires a containment vessel, beam tubes in the
upstream and downstream lenses, three beam
axes with two matching lenses and two
downstream lenses on each axis, and a gas gun
pointing at the center of the containment vessel.
The resonance neutron spectroscopy and
neutron radiography experiments require a
neutron production target and moderator, a
flight path about 66 feet (20 meters) in length,
and a gas gun pointing at the center of the
containment vessel.

A high explosives assembly area and magazine
would be attached to the outside of DEL, with
an explosion-proof door separating the two.
Separate from DEL with its high explosives
areas, a counting house and a building for
support equipment (e.g., power supplies,
deionized water system) would be needed.  This
laboratory would be established in a previously
disturbed area.  There would be no change from
the current industrial use of these areas.

LANL would also conduct an accelerator
production of tritium target neutronics
experiment for 6 months.  In addition, LANL
would continue to support contained weapons-
related experiments using small to moderate
quantities of high explosives.  These
experiments would include: 

• Experiments with nonhazardous materials 
and small quantities of high explosives (up 
to approximately 200 per year)

• Experiments with up to 10 pounds 
(4.54 kilograms) of high explosives and/or 

depleted uranium (up to approximately 60
per year)

• Experiments with small quantities of 
actinides, high explosives, and sources (u
to approximately 80 per year)

• Shockwave experiments involving small 
amounts, up to nominally 1.8 ounces 
(50 grams), of plutonium

In addition, LANL would provide support for
static stockpile surveillance technolog
research and development.

Accelerator-Driven Transmutation
Technology.  LANL would conduct lead target
tests for 2 years at the Area A beam stop, as w
as the 1 megawatt target/blanket experiments
described in section 3.1.11.  Once the
experiments were completed, LANL woul
construct a 5-megawatt target/blank
experimental area (referred to as the L
Alamos International Facility for Transmutatio
[LIFT]) adjacent to Area A, and conduc
5-megawatt experiments for 10 months per ye
for 4 years.  

LIFT would be used to demonstrate th
practicality of using accelerator technology 
transmute plutonium and high-level radioactiv
wastes into other elements or isotopes.  LIF
would be constructed adjacent to Area A in
previously disturbed area.  There would be 
change from the current industrial use of the
areas.  

Subatomic Physics Research.  LANL would
conduct five to ten physics experimen
annually at the Manuel Lujan Center, WNR
and LPSS and conduct proton radiograp
experiments.  Proton radiography experimen
would include contained experiments usin
small to moderate quantities of high explosiv
similar to those discussed above under Neutr
Research and Technology.

Medical Isotope Production.  Up to
approximately 50 targets per year would b
irradiated for medical isotope production an
3–26
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exotic and neutron rich/deficient isotopes would
be produced.

In addition, LANL would establish the Exotic
Isotope Production Facility in an existing
facility, which would complement the
100-million electron volt IPF by using the
800-million electron volt proton beam available
at the end of the half-mile-long linear
accelerator to fabricate radioisotopes used by
the medical community for diagnostic and other
procedures.  This facility would be established
within an existing building and would not result
in either land disturbance or a change from the
current industrial land use of these areas.

Also under the Expanded Operations
Alternative, Area A East would be stripped of
existing contaminated and uncontaminated
items so that it could be put to use as a staging
area for shipments, receipts, equipment storage,
and limited maintenance activities.  (This
portion of Experimental Area A currently
houses a beam stop, shielding, and equipment
related to isotope production and materials
irradiation activities.)  Removal of existing
items would generate wastes for disposal,
including an estimated 50,000 cubic feet
(1,400 cubic meters) of suspect contaminated
concrete, 20,000 cubic feet (560 cubic meters)
of activated metal used for shielding, and
another 14,000 cubic feet (400 cubic meters) of
equipment and debris.  Wastes would total an
estimated 1,700 tons (1,540 metric tons), the
disposal of which would require 200 Type B
cask shipments, 530 Type A shipments, and 290
low specific activity shipments, all to TA–54.  

High-Power Microwaves and Advanced
Accelerators.  Research and development in
this area would be conducted at the same levels
described under the No Action Alternative.

Under all alternatives, the following facilities
(as described under the No Action Alternative,
section 3.1.11 and in chapter 2, section 2.2.2.11)
would be constructed and operated (based on
previous NEPA reviews):

• LEDA
• Proton radiography and neutron 

spectroscopy facilities 
• IPF relocation  
• SPSS enhancement 

It is recognized that project plans change ov
time.  If this alternative is selected, th
construction projects proposed under th
alternative (as described above), would 
reviewed prior to construction to determin
whether additional NEPA analysis is required

3.2.12 Health Research Laboratory

The HRL is described in chapter 
(section 2.2.2.12).  Under the Expande
Operations Alternative, the following activitie
would occur at this facility.

Genomic Studies.  LANL would increase
genomic studies at HRL by approximate
25 percent over the No Action Alternative level

Cell Biology.  LANL would increase its
research activities by approximately 40 perce
above the No Action Alternative level.  

Cytometry.  LANL’s research utilizing laser
imaging systems to analyze the structures a
functions of subcellular systems would increa
by approximately 33 percent.

DNA Damage and Repair.  Research using
isolated cells to investigate DNA repa
mechanisms would increase by approximate
40 percent above the No Action Alternativ
levels.  

Environmental Effects.  LANL would conduct
research that identifies specific changes in DN
and proteins in certain microorganisms th
occur after events in the environment at a lev
approximately 25 percent higher than the N
Action Alternative.  
3–27
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Structural Cell Biology.  LANL would
conduct research utilizing chemical and
crystallographic techniques to isolate and
characterize the three-dimensional shapes and
properties of DNA and protein molecules at a
level approximately 50 percent higher than the
No Action Alternative.  

Neurobiology.  LANL’s activities in
neurobiology, conducting research using
magnetic fields produced in active areas of the
brain to map human brain locations associated
with certain sensory and cognitive functions,
would be increased to three times that of the No
Action Alternative.  

In-Vivo Monitoring.   LANL would conduct
3,000 whole-body scans annually as a service
that supports operations with radioactive
materials conducted elsewhere at LANL.

3.2.13 Radiochemistry Facility

The Radiochemistry Facility is described in
chapter 2 (section 2.2.2.13).  As an indicator of
overall activity levels, these operations would
be expected to require about 250 FTEs.  Under
the Expanded  Operations Alternative, the
following activities would occur at this facility.

Radionuclide Transport.  LANL would
conduct 80 to 160 of these studies annually.

Environmental Remediation.  Environmental
remediation activities would approximately
double the No Action Alternative level of
operations.  

Ultra-Low-Level Measurements.  These
activities would be at approximately double the
No Action Alternative level.  

Nuclear/Radiochemistry.  These operations
would be slightly more than the No Action
Alternative levels.

Isotope Production.  LANL would conduct
target preparation, irradiation, and processing to

recover medical and industrial applicatio
isotopes at a level approximately double that
the No Action Alternative.  

Actinide/Transuranic Chemistry.  LANL
would also perform radiochemical separatio
at approximately twice the No Action
Alternative level of operations.

Data Analysis.  LANL would reexamine
archive data and measure nuclear proc
parameters of interest to weapons radiochem
at approximately twice the No Action
Alternative level.  

Inorganic Chemistry.  LANL would conduct
synthesis, catalysis, and actinide chemis
activities at a level approximately 50 perce
higher than that of the No Action Alternative.

Structural Analysis.  LANL would perform
these activities at approximately twice the N
Action Alternative level of operation.  

Sample Counting.  LANL’s sample counting
activity would be the same as the No Actio
Alternative.

3.2.14 Radioactive Liquid Waste 
Treatment Facility

The RLWTF is described in chapter
(section 2.2.2.14).  Under the Expande
Operations Alternative, the following activitie
would occur at this facility.

Waste Characterization, Packaging, and
Labeling.  Under this alternative, as under th
No Action Alternative, LANL would support,
certify, and audit generator characterizatio
programs and maintain the WAC for th
RLWTF.  

Waste Transport, Receipt, and Acceptance.
LANL would also collect radioactive liquid
waste from generators and transport it to t
RLWTF in TA–50.  
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Radioactive Liquid Waste Pretreatment.
LANL would pretreat 238,000 gallons
(900,000 liters) of RLW per year at TA–21;
21,100 gallons (80,000 liters) of RLW per year
at TA–50; and solidify, characterize, and
package 106 cubic feet (3 cubic meters) of TRU
waste sludge per year at TA–50.

Radioactive Liquid Waste Treatment.  LANL
would install equipment for nitrate reduction in
mid 1999, treat 9.24 million gallons (35 million
liters) of RLW per year; dewater, characterize,
and package 353 cubic feet (10 cubic meters) of
LLW sludge per year; and solidify, characterize,
and package 1,130 cubic feet (32 cubic meters)
of TRU waste sludge per year.

Decontamination Operations.  LANL would:

• Decontaminate  personnel respirators for 
reuse (approximately 700 per month).

• Decontaminate air-proportional probes for 
reuse  (approximately 300 per month).

• Decontaminate vehicles and portable 
instruments for reuse (as required).

• Decontaminate precious metals for resale 
(acid bath).

• Decontaminate scrap metals for resale 
(sand blast). 

• Decontaminate 7,060 cubic feet (200 cubic 
meters) of lead for reuse (grit blast).

Three modifications were recently completed or
are planned for the RLWTF:  an upgrade to the
influent tank system, installation of a new
process for treatment of RLW, and installation
of additional treatment steps for removal of
nitrates.  These have all been previously
reviewed under NEPA and are included in all of
the SWEIS alternatives as described under the
No Action Alternative, section 3.1.14, and in
chapter 2, section 2.2.2.14.  

3.2.15 Solid Radioactive and 
Chemical Waste Facilities

The Solid Radioactive and Chemical Was
Facilities are described in chapter 
(section 2.2.2.15).  Under the Expande
Operations Alternative, the following activitie
would occur at these facilities.

Waste Characterization, Packaging, and
Labeling.  Under this alternative, as under th
No Action Alternative, LANL would support,
certify, and audit generator characterizatio
programs and maintain the WAC for LANL
waste management facilities.  At the Sol
Radioactive and Chemical Waste Facilitie
LANL would characterize 26,800 cubic fee
(760 cubic meters) of legacy LLMW;
characterize 318,000 cubic feet (9,010 cub
meters) of legacy TRU waste; verify
characterization data at the RANT Facility, fo
unopened containers of LLW and TRU wast
maintain the WAC for off-site treatment
storage, and disposal facilities; and overpa
and bulk waste containers.

As under the No Action Alternative, LANL
would also perform coring and visual inspectio
of a percentage of TRU waste package
ventilate 16,700 drums of TRU waste retrieve
during the TWISP, and maintain the curre
version of the WIPP WAC and coordinate wit
WIPP operations.

Compaction.  LANL would compact up to
896,600 cubic feet (25,400 cubic meters) 
LLW.  

Size Reduction.  In addition, 102,400 cubic fee
(2,900 cubic meters) of TRU waste would b
reduced in size at the WCRR Facility in TA–5
and the Drum Preparation Facility in TA–54.

Waste Transport, Receipt, and Acceptance.
LANL would collect chemical and mixed
wastes from LANL generators and transpo
them to TA–54.  LANL would ship 35,260 ton
(32,000 metric tons) of chemical wastes an
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128,500 cubic feet (3,640 cubic meters) of
LLMW for off-site treatment and disposal in
accordance with EPA land disposal restrictions.
Beginning in 1999, 318,000 cubic feet
(9,010 cubic meters) of legacy TRU waste
would be shipped to WIPP.  LANL would also
ship 192,700 cubic feet (5,460 cubic meters) of
TRU waste generated as a result of future
operations and research to WIPP.  LANL would
not ship LLW or environmental restoration soils
for off-site disposal. 

Waste Storage.  As under the No Action
Alternative, prior to shipment to off-site
treatment, storage, and disposal facilities,
LANL would store chemical and mixed wastes.
LANL would also store legacy TRU waste until
WIPP is opened for disposal;  LLMW until
treatment facilities are available; and LLW
uranium chips until sufficient quantities were
accumulated for stabilization campaigns.

Waste Retrieval.  LANL would retrieve
165,900 cubic feet (4,700 cubic meters) of
TRU waste from Pads 1, 2, and 4 by 2004 (same
level as the No Action Alternative).

Other Waste Processing.  LANL would
demonstrate treatment (e.g., electrochemical) of
LLMW liquids, land farm oil-contaminated
soils at Area J, stabilize 30,700 cubic feet
(870 cubic meters) of uranium chips, provide
special case treatment for 36,360 cubic feet
(1,030 cubic meters) of TRU waste, and solidify
100,600 cubic feet (2,850 cubic meters) of
LLMW (environmental restoration soils) for
disposal at Area G.

Disposal.  LANL would dispose of
14,830 cubic feet (420 cubic meters) of LLW in
shafts at Area G, 4,060,000 cubic feet
(115,000 cubic meters) of LLW and small
quantities of radioactively contaminated PCBs
in disposal cells at Area G, approximately
3,530 cubic feet (100 cubic meters) of
administratively controlled industrial solid
wastes in cells at Area J annually, and
nonradiological classified wastes in shafts at

Area J.  In addition, LLW disposal operations 
Area G would be expanded.

Existing disposal capacity is projected to b
filled before 2000.  Under the Expande
Operations Alternative, Area G would b
expanded to allow continued disposal of LLW
at LANL.  Five siting and construction
alternatives for expanded disposal operatio
are discussed in the PSSC analysis 
Expansion of TA–54/Area G Low-Leve
Disposal Area in the SWEIS, volume II, part 
Expansion into Zones 4 and 6 in Area G 
identified as DOE’s preferred expansio
alternative in that analysis.

In addition, under all alternatives, LANL would
construct storage domes for TRU wast
recovered from Pads 1, 2, and 4.  This 
described under the No Action Alternative
section 3.1.15.

It is recognized that project plans change ov
time.  If this alternative is selected, th
construction projects proposed under th
alternative would be reviewed prior to
construction to determine whether addition
NEPA analysis is required.

3.3 REDUCED OPERATIONS 
ALTERNATIVE

The Reduced Operations Alternative reflec
minimum levels of activity to maintain the
capabilities necessary to support LANL’
assigned missions.  This activity level is 
projection from the index established for pa
operations and represents a level that is poss
if funding is reduced.  In some cases, t
selected index was the best available for m
operations at LANL, but could not reasonab
be adjusted from the historical record to accou
for capabilities insufficiently exercised during
that period.  In those cases, the Reduc
Operations activity may reflect an increase ov
the index (although no greater than that und
the No Action Alternative). 
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This alternative does not eliminate assigned
missions or programs, but results in reduced
technology demonstration activities and/or a
decline in technological capability.  In the long
term, implementation of the Reduced
Operations Alternative could reduce LANL
capabilities below those required to fully meet
its existing assigned missions.

For this alternative, LANL operations would be
reduced to the minimum necessary to maintain
safety and security activities such as the
maintenance of nuclear materials, high
explosives, or other hazardous materials in
storage or use at LANL.  Under this alternative,
for example, plutonium processing activities
would be reduced, but would occur at a level
that could still support the safe, secure
maintenance of the plutonium inventory.

Construction (including facility modification)
projects that are required to maintain LANL
activities, even at a reduced level, are included
in this alternative.  Some construction projects
also may be required to support consolidation of
some operations to fewer facilities or within a
currently used facility, resulting in a reduced
“footprint.”  These construction and upgrade
activities are identified in the descriptions of
activities under this alternative for each of the
key facilities.  This SWEIS constitutes the entire
NEPA review for these projects.

3.3.1 Plutonium Facility Complex

The Plutonium Facility Complex (TA–55) is
described in chapter 2 (section 2.2.2.1).  Under
the Reduced Operations Alternative, the
following activities would occur at this
complex.

Plutonium Stabilization.  LANL would
recover, process, and store its existing
plutonium residue inventory in 10 to 15 years.  

Manufacturing Plutonium Components.
LANL would produce 6 to 12 plutonium pits per
year in order to maintain the technical capability

to understand pit characteristics and behavi
In addition, it would fabricate other parts an
samples for research and development at 
same levels as under the No Action Alternativ

Surveillance and Disassembly of Weapons
Components.  As under the No Action
Alternative, LANL would disassemble up to 4
plutonium pits per year (including up to 20 pit
destructively examined).  Up to 20 pits would b
nondestructively examined.

Actinide Materials Science and Processing
Research and Development.  As under the No
Action Alternative, LANL would continue to
conduct research on plutonium (and oth
actinide) materials.  The types and levels 
these activities are the same under th
alternative as under the No Action Alternativ
LANL would demonstrate the disassembly
conversion of 1 to 2 pits per day (up to 40 p
total) using hydride-dehydride processes.  Up
500 curies of neutron sources (plutonium-23
beryllium and americium-241/beryllium)
would be processed to maintain capabilit
LANL would retain the capability to proces
actinides and undertake tritium separation fro
metals, but would not use these capabilitie
LANL would perform decontamination of 15 to
20 uranium components per month.

Research in support of DOE’s actinide clean-
activities and on actinide processing and wa
activities at DOE sites would be conducte
although support to other sites would be le
than under the No Action Alternative.  As unde
the No Action Alternative, LANL would
stabilize minor quantities of specialty items an
residues from other DOE sites; fabricate a
study small amounts of nuclear fuels used 
terrestrial and space reactors; fabricate a
study prototype fuel for lead test assemblie
continue to develop safeguards instrumentat
for plutonium assay; and analyze samples.

Fabrication of Ceramic-Based Reactor Fuels.
LANL would conduct MOX and other fuel
research and development.  
3–31



LANL SWEIS

ce

ls

ls
h
ge

e
er

ed
.

of
r)

n

l

2
d

Plutonium-238 Research, Development, and
Applications.  LANL would process, evaluate,
and test up to 15.4 pounds (7 kilograms) of
plutonium-238 per year in production of
materials and parts to support space and
terrestrial uses.  In addition, up to 1.1 pounds
(0.5 kilograms) of plutonium-238 per year
would be processed to recover material from
heat sources and milliwatt generators, research
and development, and safety testing.

Storage, Shipping, and Receiving.  The NMSF
is to be renovated to perform as originally
intended:  to serve as a vault for the interim
storage of up to 7.3 tons (6.6 metric tons) of the
LANL SNM inventory, mainly plutonium.  The
NMSF renovation is included in all alternatives.  

Under all alternatives, the Plutonium Facility
would be renovated to ensure the continued
availability of existing capabilities as described
under the No Action Alternative, section 3.1.1. 

It is recognized that project plans change over
time.  If this alternative is selected, the
construction projects proposed under this
alternative (as described above), would be
reviewed prior to construction to determine
whether additional NEPA analysis is required.

3.3.2 Tritium Facilities

The Tritium Facilities are described in chapter 2
(section 2.2.2.2).  Under the Reduced
Operations Alternative, the following activities
would occur at these facilities.

High-Pressure Gas Fills and Processing.
LANL would handle and process tritium gas in
quantities of up to 3.53 ounces (100 grams) at
the WETF approximately 20 times per year.  

Gas Boost System Testing and Development.
Approximately 15 times per year, LANL would
conduct gas boost system research,
development, and testing and gas processing
operations at WETF involving quantities of up
to 100 grams of tritium.  

Cryogenic Separation.  At TSTA, LANL
would purify and process tritium gas in
quantities of up to 7.06 ounces (200 grams) on
per year using cryogenic separation.

Diffusion and Membrane Purification.
LANL would conduct research on tritium
movement and penetration through materia
including major experimental efforts
approximately 2 to 3 times per month.

Metallurgical and Material Research.  LANL
would also conduct metallurgical  and materia
research involving tritium including researc
and application studies regarding tritium stora
(same as the No Action Alternative).  

Thin Film Loading.   In addition, LANL would
use its thin film loading capability (involving
chemically bonding tritium to a metallic
surface) for tritium loading of neutron tub
targets, processing approximately 800 units p
year (same as the No Action Alternative).

Gas Analysis.  LANL’s activities to measure
the composition and quantities of gases us
would continue in support of tritium operations

Calorimetry.  LANL’s calorimetry
measurements (a nondestructive method 
measuring the amount of tritium in a containe
would also continue in support of tritium
operations.  

Solid Material and Container Storage.
Tritium would continue to be stored on site i
WETF, TSTA, and TSFF.  

Under all alternatives, LANL would remode
Building 16-450 and connect it to WETF in
support of neutron tube target loading.

3.3.3 Chemistry and Metallurgy 
Research Building

The CMR Building is described in chapter
(section 2.2.2.3).  Under the Reduce
3–32
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Operations Alternative, the following activities
would occur at this facility.

Analytical Chemistry.  LANL would provide
sample analysis in support of actinide research
and processing activities, processing
approximately 5,200 samples per year (same as
the No Action Alternative).  

Uranium Processing.  LANL would conduct
activities to recover, process, and store LANL’s
highly enriched uranium inventory over the next
10 to 15 years.  

Destructive and Nondestructive Analysis.  Up
to a total of 10 secondary assemblies (1 per
year) would be evaluated through destructive
and nondestructive analysis and disassembly
(same as the No Action Alternative).  

Nonproliferation Training.   Reducing from
the No Action Alternative level, LANL would
also conduct some nonproliferation training
using the same quantities of SNM as under the
No Action Alternative. 

Actinide Research and Processing.  LANL
would maintain its capabilities for plutonium-
238/beryllium and americium-241/beryllium
neutron source processing, but annual
throughput would not exceed a total of
2,000 curies at the CMR Building.  In addition,
up to a total of 1,000 plutonium-238/beryllium
and neutron sources would be staged in CMR
Building Wing 9 floor holes.  LANL would
retain its capability for research and
development activities on spent nuclear fuels.
Further, LANL would characterize
approximately 25 samples per year using
metallurgical microstructural/chemical analysis
and would conduct compatibility testing of
actinides and other metals in order to study
long-term aging and other material effects.
LANL would also conduct analysis of TRU
waste disposal related to the validation of WIPP
performance assessment models, characterize

TRU waste, and analyze gas generation such
that which could occur during transportation 
WIPP.

Fabrication and Metallography.  LANL
would produce 50 targets per year fo
production of molybdenum-99, with each targ
containing approximately 0.71 ounce
(20 grams) of uranium-235.  The targets wou
be stored.  In addition, LANL would suppor
highly enriched uranium processing, resear
and development, pilot operations, and casti
and fabrication of metal shapes using from 2
to 22 pounds (1 to 10 kilograms) of highl
enriched uranium in each operation, with a
annual throughput of approximatel
2,200 pounds (1,000 kilograms) (which woul
remain in the LANL material inventory).  

In addition, the four projects currently in
development or implementation at the CM
Building are included in all alternatives, a
described under the No Action Alternative
section 3.1.3.

3.3.4 Pajarito Site (Los Alamos 
Critical Experiments Facility)

The Pajarito Site is described in chapter
(section 2.2.2.4).  Under the Reduce
Operations Alternative, the following activitie
would occur at this facility.

Under the Reduced Operations Alternative 
under the No Action Alternative, LANL would
continue to conduct experiments and tests in
of the areas described in section 2.2.2.4.  
1997, as with the No Action Alternative, u
to 570 experimental operations would b
expected, with a 5 percent annual growth af
that.  LANL would also develop safeguard
instrumentation and perform research a
development activities for SNM, light detectio
and ranging experiments, materials processi
interrogation techniques, and field systems.  
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3.3.5 Sigma Complex

The Sigma Complex is described in
section 2.2.2.5.  The Reduced Operations
Alternative for the Sigma Complex is the same
as the No Action Alternative, as described in
section 3.1.5.

3.3.6 Materials Science Laboratory

The MSL is described in section 2.2.2.6.  Under
the Reduced Operations Alternative, the
following activities would occur at this facility.

Materials Processing.  LANL would continue
materials processing research at the MSL; these
capabilities are: synthesis and processing
techniques, wet chemistry, thermomechanical
processing, microwave processing, heavy
equipment materials, single crystal growth,
amorphous alloys, and powder processing.
However,  there would be a decrease in the
number of experiments conducted in these
research capabilities as compared to the No
Action Alternative. 

Mechanical Behavior in Extreme
Environments.  LANL would continue
mechanical testing, dynamic testing, and
fabrication and assembly research, although
there would be a decrease in the number of
experiments conducted, as compared to the No
Action Alternative.  

Advanced Materials Development.  LANL
would continue research into materials,
synthesis and characterization, ceramics, and
superconductors activities, although there
would be a significant decrease in the number of
experiments conducted, as compared to the No
Action Alternative.  

Materials Characterization.  LANL would
also continue two of its materials
characterization activities (surface science
chemistry and corrosion characterization),
although there would be a decrease in the

number of experiments conducted, as compa
to the No Action Alternative.  Electron
microscopy, x-ray, optical metallography, an
spectroscopy capabilities would be eliminated

3.3.7 Target Fabrication Facility

The TFF is described in chapter
(section 2.2.2.7).  Under the Reduce
Operations Alternative, the following activitie
would occur at this facility.

Precision Machining and Target Fabrication.
LANL would provide targets and specialize
components for approximately 400 laser a
high-energy density physics tests per year.

Polymer Synthesis.  LANL would produce
polymers for targets and specialize
components for approximately 400 laser a
high-energy density physics tests per year.

Chemical and Physical Vapor Deposition.
LANL would coat targets and specialize
components for approximately 400 laser a
high-energy density physics tests per ye
Support for pit manufacturing operations wou
be the same as under the No Action Alternativ

3.3.8 Machine Shops

The Machine Shops are described 
section 2.2.2.8.  Under the Reduced Operatio
Alternative, the following activities would
occur at these facilities.

The Machine Shops would provide fabricatio
support for the dynamic experiments progra
and explosive research studies, support up to
hydrodynamic tests annually, manufacture 20
40 joint test assembly sets annually, and prov
general laboratory fabrication support a
requested.  LANL would also continue it
fabrication activities using unique and unusu
materials and provide appropriate dimension
inspection of these activities.  (These activi
3–34
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levels are about the same as under the No Action
Alternative.)

3.3.9 High Explosives Processing 
Facilities

The High Explosives Processing Facilities are
described in section 2.2.2.9.  Under this
alternative, 19,400 pounds (8,800 kilograms) of
explosives and 1,150 pounds (520 kilograms)
of mock explosives would be used annually (as
an indicator of overall activity levels in this key
facility).  Under the Reduced Operations
Alternative, the following activities would
occur at these facilities.

High Explosives Synthesis and Production.
LANL would reduce its current level of high
explosives synthesis and production research
and development, production of new materials
and formulation of plastic-bonded explosives
by approximately 60 percent.  Process
development would decrease from current
levels, and materials production for research
and stockpile applications would continue at a
reduced level (approximately 60 percent of the
No Action Alternative).  

High Explosives and Plastics Development
and Characterization.  LANL would evaluate
stockpile returns and decrease efforts in
development and characterization of new
plastics and high explosives for stockpile
improvement.  LANL would also conduct
research into high explosives waste treatment
methods, with the overall level of effort reduced
to about 60 percent of the No Action
Alternative.

High Explosives and Plastics Fabrication.
LANL would reduce its traditional stockpile
surveillance and process development from No
Action Alternative levels by approximately
60 percent.  Stockpile surveillance fabrication
for hydrodynamic and environmental testing
would be reduced to approximately 75 percent
of the No Action Alternative levels.

Test Device Assembly.  Operations would be
the same as the No Action Alternative level
Approximately 30 major hydrodynamic tes
devices would be assembled annually.

Safety and Mechanical Testing.  Safety and
environmental testing related to stockpi
assurance would be reduced to approximat
80 percent of No Action Alternative levels, an
predictive models would be improved
Approximately 12 safety and mechanical tes
would be conducted annually.

Research, Development, and Fabrication of
High-Power Detonators.  As with the No
Action Alternative, LANL would manufacture
up to 20 major product lines per year an
support DOE-wide packaging an
transportation of electro-explosive devices.

3.3.10 High Explosives Testing

High explosives testing is described in chapte
(section 2.2.2.10).  The Reduced Operatio
Alternative for LANL’s high explosives testing
facilities is the same as the No Actio
Alternative, as described in section 3.1.10.

3.3.11 Los Alamos Neutron Science 
Center

The LANSCE is described in section 2.2.2.1
Under the Reduced Operations Alternative, t
following activities would occur at this facility.

Accelerator Beam Delivery, Maintenance,
and Development.  LANSCE would deliver a
linear accelerator beam to Areas A, B, and 
WNR buildings; the Manuel Lujan Center
radiography firing sites; and a new IPF fo
4 months each year (2,600 hours).  The H+ beam
current would be 1,000 microamps and the -

beam current would be 200 microamps.  T
beam delivery and support equipment would 
reconfigured to support new facilities, upgrade
and experiments.  
3–35



LANL SWEIS

and

e

in
els
on

al

e,
,

nd

2
d

s

ly
 

h
o

nd
e
o

Under the Reduced Alternative, the LEDA
would be operated at 12-million electron volts
to demonstrate the practicality of using
continuous-wave accelerator beam technology
to produce tritium, as an alternative to the
historical use of nuclear reactors.  It would
operate for 2 years, operating up to
approximately 1,000 hours per year.  This
facility would be constructed as described under
the No Action Alternative, section 3.1.11. 

Experimental Area Support.  The same
support activities would continue at the same
levels as described under the No Action
Alternative.  Remote handling and packaging of
radioactive wastes at LANSCE would be
maintained at fiscal year 1994 levels.

Neutron Research and Technology.  LANL
would conduct 100 to 500 different experiments
annually, using neutrons from Manuel Lujan
Center and WNR.  LANL would continue to
support contained weapons-related experiments
using small to moderate quantities of high
explosives.  These experiments would include: 

• Experiments with nonhazardous materials 
and small quantities of high explosives (up 
to approximately 50 per year)

• Experiments with up to 10 pounds 
(4.54 kilograms) of high explosives and/or 
depleted uranium (up to approximately 15 
per year)

• Experiments with small quantities of 
actinides, high explosives, and sources (up 
to approximately 20 per year)

Accelerator-Driven Transmutation
Technology.  LANL would conduct basic
research using existing LANSCE facilities.

Subatomic Physics Research.  LANL would
conduct 5 to 10 physics experiments annually at
the Manuel Lujan Center and WNR and conduct
proton radiography experiments.  Proton
radiography experiments would include
contained experiments using small to moderate
quantities of high explosives, similar to those

discussed above under Neutron Research 
Technology.

Medical Isotope Production.  Up to
approximately 20 targets per year would b
irradiated for medical isotope production.

High-Power Microwaves and Advanced
Accelerators.  Research and development 
this area would be conducted at reduced lev
(about 50 percent) as compared to the No Acti
Alternative levels.  Microwave chemistry
research for industrial and environment
applications would not be conducted.

Under all alternatives, the following facilities
(as described under the No Action Alternativ
section 3.1.11, and in chapter 2
section 2.2.2.11) would be constructed a
operated (based on previous NEPA reviews):

• LEDA
• Proton radiography and neutron 

spectroscopy facilities
• IPF relocation  
• SPSS enhancement 

3.3.12 Health Research Laboratory

The HRL is described in chapter
(section 2.2.2.12).  Under the Reduce
Operations Alternative, the following activitie
would occur at this facility.

Genomic Studies.  LANL would reduce
genomic studies at HRL to approximate
20 percent of the No Action Alternative level. 

Cell Biology.  LANL would decrease researc
activities to approximately 30 percent of the N
Action Alternative level.  

Cytometry.  LANL’s research utilizing laser
imaging systems to analyze the structures a
functions of subcellular systems would b
reduced to approximately 25 percent of the N
Action Alternative level.
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DNA Damage and Repair.  LANL’s research
using isolated cells to investigate DNA repair
mechanisms would be reduced to approximately
30 percent of the No Action Alternative levels.  

Environmental Effects.  LANL would conduct
research that identifies specific changes in DNA
and proteins in certain microorganisms that
occur after events in the environment to a level
approximately 40 percent of than the No Action
Alternative.  

Structural Cell Biology.  LANL would
conduct research utilizing chemical and
crystallographic techniques to isolate and
characterize the three-dimensional shapes and
properties of DNA and protein molecules to a
level approximately 20 percent of that under the
No Action Alternative.  

Neurobiology.  LANL’s activities in
neurobiology, conducting research using
magnetic fields produced in active areas of the
brain to map human brain locations associated
with certain sensory and cognitive functions,
would be the same as that of the No Action
Alternative.  

In-Vivo Monitoring.   LANL would conduct
500 whole-body scans annually.

3.3.13 Radiochemistry Facility

The Radiochemistry Facility is described in
section 2.2.2.13.  As an indicator of overall
activity levels, these operations would be
expected to require about 130 FTEs.  Under the
Reduced Operations Alternative, the following
activities would occur at this facility.

Radionuclide Transport.  LANL would
conduct 18 to 36 of these studies annually.

Environmental Remediation.  Environmental
remediation activities would be the same as the
No Action Alternative level of operations.  

Ultra-Low-Level Measurements.  These
activities would be slightly lower than the N
Action Alternative level.  

Nuclear/Radiochemistry.  These operations
would be approximately half of the No Action
Alternative levels.

Isotope Production.  LANL would conduct
target preparation, irradiation, and processing
recover medical and industrial applicatio
isotopes at a level approximately half that of th
No Action Alternative.  

Actinide/Transuranic Chemistry.  LANL also
would perform radiochemical separations 
half the No Action Alternative level of
operations.

Data Analysis.  LANL would reexamine
archive data and measure nuclear proc
parameters of interest to weapons radiochem
at a level slightly lower than the No Action
Alternative level.  

Inorganic Chemistry.  LANL would conduct
synthesis, catalysis, and actinide chemis
activities the same level as the No Actio
Alternative.

Structural Analysis.  LANL would perform
these activities at the No Action Alternativ
level of operation.  

Sample Counting.  LANL’s sample counting
activity would also be the same as the No Acti
Alternative.

3.3.14 Radioactive Liquid Waste 
Treatment Facility

The RLWTF is described in chapter
(section 2.2.2.14).  Under the Reduce
Operations Alternative, the following activitie
would occur at this facility.
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Waste Characterization, Packaging, and
Labeling.  Under the Reduced Operations
Alternative, as under the No Action Alternative,
LANL would support, certify, and audit
generator characterization programs and
maintain the WAC for the RLWTF.  

Waste Transport, Receipt, and Acceptance.
LANL would also collect radioactive liquid
waste from generators and transport it to the
RLWTF in TA–50.  

Radioactive Liquid Waste Pretreatment.
LANL would pretreat 158,400 gallons
(600,000 liters) of RLW per year at TA–21;
5,280 gallons (20,000 liters) of RLW per year at
TA–50; and solidify, characterize, and package
71 cubic feet (2 cubic meters) of TRU waste
sludge per year at TA–50.

Radioactive Liquid Waste Treatment.  LANL
would install equipment for nitrate reduction in
mid 1999, treat 5.28 million gallons (20 million
liters) of RLW per year; dewater, characterize,
and package 247 cubic feet (7 cubic meters) of
LLW sludge per year; and solidify, characterize,
and package 671 cubic feet (19 cubic meters) of
TRU waste sludge per year.

Decontamination Operations.  LANL would:

• Decontaminate  personnel respirators for 
reuse (approximately 300 per month).

• Decontaminate air-proportional probes for 
reuse  (approximately 200 per month). 

• Decontaminate vehicles and portable 
instruments for reuse (as required). 

• Decontaminate precious metals for resale 
(acid bath). 

• Decontaminate scrap metals for resale 
(sand blast). 

• Decontaminate 6,700 cubic feet (190 cubic 
meters) of lead for reuse (grit blast).

Three modifications were recently completed or
are planned for the RLWTF:  an upgrade to the
influent tank system, installation of a new

process for treatment of RLW, and installatio
of additional treatment steps for removal 
nitrates.  These have all been previous
reviewed under NEPA and are included in all 
the SWEIS alternatives, as described under 
No Action Alternative, section 3.1.14 and i
chapter 2 (section 2.2.2.14).  

3.3.15 Solid Radioactive and 
Chemical Waste Facilities

The Solid Radioactive and Chemical Was
Facilities are described in section 2.2.2.1
Under the Reduced Operations Alternative, t
following activities would occur at these
facilities.

Waste Characterization, Packaging, and
Labeling.  Under the Reduced Operation
Alternative, as under the No Action Alternative
LANL would support, certify, and audit
generator characterization programs a
maintain the WAC for LANL waste
management facilities.  At the Solid Radioactiv
and Chemical Waste Facilities, LANL would
characterize 26,800 cubic feet (760 cub
meters) of legacy LLMW; characterize
318,000 cubic feet (9,010 cubic meters) 
legacy TRU waste; verify characterization da
at the RANT Facility for unopened containers 
LLW and TRU waste; maintain the WAC fo
off-site treatment, storage, and dispos
facilities; and overpack and bulk wast
containers.

As under the No Action Alternative, LANL
would also perform coring and visual inspectio
of a percentage of TRU waste package
ventilate 16,700 drums of TRU waste retrieve
during the TWISP, and maintain the curre
version of the WIPP WAC and coordinate wit
WIPP operations.

Compaction.  LANL would compact up to
590,000 cubic feet (16,700 cubic meters) 
LLW.  
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Size Reduction.  In addition, 91,800 cubic feet
(2,600 cubic meters) of TRU waste would be
reduced in size at the WCRR Facility in TA–50
and the Drum Preparation Facility in TA–54
(the same level as under the No Action
Alternative).

Waste Transport, Receipt, and Acceptance.
LANL would collect chemical and mixed
wastes from LANL generators and transport
them to TA–54.  LANL would ship 31,960 tons
(29,000 metric tons) of chemical wastes and
126,000 cubic feet (3,570 cubic meters) of
LLMW for off-site treatment and disposal in
accordance with EPA land disposal restrictions.
In addition, LANL would ship 2,578,000 cubic
feet (73,030 cubic meters) of LLW for off-site
disposal.  (This corresponds to shipment of
LANL LLW to an off-site [e.g., regional]
disposal facility to the extent practicable.)
Beginning in 1999, 318,000 cubic feet
(9,010 cubic meters) of legacy TRU waste
would be shipped to WIPP.  LANL would also
ship 67,100 cubic feet (1,900 cubic meters) of
TRU waste generated as a result of future
operations and research to WIPP and
100,600 cubic feet (2,850 cubic meters) of
LLMW in environmental restoration soils for
off-site solidification and disposal.

Waste Storage.  As under the No Action
Alternative, prior to shipment to off-site
treatment, storage, and disposal facilities,
LANL would store  chemical and mixed wastes.
LANL would also store:  legacy TRU waste
until WIPP is opened for disposal; LLMW until
treatment facilities are available; and LLW
uranium chips until sufficient quantities were
accumulated for stabilization campaigns.

Waste Retrieval.  LANL would retrieve
166,000 cubic feet (4,700 cubic meters) of TRU
waste from Pads 1, 2, and 4 by 2004 (same level
as the No Action Alternative).

Other Waste Processing.  LANL would
demonstrate treatment (e.g., electrochemical) of

LLMW liquids, land farm oil-contaminated
soils at Area J, stabilize 14,500 cubic fe
(410 cubic meters) of uranium chips, an
provide special case treatment for 23,650 cu
feet (670 cubic meters) of TRU waste.  The
activities would be the same as under the N
Action Alternative.  

Disposal.  LANL would dispose of 3,530 cubic
feet (100 cubic meters) of LLW in shafts a
Area G,  98,800 cubic feet (2,800 cubic meter
of LLW and small quantities of radioactively
contaminated PCBs in disposal cells at Area
(this is the LANL LLW for which LANL has a
unique disposal capability, or for which there 
no approved transportation configuration
approximately 3,530 cubic feet (100 cub
meters) of administratively controlled industria
solid wastes in cells at Area J annually, a
nonradiological classified wastes in shafts 
Area J. 

In addition, under all alternatives, LANL would
construct storage domes for TRU wast
recovered from Pads 1, 2, and 4.  This 
described under the No Action Alternative
section 3.1.15.

3.4 GREENER  ALTERNATIVE

The name and general description for th
alternative were provided by interested citize
as a result of the scoping process.  The Gree
Alternative uses existing LANL capabilities
with an emphasis on basic science, wa
minimization and treatment, dismantlement 
nuclear weapons, nonproliferation, and oth
areas of national and international importanc
Thus, while similar activities may occur unde
both the Expanded Operations and Green
Alternatives, the purpose for which th
activities would be conducted under the Green
Alternative would focus on science, was
management, and nuclear weapo
dismantlement.
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This alternative does not change any LANL
missions, nor add or eliminate LANL programs
or projects.  This alternative includes increased
activities and operations in areas of emphasis
including:  neutron science, health and nuclear
medicines research, basic science research (e.g.,
the fundamental nature of matter), waste
minimization technologies, environmental
restoration technologies, nuclear weapons
dismantlement, international nuclear safety, and
nonproliferation.  These increased activities are
combined with the Reduced Operations or No
Action levels of defense mission activities at
LANL to make up the Greener Alternative.

Construction projects required for LANL
support operations are included in the Greener
Alternative.  Construction also may be
necessary to support consolidation of various
operations to a reduced “footprint,” to optimize
some facilities for increased levels of
operations, and/or to increase LANL
capabilities and capacities as required to
accomplish assigned programs, projects, and
activities.  These construction or upgrade
activities are identified insofar as they are
associated with key facilities, as described
below.  

3.4.1 Plutonium Facility Complex

The Plutonium Facility Complex (TA–55) is
described in chapter 2 (section 2.2.2.1).  Under
the Greener Alternative, the following activities
would occur at this complex.

Plutonium Stabilization.  LANL would
recover, process, and store its existing
plutonium residue inventory in 8 years.  

Manufacturing Plutonium Components.  As
with the Reduced Operations Alternative,
LANL would produce up to 12 plutonium pits
per year in order to maintain the technical
capability to understand pit characteristics and
behavior.  In addition, it would fabricate other
parts and samples for research and development

at the same levels as under the No Acti
Alternative.

Surveillance and Disassembly of Weapons
Components.  LANL would disassemble up to
65 pits per year (up to 40 pits would b
destructively examined).  Up to 20 pits would b
nondestructively examined.

Actinide Materials Science and Processing
Research and Development.  As under the No
Action Alternative, LANL would continue to
conduct research on plutonium (and oth
actinide) materials.  The types and levels 
these activities are the same under th
alternative as under the No Action Alternativ
LANL would demonstrate the disassembly
conversion of 1 to 2 pits per day (up to 40 p
total) using hydride-dehydride processe
LANL would expand research in the materia
disposition technologies to support weapo
disassembly.  Up to 5,000 curies of neutro
sources (plutonium-239/beryllium and
americium-241/beryllium) and neutron source
other than sealed sources would be process
LANL would not process actinides and woul
not use tritium separation, but would reta
these capabilities.  LANL would perform
decontamination of 10 to 15 uranium
components per month.

Research in support of DOE’s actinide clean-
activities and on actinide processing and wa
activities at DOE sites would be conducted 
the same level as the Expanded Operatio
Alternative.  In addition, as under the Expand
Operations Alternative, LANL would stabilize
larger quantities of specialty items and residu
from other DOE sites.  As under the No Actio
Alternative, LANL would fabricate and study
small amounts of nuclear fuels used in terrestr
and space reactors; fabricate and stu
prototype fuel for lead test assemblies; a
analyze samples.  As under the Expand
Operations Alternative, LANL would develop
safeguards instrumentation for plutonium ass
at a level increased from that of the No Actio
Alternative. 
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Fabrication of Ceramic-Based Reactor Fuels.
LANL would make prototype MOX fuel and
would continue research and development on
other fuels.

Plutonium-238 Research, Development, and
Applications. LANL would process, evaluate,
and test up to 55 pounds (25 kilograms) of
plutonium-238 per year in production of
materials and parts to support space and
terrestrial uses.  In addition, LANL would
recover, recycle, and blend up to 40 pounds
(18 kilograms) per year of plutonium-238. 

Storage, Shipping, and Receiving.  The NMSF
is to be renovated to perform as originally
intended:  to serve as a vault for the interim
storage of up to 7.3 tons (6.6 metric tons) of the
LANL SNM inventory, mainly plutonium.  The
NMSF renovation is included in all alternatives.  

Under all alternatives, the Plutonium Facility
would be renovated to ensure the continued
availability of existing capabilities, as described
under the No Action Alternative, section 3.1.1.

It is recognized that projects plans change over
time.  If this alternative is selected, the
construction projects proposed under this
alternative (as described above), would be
reviewed prior to construction to determine
whether additional NEPA analysis is required.

3.4.2 Tritium Facilities

The Tritium Facilities are described in chapter 2
(section 2.2.2.2).  Under the Greener
Alternative, the following activities would
occur at these facilities.

High-Pressure Gas Fills and Processing.
LANL would handle and process tritium gas in
quantities of up to 3.53 ounces (100 grams) at
the WETF approximately 20 times per year. 

Gas Boost System Testing and Development.
Approximately 15 times per year, LANL would
conduct gas boost system research,

development, and testing and gas process
operations at WETF involving quantities of u
to 3.53 ounces (100 grams) of tritium.  

Cyrogenic Separation.  At TSTA, LANL
would purify and process tritium gas in
quantities of up to 7.06 ounces (200 grams)
five to six operations per year using cryogen
separation for the purpose of alternative ener
development.

Diffusion and Membrane Purification.
LANL would conduct research on tritium
movement and penetration through materials
including major experimental efforts
approximately six to eight experiments pe
month and continuous use for effluen
treatment, with a focus on  waste reduction.  

Metallurgical and Material Research.  LANL
also would conduct metallurgical  and materia
research involving tritium, including researc
and application studies regarding tritium
storage.  

Thin Film Loading.   In addition, LANL would
use its thin film loading capability (involving
chemically bonding tritium to a metallic
surface) for tritium loading of neutron tub
targets, processing approximately 800 units p
year using small quantities of tritium (same 
the No Action Alternative).

Gas Analysis.  LANL’s activities to measure
the composition and quantities of gases us
would increase from the No Action Alternativ
level in support of tritium operations under th
alternative.

Calorimetry.   LANL’s calorimetry
measurements (a nondestructive method 
measuring the amount of tritium in a containe
would increase (as compared to the No Acti
Alternative) under this alternative in support o
tritium operations.  

Solid Material and Container Storage.
Tritium would continue to be stored on site i
WETF, TSTA, and TSFF.  
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Under all alternatives, LANL would remodel
Building 16–450 and connect it to WETF in
support of neutron tube target loading.

3.4.3 Chemistry and Metallurgy 
Research Building

The CMR Building is described in chapter 2
(section 2.2.2.3).  Under the Greener
Alternative, the following activities would
occur at this facility.  

Analytical Chemistry.  LANL would provide
sample analysis in support of actinide research
and processing activities, processing
approximately 5,200 samples per year (same as
the No Action Alternative).  

Uranium Processing.  LANL would conduct
activities to recover, process, and store LANL’s
highly enriched uranium inventory over the next
8 years (same as the No Action Alternative).  

Destructive and Nondestructive Analysis.  Up
to a total of 10 secondary assemblies (1 per
year) would be evaluated through destructive
and nondestructive analysis and disassembly
(same as the No Action Alternative).  

Nonproliferation Training.   LANL would also
conduct more nonproliferation training using
quantities of SNM than under the No Action
Alternative and would possibly use different
types of SNM in that training.  

Actinide Research and Processing.  LANL
would process up to 5,000 curies of neutron
sources (both plutonium-238/beryllium and
americium-241/beryllium sources) per year and
would process neutron sources other than sealed
sources.  In addition, up to a total of 1,000
plutonium-238/beryllium and americium-241/
beryllium neutron sources would be staged in
CMR Building Wing 9 floor holes.  LANL
would begin a research and development effort
on spent nuclear fuels related to long-term
storage and would analyze components in spent

and partially spent fuels, including research a
development into monitoring of spent react
fuels.  Further, LANL would characterize
approximately 50 samples per year usin
metallurgical microstructural/chemical analys
and would conduct compatibility testing o
actinides and other metals in order to stu
long-term aging and other material effect
LANL would also conduct analysis of TRU
waste disposal related to the validation of WIP
performance assessment models, characte
TRU waste, and analyze gas generation such
that which could occur during transportation 
WIPP.  Further, LANL would demonstrate
decontamination technologies for actinide
contaminated soils and materials and develop
actinide precipitation method to reduce mixe
wastes in LANL effluents.

Fabrication and Metallography.  LANL
would produce 1,080 targets per year f
production of molybdenum-99, with each targ
containing approximately 0.71 ounce
(20 grams) of uranium-235.  In addition, LANL
would support highly enriched uranium
processing research and development pi
operations and casting and fabricate me
shapes using from 2.2 to 22 pounds (1 
10 kilograms) of highly enriched uranium in
each operation, with an annual throughput 
approximately 2,200 pounds (1,000 kilogram
(which would be retained in the LANL materia
inventory).  (These activities are at the sam
levels as under the No Action Alternative.)  

In addition, four projects currently in
development or implementation at the CM
Building are included in all alternatives, a
described under the No Action Alternative
section 3.1.3.  

3.4.4 Pajarito Site (Los Alamos 
Critical Experiments Facility)

The Pajarito Site is described in chapter
(section 2.2.2.4).  Under the Greene
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Alternative, the following activities would
occur at this facility.

LANL would continue to conduct experiments
and tests in all of the areas described in
section 2.2.2.4.  The level of dosimeter
assessment and calibration, skyshine, and
vaporization experiments would be the same as
the No Action Alternative; other experiments
would increase by about 25 percent over the No
Action Alternative level (the same as the
Expanded Operations Alternative).  In those
areas where nuclear criticality experiments
would increase, the nuclear materials inventory
would increase by about 20 percent over the
No Action Alternative level.  As under the No
Action Alternative, LANL would also develop
safeguards instrumentation and perform
research and development activities for SNM,
light detection and ranging experiments,
materials processing, interrogation techniques,
and field systems.  

3.4.5 Sigma Complex

The Sigma Complex is described in
section 2.2.2.5.  Under the Greener Alternative,
the following activities would occur at this
complex.

Research and Development on Materials
Fabrication, Coating, Joining, and
Processing.  Under the Greener Alternative, as
under the No Action Alternative, LANL would
continue to fabricate items from metals,
ceramics, salts, beryllium, enriched uranium,
depleted uranium, and other uranium isotope
mixtures.  Activities include casting, forming,
machining, polishing, coating, and joining.  

Characterization of Materials.  LANL would
also continue research and development
activities on properties of ceramics, oxides,
slicides, composites, and high-temperature
materials; analyze up to 24 tritium reservoirs per
year; and develop a library of aged non-SNM
materials from stockpiled weapons and develop

techniques to test and predict changes.  As un
the Expanded Operations Alternative, up 
2,500 non-SNM samples, including uranium
would be stored and characterized.

Fabrication of Metallic and Ceramic Items.
LANL would (as under the No Action
Alternative), on an annual basis, fabrica
stainless steel and beryllium components f
approximately 50 plutonium pits, 50 to 10
reservoirs for tritium, components for up to 5
secondary assemblies (of depleted uraniu
depleted uranium alloy, enriched uranium
deuterium, and lithium), nonnuclea
components for research and development 
major hydrotests and 20 to 40 joint te
assemblies, beryllium targets, targets and ot
components for accelerator production 
tritium research, test storage containers f
nuclear materials stabilization, and nonnucle
(stainless steel and beryllium) components f
up to 20 plutonium pit rebuilds.

In addition, all of the alternatives includ
construction, renovation, and modificatio
projects that are underway and planned in t
near term for the purpose of maintaining th
availability and viability of the Sigma Complex
as described under the No Action Alternativ
section 3.1.5.  

It is recognized that project plans change ov
time.  If this alternative is selected, th
construction projects proposed under th
alternative (as described above), would 
reviewed prior to construction to determin
whether additional NEPA analysis is required

3.4.6 Materials Science Laboratory

The MSL is described in chapter
(section 2.2.2.6).  Under the Greene
Alternative, the following activities would
occur at this facility.

Materials Processing.  LANL would continue
research at current levels for six of its eig
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materials processing activities at the MSL; these
capabilities are:  thermomechanical processing,
microwave processing, heavy equipment
materials, single crystal growth, amorphous
alloys, and powder processing.  The materials
synthesis/processing activities would be
expanded for nonweapons applications and to
develop environmental and waste management
technologies; wet chemistry would be expanded
to develop a remediation chemistry capability. 

Mechanical Behavior in Extreme
Environments.  LANL would continue
dynamic testing and fabrication and assembly
research at current levels.  Mechanical testing
would be expanded for nonweapons
applications.  

Advanced Materials Development.  LANL
would continue activities in materials, synthesis
and characterization, and ceramics capabilities
at current levels of research; the research effort
for high-temperature superconductors would be
increased from the No Action Alternative level.

Materials Characterization.  LANL would
also expand activities in the six materials
characterization areas:  surface science
chemistry, corrosion characterization, electron
microscopy, x-ray, optical metallography, and
spectroscopy.  Research into environmental
corrosives would also be conducted.

3.4.7 Target Fabrication Facility

The Target Fabrication Facility is described in
section 2.2.2.7.  Under the Greener Alternative,
the following activities would occur at this
facility.  (These are the same as the No Action
Alternative levels.)

Precision Machining and Target Fabrication.
LANL would provide targets and specialized
components for approximately 1,200 laser and
physics tests per year, including a 10 percent
annual growth in operations for the next
10 years.  

Polymer Synthesis.  LANL would produce
polymers for targets and specialize
components for approximately 1,200 laser a
physics tests per year, including a 10 perce
annual growth in operations for the ne
10 years.  Other activities at this facility woul
be redirected to advanced materials resea
and manufacturing, waste treatment, ener
technologies, and environmental restorati
technology, with the potential for a modera
increase in operations.

Chemical and Physical Vapor Deposition.
LANL would coat targets and specialize
components for approximately 1,200 laser a
physics tests per year, including a 10 perce
annual growth in operations for the ne
10 years.  Other activities at this facility woul
be redirected to advanced materials resea
and manufacturing, waste treatment, ener
technologies, and environmental restorati
technology, with the potential for a modera
increase in operations.  Support for p
manufacturing operations would be the same
under the No Action Alternative. 

3.4.8 Machine Shops

The Machine Shops are described in chapte
(section 2.2.2.8).  Under the Greene
Alternative, the following activities would
occur at this facility.  (These are at the sam
levels as under the No Action Alternative.)

The Machine Shops would provide fabricatio
support for the dynamic experiments progra
and explosive research studies, support up to
hydrodynamic tests annually, manufacture 20
40 joint test assembly sets annually, and prov
general laboratory fabrication support a
requested.  LANL would also continue it
fabrication activities using unique and unusu
materials and provide appropriate dimension
inspection of these activities.
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3.4.9 High Explosives Processing 
Facilities

The High Explosives Processing Facilities are
described in section 2.2.2.9.  Under this
alternative, 19,400 pounds (8,800 kilograms) of
explosives and 1,150 pounds (520 kilograms) of
mock explosives would be used annually (as an
indicator of overall activity levels in this key
facility).  Under the Greener Alternative, the
following activities would occur at these
facilities.

High Explosives Synthesis and Production.
Under the Greener Alternative, as under the
Reduced Operations Alternative, LANL would
reduce its current level of high explosives
synthesis and production research and
development, production of new materials and
formulation of plastic-bonded explosives
by approximately 60 percent.  Process
development would decrease over current levels
and materials and components for directed
stockpile production would be produced at a
reduced level (approximately 60 percent of the
No Action Alternative).  

High Explosives and Plastics Development
and Characterization.  LANL would evaluate
stockpile returns and decrease efforts in
development and characterization of new
plastics and high explosives for stockpile
improvement.  LANL would also conduct
research into high explosives waste treatment
methods, with the overall level of effort reduced
to about 60 percent of the No Action
Alternative.

High Explosives and Plastics Fabrication.
LANL would reduce its traditional stockpile
surveillance and process development over No
Action Alternative levels by approximately
60 percent.  Stockpile surveillance fabrication
for hydrodynamic and environmental testing
would be reduced to approximately 75 percent
of the No Action Alternative.

Test Device Assembly.  Operations would be
increased over current levels to suppo
stockpile related hydrodynamic tests, joint te
assemblies, environmental and safety tests, 
slightly increased research and developme
activities.  Approximately 30 major
hydrodynamic test devices would be assemb
annually.

Safety and Mechanical Testing.  As under the
Reduced Operations Alternative, safety a
environmental testing related to stockpi
assurance would be reduced to approximat
80 percent of No Action Alternative levels an
predictive models would be improved
Approximately 12 safety and mechanical tes
would be conducted annually.

Research, Development, and Fabrication of
High-Power Detonators.  As under the No
Action Alternative, LANL would increase
efforts to support SSM activities, manufactu
up to 20 major product lines per year, an
support DOE-wide packaging an
transportation of electro-explosive devices.

3.4.10 High Explosives Testing

High explosives testing is described in chapte
(section 2.2.2.10).  The Greener Alternative f
LANL’s high explosives testing facilities is the
same as the No Action Alternative
section 3.1.10.

3.4.11 Los Alamos Neutron Science 
Center

LANSCE is described in section 2.2.2.11
Under the Greener Alternative, the followin
activities would occur at this facility.

Accelerator Beam Delivery, Maintenance,
and Development.  LANSCE would deliver a
linear accelerator beam to Areas A, B, and 
the WNR buildings; the Manuel Lujan Cente
the dynamic test facility; and a new IPF fo
10 months each year (6,400 hours).  The +
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beam current would be 1,250 microamps and
the H- beam current would be 200 microamps.
The beam delivery and support equipment
would be reconfigured to support new facilities,
upgrades, and experiments.  

A 40-million electron volt LEDA would be built
and operated in an existing facility
(TA–53–365) for 10 to 15 years, operating up to
approximately 6,600 hours per year.  This
facility would be constructed and operated as
described under the Expanded Operations
Alternative, section 3.1.11. 

Experimental Area Support.  Support
activities would continue, consistent with the
levels of operation under this alternative.
Remote handling and packaging of radioactive
materials and wastes at LANSCE would
increase to handle waste generation that results
from the facility construction and modifications
at LANSCE for LPSS and for the
decontamination of Area A East under this
alternative.

Neutron Research and Technology.  LANL
would conduct 1,000 to 2,000 different
experiments annually, using neutrons from the
Manuel Lujan Center, WNR, and the LPSS.
LANL would construct and operate the LPSS as
described under the Expanded Operations
Alternative, section 3.2.11. 

LANL also would continue to support contained
weapons-related experiments using small to
moderate quantities of high explosives.  These
experiments would include: 

• Experiments with nonhazardous materials 
and small quantities of high explosives (up 
to approximately 100 per year) 

• Experiments with up to 10 pounds 
(4.54 kilograms) of high explosives and/or 
depleted uranium (up to approximately 30 
per year) 

• Experiments with small quantities of 
actinides, high explosives, and sources (up 
to approximately 40 per year) 

• Shockwave experiments involving small 
amounts, up to nominally 0.18 ounce 
(5 grams), of plutonium 

Accelerator-Driven Transmutation
Technology.  LANL would conduct lead target
tests for 2 years at the Area A beam sto
construct and operate the 1-megawatt, and th
the 5-megawatt target/blanket experiments, 
described under the Expanded Operatio
Alternative, section 3.2.11.  

Subatomic Physics Research.  LANL would
conduct 5 to 10 physics experiments annually
Manuel Lujan Center,  WNR, and LPSS an
conduct proton radiography experiment
Proton radiography experiments would includ
contained experiments using small to modera
quantities of high explosives, similar to thos
described above under Neutron Research a
Technology.

Medical Isotope Production.  Up to
approximately 50 targets per year would b
irradiated for medical isotope production an
exotic and neutron rich/deficient isotopes wou
be produced.  LANL would also construct an
operate the Exotic Isotope Production Facili
as described under the Expanded Operatio
Alternative, section 3.2.11.

LANL would decontaminate Area A East as
described under the Expanded Operatio
Alternative, section 3.2.11. 

High-Power Microwave and Advanced
Accelerators.  Research and development 
this area would be conducted at the same lev
described under the No Action Alternative.

Under all alternatives, the following facilities
(as described under the No Action Alternativ
section 3.1.11 and in chapter 2, section 2.2.2.
would be constructed and operated (based 
previous NEPA reviews):

• LEDA
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• Proton radiography and neutron 
spectroscopy facilities

• IPF relocation  
• SPSS enhancement 

It is recognized that project plans change over
time.  If this alternative is selected, the
construction projects proposed under this
alternative (as described above), would be
reviewed prior to construction to determine
whether additional NEPA analysis is required.

3.4.12 Health Research Laboratory

The HRL is described in chapter 2
(section 2.2.2.12).  With one exception,
activities at HRL under the Greener Alternative
would be the same as those described for the
Expanded Operations Alternative in
section 3.2.12.  LANL’s neurobiology research,
using magnetic fields produced in active areas
of the brain to map human brain locations
associated with certain sensory and cognitive
functions, would be increased to twice the level
of the No Action Alternative.

3.4.13 Radiochemistry Facility

The Radiochemistry Facility is described in
section 2.2.2.13.  As an indicator of overall
activity levels, these operations would be
expected to require about 250 FTEs.  Under the
Greener Alternative, the following activities
would occur at this facility.

Radionuclide Transport.  Under the Greener
Alternative, as under the Expanded Operations
Alternative, LANL would conduct 80 to 160 of
these studies annually, but the studies would
support environmental remediation.

Environmental Remediation.  Environmental
remediation activities would be the same as the
Expanded Operations Alternative
(approximately double the No Action
Alternative level of operations).  

Ultra-Low-Level Measurements.  These
activities would also be at the same levels as 
Expanded Operations Alternative (about doub
the No Action Alternative level).  

Nuclear/Radiochemistry.  These operations
would be approximately the same as the N
Action Alternative overall levels; however
weapons work would be reduced by half, an
nonweapons work would be increased b
10 percent.

Isotope Production.  LANL would conduct
target preparation, irradiation, and processing
recover medical and industrial applicatio
isotopes at the same level as the No Acti
Alternative.  

Actinide/Transuranic Chemistry.  LANL also
would perform radiochemical separations at t
No Action Alternative level of operations
however, these activities would suppo
nonweapons programs.

Data Analysis.  LANL would re-examine
archive data and measure nuclear proc
parameters of interest to weapons radiochem
at a level slightly lower than the No Action
Alternative level (same as under the Reduc
Operations Alternative).  

Inorganic Chemistry.  LANL would conduct
synthesis, catalysis, and actinide chemis
activities at a level approximately 50 perce
higher than that of the No Action Alternative.

Structural Analysis.  As under the Expanded
Operations Alternative, LANL would perform
these activities at approximately twice the N
Action Alternative level of operation.  

Sample Counting.  LANL’s sample counting
activity to measure the quantity of radioactivit
in samples using alpha, beta, and gamma 
counting systems would be the same as the 
Action Alternative.
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3.4.14 Radioactive Liquid Waste 
Treatment Facility

The RLWTF is described in chapter 2
(section 2.2.2.14).  Under the Greener
Alternative, the following activities would
occur at this facility.

Waste Characterization, Packaging, and
Labeling.  Under the Greener Alternative, as
under the No Action Alternative, LANL would
support, certify, and audit generator
characterization programs and maintain the
WAC for the RLWTF.  

Waste Transport, Receipt, and Acceptance.
LANL would also collect radioactive liquid
waste from generators and transport it to the
RLWTF in TA–50.  

Radioactive Liquid Waste Pretreatment.
LANL would pretreat 185,000 gallons
(700,000 liters) of RLW per year at TA–21;
6,600 gallons (25,000 liters) of RLW per year at
TA–50; and solidify, characterize, and package
71 cubic feet (2 cubic meters) of TRU waste
sludge per year at TA–50.

Radioactive Liquid Waste Treatment.  LANL
would install equipment for nitrate reduction in
mid 1999, treat 6.6 million gallons (25 million
liters) of RLW per year; dewater, characterize,
and package 247 cubic feet (7 cubic meters) of
LLW sludge per year; and solidify, characterize,
and package 812 cubic feet (23 cubic meters) of
TRU waste sludge per year.  This would be the
same level of operations as the No Action
Alternative.

Decontamination Operations.  The
decontamination operations at RLWTF under
the Greener Alternative would be the same as
those under the No Action Alternative described
in section 3.1.14.

Three modifications were recently completed or
are planned for the RLWTF:  an upgrade to the
influent tank system, installation of a new

process for treatment of RLW, and installatio
of additional treatment steps for removal 
nitrates.  These have all been previous
reviewed under NEPA and are included in all 
the SWEIS alternatives, as described under 
No Action Alternative, section 3.1.14 and i
section 2.2.2.14.  

3.4.15 Solid Radioactive and 
Chemical Waste Facilities

The Solid Radioactive and Chemical Was
Facilities are described in section 2.2.2.1
Under the Greener Alternative, the followin
activities would occur at these facilities.

Waste Characterization, Packaging, and
Labeling.  Under the Greener Alternative, a
under the No Action Alternative, LANL would
support, certify, and audit generato
characterization programs and maintain t
WAC for LANL waste management facilities
At the Solid Radioactive and Chemical Was
Facilities, LANL would characterize
26,800 cubic feet (760 cubic meters) of lega
LLMW; characterize 318,000 cubic fee
(9,010 cubic meters) of legacy TRU wast
verify characterization data at the RAN
Facility for unopened containers of LLW an
TRU waste; maintain the WAC for off-site
treatment, storage, and disposal facilities; a
overpack and bulk waste containers.

As under the No Action Alternative, LANL
would also perform coring and visual inspectio
of a percentage of TRU waste package
ventilate 16,700 drums of TRU waste retrieve
during the TWISP, and maintain the curre
version of the WIPP WAC and coordinate wit
WIPP operations.

Compaction.  LANL would compact up to
706,000 cubic feet (20,000 cubic meters) 
LLW.  

Size Reduction.  In addition, 91,800 cubic fee
(2,600 cubic meters) of TRU waste would b
reduced in size at the WCRR Facility in TA–5
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and the Drum Preparation Facility in TA–54
(the same level as under the No Action
Alternative).

Waste Transport, Receipt, and Acceptance.
LANL would collect chemical and mixed
wastes from LANL generators and transport
them to TA–54.  LANL would ship 32,000 tons
(29,000 metric tons) of chemical wastes and
127,400 cubic feet (3,610 cubic meters) of
LLMW for off-site treatment and disposal is
accordance with EPA land disposal restrictions.
In addition, LANL would ship 2,587,500 cubic
feet (73,300 cubic meters) of LLW for off-site
disposal.  (This corresponds to shipment of
LANL LLW to an off-site [e.g., regional]
disposal facility to the extent practicable.)
Beginning in 1999, 318,000 cubic feet (9,010
cubic meters) of legacy TRU waste would be
shipped to WIPP.  LANL would also ship
87,900 cubic feet (2,490 cubic meters) of TRU
waste generated as a result of future operations
and research to WIPP and 100,600 cubic feet
(2,850 cubic meters) of LLMW in
environmental restoration soils for off-site
solidification and disposal.

Waste Storage.  As under the No Action
Alternative, prior to shipment to off-site
treatment, storage, and disposal facilities,
LANL would store  chemical and mixed wastes.
LANL would also store:  legacy TRU waste
until WIPP is opened for disposal; LLMW until
treatment facilities are available; and LLW
uranium chips until sufficient quantities were
accumulated for stabilization campaigns.

Waste Retrieval.  LANL would retrieve
165,900 cubic feet (4,700 cubic meters) of TRU
waste from Pads 1, 2, and 4 by 2004 (same level
as the No Action Alternative).

Other Waste Processing.  LANL would
demonstrate treatment (e.g., electrochemical) of
LLMW liquids, land farm oil-contaminated
soils at Area J, stabilize 14,500 cubic feet

(410 cubic meters) of uranium chips, an
provide special case treatment for 23,650 cu
feet (670 cubic meters) of TRU waste.  The
activities would be the same as under the N
Action Alternative.  

Disposal.  LANL would dispose of
14,500 cubic feet (410 cubic meters) of LLW i
shafts at Area G, 423,600 cubic fee
(12,000 cubic meters) of LLW and sma
quantities of radioactively contaminated PCB
in disposal cells at Area G (this is the LAN
LLW for which LANL has a unique disposa
capability, or for which there is no approve
transportation configuration), approximatel
3,530 cubic feet (100 cubic meters) o
administratively controlled industrial solid
wastes in cells at Area J annually, an
nonradiological classified wastes in shafts 
Area J. 

In addition, under all alternatives, LANL would
construct storage domes for TRU wast
recovered from Pads 1, 2, and 4.  This 
described under the No Action Alternative
section 3.1.15.

3.5 ALTERNATIVES  CONSIDERED 
BUT NOT ANALYZED  IN DETAIL  
IN THE SWEIS

Comments received during prescoping a
scoping were carefully considered by DOE
Several alternatives identified during scopin
were examined by DOE but determined to 
unreasonable because they could not 
implemented within the 10-year time frame o
the SWEIS analysis, or because they would n
allow DOE to meet its core mission
requirements.  (LANL’s support for DOE
missions is described in chapter 1 [section 1.1
These alternatives include:  decommissioning
LANL, conversion to nondefense activities
privatization, and operating LANL exclusively
as a National Environmental Research Park.
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3.5.1 Decontamination and 
Decommissioning LANL

Under this alternative, LANL operations would
be phased out and all facilities of LANL
decontaminated and decommissioned as soon as
practicable.  The site is a government
reservation, and therefore, would be transferred
by the DOE property disposition process
following decommissioning.

This alternative is not considered in detail in the
SWEIS because it is unreasonable in the
foreseeable future under the terms of the
National Defense Authorization Act of 1994
[Public Law (PL) 103–160] and presidential
policy guidance on the future of the laboratories
(DOE 1995a).  Under this act, as well as
national security policy, the maintenance of a
safe and reliable nuclear weapons stockpile will
remain a cornerstone of the U.S. nuclear
deterrent for the foreseeable future and the
continued vitality of all three DOE weapons
laboratories (LANL, Lawrence Livermore
National Laboratory, and Sandia National
Laboratories) is essential to ensuring national
security.  Core intellectual and technical
competencies and the facility capabilities and
capacities housed in these weapons laboratories
are essential to meeting DOE’s technical
responsibilities for development and
maintenance of the U.S. nuclear weapon
stockpile. 

There is a clear national security requirement
for continued operation of LANL for stockpile
stewardship and management based on
PL 103–160 and other statutes, the DoD
Nuclear Posture Review, Presidential Decision
Directives, and the Nuclear Weapon Stockpile
Memorandum.  It is also not economically
feasible for certain specific work activities
conducted at LANL to be reassigned to other
DOE laboratories (see PL 103-160 and
DOE 1996a, Volume I, Sections 2.2 and 2.3).

Therefore, because the continued operation of
LANL is essential to DOE implementation of

PL 103–160 and other statutes, as well as 
Presidential Decision Directives and for U.S
compliance with treaties (including the firs
Strategic Arms Reduction Treaty [START I]
START II, Nuclear Nonproliferation Treaty,
and the Proposed comprehensive Test B
Treaty), as well as extensive congression
guidance and national security polic
implementation documents, decontaminatio
and decommissioning of LANL is not a feasib
alternative and is not considered in detail in t
SWEIS.

3.5.2 Elimination of All Weapons-
Related Work (Including 
Stockpile Stewardship and 
Management) from 
Continued Operation of 
LANL

Under this alternative, operations at LAN
would continue, but all weapons work exce
currently authorized pit disassembly
stabilization, and storage would cease.  Th
alternative is unreasonable because it would 
allow DOE to meet its mission requiremen
under the terms of the Atomic Energy Act of
1954 (42 U.S.C. §2011).  This alternative is als
unreasonable because of the unique expert
capabilities, and responsibilities of DOE
assigned under the National Defense
Authorization Act of 1994 (PL 103–160) as well
as other acts and the 1995 presidential decis
that declares that all three weapons laborator
are essential to meeting national secur
requirements (DOE 1995a).  In fact, because
the proposed Comprehensive Test Ban Tre
and the moratorium on nuclear testing, th
importance of operations at LANL supportin
weapons safety and reliability has increase
LANL is the laboratory responsible for the
design of the majority of nuclear weapons th
are expected to continue to comprise the U
stockpile under the arms control agreements a
treaties.  With no new design weapons bei
produced, the U.S. will experience a
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increasingly aging nuclear stockpile.  The
average age of a stockpile weapon is currently
13 years.  By the year 2005, the average age will
be 20 years, which is the design basis for these
weapons.  The oldest weapons will be about
35 years old at that time.  LANL is responsible
for the safety and reliability of a substantial
number of the weapons in the enduring
stockpile.

The confidence in the performance of the
nuclear explosives package has traditionally
been based on underground nuclear detonation
test data, aboveground experiments, computer
simulations, surveillance data, and technical
judgment.  In a future without additional
underground testing, the capabilities of LANL
must be increasingly employed to assess and
solve stockpile problems.  The ability to assess
nuclear components is more difficult without
underground testing and with limited “aging”
data; therefore, new facilities such as the
DARHT Facility are critical to stockpile
assurance (DOE 1995c).  Repairs and
replacements that are “certified” (that is, the
weapon is assured to continue to be safe and
reliable) will be needed to support even the most
minimal stockpile projections (DOE 1996a,
Volume I, Section 2.3.4). DOE must rely on
improved experimental capabilities coupled
with improved computational capability to
address safety and reliance questions
concerning the stockpile.  These techniques are
also essential to the nonproliferation, recovery,
and disassembly of weapons and weapons
components from outside the U.S.

For the foreseeable future, it is not reasonable to
pursue a course that would eliminate weapons
research and development, surveillance,
computational analyses, components
manufacturing, and experimentation from being
undertaken at LANL because it would be
counter to national security policy and
congressional guidance.  Further, moving
these capabilities elsewhere would require
expenditures that are unreasonable and
significantly increase the risk of continued

stockpile safety and reliability during the
lengthy period required for relocation.  (In an
case, such a relocation could not reasonably
completed in the next 10 years.)  Therefore, th
alternative has been eliminated from furth
consideration in the SWEIS. 

3.5.3 Operating LANL Exclusively 
as a National Environmental 
Research Park

In August 1977, LANL was dedicated as 
National Environmental Research Pa
(NERP), a program managed by DOE 
response to congressional legislation to set as
land for ecosystem preservation and study. 
addition to LANL, six other NERPs are locate
at DOE sites and associated with nation
laboratories.  The ultimate goal of program
associated with LANL is to encourag
environmental research that will contribute 
understanding how people can best live 
balance with nature while enjoying the benefi
of technology.  Recent research at the NER
emphasizes understanding the fundamen
processes governing the interaction 
ecosystems and the hydrologic cycle on t
Pajarito Plateau.  The NERP remains a LAN
program in accordance with legislation, but 
was not intended to eliminate or to add missio
or operations at a site.

An alternative to operate LANL exclusively a
a NERP is not analyzed in the SWEIS becau
it is unfeasible in the foreseeable future and
not consistent with national security policy an
LANL mission element assignments (chapter
section 1.1).  DOE solicited potential new
NERP projects during the scoping for th
SWEIS.  No specific projects were proposed 
commentors as additional NERP projects f
analysis in the SWEIS.  Some activities that a
closely related to the use of the LANL site as
NERP address DOE responsibilities as t
Natural Resources Trustee.  The Natur
Resources Management Plan, initiated in part
a result of the SWEIS process, is being prepa
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to determine existing conditions management
measures at LANL within the context of the
Pajarito Plateau ecosystem (chapter 4,
section 4.5.1.6).

3.5.4 Privatizing the Operations of 
LANL

Regardless of who operates LANL, the risks and
potential consequences are functions of the
specific activities assigned to LANL and the
facilities, equipment, and procedures used to
implement them.  These facilities, equipment,
and procedures would not be expected to change
due to actions such as privatization.  Therefore,
this alternative is indistinct from the alternatives
presented in sections 3.1 through 3.4.

There are restrictions on DOE privatization
possibilities imposed under the terms of the
Atomic Energy Act of 1954 (42 U.S.C. §2015).

Section 2015 governs the transfer of prope
and limits what DOE can do with rea
properties.  Four subchapters govern what c
be done with respect to governme
responsibilities over materials; Subchapter IV
Production of Special Nuclear Materia
Chapter V: Special Nuclear Material
Subchapter VI: Source Material; an
Subchapter VII: By-Product Materials
Furthermore, access to restricted data remain
responsibility of DOE (Subchapter XI).

For these reasons, this alternative w
considered unreasonable and not considered
detail in the SWEIS.  However, the risks pose
by this alternative are not distinctly differen
from those of the No Action Alternative; the
reader is referred to the description an
consequences of that alternative. 
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3.6 COMPARISON OF POTENTIAL  
CONSEQUENCES AMONG 
ALTERNATIVES  FOR CONTINUED  
OPERATION  OF LANL

This section consists of four parts.  The first part
presents a summary of the differences across the
SWEIS alternatives.  The second part presents a
summary comparison of the potential
consequences of the four alternatives for
continued operations of LANL.  The detailed
presentation of potential consequences of the
four SWEIS alternatives is included in
chapter 5.  The third part presents a comparison
of the potential consequences (of both
construction and operations) of the alternatives
for two specific projects, the Expansion of the
TA–54/Area G Low-Level Waste Disposal
Area and the Enhancement of Plutonium Pit
Manufacturing.  Details on the alternatives for
siting and construction for these projects may be
found in volume II of this SWEIS.  The
construction and operations for these projects
are included in the SWEIS Expanded
Operations Alternative, while the SWEIS No
Action Alternative includes the alternative of
not undertaking the construction (and
maintaining operations at the level currently
planned) for each of these projects.  The fourth
part summarizes the ER Project impacts and
benefits; environmental restoration activities do
not change across the SWEIS alternatives.

3.6.1 Summary of Differences in 
Activities Among the SWEIS 
Alternatives

The SWEIS alternatives for the continued
operations of LANL are described in more
detail in sections 3.1 through 3.4.  The
differences in activities at LANL among the
alternatives are within the 15 SWEIS key
facilities (each of which is described in
chapter 2, section 2.2.2).  Tables 3.6.1–1
through 3.6.1–30 (provided at the end of this
chapter) summarize these differences.  These

tables are of two types and are intended to 
complementary:  (1) the Alternatives fo
Continued Operations tables reflect th
activities (significant “markers” are reflected i
the table; more complete descriptions a
provided in sections 2.2, 3.1, 3.2, 3.3, and 3
within each of the key facilities and how thes
activities change across the SWEIS alternativ
(the activity names on these tables match 
capabilities discussed for each key facility 
sections 2.2, 3.1, 3.2, 3.3, and 3.4); and (2) 
Parameter Differences Among Alternatives fo
Continued Operations tables reflect facility
level emissions, waste generation, and oth
measures that are intended to clarify what t
activity-by-activity descriptions mean (in total
for each SWEIS key facility.  Table 3.6.1–31 
a parameter table for the LANL activities othe
than those at the key facilities.  (These activiti
do not vary by alternative.)

3.6.2 Consequences of SWEIS 
Alternatives

Site-wide environmental consequences a
summarized in two tables.  Table 3.6.2–
(provided at the end of this chapter) summariz
the potential consequences of normal operatio
of LANL under the four alternatives.
Table 3.6.2–2 addresses the potent
consequences of a range of transportation a
operational accidents possible at LANL
including beyond design basis acciden
Accidents evaluated include: natura
phenomena, process accidents, and accide
resulting from external human activities (suc
as airplane crashes and transportati
accidents).  

The major contributors to environmenta
impacts of operating LANL are wastewate
discharges and radioactive air emissions.  

• Historic discharges to Mortandad Canyon
from the RLWFT have resulted in above 
background residual radionuclide 
(americium, plutonium, strontium-90, and 
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cesium-137) concentrations as well as 
nitrates in alluvial groundwater and 
sediments.  

• Plutonium deposits have been detected 
along the Rio Grande between Otowi and 
Cochiti Lake.  

• The principal contributors to radioactive air 
emissions have been and continue to be the 
Los Alamos Neutron Science Center and 
high explosives testing activities.

In addition, trace amounts of tritium have been
detected in some samples from the main aquifer.
(Isolated results have indicated the presence of
other radionuclides.  However, results have not
been duplicated in previous or subsequent
samples, making these results suspect.)  

The analysis in the SWEIS indicates that there
would be very little difference in the
environmental impacts among the SWEIS
alternatives analyzed.  The major discriminators
among alternatives would be collective worker
risk due to radiation exposure, socioeconomic
effects due to LANL employment changes, and
electrical power demand.  The lack of notable
differences arises from a number of factors.
First, because there were very few specific new
proposals of significant size, the alternatives
describe a range of minimum to maximum
operations within the constraints of existing
facilities.  Second, the lower limit for minimum
operations in the major nuclear facilities is set
by previous decisions (including those based on
the SSM PEIS) regarding the assignment of
mission and program elements.  Third, when
effects are not large to start with, the changes in
resource parameters that arise from projected
operations under the alternatives also do not
result in large effects.  

Often, there are no differences between accident
impacts among the alternatives, largely as a
result of conservative approaches used in
accident frequency and public consequence.
The inventories used in the analyses are
typically those of permitted or administrative

limits (i.e., controls on the maximum amoun
of material that can be processed at one ti
and/or in storage), rather than operational valu
(i.e., the actual amount of material needed 
perform the task).  The operational values wou
be more likely to change among the alternativ
The administrative limits or inventories ar
selected so that the analyses are sufficien
conservative and bounding to cover maximu
possible operational values.  The accide
frequencies depend upon the accident initiato
such as an aircraft crash, earthquake, or wildfi
These particular initiators are independent 
the operations and of inventory; therefore, t
frequency or likelihood of such an even
remains constant among the alternatives.  In 
few cases of accidents in which the frequen
depends upon operations, the variation 
frequency among the alternatives does n
necessarily translate into a significant change
the risk of an environmental release to the pub
because the value of a release is very sm
Likewise, the risk to workers is affected by th
change in frequency of the operations; but, t
consequence of a single accident remains 
same.  The following information highlights th
similarities and differences between th
consequences of alternatives.

3.6.2.1 Land Resources

There is little difference in the impacts to lan
resources between the No Action, Reduc
Operations, and the Greener Alternative
Differences among the alternatives a
primarily associated with operations in existin
facilities and very little new development i
planned.  Therefore, these impacts a
essentially the same as currently experienc
The Expanded Operations Alternative has ve
similar land resources impacts to those of t
other three alternatives, with the principa
differences being attributable to the visu
impacts of lighting along the propose
transportation corridor (a mitigation measu
intended to reduce the number of road closu
and the accident risk associated wi
3–54



Alternatives for the Continued Operation of LANL

.

ed
n a
s
o
e
 to
ce
ot
ce
e
r

, it
he
t

th
off
e
es
h
ted
ld

ld
ct
he
ult
he
ts
ss
);
es
he
re
at
t

us
e
e
nd
ry
n

out
transportation under this alternative) and the
noise and vibration associated with increased
frequency of high explosives testing (as
compared to the other three alternatives).

3.6.2.2 Geology, Geological 
Conditions, and Soils

There is little difference in the impacts to these
resources across the alternatives.  Wastewater
discharge volumes with associated
contaminants do change across the alternatives,
but not to a degree noticeable in terms of
impacts (such as causing soil erosion, for
example).  Under all of the alternatives, small
quantities (as compared to existing conditions)
of contaminants would be deposited in soils due
to continued LANL operations and the ER
Project would continue to remove existing
contaminants at sites to be remediated.

Geological mapping and fault trenching studies
at LANL are currently underway or recently
completed to better define the rates of fault
movement, specifically for the Pajarito Fault,
and the location and possible southern
termination of the Rendija Canyon Fault.
Appendix I (in volume III) of the SWEIS
presents a detailed status of the ongoing and
recently completed seismic hazard studies, as
well as the implications of these studies for
LANL and DOE.  That report indicates that slip
rates (recurrence intervals for earthquakes) are
within the parameters assumed in the 1995
seismic hazards study at LANL (chapter 4,
section 4.2.2.2).

3.6.2.3 Water Resources

Water demand under all alternatives
(section 3.6.2.9, below) is within existing DOE
rights to water, and would result in average
drops of 10 to 15 feet (3.1 to 4.6 meters) in the
water levels in DOE well fields over the next
10 years.  Except for cooling water used for the
TA–53 accelerator facilities, there are not

predominant industrial water users at LANL
Usage, therefore, will remain within a fairly
tight range among the alternatives.  The relat
aspect of wastewater discharges is also withi
narrow range for that reason.  Outfall flow
range from 218 to 278 million gallons (825 t
1,052 million liters) per year across th
alternatives, and these flows are not expected
result in substantial changes to existing surfa
or groundwater quantities.  Outfall flows are n
expected to result in substantial surfa
contaminant transport under any of th
alternatives.  Although mechanisms fo
recharge to groundwater are highly uncertain
is possible that discharges under any of t
alternatives could result in contaminan
transport in groundwater, particularly benea
Los Alamos Canyon and Sandia Canyon and 
site. (The outfall flows associated with th
Expanded Operations and Greener Alternativ
would reflect the largest potential for suc
contaminant transport, and the flows associa
with the Reduced Operations Alternative wou
have the least potential for such transport.)

3.6.2.4 Air Quality

Nonradioactive hazardous air pollutants wou
not be expected to degrade air quality or affe
human health under any of the alternatives.  T
differences across the alternatives do not res
in large changes in chemical usage.  T
activities at LANL are such that large amoun
are not typically used in any industrial proce
(as may be found in manufacturing facilities
but research and development activiti
involving many users dispersed throughout t
site are the norm.  Air emissions are therefo
not expected to change by a magnitude th
would, for example, trigger more stringen
regulatory requirements or warrant continuo
monitoring.  Radioactive air emissions chang
slightly, but are within a narrow range due to th
controls placed on these types of emissions a
the need to assure compliance with regulato
standards.  The collective population radiatio
doses from these emissions range from ab
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11 person-rem per year to 33 person-rem per
year across the alternatives (primarily from
LANSCE and high explosives testing
activities), and the radiation dose to the
maximally exposed individual ranges from
1.9 millirem per year to 5.4 millirem per year
across the alternatives (primarily from the
operations at the LANSCE facility).  These
doses are considered in the human health impact
analysis.

3.6.2.5 Ecological and Biological 
Resources

No significant adverse impact to these resources
is projected under any of the alternatives.  The
separate analyses of impacts to air and water
resources constitute some of the source
information for analysis of impacts in this area;
as can be seen from those presentations, the
variation across the alternatives are not of a
sufficient magnitude to cause large differences
in effects.  The impacts of the Expanded
Operations Alternative differ from those of the
other alternatives in that there is some projected
loss of habitat; however, this habitat loss is
small (due to limited new construction)
compared to available similar habitat in the
immediate vicinity, and no significant adverse
effects to ecological or biological resources are
expected.

3.6.2.6 Human Health

The total radiological doses over the next
10 years to the public under any of the SWEIS
alternatives are relatively small, as compared to
doses due to background radiation in the area
(about 0.3 rem per year) and would not be
expected to result in any excess latent cancer
fatalities (LCFs) to members of the public.
Additionally, exposure to chemicals due to
LANL operations under any of the SWEIS
alternatives are not expected to result in
significant effects to either workers or the
public.  Exposure pathways associated with the

traditional practices of communities in th
LANL area (special pathways) would not b
expected to result in human health effects und
any of the alternatives.  The annual collecti
radiation dose to workers at LANL ranges fro
170 person-rem per year to 830 person-rem 
year across the SWEIS alternatives (t
difference is primarily attributable to the
differences in LANSCE accelerator operation
and TA–55–4 actinide processing and p
fabrication activities); these dose levels wou
be expected to result in from 0.07 to 0.33 exce
LCFs per year of operation, respectively, amo
the exposed workforce.  These impacts, in ter
of excess LCFs per year of operation, reflect t
numbers of excess fatal cancers estimated
occur among exposed members of t
workforce over their lifetimes, per year o
LANL operations.  The reader should recogni
that these estimates are intended to provid
conservative measure of the potential impacts
be used in the decision-making process and
not necessarily portray an accura
representation of actual anticipated fatalities. 
other words, one could expect that the stat
impacts form an upper bound, and that actu
consequences could be less but probably wo
not be worse.  Refer to appendix D, section D
(in volume III), for a discussion on the
determination and application of risk factors fo
excess LCFs.

Worker exposures to physical safety hazards 
expected to result in from 417 (Reduce
Operations) to 507 (Expanded Operation
reportable cases each year; typically, such ca
would result in minor or short-term effects t
workers, but some of these incidents cou
result in long-term health effects or even deat

3.6.2.7 Environmental Justice

Executive Order 12898 (Federal Actions to
Address Environmental Justice in Minorit
Populations and Low-Income Populations)
requires every federal agency to analy
whether its proposed action and alternativ
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would have disproportionately high and adverse
impacts on minority or low-income populations.
Based on the analysis of other impact areas,
DOE expects few high and adverse impacts
from the continued operation of LANL under
any of the alternatives, and, to the extent
impacts may be high and adverse, DOE expects
the impact to affect all populations in the area
equally.  DOE also analyzed human health
impacts from exposure through special
pathways, including ingestion of game animals,
fish, native vegetation, surface waters,
sediments, and local produce; absorption of
contaminants in sediments through the skin; and
inhalation of plant materials.  The special
pathways have the potential to be important to
the environmental justice analysis because some
of these pathways may be more important or
viable for the traditional or cultural practices of
minority populations in the area.  However,
human health impacts associated with these
special pathways also would not present
disproportionately high and adverse impacts to
minority or low-income populations.

3.6.2.8 Cultural Resources

Under all of the SWEIS alternatives there is a
negligible to low potential for impacts to
archaeological and historic resources due to
shrapnel and vibration caused by explosives
testing and contamination from emissions.
Logically, potential impacts would vary in
intensity in accordance with the frequency of
explosives tests and the operational levels that
generate emissions (e.g., Reduced Operations
would reflect the lowest potential, and
Expanded Operations would reflect the highest
potential).  Recent assessments of prehistoric
resources indicate a low potential compared to
the effects of natural conditions (wind, rain,
etc.).  In addition to these potential impacts, the
Expanded Operations Alternative includes the
expansion of the LLW disposal site at TA–54,
which contains several National Register of
Historic Places (NRHP) sites; it is anticipated
that a determination of no adverse effect to these

resources would be achieved based on a d
recovery plan.

The potential impacts to specific traditiona
cultural properties (TCPs) would depend o
their number, characteristics, and locatio
Such resources could be adversely affected
changes in water quality and quantity, erosio
shrapnel from explosives testing, noise a
vibration from explosives testing, an
contamination from ongoing operations.  Suc
impacts would vary in intensity in accordanc
with the frequency of explosives tests and t
operational levels that generate emissions (e
Reduced Operations would reflect the lowe
intensity, and Expanded Operations wou
reflect the highest intensity).  The curren
practice of consultation with the four Pueblo
nearest to LANL would continue to be used 
provide opportunities to avoid or minimize
adverse impacts to any TCPs located at LAN

3.6.2.9 Socioeconomics, 
Infrastructure, and Waste 
Management

LANL employment (including employees of th
University of California, Johnson Controls, Inc
and Protection Technology of Los Alamos
ranges from 9,347 (Reduced Operations) 
11,351 (Expanded Operations) FTEs across 
alternatives, as compared to 9,375 LANL FTE
in 1996.  These changes in employment wou
result in changes in the Tri-County populatio
employment, personal income, and oth
socioeconomic measures.  These second
effects would change existing conditions in th
Tri-County area by less than 5 percent. 

Peak electrical demand under the Reduc
Operations Alternative exceeds supply durin
the winter months and may result in period
brownouts.  Peak electrical demand under t
No Action, Expanded Operations, and Green
Alternatives exceeds the power supply in wint
and summer; this may result in period
brownouts.  (Power supply to the Los Alamo
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area has been a concern for a number of years,
and DOE continues to work with other users in
the area and power suppliers to increase this
supply.)  Natural gas demand is not projected to
change across the alternatives, and this demand
is within the existing supply of natural gas to the
area; however, the age and condition of the
existing supply and distribution system will
continue to be a reliability issue for LANL and
for residents and other businesses in the area.
Water demand for LANL ranges from
602 million gallons (2,279 million liters) per
year to 759 million gallons (2,873 million liters)
per year across the alternatives; the total water
demand (including LANL and the residences
and other businesses and agencies in the area) is
within the existing DOE rights to water.

LANL chemical waste generation ranges from
3,173 to 3,582 tons (2,878,000 to
3,249,300 kilograms) per year across the
alternatives.  LANL LLW generation, including
LLMW, ranges from 338,210 to 456,530 cubic
feet (9,581 to 12,873 cubic meters) per year
across the alternatives.  LANL TRU waste
generation, including mixed TRU waste, ranges
from 6,710 to 19,270 cubic feet (190 to
547 cubic meters) across the alternatives.
Disposal of these wastes at on-site or off-site
locations is projected to constitute a relatively
small portion of the existing capacity for
disposal sites; disposal of all LANL LLW on
site would require expansion of the LLW
disposal capacity beyond the existing footprint
of TA–54 Area G under all alternatives
(although this is only included in the Expanded
Operations Alternative).

Contaminated space in LANL facilities would
increase by about 63,000 square feet
(5,853 square meters) under the No Action,
Reduced Operations, and Greener Alternatives
(due primarily to actions previously reviewed
under NEPA but not fully implemented at the
time the existing contaminated space estimate
was established [May 1996]).  The Expanded
Operations Alternative would increase
contaminated space in LANL facilities by about

73,000 square feet (6,782 square meters).  T
creation of new contaminated space implies
cleanup burden in the future, including th
generation of radioactive waste for treatme
and disposal; the actual impacts of su
cleanups are highly uncertain because they 
dependent on the actual characteristics of 
facility, the technologies available, and th
applicable requirements at the time of th
clean-up actions.

3.6.2.10 Transportation

Incident-free transportation associated wi
LANL activities over the next 10 years would b
conservatively expected to cause radiati
doses that would result in about one excess L
to a member of the public and two excess LC
to members of the LANL workforce over thei
lifetimes under each of the SWEIS alternative
(Refer to the discussion of the limitations o
quantitative estimates of excess LCF risks 
volume III, appendix D.)  There is little
variation in impacts because effects are sm
and the increased transport of radioacti
materials is not enough to make a significa
change in these small effects.

Transportation accidents without an associat
cargo release over the next 10 years of LAN
operations are conservatively projected to res
in from 33 to 76 injuries and 3 to 8 fatalitie
(including workers and the public) across th
alternatives.  The bounding off-site and on-s
transportation accidents over the next 10 ye
involving a release of cargo would not b
expected to result in any injuries or fatalities 
members of the public for any of th
alternatives.  Accidents were analyzed by ty
of material, and the maximum quantities we
selected for analysis.  These parameters do 
change across the alternatives.  Total risk a
does not change appreciably across t
alternatives, because the frequency 
shipments dose not vary enough to substantia
influence the result.
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3.6.2.11 Accidents (Other Than 
Transportation Accidents 
and Worker Physical Safety 
Incidents/Accidents)

Accidents were analyzed by creating scenarios,
ranging from probable to highly improbable,
that would demonstrate the effects of abnormal
circumstance on existing and proposed
operations.  Such scenarios were selected based
on screening steps that would select for
demonstration those scenarios that involved the
greatest quantities of hazardous material and the
most severe circumstances, or that might
involve a typical operation with a hazardous
material.  The purpose of analyzing a variety of
scenarios was to provide some perspective on
risks associated with operating LANL, and not
to provide a list of all the possible things that
could reasonably be expected to go wrong.
Variations in operations across the alternatives
did not change these scenarios because there are
few changes in factors that would influence this
type of analysis, such as significant changes in
quantities of materials involved in an operation,
toxicity of material, or new physical hazard.

The operational accident analysis included four
scenarios that would result in multiple source
releases of hazardous materials: three due to a
site-wide earthquake and one due to a wildfire.
(Three different earthquake magnitudes were
analyzed [labeled SITE–01, SITE–02, and
SITE–03], resulting in three different degrees of
damage and consequences and one wildfire
scenario [labeled SITE–04].) These four
scenarios dominate the radiological risk due to
accidents at LANL because they involve
radiological releases at multiple facilities and
are considered credible (that is, they would be
expected to occur more often than once in a
million years), with the wildfire considered
likely.  Another earthquake-initiated accident,
labelled RAD–12, is facility-specific (to
Building TA–16–411) and is dominated by the
site-wide earthquake accidents due to its very
low frequency (about 1.5 x 10-6 per year).  It is

noteworthy that the consequences of su
earthquakes are dependent on the frequency
the earthquake event, the facility design, and 
amount of material that could be released due
the earthquake; such features do not chan
across the SWEIS alternatives, so the impacts
these accidents are the same for all fo
alternatives.  Similarly, the site-wide wildfire
risks do not change significantly among th
alternatives because the alternatives do 
affect the probability (frequency) of the
wildfire.  The risks were estimated
conservatively in terms of both the frequency 
the events and the consequences of such eve
(In particular, it is noteworthy that the analys
assumes that any building that would susta
structural or systems damage in an earthqu
scenario does so in a manner that creates a 
for release of material outside of the building
Similarly, the wildfire analysis assumes that an
building that is vulnerable to wildfire and in th
path of the wildfire will burn.  The total societa
risk of an accident is the product of the accide
frequency and the consequences to the to
population within 50 miles (80 kilometers)
This risk as presented in chapter 5 a
appendix G (in volume III), ranges from 0.04
(SITE–01) and 0.034 (SITE–04) excess LC
per year of operation, to extremely sma
numbers for most of the radiological accidents1

The societal risk for release of chemicals, su
as chlorine, is calculated similarly as the produ
of the frequency and numbers of people expos
to greater than the selected guidelin
concentration, Emergency Response Planni

1. As an example, for SITE–01 the societal risk of 
0.046 excess LCF per year was calculated by multiplying the
event frequency of 0.0029 per year by the consequence to th
population of 16 excess LCFs (Table 3.6.2–2).  The excess LC
resulting from public exposure are calculated by an approve
model, such as the MELCOR Accident Consequences Code
System (MACCS) code, or alternatively by multiplying the 
public exposure of 27,726 person-rem (from accident analys
by the conversion factor of 5 x 10-4 excess LCFs per person-rem
(ICRP 1991).
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Guideline (ERPG–2)2.  The risks for chemical
releases range from 6.4 (SITE–01) people
exposed per year of operation to vanishingly
small numbers for some chemical releases.  In
general, such earthquakes would be expected to
cause fatalities due to falling structures or
equipment; this also would be true for LANL
facilities.  Thus, worker fatalities due to the
direct effects of the earthquakes would be
expected.  Worker injuries or fatalities due to
the release of radioactive or other hazardous
materials would be expected to be small or
modest increments to the injuries and fatalities
due to the direct effects of the earthquakes.

Often, there are no differences between accident
impacts among the alternatives, largely as a
result of conservative approaches used in
accident frequency and public consequence.
The inventories used in the analyses are
typically those of permitted or administrative
limits (i.e., controls on the maximum amounts
of material that can be processed at one time
and/or in storage), rather than operational values
(i.e., the actual amount of material needed to
perform the task).  The operational values would
be more likely to change among the alternatives.
The administrative limits or inventories are
selected so that the analyses are sufficiently
conservative and bounding to cover maximum
possible operational values.  The accident
frequencies depend upon the accident initiators,
such as an aircraft crash, earthquake, or wildfire.
These particular initiators are independent of
the operations and of inventory; therefore, the
frequency or likelihood of such an event
remains constant among the alternatives.  In the
few cases of accidents in which the frequency
depends upon operations, the variation in
frequency among the alternatives does not
necessarily translate into a significant change in
the risk of an environmental release to the public

because the value of a release is very sm
Likewise, the risk to workers is affected by th
change in frequency of the operations; but, t
consequence of a single accident remains 
same. 

Plutonium accident risks to the public (othe
than those associated with the site-wid
earthquake scenarios) are dominated by 
puncture of a “typical” TRU waste drum
(typical refers to the radioactivity of the drum
contents), which is the highest frequenc
plutonium accident analyzed, and the release
plutonium from a fire in a TRU waste containe
storage area, which had one of the highe
population doses from a plutonium acciden
These accidents, labeled as RAD–09 a
RAD–07, have societal risks of 0.0008 an
0.00011 excess LCF per year, respective
under the No Action Alternative.  While othe
accident scenarios were considered a
analyzed (including process risks in TA–55 an
the CMR Building), their risks to the public ar
at least an order of magnitude lower becau
either they are associated with relative
infrequent initiating events (e.g., aircra
crashes), or because the event occurs wit
facilities that are designed with multiple
features (referred to as defense in depth) t
prevent or minimize releases to the public.  T
risks associated with plutonium acciden
change slightly (less than an order o
magnitude) across the SWEIS alternative
(Frequency or consequence increases [up
double that of No Action] for some acciden
under the Expanded Operations Alternative, a
frequency decreases [by up to 25 percent] fro
some accidents under the Reduced Operati
Alternative.)  RAD–07 and RAD–09 remain th
dominant plutonium accidents under a
alternatives.

Worker risk due to plutonium accidents i
highly dependent on the number of worke
present at the time of the event, on the type
protective measures taken at the time of t
accident, on the speed with which the
measures are taken, and on the effectivenes

2. ERPG–2 is the maximum airborne concentration below 
which it is believed that nearly all individuals could be exposed 
for up to 1 hour without irreversible or serious health effects or 
symptoms that could impair their abilities to take protective 
action.
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medical treatment after exposure; as such,
worker risks cannot be predicted quantitatively
or reliably.  In general, worker risks due to
plutonium released in an accident would be
limited to those workers in the immediate
vicinity of the accident, and the consequences
would be an increased risk of excess LCFs due
to inhalation of plutonium; any acute fatalities
would only be expected due to the initiating
event (e.g., an aircraft crash), not due to the
plutonium release.  Worker risks change across
alternatives only to the extent that frequencies
of the events change (as discussed above for
public risk from plutonium accidents).

An overview of the 1969 plutonium pit fire at
the Rocky Flats site and a comparison of the
design and operational differences between
Rocky Flats and TA–55–4 are presented in
appendix G, section G.4.1.2.  Substantial
differences exist between the nuclear facility
and operations being conducted in TA–55–4
today and those that were present at the Rocky
Flats Plant in 1969.  TA–55–4 was designed to
correct the deficiencies detected in older
facilities such as the Rocky Flats Plant and is
being upgraded to meet the even more stringent
requirements of the 1990’s, including enhanced
seismic resistance and fire containment.

The risks to the public associated with highly
enriched uranium (labeled as RAD–03) and
tritium (RAD–05) releases due to accidents,
other than the site-wide earthquakes, are several
orders of magnitude lower than those for the
earthquake or for the plutonium accidents.
Similarly, worker risks in such accidents are
also substantially lower for these types of
accidents (as compared to the worker risks for
site-wide earthquake or plutonium accident
events).  The risks to the public and to the
workers associated with highly enriched
uranium and tritium releases do not change
across the alternatives because the frequencies
of the initiating events and the amounts of
material involved in the accident do not change
across the alternatives.

The risk to the public from accidents that resu
in chemical releases (due to events other th
the site-wide earthquakes and wildfire) 
LANL dominate all other accident risks.  In
particular, the release of chlorine gas fro
TA–55 (labeled as CHEM–06) has a relative
high frequency and substantial consequenc
The societal risk for this accident is about s
people per year who would be exposed 
greater than ERPG–2 concentrations 
chlorine.  The site-wide wildfire also can releas
some chemicals that would be released 
earthquakes.  Because the frequency of 
wildfire is much greater than that o
earthquakes, SITE–04 has a societal risk 
1.1 people per year exposed to greater th
ERPG–2 concentrations of formaldehyd
Three other accidents that result in chemic
releases (CHEM–01, CHEM–02, an
CHEM–03) have societal risks that are ve
similar to the risks associated with hazardo
chemical releases from the site-wid
earthquakes (up to 0.066 people per ye
exposed to greater than ERPG–2 concentrati
of chlorine gas for CHEM–01).  It is noteworth
that the scenario for CHEM–01 is associat
with potable water treatment activities; suc
activities are typical of municipal water suppl
operations throughout the U.S.  It is als
noteworthy that the LANL potable wate
treatment process is being changed to a proc
that does not require that quantities of chlori
gas be stored for use.  The risk associated w
CHEM–06 would not be expected to chang
across the SWEIS alternatives; CHEM–01 a
CHEM–02 have slight changes in risk across t
alternatives (up to a 14 percent increase and
8 percent decrease for CHEM–02) due to t
operational changes (which change th
frequencies of these accidents) associated w
the Expanded Operations Alternative and t
Reduced Operations Alternative.

As with other worker accidents discusse
above, the risk of worker injury or fatality due t
these chemical release accidents is high
dependent on whether workers are present at
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time of the accident, the protective measures
taken, how quickly protective measures are
taken, and the effectiveness of medical
treatment after the event.  For CHEM–01,
CHEM–03, and CHEM–06, it is unlikely that
workers would be in the area at the time of the
event (if workers were present, there is potential
for worker injury or fatality).  For CHEM–02,
the fire and the chlorine release would be
visible, and escape is likely for any workers
present; if workers present do not escape, injury
or fatality is possible.  For CHEM–04 and
CHEM–05, four or five workers are typically in
the area during working hours; workers present
could be injured or killed by missiles from the
cylinder rupture or from exposure to the toxic
gas.  Workers risks change across alternatives
only to the extent that frequencies of the events
change (as discussed above for public risk from
chemical release accidents).

In addition to the discussions of worker risks for
the accidents discussed above, four other
accidents were analyzed specifically for
potential risk to workers (these would not be
expected to result in substantial risks to the
public).  Of the worker accidents analyzed
(recalling that transportation and physical safety
hazards are discussed separately in sections
3.6.2.10 and 3.6.2.6, respectively), the highest
frequency worker accidents would be associated
with a biohazard contamination (WORK–02) or
with an inadvertent exposure to nonionizing
radiation (WORK–04); these would be expected
to result in injury or fatality to one worker.
Multiple worker injuries or fatalities are
possible from either an inadvertent high-
explosives detonation (WORK–01) or from an
inadvertent nuclear criticality event
(WORK–03).  Risks to workers under any of
these scenarios would not be expected to change
across the SWEIS alternatives.

3.6.3 Project-Specific 
Consequences

This section summarizes the impacts of t
proposed expansion of LLW disposal in Area 
(included in both the Preferred Alternative an
the Expanded Operations Alternative) and t
proposed enhancement of plutonium p
manufacturing operations (included only in th
Expanded Operations Alternative), includin
siting and construction, as well as operation
impacts, once construction is completed.  T
impacts reflected here are a portion of th
impacts associated with the Expande
Operations Alternative (DOE’s Preferre
Alternative, with the exception that pi
manufacturing would not be implemented at
50 pits per year level, single shifts, but only a
level of 20 pits per year).

3.6.3.1 Expansion of TA–54/Area G 
Low-Level Radioactive 
Waste Disposal Area

The disposal of LLW in excavated disposal ce
at LANL has been ongoing at Area G for 
number of years.  At this time, it appears that t
disposal space remaining in the existin
footprint at Area G will be exhausted within th
next 10 years.  The SWEIS examines t
potential solutions to disposal of LLW throug
shipment off the site to the extent possible, u
of the existing space to maximum capacity a
shipment of the remaining waste to off-sit
locations, and expansion of LLW disposal spa
at LANL to accommodate on-site disposal fo
the foreseeable future.  

As discussed in volume II, part I, expansio
could be achieved by expansion of the existi
disposal site at TA–54 (different TA–54
expansion options are considered), or 
expansion into a new disposal site (TA–67 
examined as representative of such si
because it is the best characterized “new” s
for such purposes).  Expansion into Zones
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and 6 at TA–54 is DOE’s PSSC Preferred
Alternative.

Land Resources

Alternatives for the development of additional
disposal capacity on site involve from
approximately 40 to 72 acres (16 to 29 hectares)
depending on location.  Locations on Mesita del
Buey involve areas that have historically been
designated for waste management activities,
while use of the TA–67 site would be a new land
use designation.  All sites present physical
constraints on development of some type, such
as required set backs from canyon rims and
location of power lines, although the sites
closest to existing disposal areas must also
avoid monitoring exclusion zones established
for investigations under the ER Project.  Sites in
the Zones 4 and 6 locations are closest to
existing waste disposal activities.  There would
be no changes in visibility of any new site from
current operations for any location other than
TA–67.  In that case, there would be increased
visibility from Pajarito Road.  As is currently
the case, disposal cell excavation activities
could slightly exceed background noise levels at
the nearest residential area (White Rock) for all
sites except the one at TA–67.  

Geology and Soils

All new sites involve the same types of surface
soils and the same underlying Bandelier Tuff as
the current disposal site.  There is evidence that
TA–67 may have a geologic fault.  Disposal
activities would not be expected to cause
seismic activity or change soil erosion or
geology in the area; this is due in part to the
practice of revegetating the land after a disposal
cell is filled and closed.  These activities are not
expected to contribute substantially to soil
contamination in the area; this is due in part to
the geology in the area and disposal and closure
practices intended to isolate the buried waste
from interacting with the environment.

Water Resources

There are no differences among on-site dispo
alternatives in this resource area.  Activities a
not expected to use large quantities of wat
Additionally, current and planned disposa
practices (e.g., isolation of the closed dispos
cells) minimize the potential for water to ru
across the site and to transport contaminan
The geology in the area is also expected 
contribute to the minimal transport o
contaminants to either the surface 
groundwater bodies in the area.

Air Quality

Short duration dust from excavation and diffus
emissions (mostly from open disposal cells) w
be similar to recent historical experience
(which have not had any substantive effect 
air quality), although road development for th
TA–67 site would cause additional short-ter
dust and vehicle exhaust emission
Additionally, if cleared trees are burned, th
smoke would have a temporary effect on a
quality.  Finally, it is possible that excavation i
Zone 4 could disturb a volatile organi
compound plume from Area L, resulting in low
concentration releases; it is expected that t
plume would be avoided during excavation.

Ecological Resources

Total acreage disturbed is greatest for t
TA–67 alternative because of the need for ne
road and infrastructure development, while th
Zone 4 and 6 alternatives involve the lea
disturbance.  Because the habitat is similar 
all the on-site development alternatives, t
extent of habitat loss is also greatest at t
TA–67 site, and least at the Zone 4 and
locations.  The habitat change is expected to
relatively small under any of the PSS
alternatives, and similar habitat is available 
the immediate area at both TA–54 and TA–6
This loss of habitat is not likely to affect specie
in the area.  Loss of foraging habitat fo
peregrine falcons is less than 0.1 percent of 
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area’s potential for all alternatives, except for
the TA–67 alternative (where it would be about
1.3 percent).  Loss of roosting area for the
Mexican spotted owl is also identified for the
TA–67 alternative. 

Human Health

There are no significant differences in this area
among the PSSC alternatives, but effects on
human health do potentially arise from
operating the expanded waste disposal area.
Worker health risks associated with LLW
disposal range from radiation exposure (much
less for individuals than the DOE radiation
exposure standard) to occupational safety and
health incidents and accidents related to
excavation of disposal cells and equipment
operations.  These are similar in nature to
existing worker health risks; however, the
projected waste generation across LANL is
higher under the Expanded Operations
Alternative, so these worker impacts are slightly
greater than have been experienced in recent
history and greater than would be expected
under the SWEIS No Action Alternative.

In general, public health impacts in the near
term would be similar to those experienced in
recent years due to effects on soil, water, and air
quality; as discussed above, these are minimal
(LANL 1998).  The Area G Performance
Assessment indicates that over the next
1,000 years the maximum health impacts to the
public would be minimal (e.g., exposure from
all pathways in White Rock and Pajarito
Canyon is less than 0.1 millirem per year;
exposure from all pathways in Cañada del Buey
is less than 6 millirem per year).

Environmental Justice

Expansion of LLW disposal is not likely
to result in disproportionately high nor
adverse impacts to minority and low-income
populations.

Cultural Resources

Up to 15 known archeological sites could b
affected by excavation activities at the Zone
and 6 locations, with the fewest known site
(4) potentially affected at the North Sit
location.  Data recovery plans and consultatio
would be needed under all PSSC alternativ
(These have been completed for Zone 4.)  It
expected that existing policies and procedures
LANL would minimize impacts by avoiding
these sites, where possible.  Where sites can
be avoided, existing procedures call for da
recovery in consultation with the New Mexic
State Historic Resources Office(r) and othe
where appropriate.  If TCPs are present in are
of excavation, they would either be destroyed 
construction or diminished in value.

Socioeconomics, Infrastructure, and Waste 
Management

All alternatives for developing additional wast
disposal areas require minimal addition
workers (30 more, or about a 15 perce
increase above the No Action Alternative leve
for solid waste management operations
Additionally, these activities do not deman
substantial amounts of water, electricity, or ga
Finally, the generation of secondary waste 
attributed primarily to treatment, storage, an
repackaging operations, not to waste dispos
thus, secondary waste generation would not
expected to change substantially.

Transportation

The SWEIS Expanded Operations Alternativ
(with on-site disposal) would increase on-si
shipments substantially—to almost double t
approximately 1,300 shipments per year und
the No Action Alternative (due to greater was
generation under the Expanded Operatio
Alternative and the shipment of LLW off the
site under the No Action Alternative)
However, due to the low radionuclide
concentrations in LLW, the relatively shor
distances travelled on site, and the low rate
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accidents experienced for on site shipments, this
large difference in shipments does not equate to
large differences in on-site transportation
impacts (on-site transportation impacts under
either the Expanded Operations or No Action
Alternatives result in far less than one fatality or
injury over the next 10 years due to traffic
accidents and radiation doses related to such
shipments), and waste shipments do not
influence the bounding cargo accident risks.

In contrast, development and use of additional
disposal capacity on site would reduce the off-
site shipments of waste, as compared to the No
Action Alternative (410 off-site LLW
shipments per year under No Action
Alternative, as compared to 33 under Expanded
Operations).  Again, the low concentrations of
radionuclides in LLW would mean that these
shipments contribute very little to incident-free
radiation doses, and they do not bound the off-
site cargo accident risk.  While the longer off-
site transportation mileage results in greater
risks of vehicle accidents, injuries, and deaths,
these are similar to the risks of increasing any
vehicular traffic and are not unique to the fact
that these are radioactive waste shipments.  The
off-site LLW shipments are a relatively small
percentage of the total off-site shipment mileage
under either the SWEIS No Action Alternative
or the Expanded Operations Alternative.

Accidents

Accident risk associated with waste disposal
operations for all alternatives are essentially the
same.  This is because the accident frequencies
are relatively insensitive to the differences in
waste volumes across the alternatives and
because the consequences of an accident are
dependent on the amount of material involved in
the accident (which changes very little across
the alternatives), not the total amount of
generated or disposed waste.  An additional
factor is that waste disposal requires
comparable packaging, handling, and
certification in accordance with WAC whether
it is disposed of on or off the site.

3.6.3.2 Enhancement of Plutonium 
Pit Manufacturing

The implementation of the plutonium pi
production mission is examined in the SWEIS
varying levels.  The No Action Alternative fo
operations includes the manufacturing of pits
a maximum rate of about 14 pits per year und
the Expanded Operations Alternative, and 
discussed in volume II, part II, DOE is
considering the enhancement of the existi
capability to optimize processes and remo
process “choke” points to allow for productio
of up to 50 pits per year under single sh
operations (80 pits per year under multiple-sh
operations).  However, the DOE does n
propose to implement pit manufacturin
capability beyond a level of 20 pits per year 
the time frame of analyses for the SWEIS.  T
Preferred Alternative would only implement p
manufacturing at the 20 pits per year level in t
near term.  This postponement does not mod
the long-term goal announced in the ROD f
the SSM PEIS (up to 80 pits per year usin
multiple shifts).  Nevertheless, the impacts 
full implementation of the enhancement o
plutonium pit manufacturing PSSC is include
in the Expanded Operations Alternative.  Th
DOE used the “CMR Building Use” Alternative
to bound the impact analysis.  Because oth
activities in TA–55 cannot be discontinued t
make space available for the enhancement 
operation, TA–55 does not have enoug
plutonium laboratory space available t
undertake this and all other TA–55 activitie
described under the Expanded Operatio
Alternative.  Options (alternatives) fo
providing the additional space required 
accommodate Expanded Operations, includi
pit production, are discussed in detail 
volume II, part II.  Under the PSSC “CMR
Building Use” Alternative for providing this
additional space, some existing activities 
TA–55–4 would be moved over to availab
space in the CMR Building, thus freeing spa
in TA–55–4 to accommodate pit production
This would take place in a phased mann
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First, the existing capability would be increased
to capacity of 20 pits per year; after that, the
additional modifications would be made to
achieve the 80 pits per year capacity (using
multiple shifts).

The increased pit production will require
additional transportation of materials between
TA–55 and the CMR Building (at least an
increase in transportation of samples, but
potentially, the additional transportation of
plutonium for CMR activities transferred from
TA–55–4); DOE is proposing to construct a
dedicated road to minimize impacts (road
closures and accidents) to the public.  Under the
Preferred Alternative, these processes would
not be moved to the CMR Building nor would
the transportation corridor be built.

Land Resources

All project alternatives other than the No Action
Alternative require the use of additional land,
including land that would be used for an
optional dedicated transportation corridor
between TA–55 and TA–3.  While the land
disturbed under the “CMR Building Use”
Alternative would be limited to that associated
with the transportation corridor, the Brownfield
and TA–55–4 Add-On Alternatives would each
require about one additional acre, both of which
are in developed areas of TA–55.  The 7 acres
(2.8 hectares) required for the optional
transportation corridor have been disturbed
previously but not developed.  Fencing and
security lighting along the road could result in
visual impacts.  There would be some short-
duration increase in noise during construction of
the road; once the road is constructed, traffic
noise would not be substantially different from
the existing traffic noise in the area.  (Under the
Preferred Alternative, the road would not be
constructed to establish the 20 pits per year
capability, and the impacts associated with
construction of that road would not be incurred.)
Increased noise levels due to construction
activity at TA–55 would occur under any of the
PSSC alternatives.  In addition, the “CMR

Building Use” Alternative would result in
increased construction noise at TA–3.

Geology and Soils

No changes in geology or soils are anticipat
for either construction or operations under a
PSSC alternative.

Water Resources

Minimal increase in water use is anticipated f
either construction or operations under any 
the PSSC alternatives.  Some increases in RL
generation (associated with all activities und
this alternative; pit production activities are no
substantial contributors to this waste strea
would also be anticipated (a maximum increa
of 2.6 million gallons [10 million liters] per year
above the No Action Alternative level of abou
6.6 million gallons [25 million liters] per year)
under any of the PSSC alternatives.  T
location for wastewater discharge does n
change from that under the SWEIS No Actio
Alternative.

Air Quality

The only potential construction air qualit
impacts are related to the emissions fro
construction equipment; these emissions wou
not exceed regulatory standards for criter
pollutants and would not be expected to affe
air quality beyond the immediate vicinity of th
construction work.

Operations under the “CMR Building Use
PSSC alternative in TA–55–4 and the CM
Building directly related to the implementatio
of pit production at LANL would result in minor
increases in radioactive air emissions.  For t
CMR Building, an increase of 38 microcurie
per year is attributable to pit productio
activities.  (The total difference between the N
Action and Expanded Operations radioactive 
emissions at the CMR Building is abou
340 microcuries per year.)  For TA–55, a n
increase (considering pit manufacturin
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increases and decreases due to activities moved
to the CMR Building) of about 9 microcuries
per year is attributable to pit production
activities.  (The total difference between the No
Action and Expanded Operations radioactive air
emissions at TA–55 is about 11 microcuries per
year.) Under the other PSSC alternatives, the
radioactive air emissions would not increase as
much at the CMR Building, but most of the total
47 microcuries in increased annual air
emissions attributed to pit production in both
facilities would occur at TA–55.  At the 20 pits
per year production rate (Preferred Alternative),
radioactive air emissions for TA–55 and the
CMR Building together would result in about a
20 microcuries per year increase due to pit
production activities; the radioactive air
emissions impacts under the Expanded
Operations Alternative at this rate would be
essentially the same as those presented under
the “CMR Building Use” Alternative.  No
substantive changes in nonradioactive air
emissions are expected due to these activities
under any of the PSSC alternatives.

Ecological Resources

Construction of the dedicated access road under
any of the PSSC alternatives would disturb
about 7 acres (2.8 hectares) and would reduce
peregrine falcon foraging and meadow jumping
mouse habitats by this amount.  Other potential
effects include:  

• Large mammals (bear, elk, deer, mountain 
lion, coyotes) could be restricted from 
accessing the land in the transportation 
corridor and transversing to lands beyond 
the corridor; this access restriction could 
also alter predator-prey associations, food 
use, and habitat use in the project area.

• Potential for increases in automobile/
animal collisions could result from elk and 
deer movement into areas these animals do 
not usually inhabit.

Only minimal changes in potential habitat
would be associated with alternatives requiring

construction at TA–55 or TA–3.  The total los
of 7 (for the “CMR Building Use” Alternative)
to 8 (for the other two alternatives) acres (2.8
3.2 hectares) of habitat is small compared to t
available on the entire LANL site. (Under th
Preferred Alternative, at the 20 pits per ye
rate, these impacts would not be incurre
because the road would not be constructed.)  
other ecological impacts from operations a
anticipated.

Human Health

Occupational exposure to radioactive mater
during the construction and modification o
existing nuclear facility space for the “CMR
Building Use” PSSC alternative is expected 
result in up to 45 person-rem (0.018 exce
LCF) to the involved workers.  The othe
alternatives would have lower doses due to t
reduced need for modification of existin
nuclear facility spaces to accomplish th
construction.  Radiation doses to workers duri
operations that are directly related to p
production would constitute an increase 
about 150 person-rem per year.  (The to
difference in collective dose associated with a
activities at LANL between No Action and
Expanded Operations is about 387 person-r
per year.)  These occupational doses would 
be expected to vary between the PSS
alternatives because the total work load wou
be the same, and the design criteria of t
facilities would be the same regardless 
implementation.  This change in collectiv
worker dose constitutes an incremental increa
of about 0.06 excess LCF per year to the work
population involved in these activities.  At th
20 pits per year rate (Preferred Alternative
worker exposures associated with pit producti
would be lower (about 130 person-rem per ye
lower than presented at the 80 pits per year ra
Thus, the worker population exposure and t
estimated LCF risk associated with th
exposure would be about 15 percent less th
reflected for the Expanded Operation
Alternative at the 80 pits per year rate.
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Impacts to public health would not be expected
to change substantially due to routine pit
manufacturing operations.  Except for
transportation impacts (discussed below) and
the contribution to public health impacts due to
radiological air emissions, the remaining
contributors to public health impacts do not
change across the alternatives.  As reflected in
appendix B in volume III, (Table B.1.2.3–1), the
radiological air emissions from TA–55 and
CMR Building operations together contribute
1.005 person-rem per year and 1.853 person-
rem per year under the No Action and Expanded
Operations Alteratives, respectively.  (The total
collective public doses under these alteratives
are about 14 and about 33 person-rem per year,
respectively.)  Of the total TA–55 and CMR
Building air emissions, which lead to these
collective public doses, about 1 percent of the
curies emitted (under either the No Action or
Expanded Operations Alternatives) are
attributable to pit manufacturing, analytical
chemistry support for pit manufacturing,
actinide processing, and pit surveillance and
disassembly activities (the activities that would
be involved in the implementation of pit
production at LANL under the Expanded
Operations Alternative).  Any variation to
public health impacts between the PSSC
alternatives would only be due to the differences
in physical location of the air emission release
points with relation to the publicly occupied
areas, as discussed above in the air quality
section.

Environmental Justice

Expansion of pit manufacturing is not likely to
result in disproportionately high or adverse
impacts to minority and low-income
populations.

Cultural Resources

No impacts are anticipated under any of the
PSSC alternatives due to construction or
operations (prehistoric and historic sites are

avoidable, and there are no known TCPs in t
area).

Socioeconomics, Infrastructure, and Waste 
Management

Building modifications under the “CMR
Building Use” PSSC alternative would emplo
about 221 construction workers over about
3- or 4-year period (with peak employment fo
construction at 140 workers).  The number 
construction workers and project duratio
would be somewhat greater, but no
substantially different for the other PSS
alternatives.  Operations would increas
employment by about 170 workers.  (The tot
difference between employment under N
Action and Expanded Operations is abo
1,374 workers.)  At the 20 pits per year ra
(Preferred Alternative), construction an
operations employment would be somewh
lower than reflected for the “CMR Building
Use” Alternative.  The employment difference
are small compared to the total employme
changes under the Expanded Operatio
Alternative.  Thus, the impacts presented for t
Expanded Operations Alternative are relative
insensitive to the PSSC alternatives and to 
20 pits per year phasing of pit production 
LANL.

Utility use and contaminated space would n
change substantially under the “CMR Buildin
Use” PSSC alternative.  The other two PSS
alternatives would require slightly more
electrical power and would create abo
15,000 square feet (1,400 square meters) 
nuclear facility space that would be presumed
contaminated space.

Construction for the “CMR Building Use”
PSSC alternative would generate abo
15,100 cubic feet (426 cubic meters) of TR
waste, 10,200 cubic feet (288 cubic meters) 
TRU mixed waste, 46,200 cubic fee
(1,306 cubic meters) of LLW, and 1,100 cub
feet (31 cubic meters) of LLMW.  The othe
PSSC alternatives would be expected 
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generate little, if any, radioactive waste (it could
only be generated in equipment transfer to the
new space).  Pit manufacturing operations under
the SWEIS Expanded Operations Alternative
are not expected to generate substantial
quantities of waste (as presented in the final
SSM PEIS, this activity is expected to result in
waste generation increases of less than 5 percent
over current levels), except for TRU waste
generation, which will increase from this
activity by about 3,535 cubic feet (100 cubic
meters) per year.  (The total difference between
No Action and Expanded Operations TRU
waste generation is about 10,600 cubic feet
[300 cubic meters] per year.)  At the 20 pits per
year level (Preferred Alternative), TRU waste
generation would be about 530 cubic feet
(15 cubic meters) per year.

Transportation

The Expanded Operations Alternative activities
related to pit production would be expected to
increase on-site shipments between TA–55 and
the CMR Building by about 500 shipments per
year (of plutonium sample solutions and
plutonium metal, including components).
Additionally, off-site shipments to and from
Oak Ridge and Pantex are expected to increase
by a total of about 50 shipments per year due to
implementation of pit manufacturing at LANL.
Even though the total risk is small (see
Tables 3.6.2–1 and 3.6.2–2, Transportation
Risks), these types of plutonium shipments are
among those that bound both on-site and off-site
transportation risk; additionally, such shipments
are the main contributors to driver and public
incident-free radiation doses.  Because the
portion of these shipments attributable to pit
production operations is a small percentage of
the total on-site (about 5 percent) and off-site
(about 1 percent) shipments, transportation risks
from pit production operations under the
Expanded Operations Alternative are very
small.  Differences in shipment quantities are
important contributors to the differences in
transportation risk between the No Action and
Expanded Operations Alternatives, although the

absolute risk presented by these shipments
small.  The construction of a dedicate
transportation corridor between TA–55 and th
CMR Building at TA–3 would further reduce
risk associated with on-site shipments.  At th
20 pits per year rate (Preferred Alternative
there would be somewhat fewer on- and off-s
shipments in support of pit production; thus, th
transportation impacts at that production ra
would be slightly lower than presented for th
Expanded Operations Alternative at 80 pits p
year.  Under the Preferred Alternative, th
dedicated transportation route would not b
constructed for implementation of the 20 pi
per year rate.

Accidents

Accident risk associated with pit manufacturin
operations (and those operations moved to 
CMR Building to make space in TA–55 for pi
production) are essentially the same under 
No Action and Expanded Operation
Alternatives.  The reasons that there are su
minor differences, given the differences in th
number of pits manufactured, are that: accide
involving pit manufacturing activities
themselves do not bound the risks associa
with plutonium operations (section 3.6.2.11
although some of the support operations (e.
waste handling and plutonium processing a
recovery) are included in the set of boundin
accidents analyzed; the frequencies of t
bounding accidents are relatively insensitive 
the number of pits manufactured (p
manufacturing activities are relatively sma
contributors to support operations throughput
and, the consequences of accidents 
dependent on the amount of material involved
the accident, which is relatively insensitive t
the quantities of pits manufactured over a ye
(That is, the difference in the number of pi
produced over a year is dependent on proces
room and does not change limits for the amou
of material allowed to be in process at one tim
Any variation to accident risk between th
PSSC alternatives would only be due to t
differences in physical location of the relea
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points with relation to the publicly occupied
areas, similar to the discussion above in the air
quality section.

3.6.4 Consequences of 
Environmental Restoration 
Activities

Environmental restoration activities, which
include decontamination and decommissioning
activities, are undertaken with the intent of
reducing the long-term public and worker health
and safety risks associated with contaminated
sites or with surplus facilities and to reduce risk
posed to ecosystems.  Decisions regarding
whether and how to undertake an environmental
restoration action are made after a detailed
assessment of the short-term and long-term
risks and benefits for options specific to the site
in question, and, at LANL, they are made
primarily within the framework of the RCRA.

Because there are no individual or specific
environmental restoration actions proposed
within the scope of the SWEIS (such actions are
proposed and undertaken on a time scale that is
not compatible with the preparation of this
SWEIS), the impact analyses regarding such
actions are presented in general terms based on
the experiences of the program, to date.  As
noted in the ecological resources and human
health impact analyses in chapter 5, LANL’s
influence on ecological and human health risk
arises primarily from the legacy of past
operations in the form of contaminants that were
historically deposited on land and in water.  An
improvement in the risk posed by the LANL site
is therefore expected from the removal of some
of this legacy contamination.  A principal
impact from restoration actions is related to the
generation of waste during the cleanup or
decontamination and decommissioning.  The
waste generated must be stored, treated, or
disposed.  Waste generation from the totality of
future environmental restoration actions is
estimated in the SWEIS, and the risks
associated with the transport, treatment, storage,

and disposal of this waste are included in t
analyses (in particular, refer to sections 3.1.1
3.1.15, 3.2.14, 3.2.15, 3.3.14, 3.3.15, 3.4.1
3.4.15, 5.2.9, 5.3.9, 5.4.9, 5.5.9, and t
discussion regarding the expansion of Area G
section 3.6.3.1).

The short-term risks and controls associat
with the environmental restoration activitie
include:

• Fugitive Dust.  This is the suspension of 
soil, including contaminated soil, in the air
resulting in the potential for exposure or 
dispersal of this material.  At LANL, this 
potential risk is typically controlled by 
frequently wetting the ground at the 
clean-up site; this reduces the amounts of
material suspended in air, and thus, the ris
to human health and the environment 
(LANL 1996).

• Surface Runoff.  This is the transport of 
contaminants from the clean-up site by 
surface water flow across the site.  At 
LANL, surface runoff is controlled by flow 
barriers, collection of surface water, or 
contouring the ground such that flow off the
site is precluded (LANL 1995a).

• Soil and Sediment Erosion.  This is the 
transport of soil and sediment due to the 
force of wind and the intensity and 
frequency of precipitation.  This potential 
risk is mitigated by covering clean-up sites
with tarps during storm events to minimize
the infiltration of water (LANL 1995a).  

• Worker Health and Safety Risks.  
Environmental restoration actions have 
similar risks to those discussed in the 
human health impact analyses in chapter
Activities can involve heavy equipment, 
uneven ground (e.g., trenches), solvents a
other chemicals, and other hazards of this
nature.  Worker health and safety risks are
mitigated with work plans, safety programs
protective equipment, and similar 
administrative, education, and physical 
protection measures.  
3–70
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Alternatives for Implementing the Proposed Action
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Alternatives for Implementing the Proposed Action
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TABLE  3.6.1–31.—Parameters for LANL Activities Other Than Those at the
Key Facilities

PARAMETER UNITS ONGOING INDEX YEAR

Radioactive Air Emissionsa

Tritium

Plutonium

Uranium

Ci/y

Ci/y

Ci/y

9.1 x 102

3.3 x 10-6

1.8 x 10-4

1994

1994

1994

NPDES Discharge MGY (MLY) 142 (537) 1996

Chemical Waste lb/yr (kg/yr) 1,435,000 (651,000) 1990 to 1994

Low-Level Radioactive Waste ft3/yr (m3/yr) 18,400 (520) 1990 to 1994

Low-Level Mixed Radioactive Waste ft3/yr (m3/yr) 1,060 (30) 1990 to 1994

TRU/Mixed TRU Waste ft3/yr (m3/yr) 0

Contaminated Spaceb ft2 (m2)

ft3 (m3)

tons (metric tons)

222,930 (20,700)

224,060 (6,300)

350 (320)

1996

Number of Workers FTEs 6579 1996

a Stack emissions from previously active facilities (TA–33, TA–21, and TA–41); these are not projected as continuing emissions 
in the future.  Does not include nonpoint sources.

b As discussed further in chapter 4, section 4.9.4, contaminated space is estimated by square footage where feasible.  However, 
ductwork in some facilities, rubble from cleanup actions, and activated materials from accelerator target areas are better 
estimated on the basis of cubic footage (or in the case of lead shielding, in tonnage).

MGY = million gallons per year; MLY = million liters per year.
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Alternatives for Implementing the Proposed Action
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CHAPTER 4.0
AFFECTED ENVIRONMENT

LANL is located in north-central New Mexico,
60 miles (97 kilometers) north-northeast of
Albuquerque, 25 miles (40 kilometers)
northwest of Santa Fe, and 20 miles
(32 kilometers) southwest of Española in Los
Alamos and Santa Fe Counties (Figure 4.0–1).
LANL and the surrounding region are
characterized by forested areas with mountains,
canyons, and valleys, as well as diverse cultures
and ecosystems.

The area is dominated by the Jemez Mountains
to the west and the Sangre de Cristo Mountains
to the east.  These two mountain ranges and the
State of New Mexico are divided north to south
by the Rio Grande.  LANL is located on the
Pajarito Plateau, a volcanic shelf on the eastern
slope of the Jemez Mountains at an approximate
elevation of 7,000 feet (2,135 meters).  The
Pajarito Plateau is cut by 13 steeply sloped and
deeply eroded canyons that have formed
isolated finger-like mesas running west to east.
The Santa Fe National Forest, which includes
the Dome Wilderness Area, lies to the north,
west, and south of LANL.  The American Indian
Pueblo of San Ildefonso and the Rio Grande
border the site on the east, and the Bandelier
National Monument (BNM) and Bandelier
Wilderness Area lie directly south.

A large variety of natural, cultural, and
scientific resources lie within the LANL region.
The Pajarito Plateau is one of the longest
continually occupied areas in the U.S.  The
archaeological and historical resources of the
LANL site reflect the length of temporal
occupation as well as the diversity in the
cultures of its occupants.  American Indian and
Hispanic communities—where traditional
ceremonies and customs are still honored—and
the ruins of prehistoric cultures surround
LANL.  The County of Los Alamos has
developed a unique science-support community
culture of its own since the creation of Los

Alamos townsite as a LANL “company town.
LANL has played a leading role in scientifi
research in this country since 1943, includin
the design and development of nucle
weapons, and continues to offer support to t
world’s scientific community.

The ecosystems in the region are diverse due
the 5,000-foot (1,525-meter) gradient th
extends between the Rio Grande Valley on t
eastern edge of LANL and the top of Pajari
Mountain on its western border.  Variations 
precipitation and temperature and differences
the amount of sunlight that reach the nort
facing and south-facing canyon slopes ha
resulted in a diversity of plant life, wildlife, and
soils.  The mosaic of mesa tops, mountain
canyon bottoms, cliffs, and steep slopes with
this region support the habitats of sever
threatened and endangered species including
Mexican spotted owl, peregrine falcon, and ba
eagle.

This chapter describes the environmental sett
and existing conditions associated with LAN
and DOE’s operations at LANL.  The
information presented in this chapter forms
baseline description for use in evaluating th
environmental impacts of the four identifie
SWEIS alternatives.  Much of the informatio
presented in this chapter is drawn from LANL
Environmental Surveillance and Complianc
Program, which is described below.

Environmental Surveillance and 
Compliance at LANL

DOE requires monitoring of LANL and the
surrounding region for radiation, radioactiv
materials, and hazardous chemicals.  The LAN
Environmental Surveillance and Complianc
Program (in previous years, this program w
referred to as the Environmental Surveillan
Program) is intended to meet this requireme
4–1
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as well as to determine compliance with
appropriate standards and to identify
undesirable trends.  Data collected and analyzed
under this program include:  external
penetrating radiation; airborne radioactive
materials; the radioactive and hazardous
chemical content of soils, sediments, and water;
and radioactive and hazardous chemicals in
foodstuffs and biological resources.  Biological
studies also are conducted on all major levels of
the food chain.

This program provides more than 11,000
environmental samples each year from more
than 450 sampling stations in and around
LANL.  These samples are subjected to more
than 200,000 analyses to identify the chemical
constituents in the samples collected.  The
sampling and analysis results are made publicly
available annually, once analyses are complete
(e.g., Environmental Surveillance at Los
Alamos During 1995 [LANL 1996i] was
published in October 1996, and Environmental
Surveillance and Compliance at Los Alamos
During 1996 [LANL 1997c] was published in
1997).

4.1 LAND RESOURCES

The relative isolation of north-central New
Mexico was considered ideal for a secr
nuclear weapons research laboratory when 
site was selected during World War II.  Toda
the area surrounding LANL, Los Alamo
County, and much of Sandoval, Santa Fe, a
Rio Arriba Counties is still undeveloped
(LANL 1996d).  This predominantly
undeveloped area supports a wide variety 
land uses that range from the protect
wilderness areas in BNM and the Santa 
National Forest to research and developme
activities. 

4.1.1 Land Use

Land use in this region is linked to the econom
of northern New Mexico, which depend
heavily on tourism, recreation (e.g., skiing
fishing), agriculture, and the state and fede
governments for its economic base.  Are
communities are generally small, such as L
Alamos townsite with under 12,000 resident
and primarily support urban uses includin
residential, commercial, light industrial, an
recreational facilities.  The region also include
American Indian communities; lands of th
Pueblo of San Ildefonso share LANL’s easte
border, and six other pueblos are cluster
nearby.

LANL occupies an area of approximatel
27,832 acres (11,272 hectares), 
approximately 43 square miles (111 squa
kilometers), of the DOE land, of which
86 percent (23,951 acres [9,700 hectares]) l
within Los Alamos County.

The remaining 14 percent of LANL acreage lie
within Santa Fe County, which also borde
portions of LANL boundaries along the east an
southeast.  In this western portion of Santa 
County, development is very limited, occurrin
primarily on American Indian lands within the
Rio Grande Valley.  A small isolated portion o

A Look Back in Time—                                        
U.S. Army Corps of Engineers’ Criteria for a 

Secret Laboratory

1. Adequate housing for 30 scientists.
2. Must be owned by the government or easily 

acquired in secrecy.
3. Large enough and uninhabited enough so as 

to permit safe separation of sites for 
experiments.

4. Easy control of access for security and 
safety reasons.

5. Enough cleared land free of timber to locate 
the main buildings at once.

Source:  LAHS nd
4–3
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Sandoval County borders LANL on the east and
is composed entirely of undeveloped lands
belonging to the Pueblo of San Ildefonso.
Additionally, a small portion of Sandoval
County borders LANL on its southwest
boundary, with the remainder of the county
being located (noncontiguously) to the south,
west, and north.  In the LANL area, Sandoval
County is generally undeveloped, being
primarily U.S. Forest Service (USFS) and U.S.
National Park Service (NPS) lands.

The Fenton Hill site (TA–57) occupies 15 acres
(6 hectares) in Sandoval County, on land leased
from the USFS.  The use of this land is governed
by a Memorandum of Understanding with the
USFS.  

Rio Arriba County is located approximately
2.5 miles (4.0 kilometers) north of LANL.  The
southern part of Rio Arriba County includes the
town of Española and large areas of
undeveloped American Indian land (see
Figure 4.1.1–1), together with portions of the
Santa Fe National Forest.

4.1.1.1 Stewardship and Land Use 
Authority

Los Alamos County (LAC), New Mexico’s
smallest county in size (approximately
110 square miles [285 square kilometers]), was
created in 1963 from Sandoval and Santa Fe
Counties (PC 1997a).  Four major governmental

bodies serve as land stewards and determ
land uses within Los Alamos Count
(Figure 4.1.1–1).

• DOE—primarily the land that LANL 
occupies.

• Los Alamos County—all county and 
privately held land within the communities
of Los Alamos and White Rock 
(LAC 1987).  (There are no incorporated 
cities in Los Alamos County.)

• U.S. Forest Service—the Santa Fe National
Forest.

• National Park Service—the BNM and 
Wilderness Area and Tsankawi Ruins.

Land area ratios distributed among these la
stewards are presented in Table 4.1.1.1–1.

Land stewards and land use authorities in t
western portion of Santa Fe County include t
USFS, the State of New Mexico, the U.S
Bureau of Land Management (BLM), an
American Indian Pueblos.  Land use decisio
for the BLM lands are made in agreement wi
the adjacent American Indian Pueblos.

All Sandoval County lands adjacent to or ne
LANL are controlled by one of three steward
the NPS (BNM), the USFS (Santa Fe Nation
Forest, including the Dome Wilderness), an
the Pueblo of San Ildefonso (the small isolat
parcel east of LANL).  The nearest Rio Arrib

TABLE  4.1.1.1–1.—Land Stewards Within Los Alamos County

STEWARD
PERCENT 
OF LAND

AREA IN 
SQUARE 
MILES

AREA IN 
SQUARE 

KILOMETERS

AREA IN 
ACRES

AREA IN 
HECTARES

DOE (LANL) 35 37a 96 23,951 9,700

Private or Los Alamos County 12 13 34 8,613 3,488

U.S. Forest Service 43 46 119 29,593 11,985

National Park Service 10 10 26 6,482 2,625

Source:  LAC 1987
a 6 square miles (16 square kilometers) of LANL lie within Santa Fe County.
4–4
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FIGURE 4.1.1–1.—Land Stewardship in the LANL Area.
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County land is either USFS property or
American Indian land.

Resource management involving land use
planning, especially that incorporating an
integrated approach that is implemented across
land management boundaries, has only recently
begun to be considered and employed by land
stewards within Los Alamos County and
surrounding areas.  

4.1.1.2 LANL Land Use

LANL is divided into 49 separate technical
areas (TAs) with location and spacing that
reflect the site’s historical development
patterns, regional topography, and functional
relationships.  While the number of structures
changes slightly with time (in particular, there is
frequent addition or removal of temporary
structures and miscellaneous buildings), a
recent publication reflected the following
breakdown of structures at LANL:  there are
approximately 944 permanent structures
(including 93 plant and utility structures); 512
temporary structures (e.g., trailers, transportable
buildings); and 806 miscellaneous buildings
(e.g., sheds) with approximately
5,000,000 square feet (465,000 square meters)
that could be occupied.  However, only
1,316,000 square feet (122,400 square meters)
of space, in 599 buildings, is designed to house
personnel in an office environment.  In addition
to on-site office space, 213,262 square feet
(19,833 square meters) of space is leased within
the Los Alamos townsite and White Rock
community to provide work space for an
additional 806 people (LANL 1995d).  These
rented or leased spaces are considered part of
TA–0.  

Overall, 30 percent of the LANL structures (not
including leased or rented space) are more than
40 years old, and 50 percent are more than
30 years old.  A recent DOE assessment survey
reflected the condition of LANL facilities as
follows:  1 percent are in excellent condition;

8 percent are in good condition; 37 percent a
adequate; 44 percent are fair; 9 percent are po
and 1 percent fail condition review
requirements (LANL 1995e).  Condition review
requirements cover a wide range of criteria a
standards (e.g., safety, severity, seismic, etc.

In addition to the buildings at LANL, there ar
over 80 miles (130 kilometers) of asphalt roa
and parking areas at LANL.  Unpaved roads a
remote high explosives testing or firing sites a
estimated to include up to an addition
200 acres (81 hectares).  The majority of t
land associated with the high explosives firin
sites is open to most wildlife.  Less tha
5 percent (approximately 1,375 acre
[557 hectares]) of the LANL total area i
estimated to be unavailable to most wildlif
because of security fencing.

Over the years, land on LANL has bee
developed in response to the specific needs o
variety of users.  Many of the structures ha
changed uses.  New programs have often b
placed in existing facilities.  New facilities hav
been constructed in the few areas of read
developable land (relatively flat land supporte
by the appropriate infrastructure, without oth
physical or environmental constraints).  Th
has led to a pattern of mixed land us
throughout the property.  For example, a supp
use such as an administrative office may 
located near, or even in the same building wi
a research and development use requiring a h
level of security.  This makes “absolute
classification of land use on LANL difficult.

In the following discussions, land us
characterization is based on the most hazard
activities in each TA.  For the purposes of th
SWEIS, land use within LANL boundaries i
organized into six categories:

• Support—includes TAs with support 
facilities only, without research and 
development activities, that are generally 
free from chemical, radiological, or 
explosive hazards; also includes 
4–6
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undeveloped TAs (other than those that 
serve as buffers).

• Research and Development—includes TAs 
where research and development occur, 
with associated chemical and radiological 
hazards, but that are generally free of 
explosives hazards; does not include waste 
disposal sites.

• Research and Development/Waste 
Disposal—the remaining research and 
development areas (that is, those areas 
generally free of explosives hazards and 
that have existing waste disposal sites).

• Explosives—includes TAs where 
explosives are tested or stored, but does not 
include waste disposal sites.

• Explosives/Waste Disposal—the remaining 
sites where explosives are tested or stored 
(that is, those with existing waste disposal 
sites).

• Buffer—land identified in each of the usage 
types described above also may serve as 
buffers.  This last land use category, 
therefore, includes areas that only serve as 
buffers for the safety or security of other 
TAs, usually explosives areas.

Figure 4.1.1.2–1 shows LANL land sorted into
these categories (while Fenton Hill is not
reflected in this figure, it is designated for
research and development).  Table 4.1.1.2–1
presents the number of acres associated with
each of these six categories of LANL land use.

Any actual future consideration of changing
land use within a particular LANL land use
category location would be subject to DOE’s
Land Use and Facility Use Planning Process
(DOE 1996b).  The planning process allows for
the holistic management of DOE’s land and
facilities through an integration of missions,
ecology, economics, and regional cultural and
social factors.  LANL’s 1990 Site Development
Plan, which was last updated in 1995, guides
land use decision-making at LANL
(LANL et al. 1990 and LANL 1995e).  The Site
Development Plan contains policies, specific

recommendations, and mapping of land use,
well as other information.  This plan is
periodically updated.

4.1.1.3 Los Alamos County Land 
Use

The Los Alamos County Comprehensive Pla
which established land planning issues a
objectives, addresses private and county lan
comprising 8,613 acres (3,488 hectare
(LAC 1987).  Twenty-nine percent of this lan
is located within the Los Alamos townsite an
26 percent is located in the community of Whi
Rock (LAC 1987).  The remaining 45 percent 
the land is undeveloped and is used f
recreational activities and open spac
Table 4.1.1.3–1 presents the amount of la
used for the various land uses as defined by L
Alamos County.

Although it may appear that there is sufficie
land within Los Alamos County for future
expansion by private citizens, business owne
and the county, the majority of this land is ve
difficult to develop due to the many sever
physical constraints of the topography an
excessive associated development costs.  Fi
four percent of county land consists of slop
that exceed 20 percent and cannot be reason
built upon.  Therefore, the county’s
comprehensive plan establishes direction f
urban development to occur in compact a
contiguous areas where public services can
most efficiently provided and advers
environmental impacts can be minimized.  B
necessity, much of this development wou
occur by building in between existing structure
or reuse of land.  Outlying development are
are designated along West Jemez Ro
(northwest of LANL); on the northern edge o
the townsite on DOE land, which is designate
for transfer; and north of the White Roc
community, which is the Pueblo of Sa
Ildefonso’s land.  Recommendations in the L
Alamos County Comprehensive Plan are for t
county to work with the Pueblo of San Ildefons
4–7
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FIGURE 4.1.1.2–1.—Land Use Within LANL Boundaries.
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to encourage growth in this area (LAC 1987).
Los Alamos townsite borders LANL’s TA–2,
TA–21, TA–41, TA–43, TA–62, TA–72,
TA–73, and TA–74.  The community of White
Rock borders TA–36, TA–54, TA–70, and
TA–71.  

4.1.1.4 Potential Land Transfers 
and Related Land Use 
Issues

DOE has entered into discussions with several
entities, including Los Alamos County,
regarding the potential transfer or lease of DOE-
managed land that is part of LANL.  DOE has
recently examined the proposal to lease a tract
of land containing about 60 acres (24 hectares)
to the County of Los Alamos for their
development and use as a research park.  An
environmental assessment (EA) was prepared,
entitled Environmental Assessment for Lease of

Land for the Development of a Research Park
Los Alamos National Laboratory (DOE 1997a),
that resulted in a Finding of No Significan
Impact (FONSI), signed on October 8, 199
This research park would be located with
TA–3 of LANL and would be consistent in us
with the current land use designation for TA–
A lease for this land is expected to be negotia
in 1998.  It would not result in a change in th
LANL boundary.  Another recent proposa
considered by DOE to transfer a 28-ac
(11-hectare) tract of land along DP Road with
TA–21 to the county, would, however, result i
a change of land use designation and in t
redefinition of LANL’s boundary.  An EA,
entitled Environmental Assessment for th
Transfer of the DP Road Tract to the County 
Los Alamos (DOE 1997b) was prepared tha
supported a FONSI, signed on January 2
1997.  This transfer of land would change th
land use designation of research a
development/waste disposal to the county

TABLE  4.1.1.2–1.—LANL General Land Use

LAND USE ACREAGE HECTARES PERCENTa

Support 8,457 3,422 30

Research and Development 2,745 1,111 10

Research and Development/Waste Disposal 1,966 796 7

Explosives 1,947 788 7

Explosives/Waste Disposal 12,285 4,972 44

Buffer 404 163 2

a Percentages may not total 100 due to rounding.
Source:   LANL 1998a

TABLE   4.1.1.3–1.—Los Alamos County (Excluding LANL) Land Use Definitions

LAND USE ACREAGE HECTARES PERCENT a

Residential 2,919 1,182 34

Commercial 157 64 2

Public (Governmental) 1,699 688 20

Streets/Undeveloped Land 3,838 1,554 45

Total 8,613 3,488 100

a Percentages may not total 100 due to rounding.
Source:  LAC 1987
4–9
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land use designation of light commercial and
professional (C–1), civic center business and
professional (C–2), heavy commercial (C–3), or
light industrial (M–1), in keeping with the
current zoning of the land use in the nearby Los
Alamos townsite area.  It is likely that the
transfer of this tract could occur in 1998.

The Departments of Commerce, Justice, and
State, the Judiciary, and Related Agencies
Appropriations Act for Fiscal Year 1998, passed
by Congress in the fall of 1997 and signed into
law by the President, directs the Secretary of
Energy to convey parcels of land that are
identified by DOE as being suitable for
conveyance or transfer.  These parcels would be
those that are not now required to meet the
national security mission of DOE or would not
be required for that purpose before the end of
the next 10-year period, and which are suitable
for use for the purposes of historic, cultural, or
environmental preservation, economic
diversification, or community self-sufficiency.
The act further directs the Secretary of Energy
to “carry out any review of the environmental
impact of the conveyance or transfer of each
such parcel that is required under the provisions
of NEPA.”  The disbursement of this land by
lease or transfer will be to the Incorporated
County of Los Alamos and the Secretary of the
Interior, in trust for the Pueblo of San Ildefonso.
A DOE decision on this matter is expected by
late 1999.  Complex-wide DOE initiatives
affecting present and future land use are
interwoven with this issue.  This SWEIS does
not include analysis of these potential land
transfer(s).  While any land transfer(s) could
result in changes to land use, the total potential
land transfer of this potentially large amount of
acreage and the potential changes in land use
were not well enough defined to include in the
SWEIS to allow for meaningful analysis.  On
May 6, 1998, DOE published a Notice of Intent
to prepare an EIS for the Proposed Conveyance
and Transfer of Certain Land Tracts in the
Federal Register (63 FR 25022).  A draft EIS is
expected to be released for public review and
comment in early 1999.

4.1.1.5 Santa Fe National Forest 
Land Use

The Santa Fe National Forest encompas
1,567,181 acres (634,708 hectares) and 
separated into two divisions:  the Pecos Divisi
in the Sangre de Cristo Mountains to the east
LANL and the Jemez Mountains Division to th
west.  Both divisions of the Santa Fe Nation
Forest support tourism; logging; cattle grazin
and recreational activities such as hikin
fishing, hunting, camping, and skiing.  Th
Jemez Division also contains the Dom
Wilderness Area and is a designated habitat 
federal and state protected species, including 
Mexican spotted owl (section 4.5, Biodiversit
and Ecological Resources) (USFS 1987).

The USFS has classified land use on its prope
surrounding LANL into forest managemen
areas (Figure 4.1.1.5–1) (USFS 1987).  The
management areas are described 
Table 4.1.1.5–1.  The 1987 Santa Fe Nation
Forest Plan (USFS 1987) presents the m
current land management directions for fore
lands within the Jemez Division.  Eight fores
management policies have been adopted by 
USFS for the Santa Fe National Forest.  Each
these forest management areas emphas
activities for the enhancement, development,
preservation of a natural resource.  The portio
of land within the Santa Fe National Forest th
border LANL are within designated
management Area C (TA–8, TA–16, TA–62
and TA–69), Area L (TA–33, TA–70, and
TA–71), and Area N (TA–74).

4.1.1.6 Bandelier National 
Monument Land Use

BNM consists of two units:  the primary unit i
located immediately south of LANL, and th
Tsankawi unit (secondary unit) is located to th
northeast of LANL.  It has been a popular touri
attraction since 1916, when a President
Proclamation established it as a Nation
Monument offering natural beauty, America
4–10
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FIGURE 4.1.1.5–1.—Santa Fe National Forest Management Areas.
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TABLE  4.1.1.5–1.—Santa Fe National Forest Management Areas

MANAGEMENT 
AREA

GENERAL USES LAND USE MANAGEMENT EMPHASIS

C Recreation—Visual—
Wildlife—Timber

Emphasis is on enhancing visual quality and developing recreation 
opportunities while protecting essential wildlife habitat and riparian 
zones.  Grazing and timber activities occur where compatible with 
primary emphasis.

G Wildlife—Range— 
Firewood

Emphasis is on key wildlife habitat protection, habitat 
improvement, and forage and firewood protection.  Recreational 
opportunities are dispersed and consist of firewood and pinyon nut 
gathering, hunting, and recreational driving.

H Wilderness Emphasis is on preserving wilderness character and values.  
Managed to retain the primeval, wild character and influence 
without permanent improvements or habitation and to preserve the 
natural conditions.  Primitive recreation opportunities, wildlife 
habitat management, grazing, and fire management will occur only 
when consistent with these values and where historically 
established.

L Semi-Primitive 
Nonmotorized 

Recreation

Emphasis is on providing semi-primitive nonmotorized recreation 
opportunities.  Wildlife, range, and fuels management may occur 
where consistent with this emphasis.  Timber harvest and road 
building are not consistent with this emphasis.

M Research—Nature 
Areas

Emphasis is on providing opportunities for nondisruptive research 
and education.  This allows natural processes to occur and the 
protection of natural features.  Use restrictions are imposed as 
necessary to keep areas in their natural and unmodified condition.  
There is no harvest of timber or firewood nor any grazing.

N Threatened and 
Endangered Species 

Habitat

Emphasis is on management that protects and enhances essential 
wildlife habitat.  Not included in the suitable timber base.  Certain 
timber management activities, grazing, firewood harvesting, and 
fire management may occur when compatible with protection 
emphasis.

Q Cultural 
Resources—Dispersed

Recreation— 
Visual—Timber

Emphasis is on cultural resource site location, inventory, 
nomination, and protection; also on providing dispersed recreation 
opportunities while maintaining visual quality, timber, and 
firewood production.  Grazing activities vary.  Emphasis is also on 
maintenance or enhancement of wildlife habitat diversity.

R Cultural Resources— 
Wildlife—Timber

Emphasis is on cultural resource site location, inventory, 
nomination, and protection; also on wildlife habitat improvement 
and essential habitat protection and enhancement.  Grazing and 
timber harvest activities occur where compatible with the primary 
emphasis.  Firewood provided as a byproduct of timber harvest.

Source:  USFS 1987
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Indian ruins, abundant wildlife, and structures
of historical importance (DOI 1995).  The two
monument units border along LANL TA–16,
TA–18, TA–33, TA–39, TA–49, and TA–72.

The primary unit of BNM contains the ruins of
nearby American Indian communities.  Only a
small portion of this unit has been developed for
visitors:  the area in and around Frijoles Canyon,
just south of LANL.  This developed area
contains a visitors’ center, concession facilities,
administrative facilities, maintenance facilities,
housing facilities, picnic areas, campgrounds,
parking areas, trails, and roadways.  The
remainder of BNM has been left relatively
undisturbed within the Historic era, with only a
few trails and unpaved roads crossing the
property.  The majority of this unit of BNM has
been designated as a Wilderness Area, where
protection of the environment is the highest
priority (DOI 1995).

Nearby Tsankawi ruins are ancestral to several
nearby Pueblos.  The 826-acre (335-hectare)
Tsankawi unit, located adjacent to LANL to the
northeast, is a large, unexcavated ruin with
many small caves in the canyon walls.  Few
visitor facilities are available.   There is a
1.5-mile (2.4-kilometer) trail providing access
to the ruin (DOI 1995).

The number of visitors arriving at BNM is
increasing annually.  The attendance for 1997
was 410,143, which represents an increase of
42,665 over the 1993 attendance of 367,478.
Approximately 586,860 visitors are projected to
visit BNM annually by 2003 (DOI 1995).

The NPS has developed numerous plans and
public documents that address the management
of BNM.  The Final Master Plan for the
monument was approved in 1977, identifying
broad objectives for the area (DOI 1977).
However, this plan is now out of date and is no
longer a reasonable guide.  The Bandelier
National Monument Draft Development
Concept Plans:  Frijoles Canyon and Tsankawi
(DOI 1995) is a development concept plan to

manage visitor use and facilities in the ma
headquarters area of the park and in a sm
portion of Tsankawi.  These plans focus o
reducing the impacts of visitors on the limite
resources within BNM and preserving th
natural and cultural setting to the greatest ext
possible.  The NPS has never developed
general management plan for BNM. 

4.1.1.7 American Indian Pueblo 
Land Use

The lands of the Pueblo of San Ildefons
are located immediately east of LANL
(Figure 4.1.1.2–1), bordering LANL’s TA–5
TA–46, TA–54, and TA–72.  The Pueblo trace
its origins north of Colorado’s Mesa Verde are
The Pueblo of San Ildefonso’s traditiona
history holds that the Pueblo people migrat
south to the Pajarito Plateau.  The villages 
Otowi (located in the northeast portion o
LANL) and Tsankawi (now part of BNM) were
established there around the year 1300 A.D.

The Pueblo of San Ildefonso owns or has use
28,136 acres (11,395 hectares) of land.  T
Pueblo of San Ildefonso is bounded by LANL t
the west, the Santa Fe National Forest to 
south, the Tsankawi ruins of BNM to the wes
the Pueblo of Santa Clara to the north, and 
community of White Rock to the south.  Most o
the Pueblo land is within the boundaries 
Santa Fe County, although a small portion li
in an isolated section of Sandoval County 
mentioned earlier (Figure 4.1.1.2–1).

The U.S. Bureau of Indian Affairs (BIA) report
the current population of the Pueblo of Sa
Ildefonso at 580 (BIA 1996).  Most of the
inhabitants of San Ildefonso live in th
developed area located along New Mexico Sta
Road 30 (NM 30) in Santa Fe County
approximately 2.75 miles (4.43 kilometers
northeast of LANL.  The remainder of th
Pueblo lands are largely undeveloped.  Land u
by the Pueblo is a mixture of residential us
gardening and farming, cattle grazing, huntin
4–13
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fishing, food and medicinal plant gathering, and
firewood production along with general cultural
and resource preservation.  The Pueblo of San
Ildefonso has not adopted a formal land use plan
yet.

Other American Indian lands are located in
Santa Fe, Sandoval, and Rio Arriba Counties
with similar land uses, together with the
addition of some commercial and light
industrial land use.  However, the land uses on
these other lands are not directly affected by
activities on LANL.  (Section 4.8, Cultural
Resources; Section 4.9, Socioeconomics;
Section 4.7, Environmental Justice; and in
volume III, appendix E, Cultural Resources,
provide additional information on American
Indian pueblos and reservations.)

4.1.2 Visual Environment

The natural setting of the Los Alamos area is
very panoramic and scenic.  The mountain
landscape, unusual geology, varied plant
communities, and archeological heritage of the
area create a diverse visual environment.  

4.1.2.1 Physical Characteristics 
Within the Visual 
Environment

Modern inhabitants of the Los Alamos region
have altered the natural physical environment to
a greater extent over the past 100 years than the
early inhabitants due to larger populations and
enhanced use of machinery.  For the most part,
this alteration of the environment takes three
forms:  terrain alteration (cutting and filling),
land cover changes (e.g., forestry, farming, fire
suppression), and development.  Terrain
alteration has been relatively limited in the
region.  For the most part, disturbance has
occurred on the level areas.  The most obvious
terrain alterations in this area are the side-hill
cuts sometimes necessary for roadways.
However, these steep cuts are not as out of

character with the surrounding sharply angl
terrain as they would be in more gent
topography.

The topography in this part of northern Ne
Mexico is rugged, especially in the vicinity o
Los Alamos.  Mesa tops are cut by dee
canyons, creating sharp angles in the la
forms.  In some cases, slopes are nearly verti
Often little vegetation grows on these ste
slopes, exposing the geology, which is equa
striking with contrasting horizontal plane
varying from fairly bright orange-red to almos
white in color.  

A variety of vegetation occurs in the regio
(section 4.5.1.1).  The density of vegetation a
height of vegetation may change over time, bo
of which can affect the visibility of an are
within the LANL viewshed (the area from
which an observer can potentially view LANL)
In some areas the only vegetation is low-lyin
meadows (grasslands and recent burn areas)
the other end of the scale, portions of LANL a
covered with mixed conifer evergreen forest
which have increased in density over the pa
decades due to the suppression of natural fir
The height and density of mature trees in th
forest type may obscure many views an
partially screen others.  Mixed grass, shrub a
savannah lands, which have varying densities
trees, are between these extremes.  Over 
years, the clearing of vegetation within th
LANL viewshed has occurred through timbe
harvests or to make room for farming o
development.  It is sometimes difficult, if no
impossible, to recognize these cleared are
due to the high variability in vegetation type
The opposite has also occurred.  Very genera
portions of LANL located along mesa tops at th
lower elevations of the facility toward the
eastern site boundary are covered w
grasslands, mixed shrubs or short trees w
sparsely distributed taller trees, allowing great
visibility from within the viewshed.  In contrast
the portions of LANL located at the uppe
elevations toward the western boundary a
4–14
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more densely covered by tall mixed conifer
forests that lessen the visibility of these areas.

The most obvious modern alteration of the
natural environment is development.  Within
LANL and Los Alamos townsite, much of this
development is austere and utilitarian in
appearance, contrasting greatly with nature
(LANL et al. 1990).  Because both LANL and
the townsite were established in response to a
national emergency, many buildings were built
as temporary structures.  Overcrowded
conditions, due to the limited amount of
developable land, have often resulted in an
unplanned, visually discordant assembly of
structures and functions, equipment, parking,
and outside storage.  More recent development,
however, includes many facilities with designs
and materials that are more visually appropriate
and compatible with the natural environment.
Many LANL planning documents, such as the
Capital Assets Management Process, Fiscal
Year 1997 (LANL 1995d), target improving the
quality of building design at LANL, creating
more attractive work environments, and
providing clear signage and an easy-to-navigate
road system.

For security reasons, much of the developme
within LANL has occurred out of the public’s
view.  Passing motorists or nearby residents c
only see a small fraction of what is actual
there.  The view of most of LANL property from
many stretches of the area roadways is that
woodlands and brushy areas.  The most visi
developments are a limited number of very ta
structures; facilities at relatively high, expose
locations; or those beside well-travele
publicly accessible roads within the core part 
LANL, the TA–3 area.  Designed structures th
blend in with other features include the Lo
Alamos Canyon Bridge, the Otowi Building, th
Oppenheimer Study Center, and the entry s
on East Jemez Road.

However, there are examples of existin
facilities that cause adverse visual impacts:

• The National Radio Astronomy 
Observatory Very Long Baseline Array 
telescope, which is a large, white, dish-typ
antenna located at a high elevation, clearl
visible from surrounding sensitive land use
areas such as BNM.

• The extremely dense and mixed 
development in areas such as TA–3, 
combined with the parking lots and little 
room for screening elements such as 
landscaping.

• Very tall structures such as the radio towe
or the Rack Assembly and Alignment 
Complex.

At the lower elevations, at a distance of seve
miles away from LANL, the facility is primarily
distinguishable among the trees in the daytim
by views of its water storage towers, emissio
stacks, and occasional glimpses of old
buildings that are very austere and industrial
appearance.  Similarly, the Los Alamo
townsite appears mostly residential in charac
with the water storage towers being very visib
against the forested backdrop of the Jem
Mountains.  The most readily visible LANL and
Los Alamos townsite landmarks at very dista

A Look Back In Time

[Prior to the development of LANL], an
incident occurred that had great portent for
the future. A visitor rode over the mesas on a
pack trip.  His summer home was across the
valley, in the high mountains at the
headwaters of the Pecos River, east of Santa
Fe.   His name was J. Robert Oppenheimer.

He admired the setting, and thereafter often
visited the [Los Alamos Ranch] school.  He
remembered the place upon being confronted
with a momentous decision a few years later,
when he was asked to advise the Corps of
Engineers on the selection of a secret
laboratory site.

Source: LAHS nd
4–15
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vantage points are the water storage towers that
are painted white.  These show up against the
evergreen forests and cause the developed areas
to appear to be spread over a broad distance
along the Pajarito Plateau.  At elevations above
LANL, along the upper reaches of the Pajarito
Plateau rim, the view of LANL is primarily of
scattered austere-appearing buildings among
heavily forested areas and the nested several-
storied buildings of the TA–3 area.  Similarly,
the residential character of the Los Alamos
townsite is predominately visible from higher
elevation viewpoints.

4.1.2.2 Air Quality and Light 
Pollution Within the Visual 
Environment

Visibility related to air quality is an important
facet of the visual environment within the Los
Alamos viewshed.  (Section 4.4.3, Air Quality
Visibility, includes additional discussion on this
subject.)  In addition to smoke produced by
wood burning in nearby residential areas, smoke
is produced within the viewshed area both at
LANL, where there is periodic burning of high
explosives waste material, and at the
neighboring Santa Fe National Forest, where
there is periodic, controlled forest burning as a
wildfire management tool.  Permitted waste
fires at LANL can last for hours at a time, while
under certain weather conditions, forest burning
can last for several days.  As is true throughout
the region, fugitive dust can also be generated
within the viewshed on windy days if soil
moisture levels are inadequate to prevent this
from occurring.  These types of temporary air
pollutions by particulate suspension can be
easily noticed in the relatively clear air in
northern New Mexico and can negatively affect
visibility.

Similarly, light pollution from various sources
within the Los Alamos viewshed is an important
facet of the nighttime visual environment with
regards to the visibility of LANL and the
visibility of celestial features within the natural

environment, such as the planets and the st
Two types of light impacts typically occu
around development:  direct impacts related
views of the light source itself and indirec
impacts related to the cumulative and reflect
light that creates an unnatural glow in the s
and reduces the visibility of stars.  The lights 
LANL, Los Alamos townsite, and White Rock
are directly visible from various locations
across the viewshed as far away as the town
Española and Santa Fe.  Because there is l
nighttime activity at LANL, light sources are
generally security lighting rather than personn
safety lighting.  The sodium vapor lights use
for this purpose can be distinguished from t
lights of the nearby communities at White Roc
and the Los Alamos townsite by their slightl
yellow color.  At a distance across the viewshe
however, the color variation in light source
become unrecognizable and any nighttim
distinction between LANL and the two
communities is lost to the casual observe
There are relatively few of the LANL security
light sources compared to the greater number
safety light sources coming from the nearb
communities.  Indirect (reflected) light impact
from LANL sources are very limited for three
reasons:  first, there are relatively few source
compared to the nearby communities; secon
the designs of these light sources direct lig
downward only; third, most of these sources a
located at the perimeter of security areas, 
areas that are not paved.  Because of this, v
little light is reflected upward.  By contrast
lights in parking lots in the surrounding
communities are more likely to be reflected o
asphalt and concrete.

4.1.3 Noise, Air Blasts, and 
Vibration Environment

Noise (considered to be unpleasant, lou
annoying or confusing sounds to humans), 
blasts (also known as air pressure waves or o
pressures) and ground vibrations a
intermittent aspects of the LANL are
environment.  Although the receptor most ofte
4–16
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considered for these environmental conditions
is human, sound and vibrations may also be
perceived by animals and birds in the LANL
vicinity.  Little is known about how different
wildlife species may process these sensations,
or how certain species may react to them.  The
vigor and well being of area wildlife and
sensitive, federally protected bird populations
suggests that these environmental conditions are
present at levels within an acceptable tolerance
range for most wildlife species and sensitive
nesting birds found along the Pajarito Plateau.
(Biological resources are discussed in more
detail in section 4.5.)

“Public noise” is the noise present outside the
LANL site boundaries.  It is from the combined
effect of the existing LANL traffic and site
activities and the noise generated by activities
around the Los Alamos and White Rock
communities.  “Worker noise” is the noise
generated by LANL activities within LANL
boundaries.  Air blasts consist of a higher
frequency portion of air pressure waves that are
audible and that accompany an explosives
detonation.  This noise can be heard by both
workers and the area public.  The lower
frequency portion of air pressure waves is not
audible but may cause a secondary and audible
noise within a testing structure that may be
heard by workers.  Air blasts and most LANL-
generated ground vibrations result from testing
activities involving above-ground explosives
research.

The forested condition of much of LANL
(especially where explosives testing areas are
located), the prevailing area atmospheric
conditions, and the regional topography that
consists of widely varied elevations and rock
formations all influence how noise and
vibrations can be both attenuated (lessened) and
channeled away from receptors.  These regional
features are jointly responsible for there being
little environmental noise pollution or ground
vibration concerns to the area resulting from

LANL operations.  Sudden loud “booming
noises associated with explosives testing a
similar to the sound of thunder and ma
occasionally startle members of the public a
LANL workers alike.  The human startle
response is usually related to the total amou
of explosives used in the test, the prevailin
atmospheric conditions, and the receptor
relative location to the source location and 
channeling valleys.  Although these noises a
sporadic or episodic in nature, they contribute
the perception of noise pollution in the area.

Concerns for damage that may be caused 
ground vibrations as a result of explosive
testing are primarily related to sensitiv
architectural receptors, such as the ma
archeological sites and historic building near t
LANL firing ranges.  The low masonry adobe o
rock walls at prehistoric sites, and the nonrobu
walls of what were expected to be temporary 
short-term use buildings when originall
constructed, may be speculated to suffer fro
subtle structural deterioration (fatigue damag
over time.  However, field observations of eig
prehistoric archeological sites in the vicinity o
the firing ranges determined that none of t
sites exhibited deterioration other than natu
weathering.

Limited data currently exist on the levels o
routine background ambient noise levels, a
blasts, or ground vibrations produced by LAN
operations that include explosives detonation
The following discussions of noise leve
limitations are provided to identify applicabl
regulatory limits or administrative controls
regarding LANL’s noise, air blast, and vibratio
environment; there are no regulatory, work
health protective, or maximum permissib
level limitations for air blasts or ground
vibrations.  Available LANL noise and
vibration information from specific activities is
also summarized and presented.
4–17
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4.1.3.1 Noise Level Regulatory 
Limits and LANL 
Administrative 
Requirements

Noise generated by LANL operations, together
with the audible portions of explosives air
blasts, is regulated by county ordinance and
worker protection standards.  The standard unit
used to report sound pressure levels is the
decibel (dB); the A-weighted frequency scale
(db[A] or dBA) is an expression of adjusted
pressure levels by frequency that accounts for
human perception of loudness.  Los Alamos
County has promulgated a local noise ordinance
that establishes noise level limits for residential
land uses.  Noise levels that affect residential
receptors are limited to a maximum of 65 dBA
during daytime hours and 53 dBA during
nighttime hours between 9 p.m. and 7 a.m.
Between 7 a.m. and 9 p.m., the permissible
noise level can be increased to 75 dBA in
residential areas, provided the noise is limited to
10 minutes in any 1 hour.  Activities that do not
meet the noise ordinance limits require a permit
(LANL 1994a).

Noise standards related to protecting worker
hearing are contained in LANL’s
Administrative Requirements, Hearing
Conservation, which is part of the electronic
Environmental, Safety, and Health Manual
(LANL 1993c).  LANL hearing conservation
policy and noise level limits are based on:

• U.S. Air Force Regulation 161-35, 
Hazardous Noise Exposure

• DOE Order 5480.4, Environmental 
Protection, Safety, and Health Protection 
Standards 

• 29 Code of Federal Regulations (CFR) 
1910.95, Occupational Noise Exposure

• American Conference of Governmental 
Industrial Hygienists’ (ACGIH) publication 
(ACGIH 1993) entitled, Threshold Limit 
Values for Chemical Substances and 

Physical Agents and Biological Exposure 
Indices (1992–1993)

The occupational exposure limit for steady-sta
noise, defined in terms of accumulated da
(8-hour) noise exposure dose that allows f
both exposure level and duration, is 84 dB
(29 CFR 1910.95).  When a worker is expos
for a shorter duration, the permitted noise lev
is increased (Table 4.1.3.1–1).  LANL
Administrative Requirements also limit worke
impulse/impact noise exposures that consist o
sharp rise in sound pressure level (high pea
followed by a rapid decay less than 1 second
duration and greater than 1 second apart.  Th
limits are based on noise level and number 
impacts allowed per day (Table 4.1.3.1–2).

To meet the limits presented above, manager
LANL are required to minimize excessiv
worker noise exposure through measures su
as worker hearing protection, control of nois
using alternative operating conditions, an
engineering designs or modifications to redu
operating noise levels.  

There are no regulatory, worker healt
protective LANL administrative controls or
other maximum permissible levels regardin

.
TABLE  4.1.3.1–1.—Limiting Values for 

Average Daily Noise Exposure

DURATION OF 
TOTAL DAILY 

EXPOSURES HOURS

OCCUPATIONAL 
EXPOSURE LIMITS 
NOISE LEVEL dBA

16 80

8 84

6 86

4 88

2 92

1 96

0.5 100

0.033 (2 minutes) 115a

a Exposure above 115 dBA is not permitted.
Source:  LANL 1993c
4–18
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property damage resulting from vibrations such
as those generated through LANL operations.  

Vibration criteria for ancient monuments have
been recommended as low as 2 millimeters per
second amplitude; a few European countries
have established standards for ground vibrations
levels allowed at their historic monuments of
2 millimeters per second.  The vibration limit
recommended at Mesa Verde and Chaco
Canyon for one-of-a-kind, irreplaceable
structures was not to exceed 2 millimeters per
second in the 2 to 20 hertz frequency bandwidth.
Given the lack of vibration damage attributable
to vibrations from 50 years of explosives testing
(as discussed in section 4.1.3.2), and given the
environmental setting of the firing site areas
(additional information regarding these sites is
presented in section 4.8), it appears unnecessary
to adopt such a limit for the types of resources
present at LANL.

4.1.3.2 Existing LANL Noise Air 
Blast and Vibration 
Environment

Existing LANL-related publicly detectable
noise levels are generated by a variety of
sources, including truck and automobile
movements to and from the LANL TAs, high
explosives testing, and security guards’ firearms
practice activities.  Noise levels within Los

Alamos County unrelated to LANL are
generated predominately by traffic movemen
and, to a much lesser degree, other residenti
commercial-, and industrial-related activitie
within the county communities and th
surrounding areas.

Traffic noise from truck and automobile
movements around the LANL TAs is excepte
under Los Alamos County noise regulations, 
is the traffic noise generated along publ
thoroughfares within the county.  This type o
noise contributes heavily to the backgroun
noise heard by humans over most of the coun
Although some measurements of soun
specifically targeting traffic-generated nois
have been made at various county locations
recent studies, these sound levels are found to
highly dependent upon the exact measuri
location, time of day, and meteorologica
conditions.  There is, therefore, no sing
representative measurement of ambient traf
noise for the LANL site.  Noise generated b
traffic has been computer modeled to estima
the impact of incremental traffic for variou
studies, including recent NEPA analyse
without demonstrating meaningful change fro
current levels due to any new activities.  Whi
very few measurements of nonspecif
background ambient noise in the LANL are
have been made, two such measurements h
been taken at a couple of locations near t
LANL boundaries next to public roadways
Background noise levels were found to ran
from 31 to 35 dBA at the vicinity of the entranc
to BNM and NM 4.  At White Rock,
background noise levels range from 38 
51 dBA; this is slightly higher than was foun
near BNM, probably due to higher levels o
traffic and the presence of a residenti
neighborhood (DOE 1995b) as well as th
different physical setting.

The detonation of high explosives represents 
peak noise levels generated by LAN
operations.  The results of these detonations 
air blasts and ground vibrations.  LANL ha
instituted stringent administrative controls t

TABLE  4.1.3.1–2.—Occupational Exposure 
Limits for Impulse/Impact Noise

SOUND LEVEL 
dBA

NUMBER OF 
IMPULSES OR 

IMPACTS PERMITTED 
DAILY

140a 100

130 1,000

120 10,000

a Exposure above 140 dBA is not permitted.
Source:  LANL 1993c
4–19
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protect site workers from potential physical
damages that could result from these
detonations.  These protective measures include
the employment of TA perimeter fencing, badge
exchange programs at manned access points,
and gated personnel exclusion zones located at
varying distances from the firing site detonation
points determined by site safety requirements.
Personal protective hearing devices are also
made available for use by personnel as
necessary as part of the standard operating
procedures established for these sites.
Exclusion zones are provided both for hearing
protection and to keep workers from potentially
being struck with high speed detonation debris
or being adversely affected by air blasts.  The
perimeter fencing is also provided both for the
protection of co-located workers and for
members of the public.  The primary source
of these activities is the high explosives
experiments conducted at the LANL Pulsed
High-Energy Radiation Machine Emitting
X-Rays (PHERMEX) Facility and surrounding
TAs with active firing sites.  Within the
foreseeable future, the Dual Axis Radiographic
Hydrodynamic Test (DARHT) Facility will
begin operation (followed by a corresponding
reduction of PHERMEX operations) and will
become a source of high explosives testing.
Explosives detonations were performed in
March 1995 for the DARHT EIS analysis and
measurements of air blasts and ground
vibrations were obtained for representative
PHERMEX explosives tests.  The sound
measurements recorded the following:

• 70 dBA at a distance from the source of 
4 miles (6 kilometers) using 150 pounds 
(68 kilograms) of TNT

• 71 dBA at a distance from the source of 
1 mile (2 kilometers) using 150 pounds 
(68 kilograms) of TNT (the closest public 
access point next to TA–49 at NM 4)

• 60 dBA to 63 dBA at a distance from the 
source of 3 miles (5 kilometers) using 
150 pounds (68 kilograms) of TNT (BNM 
entrance near NM 4) (DOE 1995b)

Based on such findings, the Los Alamos Coun
Community Development Department ha
determined that LANL does not need a spec
permit under the Los Alamos County Cod
because noise related to explosives testing is
prolonged, nor is it considered unusual to t
Los Alamos community (Los Alamos Count
Code, August 8, 1996).

The DARHT EIS analysis performed to
determine vibratory ground motion from
detonation of high explosives indicated that t
peak ground motion for the energy transmitte
through the ground was less than the grou
motion caused by the air wave pulse when
arrived at a measurement point.  This 
understandable because of the above grou
placement of the explosives used in testi
activities.  Ground motion (particle velocity
amplitudes slightly above 2 millimeters pe
second were estimated by derivativ
calculations to occur within 1 mile
(1.61 kilometers) of a 500-pound
(227-kilogram) TNT explosives tes
(GRAM 1997).  In general, structures withi
2,000 feet (610 meters) are estimated to 
exposed to ground vibration in excess 
5 millimeters per second.  For explosive tests
the range of 10 pounds (4.5 kilograms) 
150 pounds (68 kilograms), ground vibration
in excess of 5 millimeters per second are n
expected to be exceeded at locations 
1,000 feet (305 meters) or more from the firin
site (GRAM 1997).  For architectural sites ne
the firing site, but separated from them by a
intervening canyon(s), the effects would b
greatly lessened to absent from groun
transmitted vibrations.  Detonations of up 
500 pounds (227 kilograms) of TNT or it
equivalent are not expected to genera
vibrations sufficient to result in any damage 
either sensitive historical or prehistori
structures at BNM or to residences in the Wh
Rock or Los Alamos communities
Measurement of the air blast associated with
150-pound (68-kilogram) detonation of TNT
indicated that the maximum air blast ove
4–20
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pressure was 5.05 millibar (0.073 pounds per
square inch [psi] or 143 dB at 1,200 feet
[366 meters]) to the blast site.  The effect of a
500-pound (227-kilogram) detonation of TNT is
estimated to be in excess of the 7 millibar
(0.1 psi or 150 dB) that would be required to
occur at that distance from the blast site before
cracking of building windows and walls would
be expected to occur.  Given the distance of
buildings from existing LANL blast site
locations, it is unlikely that any cracks to
building walls or windows would result due to
air blasts from explosives testing.

Field observations were made in 1997 
determine the existing condition of eigh
sensitive prehistoric resource sites within a
800-foot (244-meter) radius of 13 activ
explosives firing sites at LANL.  The survey di
not identify any significant structura
deterioration to these sites that cou
conclusively be associated with groun
vibrations.  Rather, they appeared to b
deteriorating due to natural weatherin
processes (LANL 1997e).
4–21
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4.2 GEOLOGY  AND SOILS

This section describes the geology, geologic
conditions, soils, and mineral and geothermal
resources present at LANL and the surrounding
area.  As presented in Figure 4.2–1, the area
includes LANL, extends to the northernmost
point of the Jemez Mountains and Española
Valley in the north, to the Cerros del Rio
Volcanic Field in the east, to Cochiti Lake in the
south, and to the Valles Caldera in the west.

Information on the Fenton Hill site is provided
in section 4.3.

4.2.1 Geology

LANL and the communities of Los Alamos and
White Rock are located on the Pajarito Plateau
(Figure 4.2–1).  The Pajarito Plateau is 8 to
16 miles (13 to 26 kilometers) wide and 30 to
40 miles (48 to 64 kilometers) long,
lying between the Sierra de los Valles to the
west and the Rio Grande to the east
(Purtymun et al. 1995).  The Sierra de los
Valles lies between the Jemez Mountains and
the Pajarito Plateau.  The crest of this north-
south range of peaks and ridges forms a surface
water divide.  The surface of the Pajarito Plateau
is divided into numerous narrow, finger-like
mesas separated by deep east-to-west oriented
canyons that drain toward the Rio Grande.

A primary geologic feature in the region is the
Rio Grande Rift, which begins in northern
Mexico, trends northward across central New
Mexico, and ends in central Colorado
(Figure 4.2–1).  The rift is a complex system of
north-trending basins that have formed by
downfaulting of large blocks of the Earth’s crust
(Dransfield and Gardner 1985).  Faults are
breaks in the Earth’s crust involving horizontal
or vertical movement, or both, along a zone of
weakness called a fault plane.  In the Los
Alamos area, the Rio Grande Rift is about
35 miles (56 kilometers) wide and

encompasses the Española Basin.  The San
de Cristo Mountains border the Rio Grande R
on the east, and the Jemez Mountains lie o
the western fault margin of the rift.  The north
trending Pajarito Fault system is part of the R
Grande Rift and consists of a group o
interconnecting faults that are nearly paralle
Information regarding these faults is present
in section 4.2.2.2.

The rocks present in the LANL region wer
predominantly produced by volcanic an
sedimentary processes.  Geologists classify ro
types by the processes or events that form
them and the approximate time when the roc
were formed.  The classification of rocks b
type and geologic history is referred to a
stratigraphy.  The broadest classification 
different rocks is referred to as a grou
formations may be subdivisions of a group or
major category alone without an associat
group, and members are subdivisions of 
formation.  The characteristics of the majo
stratigraphic units in the LANL region are
summarized in Table 4.2.1–1.  A generalize

A Look Back In Time

Early map makers, looking at the rectangular
block of the Jemez Mountain range in northern
New Mexico, apparently noted with only a
passing interest the circular shape formed by a
series of peaks near the center.

It was not until sometime in the 1920's that the
idea that this unusual geographic feature
might actually be the rim of an ancient and
extinct volcano began to gain acceptance.
There never was any question of the volcanic
origin of the Jemez range.  Even to the
untrained eye thick layers of volcanic ash,
heaps of burned rock, cone-shaped hills and
fumeroles, and bubbling hot sulfur springs, all
give unmistakable evidence of an open passage
to the underworld in the not-too-distant past.

Source: LAHS nd
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FIGURE 4.2–1.—Geology of the LANL Region.
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cross-section of the geology in the region is
illustrated in Figure 4.2.1–1.

4.2.2 Geologic Conditions

This subsection describes the geologic
conditions that could affect the stability of
buildings and infrastructure at LANL and
includes volcanic activity, seismic activity
(earthquakes), slope stability, surface
subsidence, and soil liquefaction.

4.2.2.1 Volcanism

Volcanism in the Jemez Mountains volcanic
field, west of LANL, has a 13-million-year
history.  An understanding of the area’s volcanic
history is important when evaluating the
potential volcanic hazards that may occur at

LANL.  Seismic activity and volcanic activity
are being tracked and studied by LANL.

The first 11 million years of activity in the
Jemez Mountains volcanic field resulted in th
formation of a large volcanic ridge on th
western margin of the Rio Grande Rift.  Th
activity was followed by the formation of the
Valles Caldera.  The volcanic history of th
Valles Caldera includes two major eruptiv
episodes (Izett and Obradovich 1994).  The fi
major episode of caldera formation occurre
1.6 million years ago and produced the Oto
member of the Bandelier Tuff.  Subseque
activity produced domes within the caldera an
associated tuffs.  The eruption that occurr
1.22 million years ago produced the Tshire
member of the Bandelier Tuff (Self et al. 1986
The Bandelier Tuff is the material upon whic
most LANL facilities are constructed

FIGURE 4.2.1–1.—Stratigraphic Units and Structure of the LANL Area.
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(Purtymun 1995 and Broxton and Reneau
1995).  The Bandelier Tuff is generally thickest
to the west of LANL near its source, and thins
eastward across the Pajarito Plateau, due to
increasing distance from the source and erosion.

Volcanic eruptions continued from 1.22 million
to 520,000 years ago, followed by a 460,000-
year period of dormancy.  Following this period
of dormancy, the most recent volcanic activity
produced several rock units including the El
Cajete pumice, a member of the Valles Rhyolite
Formation of the Tewa Group.  Although
present in the LANL area, the El Cajete does not
constitute a major stratigraphic unit.  The El
Cajete pumice is a widespread stratigraphic
marker (used for denoting rocks of similar age)
in areas east, southeast, and south of the caldera.
Therefore, determining the age of the El Cajete
pumice is important to understanding potential
for volcanic activity in the region (Wolff and
Gardner 1995).  Recent analysis of the El Cajete
dates the pumice at 50,000 to 60,000 years old
(Reneau et al. 1996).  Additionally, the chemical
composition of the rocks resulting from the
most recent volcanic activity is dissimilar to the
earlier caldera-related units.  

Volcanic activity is difficult to predict, and the
accuracy of a prediction may depend on the type
of eruption.  Increasing seismic activity deep
below the Earth’s surface is often an indication
that magma is migrating toward the surface.
The Jemez Mountains show an unusually low
amount of seismic activity, which suggests that
no magma migration is occurring.  However, it
is also possible that seismic signals are partially
absorbed deep in the subsurface due to elevated
temperatures and high heat flow.  Such masking
of seismic signals would add to the difficulty of
predicting volcanism in the LANL area.
However, a large Bandelier Tuff-type eruption
would give years of warning as regional uplift
and doming occurred.  A smaller, El Cajete-type
eruption may only be detectable by the existing
LANL seismographic network within weeks or
days of the eruption, and may result in ashfall at
LANL depending on the location of the eruption

and prevailing wind direction.  There are plan
to install additional seismograph stations in th
vicinity of the Valles Caldera to improve
predictive capabilities (Wolff and Gardner 199
and PC 1996i).

4.2.2.2 Seismic Activity

A comprehensive seismic hazards study w
completed in 1995 at LANL (Wong et al. 1995
This study provided estimates of the groun
shaking hazards by considering the location a
rates of movement of earthquakes on a vari
of seismic sources and the resulting grou
motions that may be caused by these earthqu
sources.  This study included a detaile
assessment of uncertainties, including tho
associated with the rates of movement f
earthquake faults near LANL.  The earthqua
faults included in the study included all fault
within 10 miles (16 kilometers) that met th
definition of the term capable fault used by th
U.S. Nuclear Regulatory Commission to asse
the seismic safety of nuclear power reacto
(10 CFR 100, Appendix A).

The nearby north-trending Pajarito Fault syste
dominates the geologic structure of the LAN
area (Figure 4.2.2.2–1).  The Pajarito Fau
system forms the structural boundary along t
western edge of the Española Basin, which i
part of the Rio Grande Rift and the eastern ed
of the Valles volcanic province (Wong  et a
1995).

The Pajarito Fault system consists of thr
major faults and numerous secondary faul
The major faults in Los Alamos County are th
Pajarito, Rendija Canyon, and Guaje Mounta
A summary of the characteristics of these fau
is presented in Table 4.2.2.2–1.  Estimates of 
most recent movements along the faults a
based on trench studies where the faults are 
buried.  Therefore, it is possible that the mo
recent movements along the faults are young
than those presented in Table 4.2.2.2
(Wong et al. 1995).  As discussed above, the
4–27
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FIGURE 4.2.2.2–1.—Major Surface Faults at LANL.
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 a f
lo
uncertainties were factored into the seismic
hazards study (Wong et al. 1995).  

Geologic mapping and fault trenching studies at
LANL are currently underway or were recently
completed to better define the rates of fault
movement, specifically for the Pajarito Fault,
and the location and possible southern
termination of the Rendija Canyon Fault.  A
summary of these studies is provided in
Table 4.2.2.2–2, including the date or expected
date of publication for each study’s final report.
Results of these studies have been and will
continue to be reviewed to determine if the
seismic hazards study (Wong et al. 1995) needs
to be updated.  To account for the results and
potential results of this work, selection of
earthquake scenarios for evaluation of risk-
dominant accidents has considered the
uncertainties that exist related to the frequency
and location of earthquakes, including the
possibility that Rendija Canyon Fault intersects
TA–3 (see volume III, appendix G,
section G.4.1.1).  Locations of active faults,
such as the Rendija Canyon Fault, may also
need to be addressed as part of any new facility
siting decisions.  

In volume III, appendix I presents a detailed
status of the ongoing and recently completed
seismic hazard studies as well as the

implications of these studies for LANL and
DOE.  The Status and Implications of Seism
Hazard Studies at LANL Report (this repor
appendix I, has been reviewed and accepted
DOE) indicates that TA–3 does have faults wi
vertical displacements in the range of 1 
10 feet (0.3 to 30 meters).  The faults foun
include one under the Chemistry an
Metallurgy Research (CMR) Building in TA–3
with a vertical offset of approximately 8 fee
(2.4 meters).  While surface rupture can cau
significant structural damage, surface rupturin
earthquakes are low probability events.  A
discussed in the report, the probability of a
earthquake causing significant surfac
displacement at this site in the future is sma
From the probabilistic assessment of surfa
rupture, earthquakes that might result 
permanent ground displacements capable 
causing structures to collapse are estimated
be 33,000 to 100,000 year events.  T
displacement threshold for collapse was tak
as about 20 inches (50 centimeters).  For 
CMR Building, a nuclear facility, the
probability of damaging ground displacement 
at or beyond the performance goal for th
facility (10,000 year recurrence interval).  In it
current condition, the probability of damagin
ground motion is at least 20 times greater th
the probability of damage caused by surfa

TABLE  4.2.2.2–1.—Summary of Major Faults

NAME
APPROXIMATE 

LENGTH
miles (kilometers)

TYPE
MOST RECENT 

MOVEMENT

MAXIMUM 
POTENTIAL 

EARTHQUAKE a

Pajarito 26 miles 
(42 kilometers)

Normal, down-to-the-eastb Approximately 45,000 to 
55,000 years ago

7

Rendija 
Canyon

6 miles 
(10 kilometers)

Normal, down-to-the-west 8,000 to 9,000 or 
23,000 years ago

6.5

Guaje 
Mountain

8 miles 
(14 kilometers)

Normal, down-to-the-west 4,000 to 6,000 years ago 6.5

a Richter magnitude
b The crustal block on the east side of the fault slips downward toward the east when fault movement occurs.  This results inault 
plane for the Pajarito Fault, for example, which runs under LANL toward the east.  A normal west fault involves the crustal bck 
on the west side of the fault slipping downward toward the west.

Source:  Wong et al. 1995
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SCC = Strategic Computing Complex, NISC = Nonproliferation and International Security Center

Sources:

a Gardner and WoldeGabriel 1998
b Olig et al. 1998
c Krier et al. 1998a
d Krier et al. 1998b
e McCalpin 1998

TABLE  4.2.2.2–2.—Summary of Ongoing Geologic Field Studies

GEOLOGIC FIELD 
TASK

SUMMARY AND PURPOSE OF FIELD WORK
SCHEDULE FOR 
COMPLETION

Stratigraphic Survey for  
TA–55a

High precision geologic mapping effort in the vicinity of TA–55 
to identify and locate faults with the potential for seismic surface 

rupture.  The technique used identifies faults with as little as 
0.5 meters of offset in 1.2-million-year-old Bandelier Tuff.

6/98 Final Report

Probabilistic Surface 
Rupture Assessment for  
TA–3b

Provide bounding estimates on the probability of surface rupture 
and expected displacement at TA–3.  Upper bound will assume 

the Rendija Canyon Fault runs adjacent to TA–3.

7/98 Final Report

Core Holes 
(Facility-Specific) 
Study:  SCC/NISC Site 
and CMR Sitec,d

To investigate individual sites for evidence of primary faults 
with the potential for seismic surface rupture.  The location at 
which a stratigraphic marker is found in a series of holes cored 
across an individual site would indicate the presence/absence of 

primary faulting.

Final Reports 
9/98 SCC/NISC Site 

10/98 CMR Site

Fiscal Year 1997 
Pajarito Trench Studye

Complete data analysis and report writing of investigation 
started in fiscal year 1997 to help establish the recurrence 

interval and latest event of the major fault affecting the LANL 
seismic hazard.  This effort focuses on seven trenches cut 

immediately to the south of Los Alamos Canyon to the west and 
north of the LANL site.

8/98 Final Report

Stratigraphic Survey for 
TA–3

High precision geologic mapping effort in the vicinity of TA–3 
to identify and locate faults with the potential for seismic surface 

rupture.  The technique used identifies faults with as little as 
0.5 meters of offset in 1.2-million-year-old Bandelier Tuff.

12/98 Field Work

3/99 Final Report

Fiscal Year 1998 
Pajarito Trench Study

Initiate seven new trenches on the Pajarito Fault to continue the 
investigation into the recurrence interval and latest event on the 
major fault affecting the LANL seismic hazard.  These trenches 
are located roughly 1 mile (1.6 kilometer) or greater to the south 
of those in the fiscal year 1997 effort and are near the western 

boundary of the LANL site.

8/98 Field Work

3/99 Final Report
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rupture.  Therefore, the discovery of the fault
under the CMR Building does not increase the
seismic risk.  However, the discovery of a fault
under the CMR Building has an impact on
decisions concerning upgrades and future uses
for the facility.

The report, presented as appendix I (in
volume III), indicates that slip rates (recurrence
intervals for earthquakes) are within the
parameters assumed in the 1995 seismic hazards
study at LANL (Wong et al. 1995).  The 1995
study (Wong et al. 1995) was used for the
LANL facility design basis for ground motion.
The report also indicates that TA–55 has no
evidence of existing faults and is not susceptible
to surface rupture from earthquakes.

A historical catalog has been compiled of
earthquakes that have occurred in the LANL
area from 1873 to 1991 (Wong et al. 1995).  A
review of these earthquakes indicates that only
six, having an estimated magnitude of 5 or
greater on the Richter scale, have occurred in
the LANL region.  The most significant seismic
event in this period was the 1918 Cerrillos
earthquake.  This earthquake had an estimated
Richter magnitude of 5.5 and was centered
approximately 31 miles (50 kilometers)
southeast of LANL.  Near the epicenter, an
earthquake of this magnitude may cause
damage to buildings, depending on their design,
and cause chimneys and factory stacks to
collapse.  

It is possible to relate Richter magnitudes to
ground acceleration values (the change of rate in
ground movement during an earthquake) and to
observed effects of earthquakes.  However, it is
important to note that these relationships are
approximate.  The observed effects can vary
with ground motion and Richter magnitude,
depending upon the distance to the epicenter,
the type of ground on which the observer is
standing, the type and orientation of the fault
with respect to the observer, and many other
variables.  Table 4.2.2.2–3 was prepared to
provide the reader with a frame of reference that

is important in understanding earthquakes a
the impacts of earthquakes on structure
Table 4.2.2.2–3 was developed based 
general correlations between observ
earthquake effects and earthquake magnitu
and the correlations between earthqua
magnitudes and ground acceleration from t
comprehensive LANL seismic hazard study. 

The seismic hazards results indicate that t
Pajarito Fault system represents the great
potential seismic risk to LANL, with an
estimated maximum earthquake magnitude 
about 7.  Although large uncertainties exist, 
earthquake with a Richter magnitude grea
than or equal to 6 is estimated to occur on
every 4,000 years; an earthquake with 
magnitude greater than or equal to 7 is estima
to occur once every 100,000 years along t
Pajarito Fault system.  Earthquakes of th
magnitude may cause considerable damage
structures and underground pipes.  

Modern earthquake design standards for DO
are based on criteria defined in DOE Standa
1020–94 (DOE 1996c).  Four levels of desig
earthquake ground motions are defined f
structures corresponding to return periods 
500, 1,000, 2,000, and 10,000 years, depend
on the off-site hazard posed by failure of th
facility.  These standards were promulgated 
1993 through 1995.  The seismic hazards stu
of facilities in eight LANL TAs found that
earthquakes representative of frequency of 1
10,000 per year would cause the horizontal pe
ground acceleration ranging from 0.53 groun
acceleration to 0.57 ground acceleratio
(Table 4.2.2.2–4) (Wong et al. 1995).  Some 
the maintenance and refurbishment activities
LANL (chapter 3, section 3.4) are specificall
intended to upgrade the seismic performance
older structures.
4–31
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TABLE  4.2.2.2–3.—Correlations Among Observed Effects of Earthquakes, Richter Magnitudes, 
and Peak Ground Acceleration

OBSERVED EFFECTS OF EARTHQUAKES
APPROXIMATE 

RICHTER 
MAGNITUDE a

APPROXIMATE PEAK 
GROUND 

ACCELERATION ( g) 
WITHIN 0 TO 10 mi

(0 TO 16 km)b

Usually not felt
2

Felt by persons at rest, on upper floors, or favorably placed

Felt indoors; hanging objects swing; vibration like passing of light 
truck occurs; might not be recognized as earthquake

3

Felt noticeably by persons indoors, especially on upper floors; 
vibration occurs like passing of heavy truck; jolting sensation; 
standing automobiles rock; windows, dishes, and doors rattle; 
wooden walls and frames may creak

Felt by nearly everyone; sleepers awaken; liquids disturbed and 
may spill; some dishes break; small unstable objects are displaced 
or upset; doors swing; shutters and pictures move; pendulum clocks 
stop or start

4

Felt by all; persons walk unsteadily; windows and dishes break; 
objects fall off shelves and pictures fall off walls; furniture moves 
or overturns; weak masonry cracks; small bells ring; trees and 
bushes shake 5 0.05 to 0.20

Difficult to stand; noticed by car drivers; furniture breaks; damage 
moderate in well-built ordinary structures; poor quality masonry 
cracks and breaks; chimneys break at roof line; loose bricks, stones, 
and tiles fall; waves appear on ponds and water is turbid with mud; 
small earthslides; large bells ring 6 0.15 to 0.30

Automobile steering affected; some walls fall; twisting and falling 
of chimneys, stacks, and towers; frame houses shift if on unsecured 
foundations; damage slight in specially designed structures, 
considerable in ordinary substantial buildings; changes in flow of 
wells or springs; cracks appear in wet ground and steep slopes

Masonry heavily damaged or destroyed; foundations damaged; 
serious damage to frame structures, dams, and reservoirs; 
underground pipes break; conspicuous ground cracks 7 0.35 to 0.70

Most masonry and frame structures destroyed; some well-built 
wooden structures and bridges destroyed; serious damage to dams 
and dikes, large landslides; rails bent

Rails bent greatly; underground pipelines completely out of service 8 0.50 to 1.0

Damage nearly total; large rock masses displaced; objects thrown 
into air; lines of sight distorted

Sources:  a Richter 1958 and b Wong et al. 1995.
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4.2.2.3 Slope Stability, Subsidence, 
and Soil Liquefaction

Rockfalls and landslides are two geologic
processes related to slope stability at LANL.
The historic downward cutting or erosion of
surface water streams in the LANL region
results in steep canyon walls.  The primary risk
factors most likely to affect slope stability are
wall steepness, canyon depth, and stratigraphy.
Because of this, the LANL facilities near a cliff
edge (e.g., TA–33) or in a canyon bottom (e.g.,
TA–2, Omega West reactor) are potentially
susceptible to slope instability.  The largest
slope instability may be triggered by any
process that might destabilize supporting rocks.
These processes include, but are not limited to,
excessive rainfalls, erosion, and seismic
activity.

Although no LANL-wide slope stability studies
have been performed, several site-specific
studies have been published.  Slope stability
studies have been performed for Los Alamos
Canyon (in the vicinity of TA–2, the Omega
West reactor), TA–33, TA–21, and Pajarito
Mesa (Kelley 1970, Reneau et al. 1995,
Reneau 1995, and Reneau 1994).  Generally,
the proximity of these sites to canyon edges
prompted these reports, and these may represent
worst-case scenarios for LANL.

A rock catcher was installed in TA–2 in the Los
Alamos Canyon in 1944 to protect the Omega
West reactor (which is no longer operational)
from rockfalls.  Additionally, a rock catcher was
installed at TA–41 in 1978, and periodic
inspections are performed at both sites.
Twenty-four separate rockfalls were recorded at
both sites between 1944 and 1993.  The rocks
caught range in size from 300 to 21,000 pounds
(136 to 9,525 kilograms) (McLin 1993).

Subsidence (lowering of the ground surface)
and soil liquefaction are two geologic processes
that are less likely to affect LANL than rockfalls
or landslides.  The potential for subsidence is

minimal due to the firm rock beneath LANL
Soil liquefaction is a process where saturated 
nearly saturated soils) and unconsolidat
sediments become fluid during an earthqua
to the extent that the ground may be unable
support structures.  Bedrock, soils, an
unconsolidated deposits that are unsaturat
such as those that occur beneath LANL, a
unlikely to undergo liquefaction.

4.2.3 Soils

Several distinct soils have developed in Lo
Alamos County as a result of interaction
between the bedrock, topography, and loc
climate.  Soils that formed on mesa tops of t
Pajarito Plateau include the Carjo, Frijole
Hackroy, Nyjack, Pogna, Prieta, Seaby, a
Tocal soil series (Reneau 1994).  All of the so
in the aforementioned soil series are we
drained and range from very shallow (0 
10 inches [0 to 25 centimeters]) to moderate
deep (20 to 40 inches [51 to 102 centimeters
with the greatest depth to the underlyin
Bandelier Tuff being 40 inches
(102 centimeters) (Nyhan et al. 1978).  Th
geochemistry, geomorphology, and formatio
of soils in the LANL area have bee
characterized (Longmire et al. 1996).

4.2.3.1 Soil Monitoring

Soils on and surrounding LANL are sample
annually as a part of the Environment
Surveillance and Compliance Program 
determine if they have been affected by LAN
operations (LANL 1992b, LANL 1993b,
LANL 1994b, LANL 1995f, LANL 1996e,
LANL 1996i, and LANL 1997c).  Sediments
which occur along most segments of LAN
canyons as narrow bands of canyon-botto
deposits that can be transported by surface wa
during runoff events or by LANL outfall
effluent flows, are not part of the soi
monitoring program and are discussed und
section 4.3.1.4.  A soil sampling and analys
program, as mandated by DOE Orders 5400
4–34
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and 5400.5, provides information on the
concentration and distribution of radionuclides
in soils near LANL.  Soil samples are collected
from on-site, perimeter, and off-site locations
shown in Figure 4.2.3.1–1.  Additionally,
background soil samples are collected from
regional stations that are located in three major
drainages surrounding LANL (Rio Chama and
Embudo, Cochiti and Bernalillo, and Jemez)
and one regional station located near Santa Cruz
Lake, across the Rio Grande Valley to the
northeast of LANL (Figure 4.2.3.1–2).  These
background stations are located over 9 miles
(15 kilometers) from LANL, which is
considered beyond the range of potential
influence from normal LANL operations
(DOE 1991).

On-site areas sampled at LANL are not from
potential release sites (PRSs) or wastewater
outfalls.  Instead, the majority of on-site
sampling stations are located close to and
downwind from major facilities and/or
operations at LANL in an effort to assess
radionuclide, radioactivity, and heavy metals in
soils that may have been contaminated as a
result of air stack emissions and fugitive dust
(e.g., the resuspension of dust from PRSs).  A
rough estimate, based on information from
LANL’s database, FIMAD, which has areal
estimates of the PRSs, indicates that the areal
extent of the PRS are less than 3 percent of
LANL’s approximately 43 square miles
(111 square kilometers).  The areal extent of
this 3 percent does not include the canyons
because they are not classified under the
FIMAD database as PRSs.

The soil radionuclide and radioactivity samples
collected from 1974 through 1995 have
been analyzed for tritium; cesium-137;
plutonium-238, -239, and -240; americium-241;
strontium-90; total uranium; gross alpha; gross
beta; and gross gamma activities.

Sources of radionuclides in soil may include
natural minerals, atmospheric fallout from
nuclear weapons testing (Klement 1965), burn-

up of nuclear-powered satellites (Perkins a
Thomas 1980), and planned or unplann
releases of radioactive gases, liquids, and
solids by LANL.  Naturally occurring uranium
is present in relatively high concentrations 
soil and rocks due to the regional geolog
setting (Purtymun et al. 1987).  Sources 
plutonium include LANL operations and
atmospheric fallout.  Metals in soil may b
naturally occurring or may result from LANL
releases.

LANL on-site and perimeter soil sample
(Figure 4.2.3.1–1) are collected and analyz
for radiological and nonradiologica
constituents, and compared to the region
(background) locations (Figure 4.2.3.1–2). 
general, the average concentrations of tritiu
strontium-90, cesium-137, plutonium-239
plutonium-240, americium-241, and gross alp
and beta activity in soils collected from
perimeter stations were not significantl
different than radionuclide concentrations an
activity in soil samples collected from regiona
background locations.  In contrast, the avera
levels of uranium (3.12 micrograms per gram
plutonium-238 (0.015 picocurie per gram), an
gross gamma activity (4.1 picocuries per gram
were significantly higher than uranium
(1.84 micrograms per gram), plutonium-23
(0.004 picocurie per gram), and gross gamm
(3.4 picocuries per gram) in background soi
Although the average levels of uranium an
gross gamma activity in perimeter soils we
significantly higher than background, they we
still within the regional statistical referenc
level (RSRL) of 4.05 micrograms per gram an
7.3 picocuries per gram, respectively.  Th
RSRL is the average background concentrat
plus twice the standard deviation of the me
from data collected over a 21-year perio
(Fresquez et al. 1996a).  Plutonium-238 avera
concentrations, on the other hand, were ju
above the RSRL (0.008 picocurie per gram
however, these levels were far below LAN
screening action levels (SALs) of 27 picocurie
per gram.  LANL SALs, developed by th
4–35
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FIGURE 4.2.3.1–1.—On-Site and Off-Site Perimeter Soil Sampling Locations.
(Note:  Perimeter stations are located within 2.5 miles [4 kilometers] of LANL.)
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FIGURE 4.2.3.1–2.—Regional Soil Sampling Locations.
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Environmental Restoration (ER) Project at
LANL, are used to identify the presence of
contaminants of concern and are derived from a
risk assessment pathway using a 10 millirem per
year dose limit.  SALs are used by the ER
Project at LANL to identify “hot spots” that will
require additional sampling and may require
remediation.  Table 4.2.3.1–1 shows the RSRL
and the LANL SAL values for several
radionuclides.  The SALs shown in
Table 4.2.3.1–1 provide an indication of how
far below RSRLs are to the 10 millirem per year
standard.

For 1995 on-site soil samples, only
plutonium-239, plutonium-240 (both
0.059 picocurie per gram) and total uranium
(3.57 micrograms per gram) were detected in
significantly higher concentrations as compared
to off-site background soils.  However, the

levels were still within the RSRL and/or wer
far below LANL SALs.  In general, the highe
concentration of radionuclides, particularl
uranium and plutonium isotopes, in perimet
soils as compared to background soils may 
due in part to LANL operations but are most
due to worldwide fallout and to naturally
occurring radioactivity in Bandelier Tuff soils
whereas,  higher radioactivity in soils from on
site areas may be due to worldwide fallou
natural radioactivity, and to LANL operations
(Fresquez et al. 1995d.)

Trend analyses show that most radionuclid
and radioactivity, with the exception o
plutonium-238 and gross alpha, in soils fro
on-site and perimeter areas have be
decreasing over time (Fresquez et al. 1996
These trends were especially apparent (i.
significant at the 0.05 probability leve

TABLE  4.2.3.1–1.—Regional Statistical Reference Level and LANL Screening Action
Levels for Radionuclidesa

 RSRLb

(AVERAGE FROM 1974 TO 1994)
 LANL SCREENING ACTION 

LEVEL (SAL) c

Tritium 6.34 nCi/l 1,900 nCi/l

Cesium-137 1.13 pCi/g 5.10 pCi/g

Plutonium-238 0.008 pCi/g 27 pCi/g

Plutonium-239, -240 0.028 pCi/g 24 pCi/g

Americium-241 0.208 pCi/g 22 pCi/g

Strontium 90 0.82 pCi/g 4.40 pCi/g

Total Uranium 4.05 µg/g 29 µg/g

Gross Alpha 35.24 pCi/g Not Available

Beta 13.62 pCi/g Not Available

Gamma 7.33 pCi/g Not Available

nCi/l = nanocuries per liter, pCi/g = picocuries per gram, µg/g = microcuries per gram.
a Fresquez et al. 1996a
b Regional Statistical Reference Level; this is the upper limit background concentration (mean plus two standard deviations
(Fresquez et al. 1996a).

c SALs are a benchmark for the potential for human health risk and are derived from toxicity data using a risk assessment aph 
that requires information regarding the contaminant toxicity, the uptake rate of the medium in which the contaminant is founthe 
body weight of the receptor, and the biological availability of the contaminant after uptake.  Because all of this information is 
rarely known, assumptions and/or extrapolations from other data usually are required.  These assumptions and extrapolat
result in some degree of uncertainty associated with the resultant SALs.  Also, SALs may change over time as studies that 
in new toxicological data or new information regarding other parameters that are used in calculating the SALs are obtaine
4–38
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[probability less than 0.05]) for tritium and
uranium in soils from on-site areas.  Their
decrease may be due in part to reductions in
LANL operations, air stack emissions, and to
better engineering controls employed by LANL
(LANL 1996i), but is more probably due to:
(1) the cessation of aboveground nuclear
weapon testing in the early 1960’s,
(2) weathering (wind, water erosion, and
leaching), and (3) radioactive decay (half-life)
(Whicker and Schultz 1982).  Tritium, which
has a half-life of about 12 years, exhibited the
greatest decrease in activity over the 21 years in
almost all of the soil sites studied, including
regional locations.  Plutonium-238 and gross
alpha activity generally increased over time in
most on-site, perimeter, and even regional
background sites; all sites, however, were far
from being statistically significant (probability
less than 0.05).  The source of most
plutonium-238 detected in the environment is
from nuclear weapons testing in the atmosphere
(Klement 1965) and from the re-entry burn-up
of satellites containing a plutonium-238 power
source (Perkins and Thomas 1980).  Only a few
gross alpha readings and a few gross beta
readings showed significantly increasing trends
(probability less than 0.05) over time.  In these
cases, however, the measurement period was
both early and very short (1978 to 1981).

Soils were also analyzed for trace and heavy
metals, and most metals were within RSRLs and
were well below LANL SALs (LANL 1996i).
Only beryllium and lead, both products of firing
site activities, exhibited any kind of trend; that
is, both were consistently higher in perimeter
and on-site soils than in background soils.
Concentrations over time show that average
beryllium in perimeter soils decreased from
0.97 microgram per gram in 1992 to
0.62 microgram per gram in 1995.  Lead
decreased from 32 micrograms per gram in
1992 to 22.7 micrograms per gram in 1995.
Similarly, beryllium in on-site soils averaged

1.17 micrograms per gram in 1992, an
decreased to 0.63 microgram per gram in 19
Lead in on-site soils, on the other han
increased slightly in concentration from a
average of 16 micrograms per gram in 1992
20 micrograms per gram in 1995.  The RSRL f
beryllium and lead is 0.90 and 21.8 microgram
per gram, respectively.

The EPA studied radionuclides an
radioactivity in soils at the Pueblo of Sa
Ildefonso in 1994 (EPA 1995).  Samples we
collected from 16 locations east of the R
Grande; 9 locations west of the Rio Grande 
Los Alamos Canyon, Mortandad Canyon, an
Cañada del Buey; and 5 regional backgrou
locations at Embudo Station, Santa Fe, R
Chama above and below Abiquiu Reservo
and Albuquerque.  The EPA analyzed the s
samples for tritium; cesium-137
plutonium-238, -239, and -240; americium-24
strontium-90; uranium isotopes (uranium-23
-235, and -238); thorium isotopes (thorium-22
-228, -230, and -232); and gamma-emittin
radionuclides.  Analyses of the various isotop
of uranium and thorium were performed t
evaluate whether these radionuclides were fro
natural sources or a result of human activitie
The EPA concluded that, with the exception 
cesium-137 and cobalt-56, the radionuclid
detected were of natural origin and ha
concentrations typical of southwestern soi
The source of cesium-137 was interpreted to
from atmospheric fallout from nuclear weapon
testing.  Cobalt-56 is not normally detected 
the environment due to its short half-lif
(79 days) and was found in only one samp
The EPA concluded that the origin of thi
radionuclide was unknown (EPA 1995).

4.2.3.2 Soil Erosion

Soil erosion can have serious consequence
the maintenance of biological communities an
may also be a mechanism for movin
4–39
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contaminants across LANL and off site.  Soil
erosion rates vary considerably on the mesa tops
at LANL, with the highest rates occurring in
drainage channels and areas of steep slopes and
the lowest rates occurring on gently sloping
portions of the mesa tops away from the
channels (LANL 1993a).  A recent study
performed in BNM suggests that erosion rates
are high across widespread portions of local
pinyon-juniper woodlands, which are found on
the eastern portion of LANL (Wilcox et al.
1996a).

Another study found that light summer rain
storms in 1993 resulted in erosion of more than
12 tons per acre (26,900 kilograms per hectare)
of soil (Wilcox et al. 1996b).  It is estimated that
the current annual rate of soil erosion in BNM is
36 tons per acre (80,700 kilograms per hectare).

Areas where runoff is concentrated by roads and
other structures are especially prone to high
erosion rates.  High erosion rates appear to be
relatively recent, most likely resulting from loss
of vegetative cover, decreased precipitation,
past logging practices, and past livestock
grazing (Wilcox et al. 1996b).

4.2.4 Mineral Resources

There are no active mines, mills, pits, or
quarries in Los Alamos County or on DOE land
at LANL.  Sand, gravel, and pumice are mined
throughout the surrounding counties.  For
example, there is a pumice mine in Guaje
Canyon on USFS land.

The major sand and gravel deposit in the area is
located in the lower member of the Puye
Conglomerate (DOE 1979).  The Totavi Gravel
Pit, located approximately 4 miles east
(6.4 kilometers) of Los Alamos County on
NM  502, is an active operation that extracts
sand and gravel from this deposit.  The deposit
is approximately 50 feet (15 meters) thick and is
overlain by 20 to 50 feet (6 to 15 meters) of
overburden (Griggs and Hein 1954).  Sand and

gravel are used for construction purposes su
as aggregate for concrete, asphalt paving, a
road base.  

Sand and gravel have also been taken fr
terrace deposits in Los Alamos Canyon, fro
the floors of Pajarito and Water Canyons, a
from river deposits near the slopes of the Jem
Mountains (DOE 1979).  The terrace and riv
deposits have been exhausted.  However, sm
sand and gravel deposits may exist west of 
previously worked areas in Pajarito and Wat
Canyons (DOE 1979).

Commercial deposits of pumice are active
mined to the northeast, east, south, a
southwest of Los Alamos County
(NMNRD 1994).  Pumice is used in textile
laundries to soften material, for building block
and landscaping, and as an abrasi
(NMNRD 1994).  Although pumice deposits o
potential commercial value lie within Los
Alamos County, no active mines exist.  Th
deposit of Guaje Flats has been estimated
contain 7 million cubic yards (about 5 million
cubic meters) of pumice (Kelley 1948).

The moderately welded and welded units of t
Bandelier Tuff are suitable as foundation rock
structural building stone, ornamental stone, 
insulating material (Purtymun and Koopma
1965).  Volcanic tuff has been used successfu
by the Zia Company as the aggregate in so
cement sub-bases for roads (Pettitt 1969).

4.2.5 Paleontological Resources

No paleontological sites are reported to occ
within LANL boundaries, and the near-surfac
stratigraphy is not conducive to preserving pla
and animal remains.  These near-surfa
materials are volcanic ash and pumice that w
extremely hot when deposited.  Occasional
some charcoal is found at the base of an ash
(DOE 1995b). 
4–40



Affected Environment

f
y

ic
ll

l.
m
ly
rn
t
the
is

d
o

ito
a

lls
d
in
in
4.3 WATER RESOURCES

Only a small percentage of the world’s total
water supply is available to humans as fresh
water, and more than 98 percent of the available
fresh water is groundwater (Fetter 1988).  Water
is scarce in the semi-arid climate of northern
New Mexico where precipitation is variable and
stems primarily from summer thunderstorms
and winter snowfall.  During most of the year in
the LANL region, surface water is present only
in the Rio Grande and Rito de los Frijoles and in
reservoirs.  Naturally perennial surface water
reaches also are located in Ancho, Pajarito, and
Chaquehui Canyons.1  The canyon-bottom
streams within LANL boundaries are mostly
dry and only portions of some streams contain
water year-round.  Flash floods can occur from
the Sierra de Los Valles to the Rio Grande.
Sediments moved by stormwater events from
upstream, hill sides, or mesa tops occur along
most of LANL canyons.  Flash floods move the
sediments from the canyon bottoms to
downstream locations such as Cochiti Lake.
Springs and the 87 National Pollutant Discharge
Elimination System (NPDES)-permitted
industrial and sanitary wastewater outfalls from
LANL operations are additional sources of
water to watersheds in the region.  The 87 index
NPDES flows were estimated using data
provided by the surface water data team reports
of August 1996 (Bradford 1996) and as
modified in 1997 (Garvey 1997).

The geology of the region has set the stage for
the locations of groundwater.  Bodies of
groundwater can occur near the surface of the
earth in the canyon bottom alluvium, perched or
trapped above the less-permeable rocks below,
or at deeper levels, forming groundwater bodies
referred to as intermediate perched groundwater
(Purtymun 1995).  Where these perched
groundwater bodies occur or how large they are,

is still under investigation and is not fully
characterized.

The main aquifer is the only body o
groundwater in the region that is sufficientl
saturated and permeable to transmit econom
quantities of water to wells for public use.  A
drinking water for LAC, LANL, and BNM
comes from the main aquifer (Purtymun et a
1995).  Depth to water in the main aquifer fro
the ground surface varies from approximate
1,200 feet (366 meters) along the weste
boundary to approximately 600 fee
(183 meters) along the eastern edge below 
surface of the Pajarito Plateau.  Th
groundwater body is relatively insulated from
the alluvial and intermediate perche
groundwater bodies by geologic formations.  T
better understand the hydrology of the Pajar
Plateau, LANL personnel have prepared 
Hydrogeologic Workplan (LANL 1998b).  The
workplan proposes the installation of new we
that will further investigate the recharge an
cross-connection mechanisms to the ma
aquifer (sections 4.3.2.1 and 4.3.2.3).  The ma1. This does not include LANL effluent supported 

discharges.

A Look Back in Time

The autumn colours of America are famous
and some of the mountain-sides, where aspens
grew, turned an unbelievable butter-cup
yellow in the autumn, such as I have never seen
anywhere else, in brilliant contrast to the dark
green of the pine woods.  Below us in the valley
was the Rio Grande in its early course, a quiet
trickle of water during much of the year (and
of course frozen in winter) but a torrent of
tomato soup in the spring when it was fed by
the melting snow of the Rocky Mountains and
carried millions of tons of red soil.  The ground
in the valley had been cut up by ages of erosion
into table mountains, some of those mesas
almost unclimbable, with steep rocky walls
like the Lost World which Conan Doyle so
vividly described.

Source: Frisch 1979
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aquifer exists regionally in the sedimentary and
volcanic rock of the Española Basin, which
extends from the Jemez Mountains in the west
to the Sangre de Cristo Mountains in the east,
and from the village of Abiquiu in the north to
the village of La Bajada in the south.  The main
aquifer takes residence in interconnected
geologic units of the Puye Formation and the
Tesuque Formation.  The latter unit is a member
of the Santa Fe Group.  Data on water levels and
groundwater ages suggest that the main aquifer
of the Española Basin is not strongly
interconnected across its extent.  There are
significant differences in water chemistry at
various locations in the Española Basin, further
indicating that the regions are not connected.
These observations may result from variations
in permeability and from different directions of
water movement in the aquifer (LANL 1998b).
For information on the hydraulic parameters for
the unsaturated zone, alluvium, and
intermediate and main aquifer, see volume III,
appendix A.

Water in the main aquifer is under artesian
conditions under the eastern part of the Pajarito
Plateau near the Rio Grande (Purtymun and
Johansen 1974).  The source of recharge to the
aquifer is presently uncertain.  Early research
studies concluded that major recharge to the
main aquifer is probably from the Jemez
Mountains to the west, because the piezometric
surface slopes downward to the east, suggesting
easterly groundwater flow beneath the Pajarito
Plateau.  The small amount of recharge
available from the Jemez Mountains relative to
water supply pumping quantities, along with
differences in isotopic and trace element
composition, appear to rule this out.  Further,
isotopic and chemical composition of some
waters from wells near the Rio Grande suggest
that the source of water underlying the eastern
part of the Pajarito Plateau may be the Sangre de
Cristo Mountains (Blake et al. 1995).
Groundwater flow along the Rio Grande rift
from the north is another possible recharge
source.  The main aquifer discharges into the

Rio Grande through springs in White Roc
Canyon (LANL 1996i). 

A conceptual drawing of groundwater flow
paths in the Española portion of the northern R
Grande Basin is presented in Figure 4.3–1.  T
question marks indicate uncertainties in th
groundwater flow. 

A conceptual drawing of the surface an
groundwater bodies as they occur beneath 
Pajarito Plateau (the geohydrologic setting) 
presented in Figure 4.3–2.  A description of t
types of water resources in the LANL regio
and where they occur is presented 
Table 4.3–1.  The surface and groundwa
resources present in the LANL region a
described further in this section.  Informatio
and data regarding surface water a
groundwater quality, NPDES outfalls
sediments, and stormwater monitoring a
presented by watershed.  It should be noted t
the grouping of groundwaters by watershed
applicable to alluvial groundwater, but may n
reflect flow pathways to intermediate perche
groundwater bodies.  The main aquifer 
present beneath all watersheds, but is gener
considered to receive negligible recharge fro
surface water streams in the watershe
(Purtymun et al. 1995).  The Hydrogeolog
Workplan proposes the installation of new wel
that will further investigate recharge to the ma
aquifer (section 4.3.2.3).

Monitoring data presented in this section a
primarily from the LANL Environmental
Surveillance and Compliance Progra
(previously called the Environmenta
Surveillance Program) for the period 199
through 1996.  This program is described 
more detail on page 4–1.  Summary wat
quality data tables derived from the 1991 
1996 LANL Environmental Surveillance and
Compliance reports are presented in volume 
appendix C (Tables C–1 through C–7
Additional information regarding water us
projections and the groundwater model a
presented in appendix A.  
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Fenton Hill Site

The Fenton Hill site (TA–57) is located about
20 miles (32 kilometers) west of Los Alamos on
the southwestern edge of the Valles Caldera in
the Jemez Mountains and was the location of
LANL’s now decommissioned Hot Dry Rock
Geothermal Project (chapter 1, Figure 1–1).
From the early 1970’s until the 1990’s, LANL
carried out geothermal research at this facility.
The main LANL site lies on the eastern side of
the caldera, known as the Pajarito Plateau;
whereas, the Fenton Hill site is on the western
side, known as the Jemez Plateau.  The drainage
from the main LANL site is eastward toward the
Rio Grande; whereas, the drainage from the
Fenton Hill site is westward toward the Jemez
River.  Liquid waste discharges were governed
by NPDES Permit No. NM0028576.  During the
time of operation there were no NPDES permit
violations at the Fenton Hill site.  No discharges
have been made from the Fenton Hill site outfall

since fiscal year 1990, and the NPDES perm
was discontinued at the request of DOE a
LANL on December 29, 1997.  Additiona
information on this facility is available in the
Resource Conservation and Recovery A
(RCRA) Facility Investigation (RFI) Work Plan
for Operable Unit 1154 at the LANL
(LANL 1994c).

4.3.1 Surface Water

Surface water in the Los Alamos area occu
primarily as short-lived or intermittent reache
of streams.  Perennial springs on the flanks
the Jemez Mountains supply base flow into t
upper reaches of some canyons, but the volu
is insufficient to maintain surface flows acros
the LANL site before they are depleted b
evaporation, transpiration, and infiltration
Runoff from heavy thunderstorms or heav
snowmelt reaches the Rio Grande, the ma

FIGURE 4.3–1.—Conceptual Sketch of Groundwater Flow Paths in the Española 
Portion of the Northern Rio Grande Basin.
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river in north-central New Mexico, several
times a year in some drainages.  Effluents from
sanitary sewage, industrial water treatment
plants, and cooling-tower blowdown enter some
canyons at rates sufficient to maintain surface
flows for varying distances. Fifteen watersheds
in the LANL region are shown in Figure 4.3.1–1
(watersheds A through O).  Only 12 of these
watersheds (watersheds B through M in
Figure 4.3.1–1), with a total area of 82 square
miles (212 square kilometers), pass through the
boundary of LANL.  All of these watersheds are
tributaries to an 11-mile (18-kilometer) segment
of the Rio Grande between Otowi Bridge and
Frijoles Canyon.  The Rio Grande passes
through Cochiti Lake, approximately 11 miles
(18 kilometers) below Frijoles Canyon.  The
Los Alamos Reservoir, in upper Los Alamos
Canyon, has a capacity of 41 acre-feet
(51,000 cubic meters).  The reservoir water is
used for recreation, swimming, fishing, and
landscape irrigation in the Los Alamos townsite
(LANL 1996i).

The Pajarito Plateau canyons, which serve as
collection points for the regional watersheds,
originate either along the eastern rim of the
Sierra de Los Valles or on the Pajarito Plateau.
Within LANL boundaries, only Los Alamos,
Pajarito, Water, Ancho, Sandia, Pueblo, and
Chaquehui Canyons contain reaches or streams
with sections that have continuous flow.
Surface water within LANL boundaries is not a
source of municipal, industrial, or irrigation
water, but is used by wildlife that live within, or
migrate through, the region.

To better understand LANL’s influence to
surface water in the Los Alamos area, the
following surface water sections will first
present information on surface water
monitoring (section 4.3.1.1) and surface water
quality standards (section 4.3.1.2).  The text will
then focus on the two primary potential sources
of contamination to surface water quality:  the
NPDES-permitted outfalls at LANL
(section 4.3.1.3.) and the sediments in the
LANL area (section 4.3.1.4).  Surface water

quality is discussed in section 4.3.1.5, an
floodplain information is discussed in
section 4.3.1.6.

4.3.1.1 Surface Water Monitoring

Surface waters in the region are monitored 
LANL and the New Mexico Environment
Department (NMED) to survey the
environmental effects of LANL operations
LANL’s Environmental Surveillance and
Compliance Program is one of the ways LAN
determines whether its operations are advers
affecting the public health or the environmen
and that LANL conforms with applicable
regulatory requirements.  This program 
described in more detail on page 4–1.  As a p
of this program, surface water samples from o
site  and on-site locations are collecte
(Figures 4.3.1.1–1 and 4.3.1.1–2, respective
(LANL 1996i); the monitoring results are
published annually in Environmenta
Surveillance and Compliance Reports.  The
are several locations at which surface wa
samples are taken; however, which locations 
selected for sampling may vary from year 
year.  Figures 4.3.1.1–1 and 4.3.1.1–2 reflect 
locations where surface water samples we
collected in 1995 (LANL 1996i).  Beginning
1996, some environmental surveillance runo
samples were collected using automat
samplers.  The samplers are activated whe
significant precipitation event causes flow in 
drainage crossing LANL’s eastern or weste
boundaries.  The 1996 analysis results for t
surface water program were consistent with p
findings (LANL 1997c).  Surface water sample
are not collected from Barrancas and Ba
Canyons due to the lack of surface water 
these drainages.  Surface water samples 
analyzed annually for surface water chemistr
radionuclides, and metals.  Samples from on
third of the surface water sampling locations a
analyzed annually for organics, with th
samples from all of the surface water locatio
being analyzed for organics at least once ev
three years.  Surface water at the Pueblo of S
4–46
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FIGURE 4.3.1–1.—Watersheds in the LANL Region.
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FIGURE 4.3.1.1–1.—Regional Surface Water and Sediment Sampling Locations.
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FIGURE 4.3.1.1–2.—On-Site and Perimeter Surface Water Sampling Locations.
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Ildefonso is also sampled in accordance with a
Memorandum of Understanding (MOU) among
the Pueblo, U.S. Bureau of Indian Affairs
(BIA), and DOE (BIA 1987).  Pueblo of San
Ildefonso or U.S. Bureau of Indian Affairs
representatives may observe sampling and
collect samples from the same surface water
locations.

The NMED also collects surface water within
the LANL region in accordance with the
Agreement in Principle between DOE and the
State of New Mexico (DOE 1995e).  When
LANL collects surface water samples, NMED
will often (though not always) take split samples

to verify the sampling data.  NMED recentl
performed a comparison of LANL and NMED
split-sampling data.  The statistical analyses f
general water chemistry parameters compa
favorably, and for the majority of the sample
there was no statistically significant differenc
between LANL and NMED analytical data
(PC 1996f).  Only LANL analytical data are
presented in this SWEIS.  Information is als
collected from stream monitoring station
Table 4.3.1.1–1 provides information (day
with flow, volume of water, etc.) for various
canyon reaches monitored in 1995.  The
canyon site locations (gaging stations) a
further identified in Figure 4.3.1.1–2.

TABLE  4.3.1.1–1.—Summary of Discharges from Stream Monitoring Stations at LANL, Water
Year 1995 (October 1, 1994 Through September 30, 1995)

CANYON SITES
DAYS W/

FLOW

TOTAL VOLUME OF WATER
INSTANTANEOUS 

MAX COMMENTS

acre-feet gallons ft3/s gpm

E025   Upper Los Alamos 247 465  151,520,715 10  4,488 

E030   Middle Los Alamos 169 492  160,318,692 12  5,386 

E042   Lower Los Alamosa 110 328  106,879,128 54  24,235 USGS Operated

E060   Puebloa 365 874 284,810,380 5.8  2,621 USGS Operated

E125   Sandiaa 6 5  1,629,255 13  5,834 

E204   Lower Mortandada 0  --    --  --  --

E200   Middle Mortandad 83 18  5,865,318 9.7  4,353 Record began 5/10/95

E225   Upper Cañada del Buey 1 0.4  130,340 17  7,630 

E230   Lower Cañada del Bueya 15 14  4,561,914 75  33,660 

E240   Upper Pajarito 239 106  34,540,206 1.9  853 

E245   Middle Pajarito 211 250  81,462,750 24  10,771 

E250   Lower Pajaritoa 210 30  9,775,530 4.6  2,064 

E255   Potrilloa 3 3.5  1,140,479 63  28,274 

E252   Upper Water 74 9.5  3,095,585 0.21  94 

E253   Canyon de Valle 0  --  --  --  --

E265   Lower Watera,b 2  --  -- 21  9,425 Gage rating to be 
established

E275   Anchoa,b 5  --  --  --  -- Gage rating to be 
established

ft3/s = cubic feet per second, USGS = U.S. Geological Survey
a Station at downstream LANL boundary
b Daily values table not published this year
gpm = gallons per minute
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4.3.1.2 Surface Water Quality 
Standards

Streams within LANL property are
nonclassified, and therefore, according to 20
NMAC 6.1, 1105.A, are protected for the uses
of livestock watering and wildlife habitat.  Most
of LANL effluent is discharged into normally
dry arroyos (Table 4.3–1), and LANL is
required to meet effluent limitations under the
NPDES permit program (as discussed in
section 4.3.1.3).  As discussed in
section 4.3.1.1, surface waters from the regional
and Pajarito Plateau stations are monitored to
evaluate the environmental effects of LANL
operations.  A study is being performed at
LANL to determine if uses in addition to
livestock watering and wildlife habitat can be
attained for selected reaches on streams present
on LANL.  The U.S. Fish and Wildlife Service
(FWS) is performing the study and will present
the results to a Use Selection Committee
consisting of NMED, DOE, and University of
California members.  The results should be
available by early 1999. 

Concentrations of radionuclides in surface
water samples may be compared to either the
DOE-Derived Concentration Guide (DCG) for
estimation of potential exposure to members of
the public from ingested water2 or the New
Mexico Water Quality Control Commission
(NMWQCC) stream standards, which reference
the New Mexico Health and Environment
Department Environmental Improvement
Division’s New Mexico Radiation Protection
Regulations (part 4, appendix A).  New Mexico
radiation standards are in general two orders of
magnitude greater than DOE’s DCG for the
public (i.e., DCGs are more restrictive than New
Mexico standards).  Accordingly, only the
DCGs will be discussed here.  The
concentrations of nonradioactive constituents

may be compared with  NMWQCC Standard
for Interstate and Intrastate Streams, Livesto
Watering, and Wildlife Habitat Stream
Provisions.   NMWQCC groundwater standard
can also be applied in cases where groundwa
discharge may affect stream water quality.   

LANL conducts a variety of construction
maintenance, and environmental activities th
result in excavation or fill within water courses
which are waters of the U.S. under Section 4
of the Clean Water Act.  These activities are
done pursuant to 404 permits issued by t
Army Corps of Engineers and certified pe
Section 401 by NMED.  Each permit is issue
pursuant to one or more specific nationwid
permits.  These include relevant perm
conditions to protect water quality and wildlife
that must be complied with by LANL and its
construction contractors.  The NMED also ad
conditions as a part of its 401 certification th
require application of “best manageme
practices” to ensure compliance with Ne
Mexico stream standards.  The following a
some examples of currently active 404/40
permits at LANL:

• LADP3 Culvert Removal Project— 
Removal of access road culvert and chann
restoration in Los Alamos Canyon

• Sandia Wetland Restoration Project— 
Erosion control, contaminated sediment 
trapping, and wetland restoration in Sandi
Canyon

• Otowi 1 Well Erosion Control Project— 
Arroyo erosion control for well discharge 
tributary to Pueblo Canyon (PC 1998)

4.3.1.3 National Pollutant 
Discharge Elimination 
System Permitted Outfalls

Planned releases from industrial and sanita
wastewater facilities within LANL boundaries
are controlled by NPDES permits.  Thes
permits require routine monitoring of poin

2.  The DOE-DCG for water is the concentration that 
would deliver a 100-millirem dose to an adult who ingests 
772 quarts (730 liters) of water in 1 year.
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source discharges and reporting of results.  In
1995, there were 10 NPDES permits:  one for
effluent discharges from LANL operations; one
for effluent discharges at the Fenton Hill Hot
Dry Rock Geothermal Facility (now
decommissioned) located 20 miles
(32 kilometers) west of Los Alamos; and eight
for stormwater discharges (LANL 1996i).  

An analysis of data was completed for the 87
currently active NPDES industrial outfalls.
Index NPDES flows were estimated using data
provided by the surface water data team reports
of August 1996 (Bradford 1996) and as
modified in 1997 (Garvey 1997).
Approximately 233 million gallons (882 million
liters) per year of effluent are discharged from
NPDES outfalls into 10 of the 15 watersheds in
the LANL region.  There are no LANL NPDES-
permitted effluents discharging directly into
Barrancas, Bayo, Potrillo, Frijoles, or White
Rock Canyon watersheds.  The total number of
gallons that were discharged into each canyon
are presented in Table 4.3.1.3–1.  Of the
233 million gallons (882 million liters) per year,
the key facilities contributed about 103 million
gallons (390 million liters) per year.  The non-
key facilities contributed about 130 million
gallons (492 million liters) per year.
Figure 4.3.1.3–1 shows the locations of the
NPDES outfalls identified by legend number as
listed in Table 4.3.1.3–1 and identifies
eliminated outfalls that are discussed in
chapter 5.  Figure 4.3.1.3–1 also shows areas in
the canyons that support perennial flows,
ephemeral and intermittent flows, and NPDES
effluent-supported flow.  The primary sources
of outfall effluent and the approximate volume
of effluents that are discharged are presented
below.

• Treated sanitary wastewater accounts for 
approximately 13 percent of the discharge 
volume.

• Treated cooling water and noncontact 
cooling water account for 50 percent of the 
discharge volume.

• Photo waste and demineralizer and boiler
discharges account for 11 percent of the 
discharge volume.

• Power plant outfall and high-explosives 
wastewater account for 26 percent of the 
discharge volume (Bradford 1996 and 
Garvey 1997).

The LAC Bayo Wastewater Treatment Pla
Facility discharges treated sanitary effluent in
Pueblo Canyon.  In 1990, the plant increased
sanitary effluent discharge resulting in a near
continual flow in the lower portions of Puebl
Canyon.  This flow extended into the lower, of
site segments of Los Alamos Canyon and on
Pueblo of San Ildefonso land.  These flow
generally extend to a location between Tota
(just east of the LANL and Pueblo of Sa
Ildefonso boundary) and the confluence 
Guaje and Los Alamos Canyons.  There 
continual flow in this drainage except during th
months of June and July (LANL 1995f). Th
Radioactive Liquid Waste Treatment Facilit
(RLWTF) discharges treated effluents int
Mortandad Canyon at an average rate 
5.51 million gallons (21 million liters) per year
Surface water flow in Mortandad Canyon ha
not reached the LANL boundary since th
RLWTF began operating in 1963
(LANL 1996e).  The Los Alamos County
Treatment Plant discharges into Cañada 
Buey and provides nearly continual flow in th
lower portions of Cañada de Buey
Table 4.3.1.3–1 does not include the Lo
Alamos County treatment plants that flow int
Pueblo Canyon and Cañada de Buey beca
they are not owned and operated by LAN
Their locations, however, are shown o
Figure 4.3.1.3–1.  Cooling tower water from
the power plant and treated effluents from t
sanitary wastewater systems consolidati
(SWSC) treatment plant in TA–46 ar
discharged into Sandia Canyon at outfa
01A-001.  These effluents support a continuo
flow in a short segment of upper Sand
Canyon.  During summer thunderstorms, strea
flow in this canyon reaches the LANL boundar
4–52
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TABLE  4.3.1.3–1.—NPDES Outfalls by Watersheda

WATER-
SHED

OUTFALL b LEGENDc FACILITY d TAe BUILDINGS DESCRIPTIONh FLOW 
(MGY) f

Ancho 04A-141* 85 HE Testing 39 69 Light Gas Gun Fac. 0.03

04A-156* 86 HE Testing 39 89 Gas Gun Shop 0.09

Sum 2 Outfalls 0.1

Cañada del 
Buey

03A-042 44 S&T 46 01 Laboratory 5.30

04A-118 46 S&T 54 1013 Pajarito #4 Well 1.10

04A-166 43 S&T 05 26 Pajarito #5 Well 0.01

Sum 3 Outfalls 6.4

Chaquehui 03A-038 87 S&T 33 114 Support Bldg. 5.80

Sum 1 Outfall 5.8

Guaje 04A-171 07 S&T NF 01 Guaje #1 Well 0.00

04A-172 06 S&T NF 01A Guaje #1A Well 0.00

04A-173 05 S&T NF 02 Guaje #2 Well 0.00

04A-174 04 S&T NF 04 Guaje #4 Well 0.00

04A-175 02 S&T NF 05 Guaje #5 Well 0.00

04A-176 01 S&T NF 06 Guaje #6 Well 0.66

04A-177 03 S&T NF B1 Guaje Booster #1 
Well

0.06

Sum 7 Outfalls 0.7

Los 
Alamos

02A-129* 11 Tritium 21 155N,357 Steam Plant 0.11

03A-034 13 S&T 21 166 Equipment Bldg. 0.26

03A-035 10 S&T 21 210 Research Bldg. 0.04

03A-036* 12 Tritium 21 152, 155, 
155N, 220

Laboratory, TSTA, 
C-Tower

0.02

03A-040* 08 HRL 43 01 HRL 2.70

03A-047* 18 LANSCE 53 60 Linac C-Tower 2.64

03A-048* 19 LANSCE 53 62 Linac C-Tower 8.56

03A-049* 20 LANSCE 53 64 Linac C-Tower 4.15

03A-158* 14 Tritium 21 209 TSFF 0.22

04A-182 09 S&T 21 1003 Backflow Preventer 0.00

04A-186 16 S&T 21 452 Otowi #4 Well 0.18

05S(STP)* 15 Tritium 21 227 Sewage treatment 0.77

Sum 12 Outfalls 19.7
4–53
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Mortandad 03A-021* 31 CMR 03 29 CMR 0.53

03A-022* 32 Sigma 03 66,127,141 Sigma Complex 4.40

03A-045* 37 Radiochemistry 48 01 RC-1 1.10

03A-160 41 S&T 35 124 Antares Target Hall 5.10

03A-181* 38 Plutonium 55 06 Utility Bldg. 14.00

04A-016* 34 Radiochemistry 48 01 RC-1 6.30

04A-127* 40 TFF 35 213 TFF 2.00

04A-131* 33 Radiochemistry 48 01 RC-1 0.95

04A-152* 36 Radiochemistry 48 28 RC-1 4.00

04A-153* 35 Radiochemistry 48 01 RC-1 3.20

06A-132 42 S&T 35 87 Laboratory 5.80

EPA051* 39 RLWTF 50 01 RLWTF 5.51

Sum 12 Outfalls 52.9

Pajarito 03A-025 47 S&T 03 208 Equipment Bldg. 0.18

04A-101* 58 HE Testing 40 09 Firing Site 0.05

04A-115* 49 HE Processing 08 70 NDT Facility 0.53

04A-143* 61 HE Testing 15 306 Hydrotest Bldg. 0.02

04A-164 63 S&T 18 252 Pajarito #2 Well 0.01

05A-066* 53 HE Processing 09 A,21,28 Lab., Shop 4.36

05A-067* 51 HE Processing 09 B,41,42 Laboratory 0.33

05A-068* 52 HE Processing 09 48 Machining Bldg. 1.16

06A-074* 48 HE Processing 08 22 X-ray Bldg. 0.25

06A-075* 50 HE Processing 08 21 Laboratory 1.00

06A-079* 54 HE Testing 40 04 Firing Site 0.54

06A-080* 55 HE Testing 40 05 Firing Site 0.03

06A-081* 56 HE Testing 40 08 Firing Site 0.03

06A-082* 59 HE Testing 40 12 Prep. Room 0.03

06A-099* 57 HE Testing 40 23 Laboratory 0.03

06A-100* 60 HE Testing 40 15 Firing Site 0.04

06A-106 62 S&T 36 01 Laboratory 0.58

Sum 17 Outfalls 9.2

Pueblo 04A-161 17 S&T 72 01 Otowi #1 Well 1.00

Sum 1 Outfall 1.0

TABLE  4.3.1.3–1.—NPDES Outfalls by Watersheda-Continued

WATER-
SHED

OUTFALL b LEGENDc FACILITY d TAe BUILDINGS DESCRIPTIONh FLOW 
(MGY) f
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Sandia 01A-0017 27 S&T 03 22 Power Plant 77.9

03A-024* 30 Sigma 03 35,187 Press Bldg./ C. 
Tower

2.90

03A-027 28 S&T 03 285 Cooling Tower 5.80

03A-113* 21 LANSCE 53 293,294,1032 LEDA C-Towers 0.90

03A-125* 23 LANSCE 53 28 Proton Storage 
Ring

0.18

03A-145* 22 LANSCE 53 06 Orange Box Offices 0.37

03A-148 26 S&T 03 1498 Data Center 6.30

04A-094 29 S&T 03 170 Gas Facility 5.30

04A-163 25 S&T 72 04 Pajarito #1 Well 6.20

04A-165 24 S&T 72 07 Pajarito #3 Well 2.00

Sum 11 Outfallsg 107.9

Water 02A-007* 64 HE Processing 16 540 Steam Plant 10.50

03A-028* 72 HE Testing 15 184,185,202 Cooling Tower 2.20

03A-130* 81 HE Processing 11 30 Laboratory 0.04

03A-185* 70 HE Testing 15 184,202 Cooling Tower 0.73

04A-070* 65 HE Processing 16 220 X-ray Bldg. 0.22

04A-083* 73 HE Processing 16 202 Shops 0.20

04A-091* 76 Tritium 16 450 Process Bldg. 0.22

04A-092* 80 HE Processing 16 370 Metal Forming 1.57

04A-139* 71 HE Testing 15 184 PHERMEX 0.00

04A-157* 75 HE Processing 16 460 Laboratory 7.31

05A-053* 79 HE Processing 16 410 Assay Bldg. 0.12

05A-054* 68 HE Processing 16 340 HE Synthesis 3.57

05A-055* 78 HE Processing 16 401,406 Pressure Tanks 0.04

05A-056* 67 HE Processing 16 260 Process Bldg. 2.53

05A-069* 82 HE Processing 11 50 Drop Tower Sump 0.01

05A-071* 77 HE Processing 16 430 HE Pressing 0.04

05A-072* 74 HE Processing 16 460 Laboratory 0.02

05A-096* 83 HE Processing 11 51 Drop Tower Sump 0.01

05A-097* 84 HE Processing 11 52 Drop Tower Sump 0.01

06A-073* 66 HE Processing 16 222 Dark Room 0.08

06A-123* 69 HE Testing 15 183 Laboratory 0.13

Sum 21 Outfalls 29.5

TABLE  4.3.1.3–1.—NPDES Outfalls by Watersheda-Continued

WATER-
SHED

OUTFALL b LEGENDc FACILITY d TAe BUILDINGS DESCRIPTIONh FLOW 
(MGY) f
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1996) 

on 

ent to 
t 
tfa
by 
ed in
Grand 
Totals

10 Watersheds 87 Outfalls 233

a Index NPDES flows were estimated using data provided by the surface water data team reports of August 1996 (Bradford 
and as modified in 1997 (Garvey 1997).

b * Indicates a key facility
c Legend numbers correspond to NPDES locations shown in Figure 4.3.1.3–1.
d HE = High Explosives, S&T = Science and Technology, HRL = Health Research Laboratory, LANSCE = Los Alamos Neutr

Science Center, CMR = Chemistry and Metallurgy Research, TFF = Target Fabrication Facility
e NF = National Forest.
f  Watershed totals have been rounded to one decimal place, and grand total to two.  MGY = million gallons per year
g All effluent from the TA–46 Sanitary Wastewater Systems Consolidation (SWSC) Facility is pumped to a re-use tank adjac

the TA–3 Power Plant.  When the Power Plant is in operation, water is drawn from the tank as make-up for the power plan
cooling towers, where it is either lost to the air through evaporation or discharged to Sandia Canyon via the power plant oull 
01A-001.  Of the total 77.9 million gallons per year (MGY) flow for outfall 01A-001, approximately 29 MGY are contributed 
SWSC as make-up water.  Outfall 135 is located at the TA–46 SWSC facility but is not used.  Outfall 13S, although not list 
table, is added to the number of outfalls, making a total of 11 outfalls in Sandia Canyon.

h NDT = Nondestructive Testing

TABLE  4.3.1.3–1.—NPDES Outfalls by Watersheda-Continued

WATER-
SHED

OUTFALL b LEGENDc FACILITY d TAe BUILDINGS DESCRIPTIONh FLOW 
(MGY) f
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at NM 4; and during periods of heavy
thunderstorms or snowmelt, the surface water
flow extends beyond LANL boundaries and
reaches the Rio Grande (LANL 1996e). 

National Pollutant Discharge Elimination 
System Regulatory Compliance

The goal of the Clean Water Act is to restore and
maintain the chemical, physical, and biological
integrity of the nation’s waters.  The regulations
specify water quality standards and effluent
limitations.  To comply with the Clean Water
Act, LANL has two primary programs:  the
NPDES permit program and the Spill
Prevention Control and Countermeasure
Program.  The University of California (UC)
and DOE are co-operators on a site-wide
NPDES permit covering the industrial and
sanitary effluent discharges at Los Alamos.  The
permits are issued and enforced by EPA
Region 6 in Dallas, Texas.  However, NMED
performs some compliance evaluation
inspections and monitoring for EPA through a
water quality grant issued under Section 106 of
the act.  The NPDES permits specify the
parameters measured and the sampling
frequency for the outfalls.   The LANL NPDES
industrial outfalls are identified by numbers and
by types of industrial outfalls.  Table 4.3.1.3–2
provides information on the industrial NPDES
outfalls by number-type and NPDES permit
limits.  The NPDES numbers presented in
Table 4.3.1.3–2 correspond to the first three
numbers and/or characters identified for each
outfall presented in Table 4.3.1.3–1.
Concentrations limits are indicative of the
overall quality of effluent discharges.  Sampling
frequency is dependent on the type of discharge
and varies from once a week to annually.  The
chemical and biological constituents measured
in outfall effluent samples and sampling results
are presented in LANL’s annual Environmental
Surveillance and Compliance Reports.  In 1995,
effluent limits for the sanitary waste facilities
were not exceeded.  Analyses of 1,751 industrial
outfall samples indicate that the NPDES permit
limits for industrial outfalls were exceeded 21

times during 1995 (LANL 1996i).
Table 4.3.1.3–3 presents information on th
number of NPDES violations from 1991
through 1995.  NPDES industrial discharg
water quality data over the 24-month period 
August 1994 (when the most recent NPDE
permit and its new discharge limits becam
effective) through July 1996 is presented 
summary NPDES water quality data tables 
volume III, appendix C (Table C–1).  Example
of types of exceedances are described later o
this section. 

During the early 1990’s, LANL was listed as 
“Significant Non-Compliant Federal Facility”
by EPA Region 6 for NPDES violations.  DOE
and LANL have had several Federal Facili
Compliance Agreements and parall
administrative orders in effect to correc
NPDES deficiencies.  The current DO
compliance agreement (Docket No. VI-96
1237, December 12, 1996) (EPA 1996c) and t
current LANL administrative order (AO Docke
No. VI-96-1236, December 10, 1996
(EPA 1996b) include schedules for coming in
full compliance with the Clean Water Act by
completing the High Explosives Wastewate
Treatment Facility and Waste Stream
Characterization projects.  These correcti
actions required by compliance agreement a
administrative order are continuing.

Examples of the materials that have be
involved in NPDES exceedances at outfa
include arsenic, chlorine, total suspended soli
acidity, chemical oxygen demand (COD
biochemical/biological oxygen demand (BOD
cyanide, vanadium, copper, iron, oil and grea
silver, phosphorus, and radium.  In 1995, mo
of the industrial outfall exceedances were f
chlorine and arsenic; the NPDES permit f
chlorine was exceeded four times, with th
largest exceedance of 9.2 milligrams per liter 
compared to the permit limit of 0.5 milligram
per liter for the daily maximum.  The permitte
levels for arsenic were exceeded nine times w
the largest exceedance of 0.211 milligrams p
liter as compared to the permit limit o
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0.04 milligrams per liter for the daily maximum.
Actions to improve compliance with permit
conditions are continually being taken
including, elimination of outfalls,
improvements and corrective actions at specific
outfalls, and implementation of the Waste
Stream Characterization Program and
Corrections Project (see also chapter 7,
section 7.5). 

Radioactive liquid effluent discharges are
regulated by DOE Order 5400.5.  One NPDES
permitted outfall at TA–50, the RLWTF, began
operations in 1963.  This outfall had continued
to discharge residual radionuclides to
Mortandad Canyon in liquid effluents to the
present time.  DOE Order 5400.5 specifies
DCGs for liquid radioactive effluents, which
provide a reference for determining dose to
various exposure pathways. For liquid
radioactive effluents, the “as low as reasonably
achievable” (ALARA) and the “best available
technology” (BAT) processes are adopted to
determine the appropriate level of treatment.  If
discharges are below DCG reference values at
the point of discharge to a surface waterway,
generally no further treatment is required due to
cost/benefit considerations.  Historic discharges
to Mortandad Canyon have resulted in above
background residual radionuclide

concentrations in alluvial groundwater an
sediments.  For calendar year 1996, two DC
were exceeded in TA–50 effluents (fo
americium-241 and plutonium-238).  Th
TA–50 discharge also contains nitrates th
have caused the alluvial groundwater to exce
the state groundwater standard of 10 milligram
per liter.  LANL is working to continue to
upgrade the treatment process at TA–50 
correct these problems.  A treatment system w
be operational by early 1999 that will reduc
concentrations of americium-241, cesium-13
plutonium-238,  plutonium-239, and
strontium-90 and will result in concentrations o
these radionuclides in effluent that will meet th
DOE-DCG for the public.  A treatment system
to comply with nitrate levels within the new
groundwater discharge limits established 
NMED will be operational by mid 1999.
Tritium concentrations, which are well below
the DOE-DCG, will not be reduced by the ne
treatment system.  There is currently n
practical treatment technology for tritium fo
the dilute concentrations present in the RLWT
effluent.   Investigation and cleanup, if require
are conducted through the ER Project, a
interim controls (sediment traps) have be
implemented to control movement o
contaminants off the site.  

TABLE  4.3.1.3–3.—Number of NPDES Violations (1991 Through 1995)a,b

YEAR
SANITARY OUTFALLS INDUSTRIAL OUTFALLS

SAMPLES VIOLATIONS % VIOLATIONS SAMPLES VIOLATIONS % VIOLATIONS

1991 297 3 1.0% 1,799 21 1.2%

1992 266 1 0.4% 2,028 20 1.0%

1993 147 0 0.0% 2,120 19 0.9%

1994 154 0 0.0% 2,045 28 1.4%

1995 166 0 0.0% 1,751 21 1.3%

Totals 1,030 4 0.4% 9,743 109 1.1%
a When summarizing LANL environmental programs, NPDES outfalls are grouped as either “domestic waste,” which is sew
or as “industrial waste,” which is all other NPDES discharges (noncontact cooling water, power plant discharges, cooling t
blowdown, photo rinse waters, etc.).  Compliance with LANL’s NPDES Permit (NM0028355) is then reported as “number 
violations for a year” versus “number of NPDES samples collected.”  

b Information as to which quality limits were exceeded can be found in the annual Los Alamos surveillance reports.
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Stormwater Effluents  

In 1995, there were eight NPDES General
Permits for LANL stormwater discharges
(LANL 1996i): one permit is for LANL
industrial activities; one permit is for the
remediation of an environmental restoration site
off of DOE property; and the other six permits
are for construction activities disturbing more
than 5 acres (2 hectares).  As conditions of the
General Permit, UC must develop and
implement Stormwater Pollution Prevention
Plans (SWPPs) and conduct monitoring
activities (LANL 1996i).  In 1993, 76 industrial
facilities were identified that required SWPPs.
There were 14 SWPPs developed and
implemented in 1994 to cover these 76
facilities.  In addition, several individual
SWPPS were developed to address specific
solid waste management units (SWMUs) and
PRSs.  LANL plans in 1999 to consolidate all
the SWPPs into approximately 24 plans that will
address all the 76 industrial facilities, as well as
all the SWMUs.

UC monitors stormwater at TA–54, Areas G and
J, and TA–50 as a requirement of the LANL
NPDES general stormwater permit.  Twenty-
nine locations in 8 watersheds were sampled a
total of 55 times between August 1991 and
August 1995.  

The largest amount of monitoring occurs in the
Pajarito Canyon watershed where the
stormwater from TA–54 drains.  It is difficult to
obtain stormwater samples repeatedly from the
same location due to the inherently sporadic
nature of stormwater.  Therefore, it is difficult to
identify trends in the stormwater quality or to
perform confirmatory analyses.  This problem
should be corrected in the future by using U.S.
Geological Survey (USGS) stream gage stations
as consistent monitoring points and increasing
the number of overall stormwater samples that
are collected (PC 1997c).  Also beginning 1996,
environmental surveillance runoff samples were
collected using automated samplers.  The
samplers are actuated when a significant

precipitation event causes flow in a drainag
crossing LANL boundaries.

4.3.1.4 Sediments  

Sediments occur along most segments of LAN
canyons as narrow bands of canyon-botto
deposits that can be transported by surface wa
during runoff events or by LANL outfall
effluent flows.  The 12 watersheds that cro
LANL boundaries are watersheds B through 
(Figure 4.3.1–1) and vary in their drainage are
peak flow volumes, and sediment-carryin
capacity.  Nearly every on-site LANL drainag
has historically received LANL liquid industria
or sanitary effluents that contribute to the flo
and water quality characteristics in the draina
area.  As LANL effluents move downstream
some of the metals and radionuclides fro
LANL outfalls bind (or adsorb) to the
sediments.

Sediment Monitoring

Samples of sediment are collected in the LAN
region for DOE and NMED to monitor the
environmental effects of LANL operations an
activities on the environment.  Sedimen
samples are analyzed for the presence 
radionuclides, metals, and organics as a par
the LANL Environmental Surveillance and
Compliance Program (described on page 4–
(DOE Order 5400.1).  Sediment samples a
collected from off-site (regional and perimete
and on-site locations (Figures 4.3.1.1–1 a
4.3.1.4–1).  The locations at which sedime
samples are collected may vary from year 
year.  Figure 4.3.1.4–1 shows locations whe
sediment samples were collected in 199
Sediment samples are also collected at 
Pueblo of San Ildefonso.  Representatives of 
Pueblo of San Ildefonso or U.S. Bureau 
Indian Affairs may monitor or collect splits
when LANL sediment samples are collecte
NMED recently performed comparisons o
LANL and NMED sediment and soil data.  Th
statistical analysis of soils and sediments, whi
4–62
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FIGURE 4.3.1.4–1.—On-Site and Off-Site Perimeter Sediment Sampling Locations.
(Note:  Perimeter stations are located within 2.5 miles [4 kilometers] of LANL.)
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included radionuclides (i.e., plutonium,
uranium, cesium, gross alpha) and metals (i.e.,
lead, beryllium, arsenic), compared favorably,
and for the majority of samples there was no
statistically significant difference (PC 1997g).

Sediment Quality

Sediments in the LANL region naturally contain
minerals and metals, and may also contain
radionuclides from worldwide fallout.  Nuclear
weapon atmospheric testing (Klement 1965)
and the re-entry and burn-up of satellites
(Perkins and Thomas 1980) containing
plutonium power sources have resulted in
worldwide fallout of strontium-90; cesium-137;
and plutonium-238, -239, and -240.  Therefore,
these radionuclides can be found in sediments in
very small but measurable concentrations. 

There are no standards for radionuclides or
metals in sediments; therefore, regional
comparison levels were developed for the
purposes of the SWEIS.  These comparison
levels were established by taking the average of
1990 to 1994 existing data for the following six
stations:  Chamita, Embudo, Otowi, Los
Alamos Reservoir, Jemez, and Bernalillo
(Figure 4.3.1.1–1).   These locations were
selected to provide a broad overall coverage for
comparison purposes in the LANL region.
These values may differ from background
values used in various remedial action cleanups.
Background values used for remedial action
cleanup are based on the local geologic
formation in the area being remediated.
Because the SWEIS covers a very large area,
these six locations were used instead and are
within the accuracy necessary for providing
relative useful information for the SWEIS. 

Sediment samples from individual LANL
locations are analyzed every 3 years for organic
contaminants (PC 1996h).  It should be noted
that sediment samples were not collected from
the Barrancas watershed from 1990 through
1994, and there are no sediment sampling data
for organics for 1991 and 1992 (LANL 1993b

and LANL 1994b).  In 1993 LANL’s
Environmental Surveillance and Complianc
Program started analyzing sediments f
volatile organic compounds (VOCs)
semivolatile organic compounds (SVOCs), an
polychlorinated biphenyls (PCBs).  Starting i
1995, selected sediment samples were a
analyzed for high explosives (HE) residues.  
1996, sediment samples were analyzed 
VOCs, SVOCs, PCBs, and HE residues fro
about one-sixth of the regional and local statio
(approximately 75 stations).  The analytic
results showed that there were no VOC, SVO
PCBs or HE residues detected in any of t
sediment samples collected during 199
(LANL 1997c).  Details on contaminants in
sediments can be found in the annual LAN
Environmental Surveillance and Complianc
Reports.  Summary sediment data tables deriv
from the 1991 to 1996 LANL Environmenta
Surveillance and Compliance Reports a
presented in volume III, appendix C
(Tables C–4 and C–5).  To provide a gene
understanding of the contaminants in sedimen
additional information is presented below.

• Samples from all sediment sampling 
locations for the period 1990 to 1994 
exceeded the regional comparison value f
at least one metal.  Most of the metals tha
were above the regional comparison value
occur naturally in the environment as a 
constituent of the sediments.  The exceptio
may be a 1994 sediment sample from Los
Alamos Canyon, which contained 
68 milligrams per gram selenium.  The 
regional comparison value for selenium is
0.2 micrograms per gram.  The source of 
this contaminant is unknown 
(LANL 1996e).

• The regional comparison levels for at leas
one radionuclide were exceeded at nearly
all sediment sampling locations in the 
sediment monitoring network for the period
1990 to 1994.  Plutonium-239 and -240 
(regional comparison level of 
0.003 picocuries per gram) have been 
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detected in sediments at 11.8 picocuries per 
gram in Acid Canyon, at 9.71 picocuries 
per gram in Pueblo Canyon, and at 
0.329 picocuries per gram in Los Alamos 
Canyon).  The source of this contamination 
is believed to be historic releases from 
LANL operations that occurred in Acid 
Canyon (a tributary to Pueblo Canyon) 
from 1945 to 1952.  Natural stream 
processes have moved the contaminated 
materials out of Acid Canyon, down 
through Pueblo Canyon, and into lower Los 
Alamos Canyon to the Rio Grande 
(Graf 1995).  This natural pathway crosses 
down-slope of San Ildefonso lands and 
meets the Rio Grande down-gradient from a 
nearby San Ildefonso well field.

Values of plutonium-239 and -240 at
monitoring stations downstream at TA–50 and
upstream of the sediment traps in Mortandad
Canyon are above regional comparison levels.
However, values of plutonium at monitoring
stations downstream of the sediment traps and
upstream of the Pueblo of San Ildefonso
boundary are at or near atmospheric fallout
levels.  These results suggest that there has been
little or no transport of plutonium from TA–50
below the sediment traps in Mortandad Canyon
(LANL 1997c).

The distribution of plutonium-contaminated
sediments is a result of several factors that
control the ability of the stream to trap
sediments.  These factors include stream
gradient, canyon width, the presence or lack of
boulders, and vegetation.  The locations,
amounts, and likely sources of plutonium (in
picocuries) that are found in the sediments of the
Los Alamos region are illustrated in
Figure 4.3.1.4–2.

Off-Site Sediment Sampling

A study that evaluated the deposition of
plutonium in sediments in the northern portion
of the Rio Grande estimated LANL contribution
to the contamination (Graf 1993).  The study

found that, when averaged over several decad
90 percent of the plutonium in the sedime
moving into the northern Rio Grande syste
could be attributed to atmospheric fallou
(Graf 1993).  The remaining 10 percent of th
plutonium in the sediments in the Rio Grand
system can be attributed to releases from LAN
operations.  The sediment deposits along 
Rio Grande between Otowi and Cochiti Lak
are most likely to contain the plutonium that ca
be attributed to LANL operations (Graf 1993).

DOE continues to monitor and characterize t
movement of sediments across LANL and in
the Rio Grande.  The LANL ER Project i
currently evaluating the extent of th
contamination (and the associated risks) in t
canyon sediments.  These sediment studies h
found that off-site transport of sediments wit
elevated plutonium-239 and -240 levels h
taken place.  The study found the following:

• For sediments collected at Cochiti Lake 
during the period of 1982 through 1988, th
mean plutonium-239 and -240 
concentration was 0.189 picocuries per 
gram, compared to a mean plutonium-239
and -240 value of 0.0081 picocuries per 
gram that was found in sediments from a 
background monitoring station at Abiquiu 
Reservoir (Graf 1993).

• For sediments collected at Embudo Statio
during the period of 1974 to 1986, the mea
plutonium-239 and -240 value was 
0.0033 picocuries per gram, and at Cochit
Lake was 0.0092 picocuries per gram 
(Graf 1993).

Sediment samples have also been collected
the Pueblo of San Ildefonso and analyzed 
radionuclides and trace metals.  Tritium an
plutonium-238, -239, and -240 were found 
levels above regional comparison level 
sampling locations.  The plutonium-239 an
plutonium-240 values were obtained at th
boundary of Pueblo land with LANL.
Strontium-90, cesium-137, total uranium
americium-241, gross alpha, gross beta, a
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gross gamma were not found to be elevated
above the regional comparison levels for
sediment sampling stations located in
Mortandad Canyon or on Pueblo land.  The
levels of radionuclides found in sediment
samples from Bayo and Sandia Canyons on San
Ildefonso Pueblo land were found to be at or
below the regional comparison levels.  Trace
metals were all found to be within the range
expected for natural background geologic
materials (LANL 1996i).

4.3.1.5 Surface Water Quality

Analysis of LANL surface water sampling data
indicates that LANL operations have affected
the surface water within LANL boundaries.
Data from the Environmental Surveillance and
Compliance Program indicate that the greatest
effects to surface water are attributable to
historic LANL activities and radiological
releases that occurred in Acid, Pueblo, Los
Alamos, and Mortandad Canyons.  Historical
activities and releases that have contributed to
the contamination in these canyons include:

• Nuclear materials research activities that 
occurred during the Manhattan Project

• An industrial liquid waste treatment plant, 
operated from 1952 to 1986, at TA–21

• Discharges from former TA–45 (operated 
from 1951 to 1964)

• Discharges from the Los Alamos Neutron 
Science Center (LANSCE) sanitary sewage 
lagoon system

• Discharges from the RLWTF
• NPDES-permitted effluent discharges 

(LANL 1996i)

Details on surface water quality can be found in
the annual LANL Environmental Surveillance
and Compliance Reports.  Summary water
quality data tables derived from the 1991 to
1996 LANL Environmental Surveillance and
Compliance Reports are presented in
volume III, appendix C (Tables C–2 and C–3).

However, in order to provide a genera
understanding of the surface water quality 
LANL, information from the 1996
Environmental Surveillance and Complianc
Report is summarized in the following tex
This information is, in most cases, consiste
with past findings (LANL 1997c).

In 1996, the radiochemical analyses results 
surface water samples were below DOE-DCG
for the public, and the majority of the resul
were near or below the detection limits of th
analytical methods used and also were bel
DOE-DCGs for drinking water systems (exce
for samples from Mortandad Canyon).  This w
consistent with past findings.  Long-term trend
in the activity of tritium and total plutonium in
surface water in Mortandad Canyon a
depicted in Figure 4.3.1.5–1.  Thes
measurements were made from samp
collected a short distance downstream of t
TA–50 effluent discharge into Mortanda
Canyon.

The measurements in waters from are
receiving effluents show the effects of thes
effluents; however, none of the results exceed
standards except for some pH measureme
above 8.5.  EPA drinking standards are on
directly applicable to a public water supply.  I
particular, they would only apply to the suppl
wells in the main aquifer, which are the sour
of the Los Alamos water supply.  EPA drinkin
water standards are useful for comparis
purposes.  Aluminum, iron, and mangane
concentrations exceeded EPA seconda
drinking water standards at most locations.  T
results reflect the presence of suspended so
in the water samples.  Because the met
analyses are performed on unfiltered wat
samples, the results are influenced by natura
occurring metals (e.g., aluminum, iron, an
manganese) that comprise the suspended so
In 1996, barium and silver concentrations we
within the NMWQCC groundwater limits.  In
1996, mercury was not observed above t
detection limit (0.2 microgram per liter) at an
location, with the exception of a measureme
4–67



LANL SWEIS

e
rd

ns,
re
ar
as
led
w
e

ed

ed
st
,
al

of
n.
n

t 
of 0.3 microgram per liter for one of two
measurements in DP Canyon.  The other
measurement found the concentration to be
below the detection limit.  Selenium values
exceeded the New Mexico Wildlife Habit
Stream Standard (2 micrograms per liter) at
numerous locations around LANL.  The highest
selenium value (18 micrograms per liter) was
reported below the Bayo Wastewater Treatment
Plant Facility discharge.  Low levels of HE were
detected at Water Canyon, Beta, and Frijoles
Canyons near the BNM headquarters.

4.3.1.6 Floodplains

DOE has delineated all 100-year floodplain
elevations within LANL boundaries in
accordance with requirements presented in
RCRA (40 CFR 270.14[b]) and Executive
Order 11988—Floodplain Management
(McLin 1992). There are a number of structures

within the 100-year floodplain.  Most may b
characterized as small storage buildings, gua
stations, well heads, water treatment statio
and some light laboratory buildings.  There a
no waste management facilities in the 100-ye
floodplain.  Some facilities are characterized 
moderate hazard due to the presence of sea
sources or x-ray equipment, but most are lo
hazard or with no hazard designation.  Th
Solution High-Energy Burst Assembly
(SHEBA) Building at TA–18 is within the
100-year floodplain, but the assembly is locat
there only during an experiment.

The 500-year flood plain has been designat
only for Los Alamos Canyon.  The Omega We
reactor (inactive) is located with this floodplain
but was reclassified as a low hazard radiologic
facility.  The remainder of the structures are 
the type described for the 100-year floodplai
Overall, most laboratory development is o

FIGURE 4.3.1.5–1.—Tritium and Plutonium Activity at Mortandad Canyon at Gaging Station 1.a

a This figure shows long-term trends of the activity of tritium and total plutonium in surface water in Mortandad 
Canyon.  These measurements were made on samples collected at the station GS-1 at Mortandad, which is a shor
distance downstream of the TA–50 effluent discharge into Mortandad Canyon.  Samples collected before 1996 
were preserved in the field and filtered through a 0.45-micron filter in the laboratory.  The 1996 measurements 
represented the total (unfiltered) activity.  Plutonium values for 1962 to 1966 are for plutonium-239 and 
plutonium-240 only.  Plutonium-238 was not recorded for those years.  If more than one sample is collected in a 
year, the average value for the year is plotted.  The DOE-DCG for the public for tritium is 2 x 106 picocuries per 
liter; for plutonium-238 it is 40 picocuries per liter, and for plutonium-239 and plutonium-240 it is 30 picocuries 
per liter.  This figure shows the total plutonium values (LANL 1997c).
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mesa tops, and development within canyons is
light.

4.3.2 Groundwater Resources

The nature and extent of groundwater bodies in
this region have not been fully characterized.
The LANL Hydrogeologic Workplan
(LANL 1998b) proposes the installation of new
wells that will provide further characterization
(section 4.3.2.3).  Current data indicate that
groundwater bodies occur near the surface of
the Earth in the canyon bottom alluvium,
perched at deeper levels (intermediate perched
groundwater), and at deeper levels in the main
aquifer (Purtymun 1995).  Data about the
groundwater resources, including springs and
groundwater quality, will be presented in this
subsection.

Alluvial groundwater bodies within LANL
boundaries have been primarily characterized
by drilling wells in locations where impacts
from LANL operations are most likely to occur.
Generally, only wells in Mortandad, Los
Alamos, Pueblo, and Pajarito Canyons and in
Cañada del Buey indicate the continually
saturated alluvial groundwater bodies
(Purtymun 1995).  More information on the
canyon-bottom alluvium and groundwater
bodies for Mortandad, Los Alamos, Pueblo, and
Pajarito Canyons and for Cañada del Buey is
presented in Table 4.3–1.

Intermediate perched groundwater bodies of
limited extent occur beneath the alluvium in
portions of Pueblo, Los Alamos, and Sandia
Canyons; in volcanic rocks on the sides of the
Jemez Mountains to the west of LANL; and on
the western portion of the Pajarito Plateau
(LANL 1996i, LANL 1993a, and
Purtymun 1995).  Undiscovered intermediate
perched groundwater bodies may exist, as the
drilling coverage for these groundwater bodies
has been relatively limited.  The depth to
perched water from the surface ranges from
approximately 90 feet (27 meters) in the middle

of Pueblo Canyon to 450 feet (137 meters) 
lower Sandia Canyon  (LANL 1993a).

The main aquifer is separated from alluvial an
intermediate perched zone groundwater bod
by 350 to 620 feet (107 to 189 meters) 
unsaturated volcanic tuff and sedimen
(Purtymun 1995).  Recharge of the main aquif
is not fully understood nor characterized
Recent investigations suggest that the major
of water pumped to date has been from stora
with minimal recharge of the main aquife
(Rogers et al. 1996).  Groundwater in the ma
aquifer to the west of the Rio Grande genera
flows from the northwest to the southea
toward the Rio Grande.  Groundwater in th
main aquifer to the east of the Rio Grand
generally flows westward from the Sangre d
Cristo Mountains toward the Rio Grande
Groundwater flowing from these opposit
directions converges in the approximate vicini
of the Rio Grande, then flows southwest. 

As a result, shallow groundwater in the ma
aquifer does not flow across the Rio Gran
from either side (Frenzel 1995).  Groundwat
may flow beneath the Rio Grande deeper in t
basin, but conditions at lower depths have n
been characterized.

Springs in the LANL area flow from alluvial
and intermediate perched groundwater bod
and the main aquifer (Figure 4.3.2–1).  Sprin
can be found in Guaje, Pueblo, Los Alamo
Pajarito, Frijoles, and White Rock Canyo
watersheds (LANL 1996i).  Information
regarding these springs is presented below.

• The Water Canyon Gallery was previously
a source of potable water for LANL.  Since
1989, Water Canyon Gallery has not been
used as a potable water supply due to the
high sediment content of its water 
(Purtymun et al. 1995).

• Contaminants that appear to be from LAN
NPDES-permitted discharges at TA–16 
have been detected in the recently 
discovered springs in Pajarito and Water 
4–69
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FIGURE 4.3.2–1.—Springs in the LANL Area.
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Canyon watersheds, indicating a 
hydrogeological connection.  However, the 
source of these springs has not been 
determined.

• Twenty-seven springs discharge from the 
main aquifer into White Rock Canyon.  
White Rock Canyon springs and main 
aquifer discharges contribute an estimated 
6 to 7 cubic feet (0.17 to 0.20 cubic meters) 
per second to the Rio Grande 
(LANL 1993a).

4.3.2.1 Groundwater Monitoring 

Groundwater monitoring is conducted within
and near LANL.  One of the objectives of
LANL’s groundwater monitoring program is to
provide indications of the potential for human
and environmental exposure from contaminated
groundwater sources.  Groundwater may
accumulate contaminants from discharges to
surface water or from leakage of liquid effluent
storage systems.  Though hydrogeologic
conditions around LANL greatly protect the
main aquifer from near-surface activities,
groundwater monitoring is conducted to detect
any threats to the resource.  Groundwater
monitoring and protection requirements are
included in DOE Order 5400.1, General
Environmental Protection Program.  The order
requires LANL to prepare a Groundwater
Protection Management Program Plan
(GWPMPP) and to implement the program
outlined by that plan.  The plan also requires
development of a groundwater monitoring plan.
The groundwater monitoring plan identifies all
DOE requirements and regulations applicable to
groundwater protection and includes strategies
for sampling, analysis, and data management.
LANL’s GWPMPP was approved by DOE on
March 15, 1996 (LANL 1996f).

DOE Order 5400.1 requires that groundwater
monitoring needs be determined by site-specific
characteristics and, where appropriate, that
groundwater monitoring programs be
designated and implemented in accordance with

RCRA regulations.  The section also requir
that monitoring for radionuclides be in
accordance with DOE Order 5400.5, Radiatio
Protection of the Public and the Environment.

In addition to DOE Order 5400.1, Module VII
of the LANL RCRA permit requires LANL to
collect information to supplement and verif
existing information on the environmenta
setting at the facility and collect analytical da
on groundwater contamination.  Under Task I
LANL is required to conduct a program t
evaluate hydrogeological conditions and 
required to conduct a groundwater investigati
to characterize any plumes of contamination
the facility.

In 1995, the NMED requested DOE develop
comprehensive groundwater monitorin
program plan that addresses both site-spec
and LANL-wide groundwater monitoring
objectives.  This was in part satisfied wit
submittal of the GWPMPP.  In August 1995
NMED requested a Hydrogeologic Workplan
This workplan was submitted to NMED fo
review in December 1996.  The Hydrogeolog
Workplan was approved by NMED on
March 25, 1998, and finalized on May 22, 199
(LANL 1998b).

Through the LANL Environmental Surveillance
and Compliance Program, samples are collec
annually from alluvial groundwater,
intermediate perched groundwater, main aqui
test and supply wells, and springs.  Module VI
of LANL RCRA permit specifically requires
monitoring of the canyon alluvial groundwate
system in Pueblo, Los Alamos, Sandi
Mortandad, Potrillo, Fence (a tributar
of Potrillo), and Water Canyons
Figures 4.3.2.1–1 and 4.3.2.1–2 sho
groundwater sampling locations for (1) alluvia
and intermediate observation wells an
(2) springs and deep wells, respectivel
Groundwater samples are analyzed annually
evaluate compliance with applicable standar
for radionuclides, water quality chemistr
parameters, and metals.  One-third of t
4–71



4–72

LANL SWEIS

FIGURE 4.3.2.1–1.—Observation Wells and Springs Used for Alluvial and 
Intermediate Groundwater Sampling. 
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FIGURE 4.3.2.1–2.—Regional Aquifer Test Wells, Supply Wells, Springs, and 
Water Level Contours

(Note:  Contours are Based on 1993 Data from Test Wells.) 
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groundwater samples collected from the well
and spring locations are analyzed for organic
compounds annually, with the samples from all
locations analyzed for organics at least once
every 3 years.  The quality of water in the
regional aquifer is tested at various locations.
There are 8 deep test wells and 14 supply wells
that belong to DOE.  There also are several
regional aquifer wells near the Rio Grande that
do not belong to DOE.  These wells are on San
Ildefonso Pueblo land and are sampled under
the Memorandum of Understanding (MOU)
between the U.S. Bureau of Indian Affairs and
DOE.  In addition, there are many springs along
the Rio Grande that are sampled.  Since 1987,
groundwater has been sampled annually from
13 wells and 4 springs on Pueblo of San
Ildefonso land in accordance with the MOU
(BIA 1987).

4.3.2.2 Groundwater Quality

Groundwater Quality Standards

There are numerous federal, state and DOE
requirements related to groundwater protection
and management.  The State of New Mexico
protects groundwater via NMWQCC
regulations, which address liquid discharges
onto or below ground surface.  Under these
regulations, a groundwater discharge plan must
be submitted to and approved by the NMED for
a discharging facility.  Subsequent discharges
must be consistent with the terms and conditions
of the discharge plan.  In 1996, LANL had three
Groundwater Discharge Plans in effect.  The
NMWQCC regulations were significantly
expanded in 1995 with the adoption of
comprehensive abatement regulations.  The
purpose of these regulations is to abate surface
and subsurface contamination for designated or
future uses.  Of particular importance to DOE is
the contamination that may be present in the
main aquifer.  

Concentrations of radionuclides in
environmental water samples from the main

aquifer, the alluvial perched water in th
canyons, and the intermediate depth perch
systems, whether collected within the LAN
boundaries or off the site, may be evaluated 
comparison with DCGs for ingested wate
calculated from DOE’s public dose limits
Concentrations of radioactivity in samples o
water supply wells completed in the Lo
Alamos main aquifer are also compared to t
NMED, New Mexico Environmental
Improvement Board (NMEIB), and EPA saf
drinking water standards or to the DOE-DCG
applicable to radioactivity in DOE drinking
water systems, which are more restrictive in
few cases.  EPA has given NMED authority 
administer and enforce federal drinking wat
regulations and standards in New Mexico.

EPA drinking water standards are only direct
applicable to a public water supply.  I
particular they would only apply to the suppl
wells in the main aquifer that are the source 
the Los Alamos public water supply.  EPA
drinking water standards may be useful f
comparison purposes in some cases.  F
example, because LANL shallow alluvia
groundwater is not a source of municipal 
industrial water but may feed surface wat
springs and seeps used by livestock a
wildlife, shallow alluvial groundwater mus
meet the Standards for Groundwater 
Livestock and Wildlife Watering established b
the NMWQCC.  However, for many element
there are no established livestock and wildli
standards.  When this is the case, althou
generally much more conservative than t
livestock and wildlife standards, EPA drinkin
water standards are used herein for comparis
purposes.

Alluvial and Perched Water Quality

Data derived from groundwater samples tak
from test wells indicate that LANL operation
and activities have influenced some of th
alluvial and intermediate perched zon
groundwater quality in the LANL region.
Primary LANL sources of contamination
4–74
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include historic discharges of treated and
untreated wastes, discharges from the RLWTF
(Mortandad Canyon) and leaks from the Omega
West Reactor (Los Alamos Canyon).  Other
sources of contamination are from past and
present LAC sanitary treatment plant releases
(Pueblo Canyon).  Details on alluvial and
perched water quality can be found in the annual
LANL Environmental Surveillance and
Compliance Reports.  Summary alluvial and
perched water quality data tables derived from
the 1991 to 1996 LANL Environmental
Surveillance and Compliance Reports are
presented in volume III, appendix C
(Tables C–6 and C–7).  However, in order to
provide a general understanding of the alluvial
and perched water quality at LANL,
information from the 1990 to 1994
Environmental Surveillance Reports are
summarized in the following text.

• EPA Safe Drinking Water Act (SDWA) 
(40 CFR 141) standard for strontium-90 
(8 picocuries per liter) was exceeded in at 
least 50 percent of the alluvial groundwater 
samples collected from Los Alamos and 
Mortandad Canyons from 1990 through 
1994, and EPA SDWA standard for tritium 
(20 nanocuries per liter) was exceeded in 20 
of 22 of the alluvial groundwater samples 
collected in Mortandad Canyon during this 
same period.   The more applicable New 
Mexico livestock and wildlife standard for 
tritium is the same as the SDWA standard 
of 20 nanocuries per liter and there are no 
livestock and wildlife comparison values 
for strontium-90.  Standards for 
americium-241, cesium-137, plutonium-
238 and plutonium-239, and nitrates also 
were exceeded during the period 1990 
through 1994 in Mortandad Canyon. 

• Standards for some water quality 
parameters and metals were exceeded in 
samples from the alluvial groundwater in 
Pueblo and Pajarito Canyons and Cañada 
del Buey from 1990 through 1994.  These 
water quality parameters and metals occur 

naturally in the groundwater system within
the LANL region and are also released 
through some of LANL’s NPDES-permitted
discharges (LANL 1994b, LANL 1995f, 
and LANL 1996e).

• Tritium and nitrates were detected in 
samples collected from the intermediate 
perched groundwater in Pueblo and Los 
Alamos Canyons.  The levels of tritium 
detected were below the EPA standard of
20 nanocuries per liter, but nitrate as 
nitrogen concentrations exceeded the EPA
standard of 10 milligrams per liter in all 
samples taken in 1994 from the two wells i
the Pueblo and Los Alamos Canyon 
watersheds and Basalt Spring.  The nitrat
concentrations in these wells ranged from
less than 0.04 to 19.4 milligrams per liter 
(LANL 1994b, LANL 1995f, and 
LANL 1996e). 

• HE, VOCs, and nitrates were found in 
samples collected from the recently 
discovered springs in Pajarito Canyon 
watershed.  VOCs (tetrachloromethane) 
were detected at 15 micrograms per liter, 
which is above the EPA SDWA standard o
5 micrograms per liter.  High explosives 
(Hexahydron-1,3,5-trinitron-1,3,5-triazine)
were detected in samples at 
100 micrograms per liter (EPA standard is
0.61 micrograms per liter) and nitrates 
(2-amino-[2,4]-6-dinitrotoluene) were 
detected at 3.31 micrograms per liter, whic
is above the EPA standard of 
0.99 micrograms per liter (Yanicak 1996). 
The water quality in these springs may 
improve as a result of the new LANL 
industrial wastewater treatment plants 
coming on line in TA–16 in 1997 and a 
reduction of effluent volume from the 
NPDES-permitted outfalls 
(Purtymun 1995).

Although groundwater data have been collect
and will continue to be collected as a part of t
Environmental Surveillance and Complianc
Program, many questions remain regardi
4–75
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where groundwater occurs, groundwater
quality, and potential contaminant migration
(section 4.3.2.3).

Main Aquifer Water Quality

As a part of the Environmental Surveillance and
Compliance Program, samples are collected
from main aquifer test wells to ensure the
quality of this groundwater body that provides
the drinking water for LAC, LANL, and BNM.
SDWA standards for all radionuclides were met
in all samples taken from the main aquifer from
1990 through 1994.   However, trace amounts of
tritium, plutonium-239 and plutonium-240,
americium-241, and strontium-90 have been
detected in samples collected from the main
aquifer.  The presence of plutonium-239 and
plutonium-240, americium-241, and
strontium-90 has not been duplicated in
previous or subsequent samples
(section 4.3.2.3).  Radioactive and hazardous
waste has been generated and disposed at LANL
since LANL’s inception in 1943.  LANL
materials disposal areas and the PRSs identified
by the ER Project (chapter 2, section 2.1.2.5) are
potential sources of contamination.  An
additional possible source of groundwater
contamination is the historic and current
practice of discharging treated effluents in
canyons near the northern boundary of LANL.
While all canyons have received some industrial
and sanitary discharges, Los Alamos, Sandia,
Mortandad, and Pueblo Canyons are particular
areas of concern because of the NPDES outfalls
that discharge into these canyons.  Tritium was
first detected using a special sensitive method at
Los Alamos in 1992.  This analytical method
was more sensitive than the EPA method for
drinking water compliance monitoring in use.
The levels measured were less than 2 percent of
EPA SDWA (Dale and Yanicak 1996,
LANL 1994b, LANL 1995f, and LANL 1996e)
(also see section 4.3.2.3).  Radioactivity,
sodium, and metals all occur naturally in
groundwater, and the detected concentrations
are similar to those observed elsewhere in the

Española Basin (LANL 1994b, LANL 1995f
LANL 1996e, and NMED 1995).

Organic compounds have been detected 
samples taken from main aquifer test wells 
TA–49 (DT–5A, DT–10, and DT–9;
Figure 4.3.2.1–2).  The largest detection was 
pentachlorophenol from the TA–49 test we
DT–9 (Figure 4.3.2–1) of 110 parts per billion
The EPA SDWA standard for
pentachlorophenol is 1 part per billion.  Th
sources of the contaminants detected in t
TA–49 test wells are not known (LANL 1993b
LANL 1994b, LANL 1995f, LANL 1996e, and
LANL 1996i).  Test well DT–9 was retested i
1996, and no organic compounds were detect
However, the LANL Hydrogeologic Workplan
(LANL 1998b) proposes the installation o
borehole R–27 to further characterize the sou
of these contaminants.  The TA–49 test we
are approximately 2 miles (3.2 kilometers) awa
and cross-gradient of the nearest public wa
supply well (PM 2) (Figure 4.3.2.1–2), and n
public supply wells exist down-gradient of th
TA–49 test wells.  Therefore, the presence 
organic compounds in these samples does 
suggest a danger to the existing public wa
supply (Purtymun 1995).

The SDWA standard for nitrate (10 milligram
per liter) was exceeded in TW–1 in 1994 an
1995 (23.0 milligrams per liter and
12.9 milligrams per liter, respectively).  Thi
test well has shown nitrate levels in the range
about 5 to 25 milligrams per liter since ear
1980.  The source of the nitrate could b
infiltration from sewage treatment effluent i
Pueblo Canyon (LANL 1996i).

Details on main aquifer water quality can b
found in the annual LANL Environmenta
Surveillance and Compliance Report
Summary main aquifer water quality data tabl
derived from the 1991 to 1996 LANL
Environmental Surveillance and Complianc
Reports are presented in volume III, appendix
(Table C–6 and C–7).
4–76



Affected Environment

ess

 is
rt
ld

ll
ng
nd

lt
in
d
 a
e

n
d
rt
ly
er

as
m
s

at
ed
al.
les
n,
 in
o
re

to
the
f

e

t

e
er
re
the
ic

 as
4.3.2.3 Transport of Radionuclides 
and Chemicals

In the LANL region, uncertainties exist about
the nature and extent of contaminant migration
from alluvial groundwaters to deeper
groundwaters (intermediate perched
groundwaters or the main aquifer) and from
intermediate perched groundwaters to the main
aquifer (LANL 1993b, LANL 1994b,
LANL 1995f, LANL 1996e, and LANL 1996i).
The intermediate perched groundwater bodies
beneath mid-Pueblo and lower Pueblo and Los
Alamos Canyons are known to be hydraulically
connected to surface water and alluvial
groundwater in Pueblo Canyon.   Therefore,
groundwater movement from alluvial
groundwater bodies to deeper intermediate
perched groundwater bodies or the main aquifer
may be a contaminant transport pathway in
specific locations (LANL 1993a). 

Of all hydrogeologic settings at LANL,
contaminant transport from dry mesa top
material disposal areas (e.g., Area G where
contaminated wastes are treated, stored, and
disposed) through the rock matrix to the main
aquifer potentially takes the longest time.
Evaluation of existing data and modeling results
indicates potential transport of some
radionuclides requires thousands of years to
reach the main aquifer, and many other
radionuclides will decay completely before
arrival (Birdsell et al. 1995, DOE 1995b,
Rosenberg et al. 1993, and Devaurs 1989).  

The potential exists for contaminants to migrate
more quickly from alluvial groundwater bodies
through the rock matrix below to the main
aquifer.  Due to the hydrogeologic complexity
of the LANL area, these pathways are not fully
understood and may vary substantially from one
hydrogeologic setting to another.  Tritium in the
main aquifer was first reported in the 1992
LANL Environmental Surveillance Report.
This is when several advanced techniques not
commonly applied to groundwater samples

were first used.  The levels measured were l
than 2 percent of the EPA SDWA.

Although the exact recharge mechanism(s)
not known, some additional possible transpo
pathways from those discussed previously cou
be:  (1) contaminants infiltrating along we
shafts or boreholes, (2) contaminants movi
through the unsaturated (vadose) zone, a
(3) contamination infiltrating areas of high fau
or fracture density.  The tritium detected 
TW–3 and TW–8 in Los Alamos Canyon an
Mortandad Canyon, respectively, suggests
continual presence of a small recharg
contribution from the surface in the mai
aquifer from an unknown source.  As mentione
previously, one of the possible transpo
pathways is along the well bore of inadequate
constructed or inappropriately designed old
wells.  Many of the wells at LANL were
constructed as early as the 1940’s.  Tritium h
been detected in samples taken fro
observation wells LA–1A and Test Well
TW–1, TW–1A, TW–2, TW–2A, TW–4, and
TW–8.  In all of these cases, it is possible th
tritiated waters from the surface have seep
along the well bore due to an inadequate se
These wells, as well as borings and coreho
that might present a pathway for contaminatio
may need to be plugged and abandoned
accordance with the NMED and New Mexic
State Engineers Office requirements to ensu
that contaminant transport pathways 
intermediate depth perched groundwater and 
main aquifer are properly closed of
(LANL 1996f).

The primary solution to understanding th
extent of the effects of LANL activities on the
main aquifer is to obtain more site
characterization information (i.e., construc
more monitoring wells).  This new site
characterization information should provid
data for researchers to gain a bett
understanding of how contaminants a
transported from discharge sites.  Because of 
many questions concerning the hydrogeolog
characterization of the Pajarito Plateau, such
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the recharge mechanisms for the main aquifer
and the lack of hydrologic detail, LANL
personnel have prepared a Hydrogeologic
Workplan that was approved by NMED in
March 1998.  The workplan proposes the
installation of new wells to address these
uncertainties.  Well placement and other
characterization activities as presented in the
proposed plan will focus on providing more
information on the hydrogeologic and
stratigraphic settings (specifically, vertical
hydraulic gradients, saturated hydraulic
conductivities, vertical stratification, depth and
direction of groundwater flow, recharge to the
main aquifer, and water quality in the main
aquifer).  The workplan also proposes the
placement of additional wells between known
contaminated sources and water supply wells in
order to provide detection of approaching
contaminants (LANL 1998b).

4.3.2.4 Public Water Supply

DOE water supply system supplies potable
water from the main aquifer to LANL, the Los
Alamos townsite, the community of White Rock
and BNM.  Three well fields (Pajarito, Guaje,
and Otowi) constitute the current DOE water
supply system.  Other than chlorine disinfection
of the water supply, no other water treatment is
required.

DOE’s water rights allow the withdrawal of
about 5,540 acre feet or 1.8 billion gallons
(6.83 billion liters) per year from the main
aquifer (DOE 1995a).  In addition, DOE has a
contractual agreement for Rights to Water for
1,200 acre feet or 0.39 billion gallons
(1.48 billion liters) per year from the San Juan-
Chama Transmountain Diversion Project of the
U.S. Bureau of Reclamation (DOE 1995a).
DOE obtained these Rights to Water in 1976
based on a concern that future use would exceed
DOE’s water rights for the main aquifer.  No
infrastructure exists for conveyance of water
from the San Juan-Chama to LAC.  DOE has not

used and currently has no plans to use the S
Juan-Chama Rights to Water (PC 1996c). 

For the period from 1947 through 1994, LAC’s
BNM’s, and LANL’s combined water usage
peaked at 96 percent of DOE water rights 
1976.  From 1990 through 1994, total wat
rights usage ranged from 81 percent in 1993
91 percent in 1990.  LANL’s use has bee
approximately 500 million gallons (1.89 billion
liters) per year since the late 1970’s (PC 1996
Additional information on drinking water
supplies can be found in section 4.
Socioeconomics.

Historic water level measurements in ma
aquifer wells have indicated water leve
declines in the area due to pumping and natu
discharges exceeding recharge and inflo
From 1947 through 1991, average water lev
declines in the four DOE supply well field
ranged from 24 to 76 feet (7 to 23 meter
(Purtymun 1995).  Aquifer water level decline
are shown pictorially, as in Figure 4.3.2.4–
however, the water level declines ar
speculative.  As expected, water level declin
are most evident around water supply wells 
the middle and northern part of Los Alamo
County.  Dashed contour lines o
Figure 4.3.2.4–1 show declines on the order
100 feet in the areas around the Guaje wa
supply well field diminishing in all directions
away from it.  Since the Los Alamos well field
has been almost shut down (i.e., with th
exception of LA–5, which supplies Sa
Ildefonso - Totavi), water levels are returning 
near-normal levels toward the east in th
vicinity of the Rio Grande (Purtymun et a
1995).

Water storage calculations which were ma
(based on the USGS regional mod
[Frenzel 1995]) for the total 5,600-foo
(1,707-meter) thickness of the main aquif
indicate that approximately 21.8 trillion gallon
(82,513 million cubic meters) of water ar
contained in the LANL region beneath th
Pajarito Plateau (Frenzel 1995).  If DOE used 
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FIGURE 4.3.2.4–1.—Approximate Aquifer Water Level 
Decline from 1949–1950 to 1993.
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full water rights at a rate of 1,805 million
gallons (6.83 million cubic meters) per year, this
storage volume represents a 12,109-year supply.
However, because water quality will generally
worsen with increasing depth, the volume of
water suitable for drinking may be less.
Available data are insufficient for modeling
water quality degradation with depth, but water
supply wells screened as deep as 1,830 feet
(558 meters) into the main aquifer indicate that
water at that level would meet SDWA
standards.  By comparison, storage calculations
based on annual use at DOE water rights rate
indicate a water supply for 2,839 years for the
upper 1,275 feet (389 meters) of the main
aquifer and 4,453 years for the upper 2,000 feet
(610 meters) of the main aquifer.

A similar calculation for the water stored in the
Española Basin (in which the main aquifer lies)
indicates that 106 trillion gallons
(401,210 billion liters) of water are stored in this
aquifer.  If the water rights of all major users
(e.g., DOE, Santa Fe, and Española) were used
at their capacity, the upper 1,275 feet
(389 meters) of the Española Basin would be
capable of supplying water for 2,982 years; and
if the upper 2,000 feet (610 meters) of the water
in the Española Basin were used, the basin
would be capable of supplying water to current
users for 4,637 years (PC 1996a).  The
calculations, assumptions, and data used for the
Española Basin and main aquifer storage
analyses are presented in volume III,
appendix A.

Public Water Supply Quality

The DOE public water supply system is
monitored to ensure compliance with the
SDWA.  Samples are collected from wellheads,
the water distribution system, and residential
taps.  An evaluation of public water supply
quality data indicates that all constituents
analyzed were in compliance with applicable
standards, with the exception of bacteria, which
exceeded SDWA standards in August 1993.
The bacteria were observed in samples taken

from the distribution system for TA–33 an
TA–39, which are both served by a
infrequently used dead-end water main.  T
water was brought into compliance by flushin
and disinfecting the water main.  In response
this incident, LANL has increased minimum
chlorination concentrations, samplin
frequencies, and the frequency of flushing 
dead-end water lines to prevent bacter
overgrowth (Dale and Yanicak 1995
LANL 1994b, LANL 1995f, LANL 1996e,
LANL 1996i, and LANL 1993b).

DOE also monitors the drinking water wells fo
a number of radionuclides in order to asse
whether LANL operations impact the quality o
water in the main aquifer.  Sample results for t
radionuclides, which do not have limits unde
SDWA are compared to DOE-DCGs.  A
sample results from 1990 through 1994 indica
that radionuclide concentrations are well belo
the DCGs.

EPA has proposed standards for uraniu
(20 micrograms per liter) and rado
(300 picocuries per liter) in groundwate
(LANL 1995f).   The movement of groundwate
through uranium-rich rocks and sediments 
the eastern portion of the Española Basin resu
in locally high concentrations of natura
uranium and/or radon in the groundwate
During a study of residential wells in norther
Santa Fe County, total uranium concentratio
ranged from 0.1 to 930 micrograms per lite
(PC 1997d).  Analyses of water samples tak
from the DOE water supply wells indicate tha
water from these wells exceed the propos
radon standard by 1.4 to 4.2 time
(LANL 1995f).  If the proposed EPA standard i
adopted, treatment processes will need to 
added to the DOE water supply system in ord
for the public water supply system for LAC t
meet the radon standard.  Uranium and radon
these wells is naturally occurring.
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4.3.2.5 Regional Groundwater

In response to public and agency concerns about
potential off-site groundwater contamination,
data for the Buckman well fields and the
Pueblos of San Ildefonso, Santa Clara, Cochiti,
and Jemez were evaluated.  Evaluations of
groundwater quality, flow directions, and
supply indicate that the Pueblos of Santa Clara,
Cochiti, and Jemez are located outside of the
hydrogeologic influence of LANL.  Therefore, a
baseline characterization of groundwater
quality for these Pueblos is not included in this
evaluation.  

Buckman Well Field

The Buckman well field supplies approximately
41 percent of the city of Santa Fe’s municipal
drinking water supply.  The Buckman well field
is located east of LANL and the Rio Grande.  An
evaluation of NMED’s Safe Drinking Water
electronic database indicated that all samples
collected were in compliance with the SDWA
requirements for all constituents measured.
Additionally, a joint study conducted by UC and
NMED in 1990 found radionuclides in samples
taken from the Buckman wells, nearby springs,
and the Rio Grande to be below regulatory
standards (Gallegos 1990 and Gunderson 1993).

Pueblo of San Ildefonso Groundwater 
Quality

During the period of 1990 through 1994,
uranium was found in groundwater samples
collected from 6 of the 18 Pueblo of San
Ildefonso wells at concentrations that exceed
the proposed EPA SDWA standard
(20 micrograms per liter), and ranged from less
than 1.0 to 55 micrograms per liter.  Three of the
six wells are located east of the Rio Grande and
three wells are located west of the Rio Grande.

In May 1994, EPA sampled groundwater at a
18 Pueblo of San Ildefonso wells to investiga
possible groundwater contamination an
analyzed the samples for radionuclides.  N
plutonium or tritium was found in the
groundwater.  Uranium concentrations abo
background were detected in two of the wel
Based on uranium isotopic ratios in the sampl
EPA stated, “These data indicate that the sou
of excess uranium present in these sample
probably natural” (EPA 1995).  Regardin
possible contamination of groundwater from
LANL releases through surface water o
sediments pathways, EPA made the followin
statement that was based on the uranium isot
ratios in surface water and sediment sampl
“These data suggest that the elevated urani
concentrations are not a result of releases fr
the LANL operations and activities, but rathe
from a natural source that is different from th
of the background samples.  It is most like
from a geologic formation containing muc
higher than normal levels of uranium
(EPA 1995).

In 1994, SDWA standard for nitrate wa
exceeded in three of the Pueblo of San Ildefon
supply wells (LANL 1996e).  Potential source
of nitrates in Pueblo of San Ildefons
groundwater include agricultural fertilizers
septic tanks, and sewage treatment pla
discharges.  Existing data do not allow th
source(s) of nitrates detected in a sample to
identified.  Therefore, the source of the nitrat
in Pueblo of San Ildefonso groundwater 
unknown.  Analyses performed as a part of t
groundwater sampling program in 1994 an
1995 did not find nitrate concentrations th
exceeded the SWDA standard in the five ma
aquifer wells sampled on Pueblo of Sa
Ildefonso land (Dale and Yanicak 1995).
4–81



LANL SWEIS

z
et
os
 as
igh

e
is
ual
0
s).
y
e
t
he
es
e
s

rs)
r)
4.4 AIR QUALITY  AND CLIMATE

This section describes the air quality for LANL
and the surrounding areas.  The discussion
includes the climatology and meteorology of the
region, descriptions of radiological and
nonradiological air emissions from recent
operations, and a characterization of existing
levels of air pollutants.  Additional detail and
information on the material in this section are
presented in volume III, appendix B.

4.4.1 Climatology and Meteorology

Los Alamos has a semi-arid, temperate
mountain climate.  This climate is characterized
by seasonable, variable rainfall with
precipitation ranging from 10 to 20 inches (25 to
51 centimeters) per year.  The climate of the Los
Alamos townsite is not as dry (arid) as that part
near the Rio Grande, which is arid continental
(Nyhan et al. 1978).  Meteorological conditions
within Los Alamos are influenced by the
elevation of the Pajarito Plateau.
Climatological averages for atmospheric
variables such as temperature, pressure, winds,
and precipitation presented in this subsection
are based on observations made at the official
Los Alamos meteorological weather station
from 1961 to 1990.  The current official weather
station, which has five sample heights (36 feet,
76 feet, 151 feet, 160 feet, and 302 feet
[11 meters, 23 meters, 46 meters, 49 meters,
and 92 meters]), is located at TA–6.  Four other
meteorological towers are also used by LANL.
The locations of all five meteorological towers
are shown on Figure 4.4.1–1 (LANL 1992a).

Normal (30-year mean) minimum and
maximum temperatures for the communities of
Los Alamos and White Rock are presented in
Figure 4.4.1–2.  Temperatures in Los Alamos
vary with altitude, averaging 5 degrees
Fahrenheit (°F) (3 degrees Celsius [°C]) higher
in and near the Rio Grande Valley, which is
6,500 feet (1,981 meters) above sea level, and

5°F to 10°F (3°C to 5.5°C) lower in the Jeme
Mountains, which are 8,500 to 10,000 fe
(2,600 to 3,050 meters) above sea level.  L
Alamos townsite temperatures have dropped
low as -18°F (-28°C) and have reached as h
as 95°F (35°C) (LANL 1992a).

Normal (30-year mean) precipitation for th
communities of Los Alamos and White Rock 
presented in Figure 4.4.1–3.  The normal ann
precipitation for Los Alamos from 1961 to 199
was approximately 19 inches (48 centimeter
Annual precipitation rates within the count
decline toward the Rio Grande Valley, with th
normal precipitation for White Rock a
approximately 14 inches (34 centimeters).  T
Jemez Mountains receive over 25 inch
(64 centimeters of precipitation) annually.  Th
lowest recorded annual precipitation in Lo
Alamos townsite was 7 inches (17 centimete
and the highest was 30 inches (1 mete
(LANL 1992a).

A Look Back in Time

During the winter I was usually at my
breakfast table in time to watch the sun rise.
There in front of the window was the rugged
chain of the Rocky Mountains, a dark
silhouette about thirty miles away.  The sky
above them grew lighter and lighter; the
lightness began to contract to one particular
point; and then suddenly, with blinking
intensity, the first little segment of the sun.
Within two minutes the breakfast room was
filled with brilliant sunshine, every morning;
all through the winter there was hardly ever a
cloud to be seen, except for the occasional
snowstorm which supplied what we needed for
skiing.  In the evening we would see the
mountain chain turn red as the sun sank below
the horizon, a lovely spectacle which had
given the mountains the local name of el
Sangre de Cristo.  It was fascinating country,
unlike anything I had ever seen.

Source:  Frisch 1979
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FIGURE 4.4.1–1.—LANL Meteorological Stations.
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FIGURE 4.4.1–2.—Mean High and Low Temperatures for Los Alamos 
(1961 to 1990) and White Rock (1965 to 1990).

FIGURE 4.4.1–3.—Mean Precipitation for Los Alamos (1961 to 1990) 
and White Rock (1965 to 1990).
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Approximately 36 percent of the annual
precipitation for Los Alamos County and LANL
results from thundershowers that occur in July
and August.  Winter precipitation falls primarily
as snow.  Average annual snowfall is
approximately 59 inches (150 centimeters), but
can vary considerably from year to year.
Annual snowfall ranges from a minimum of
9 inches (24 centimeters) to a maximum of
153 inches (389 centimeters).  The single-storm
snowfall record is 4 feet (122 centimeters)
(LANL 1992a).

4.4.1.1 Wind Conditions

Meteorological wind conditions are important
with regard to air dispersion.  The direction and
strength of the wind are pertinent to air quality
analysis.  Los Alamos County winds average
7 miles per hour (3 meters per second).  Wind
speeds vary throughout the year, with the lowest
wind speeds occurring in December and
January.  The highest winds occur in the spring
(March through June) due to intense storms and
cold fronts.  The highest recorded wind in Los
Alamos County was 77 miles per hour
(34 meters per second).  Surface winds often
vary dramatically with the time of day, location,
and elevation due to Los Alamos’ complex
terrain.  Average wind direction and wind speed
for the five measurement stations are plotted in
wind roses and presented in Figure 4.4.1.1–1.  A
wind rose is a vector representation of wind
velocity and duration.  It appears as a circle with
lines extending from the center representing the
direction from which the wind blows.  The
length of each spoke is proportional to the
frequency at which the wind blows from the
direction indicated.  The frequency of calm
winds (less than 1 mile per hour [0.5 meter per
second]) is presented in the center of the wind
rose.  

In addition to seasonal changes in wind
conditions, surface winds often vary with the
time of day.  An up-slope air flow often
develops over the Pajarito Plateau in the

morning hours.  By noon, winds from the sou
usually prevail over the entire plateau.  Th
prevalent nighttime flow ranges from the wes
southwest to northwest over the western porti
of the plateau.  These nighttime winds resu
from cold air drainage off the Jemez Mountain
and the Pajarito Plateau.

Analyses of Los Alamos Canyon wind da
indicate a difference between the atmosphe
flow in the canyon and the atmospheric flo
over the Pajarito Plateau.  Cold air draina
flow is observed about 75 percent of the tim
during the night and continues for an hour 
two after sunrise until an up-canyon flow form
Nighttime canyon flows are predominantl
weak drainage winds from the west.  Because
the stability of these nighttime canyon flows an
the relatively weak mesa winds, th
development of rotors at night in the canyon
rare (LANL 1992a and LANL 1994b).  This
flow can develop into a turbulent longitudina
whirl or “rotor” that fills the canyon when the
wind over the Pajarito Plateau has a stro
cross-canyon component. 

The irregular and complex terrain and roug
forest surfaces in Los Alamos and surroundi
areas also affect atmospheric dispersion.  T
terrain and forests increase horizontal a
vertical turbulence and dispersion.  Th
dispersion generally decreases at low
elevations where the terrain becomes smoot
and less vegetated.  The canyons surround
LANL channel the air flow, which also limits
dispersion.  Clear skies and light winds, typic
of the summer season, enhance daytime vert
air dispersion, thus lowering the concentratio
at breathing height.

Light wind conditions under clear skies ca
create strong, shallow surface inversions th
trap the air at lower elevations and severe
restrict dispersion.  These light wind condition
occur primarily during the autumn and winte
months, with intense surface air inversion
occasionally occurring during the winter.  Ai
inversions are most severe during the night a
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FIGURE 4.4.1.1–1.—LANL Meteorological Stations with Associated Wind Rose Data.
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early morning.  Overall dispersion is greater in
the spring during strong winds.  However,
vertical dispersion is greatest during summer
afternoons (LANL 1992a).  Deep vertical
mixing occurs in the summer afternoons,
lowering concentrations at breathing height.

4.4.1.2 Severe Weather

Thunderstorms are common in Los Alamos
County, with an average of 60 thunderstorms
occurring in a year.  Lightning can be frequent
and intense.  The average number of lightning-
caused fires, for the years 1990 through 1994, in
the 2,727 acres (1,104 hectares) of BNM, is 12
per year (BNM 1995).  Because lightning can
cause occasional power outages, lightning
protection is an important design factor for most
facilities at LANL and the surrounding area.

Frequent hailstorms occur in Los Alamos
County that can produce measurable hail
accumulations on the ground.  Typically,
hailstones have diameters of approximately
0.25 inch (0.63 centimeter) and do not cause
heavy damage to property or plants.  An
extremely damaging hailstorm occurred in 1990
when golf ball- and baseball-sized hail
pummeled the White Rock area (LANL 1992a).

Large-scale flooding is not common in New
Mexico.  There are no recorded instances of
large-scale flooding in Los Alamos County.
However, flash floods from heavy
thunderstorms are possible in areas such as
arroyos, canyons, and low-lying areas.  For
example, in 1991 a heavy downpour, combined
with already saturated soil, caused flash
flooding that washed out sewer lines in Pueblo
Canyon, which is located between North Mesa
and Los Alamos townsite.  This incident caused
extensive flooding of streets and basements in
the Los Alamos townsite (LANL 1992a).

No tornadoes are known to have touched the
ground in the Los Alamos area.  However,

funnel clouds have been observed in Santa
County (LANL 1992a).

Remnants of hurricanes and tropical storm
originating in the Gulf of Mexico and the Pacifi
Ocean occasionally reach New Mexico durin
the summer and autumn.  These storms are w
by the time they reach northern New Mexic
and do not produce strong winds.  Howeve
these storms can produce widespread, stro
thunderstorms and heavy rains (LANL 1992a

4.4.2 Nonradiological Air Quality

LANL operations can result in the release 
nonradiological air pollutants that may affec
the air quality of the surrounding area
Information regarding the applicable air qualit
standards and guidelines and existin
nonradiological air quality will be presented i
this section.

4.4.2.1 Applicable Requirements 
and Guidelines

The Clean Air Act (CAA) mandated that EPA
establish National Ambient Air Quality
Standards (NAAQS) for pollutants o
nationwide concern.  These pollutants, know
as criteria pollutants, are carbon monoxid
sulfur dioxide, nitrogen dioxide, ozone, lead
and particulate matter.  As of September 1
1997, in addition to the particulate matter (PM
equal to or less than 10 microns in aerodynam
diameter (PM10) NAAQS, a new NAAQS
became effective for particulate matter equal
or less than 2.5 microns (2.5 micrometers) 
aerodynamic diameter (PM2.5).  These new
standards will not require imposition of loca
area controls until 2005, and complianc
determinations will not be required until 2008
The recently promulgated 8-hour 0.08 parts p
million ozone standard now applies in thos
areas in which EPA has identified that th
1-hour 0.12 parts per million ozone standa
does not apply (63 FR 31014).  Los Alamo
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County has been identified by EPA as an area
where the new 8-hour 0.08 parts per million
standard now applies.  A primary NAAQS has
been established for carbon monoxide and both
primary and secondary standards have been
established for the remaining criteria pollutants.
National primary air quality standards define
levels of air quality judged necessary, with an
adequate margin of safety, to protect public
health.  National secondary ambient air quality
standards define levels of air quality judged
necessary to protect public welfare from any
known or anticipated adverse effects of a
pollutant.  There are only three nonattainment
areas in New Mexico, and the area
encompassing LANL and Los Alamos County
is classified as an attainment area for all six
criteria pollutants.

The State of New Mexico has also established
ambient air quality standards for carbon
monoxide, sulfur dioxide, nitrogen dioxide,
total suspended particulates (which is not
PM10), hydrogen sulfide, and total reduced
sulfur.  Additionally, New Mexico established
guidelines for toxic air pollutants.  Toxic air
pollutants are chemicals that are generally
found in trace amounts in the atmosphere, but
that can result in chronic health effects or
increase the risk of cancer when they are present
in amounts that exceed established occupational
exposure limits.  Because of the financial
constraints and the unavailability of sufficient
information on the effects of toxic air pollutants,
New Mexico has yet to establish ambient
standards for toxic chemicals.  To approach this
issue, New Mexico has developed guidelines
that are used by the NMED for determining if a
new or modified source emitting a toxic
pollutant would be issued a permit (20 New
Mexico Administrative Code [NMAC]
2.72.402).   Additionally, the EPA has
established exposure levels for toxic air
pollutants, which are known or suspected
human carcinogens.

Almost all operations at LANL were in
existence before August 31, 1972.  Therefore,

air quality permits were not required.  Ai
quality permits were obtained from the State A
Quality Bureau for beryllium operations tha
were modified or constructed after August 3
1972.  In accordance with Title V of the CAA
as amended, and 20 NMAC 2.72.402, UC a
DOE submitted a CAA operating perm
application to NMED in December 1995.  Th
primary purpose of this permit program is t
identify all state and federal air quality
requirements applicable to LANL operations s
that a single site-wide permit can be grante
Under this permit, UC would track pollutan
emissions by reporting annual emissions, bas
on chemical purchase data,  knowledge 
operations, and suitable emission facto
NMED has conducted an initial review of thi
application and issued a Notice o
Completeness, but has yet to issue an opera
permit.

The New Mexico ambient air pollutan
guideline values were used to evaluate toxic 
pollutants in the SWEIS.  Additiona
information pertaining to applicable federal an
state air quality regulations is presented 
chapter 7.

4.4.2.2 Sources of Nonradiological 
Emissions

Criteria pollutants released from LANL
operations are emitted primarily from
combustion sources such as boilers, emerge
generators, and motor vehicles.  Table 4.4.2.2
presents information regarding the majo
existing combustion sources that were analyz
for the SWEIS.  Toxic air pollutant emission
from LANL activities are released primarily
from laboratory, maintenance, and was
management operations.  Unlike a producti
facility with well-defined operational processe
and schedules, LANL is a research an
development facility with great fluctuations in
both the types of chemicals emitted and th
emission rates.  DOE has a program to revie
all new operations for their potential to em
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toxic air pollutants.  Because past reviews
demonstrate that LANL’s toxic air pollutant
emissions are below the state’s permitting
threshold limits, DOE is not required to monitor
LANL’s toxic air pollutant emissions.
However, air toxic estimates were made based
on chemical use at LANL and assumed stack
and building parameters as discussed in
chapter 5, section 5.1.4.1.

4.4.2.3 Existing Ambient Air 
Conditions

Only a limited amount of monitoring of the
ambient air has been performed for
nonradiological air pollutants within the LANL
region.  NMED operated a DOE-owned ambient
air quality monitoring station adjacent to BNM
between 1990 and 1994 to record sulfur dioxide,
nitrogen dioxide, ozone, and PM10 levels
(Table 4.4.2.3–1).  LANL and NMED

discontinued operation of this station in fisc
year 1995 because recorded values were w
below applicable standards.  New Mexico Sta
had ambient air quality control standards f
beryllium, which were repealed in 1995.  T
ensure that LANL’s beryllium emissions did no
exceed those standards, ambient air monitor
of beryllium was performed at LANL from
1989 to December 1995.  This monitoring wa
performed at four on-site stations, fou
perimeter performed at four on-site station
four perimeter stations, and one regional statio
The recorded beryllium levels were low, and 
a result, beryllium monitoring was discontinue
after December 1995.

4.4.3 Radiological Air Quality

Individuals are continuously exposed t
airborne radioactive materials.  These materi
come  primarily from natural sources such 

TABLE  4.4.2.2–1.—Combustion Sources at LANL

MAJOR SOURCESa LOCATION FUEL POLLUTANTS OF INTEREST

Steam Plant TA–3–22–1 Natural gas/oil #2 Nitrogen dioxide
Sulfur dioxide

PM10
Total suspended particulates

Steam Plant TA–21–257–1 Natural gas/oil #2 Nitrogen dioxide
Sulfur dioxide

PM10
Total suspended particulates

Boiler TA–16–4 Natural gas Nitrogen dioxide

Boiler TA–16–5 Natural gas Nitrogen dioxide

Boiler TA–16–6 Natural gas Nitrogen dioxide

Boiler TA–16–13 Natural gas Nitrogen dioxide

Asphalt Heater TA–3–73–2 Oil #2 Nitrogen dioxide
Sulfur dioxide

PM10
Total suspended particulates

Water Pump TA–54–1013 Natural gas Nitrogen dioxide

PM10 = Particulate matter less than 10 microns in aerodynamic diameter
a Emissions from the following smaller combustion sources were also considered:

• 62 miscellaneous boilers at various technical areas (residential size);
• 149 standby emergency generators (7 natural gas, 50 diesel, and 92 gasoline-fueled). 
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radium and its daughters, including radon.
However, airborne radioactive materials can
also be emitted by manmade operations.  For
example, in 1993 the average Los Alamos
resident received a radiation dose of
200 millirems from exposure to naturally
occurring radon gas and a radiation dose of
0.15 millirems from LANL nuclear operations
(LANL 1995f).  Descriptions of the radiation
doses received by individuals within Los
Alamos County from recent routine LANL
operations are presented in this subsection.

Some LANL operations may result in the
release of radioactive materials to the air from
point sources such as stacks or vents or from
nonpoint (or area) sources such as the
radioactive materials in contaminated soils.  The
concentration of radionuclides in point-source
releases is continuously sampled or estimated
based on knowledge of the materials used and
the activities performed.  Nonpoint-source
emissions are directly monitored or sampled or
estimated from airborne concentrations

outdoors.  Radionuclide emissions from LAN
point and nonpoint sources include sever
radioisotopes such as tritium, uranium
strontium-90, and plutonium.

4.4.3.1 Radiological Emissions and 
Monitoring

Manmade sources of airborne radiologic
emissions include radioactive materials 
radiation-producing equipment.  At LANL,
radiation sources are used in operation
primarily to support nuclear weapons resear
and development.  Many LANL organization
or work groups use radioactive material
These work groups are located in TA
throughout LANL.

The number of stacks that are continuous
monitored for radiological air emissions varie
and is dependent on DOE operational and E
radiological air emission monitoring
requirements.  As of August 1996, 33 stac
were continuously monitored to measure the 

.
TABLE   4.4.2.3–1.—Nonradiological Ambient Air Monitoring Results at TA–49

(1991 Through 1994)

CONTAMINANT
AVERAGING 

TIME
UNIT

NEW 
MEXICO 

STANDARD

NAAQ STANDARD
1991 1992 1993 1994

PRIMARY SECONDARY

Sulfur Dioxide Annual ppm 0.02 0.03 0.001 0.0005 0.002 0.001

24 hours ppm 0.10 0.14 0.009

3 hours ppm 0.05

1 hour ppm 0.008 0.009 0.006 0.011

Nitrogen Dioxide Annual ppm 0.05 0.053 0.053 0.003 0.002 0.003 0.003

24 hours ppm 0.10 0.006

1 hour ppm 0.01 0.02 0.027 0.013

Ozone 1 hour ppm 0.12 0.12 0.087 0.076 0.077 0.09

PM10 Annual µg/m3 50 50 7 8 8 8

24 hours µg/m3 150 150 15 21 30 29

ppm = parts per million
µg/m3 = micrograms per cubic meter
PM10 = Particulate matter less than 10 microns in aerodynamic diameter
NAAQ = National Ambient Air Quality 
Sources:  LANL 1994b, LANL 1995f, LANL 1996e, and LANL 1993b
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emissions for radioactive materials.  DOE also
operates an ambient air monitoring program
(AIRNET) at LANL to measure the level of
radionuclides in the air.  In 1994, there were 35
on-site monitoring stations, 15 site perimeter
monitoring stations, and 3 off-site monitoring
stations at the Pueblos of San Ildefonso, Taos,
and Jemez.  Three background monitoring
stations are also operated in Española,
Pojoaque, and Santa Fe (Fong 1995).  As
activities with potential for increased releases
change, on-site, site perimeter, and off-site
monitoring stations will be added to the ambient
air monitoring program (AIRNET) consistent
with the requirements of the operational
changes.

Currently, the largest contributors to LANL
radiological point-source emissions are
LANSCE and the tritium operations.  LANL
nonpoint sources of radiological emissions
include fugitive emissions from the LANSCE
bay area and holding ponds, the PHERMEX
facility at TA–15,  the dynamic testing facility at
TA–36, and low-level radioactive waste (LLW)
disposal at Material Disposal Area (MDA) G.
A list of radionuclides emitted from LANL
operations during the period of 1990 through
1995 is presented in volume III, appendix B.

4.4.3.2 Radiological Emission 
Standards

Radiological air emission requirements are
specified in 40 CFR 61, Subpart H, “National
Emissions Standards for Emissions of
Radionuclides other than Radon from
Department of Energy Facilities.”  During 1991
and 1992, EPA cited DOE for exceeding the
dose standard in 1990 and for LANL operations
not being in full compliance with these
requirements.  Although there was a program
for measuring emissions of radioactive
materials, the program did not meet all of the
provisions of Subpart H, including sample
probe design criteria, placement, and quality
assurance requirements.  Upon enactment of

Subpart H, LANL began assessing its existin
air monitoring program in light of these new
regulations (enacted in December 1989), a
investigating the means to achieve complian
with those regulations.  In June 1996, DOE a
EPA signed a Federal Facility Complianc
Agreement that specifies how UC will meet th
requirements of 40 CFR 61, Subpart 
(EPA 1996a).  Since June 1996, DOE and U
have asserted that LANL operations are in fu
compliance.

4.4.3.3 Radiation Doses from LANL 
Airborne Emissions

EPA regulations for radionuclide air emission
(40 CFR 61, Subpart H) require that doses 
modeled in order to demonstrate complian
with the standard.  Doses are also direc
monitored as part of routine environment
monitoring but do not include some of th
modeled pathways.  The measured and mode
radiological doses for the maximally expose
individual (MEI) are presented in
Table 4.4.3.3–1 for the period of 1990 throug
1995.  The location of the LANL MEI is
assumed to be 2,625 feet (800 meters) nor
northeast from the LANSCE ES–3 stack, whe
the maximum dose from the air pathway 
received.  The CAA Assessment Package 
1988 (CAP–88), an EPA-approved model, w
used to calculate the dose to MEI.  Differe
assumptions are used to estimate the measu
and modeled doses.  The CAP–88 mod
assumes that the MEI is stationary througho
the year and does not account for shielding fro
clothing or buildings.  This model also assum
that the MEI ingests some food, milk
vegetables, and fruits grown at that locatio
inhales radioactive materials; and receiv
external exposure to radiation.  This model al
uses conservative dose conversion facto
Therefore, the modeled dose is generally high
than the actual measured dose.

Measured doses are based on actual monitor
data taken from the monitoring station at th
4–91
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MEI location.  This includes thermoluminescent
dosimeters (TLDs) and air sampling stations.
The measured doses do not take into account the
inhalation or ingestion (breathing in or eating)
of radioactive materials that are accounted for in
the modeled dose.

EPA requires that emissions of radioactive
materials to the ambient air from DOE facilities
shall not exceed those amounts that would cause
any member of the public to receive in any year
an effective dose equivalent of 10 millirem.
DOE received a notice of noncompliance from
EPA for its emissions during 1990.  This notice
was issued because DOE applied a shielding
factor (a factor that reduces the calculated dose
to take credit for materials, such as clothing or
walls of a residence, that can shield the MEI
from the effects of radioactive emissions) in
calculating the MEI dose without prior EPA
approval; the MEI dose without use of the
shielding factor exceeded the 10 millirem limit
for 1990.

4.4.4 Visibility

In accordance with CAA, as amended, and Ne
Mexico regulations, the BNM and Wildernes
Area have been designated as a Class I area 
wilderness areas that exceed 10,000 ac
(4,047 hectares) where visibility is considere
to be an important value (40 CFR 81 an
20 NMAC 2.74) and requires protection
Visibility is measured according to a standa
visual range, how far an image is transmitte
through the atmosphere to an observer so
distance away.  Visibility has been officially
monitored by the NPS at the BNM since 198
(Table 4.4.4–1 reflects average visibility from
1991 through 1994).  The view distance at BN
has been recorded from approximately 40 
103 miles (77 to 166 kilometers).  The visu
range has not deteriorated during the period 
which data are available (ARSI 1994).

TABLE  4.4.3.3–1.—Dose to the MEI from Exposure to LANL Airborne Radionuclide Emissions
(1990 Through 1995)

YEAR

MEASURED DOSEa MODELED DOSEb

DOSE
(millirem/year)

PERCENT OF EPA 
STANDARD

DOSE
(millirem/year)

PERCENT OF EPA 
STANDARD

1990 3.1 31 15.3c 153

1991 Not Above Backgroundd - 6.5 65

1992 Not Above Backgroundd - 7.9 79

1993 3.1 31 5.6 56

1994 3.5 35 7.6 76

1995 2.3 23 5.1 51

a Sources:  LANL 1994b, LANL 1995f, LANL 1996e, LANL 1996i, LANL 1993b, and LANL 1992b
b No shielding and an occupancy factor of 1.0 were used for calculating the modeled dose.
c This modeled dose is based on an MEI location that is 800 meters north/northeast of the LANSCE ES–3 stack.  In 1990, n
resided at this location.

d In 1991 and 1992, the monitoring devices at the MEI location did not show doses above the background levels.  This was
because the monitoring devices were not sensitive enough to pick up small doses.  
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TABLE  4.4.4–1.—Average Visibility Measurements at Bandelier National Monument
(1991 to 1994)

SEASON
1991 1992 1993 1994

miles kilometers miles kilometers miles kilometers miles kilometers

Winter 77 124 70 113 67 107 92 148

Spring 77 124 73 117 77 124 63 102

Summer 70 113 65 104 83 133 73 117

Fall 67 107 68 110 63 102 85 137

Source:  ARSI 1994
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4.5 ECOLOGICAL  RESOURCES AND 
BIODIVERSITY

4.5.1 Ecological Resources

LANL is located in a region of diverse
landform, elevation, and climate—features that
have contributed to producing in New Mexico
one of the world’s most diversified plant and
animal communities.  The combination of these
features, including past and present human use,
has given rise to correspondingly diverse, and
often unique, biological communities and
ecological relationships in Los Alamos County
and the region as a whole.  Plant communities
range from urban and suburban areas to
grasslands, wetlands, shrublands, woodlands,
and mountain forest, and provide habitat for a
wealth of animal life.  This richness of animal
life includes herds of elk and deer, bear,
mountain lions, coyotes, rodents, bats, reptiles,
amphibians, invertebrates, and a myriad of
resident, seasonal, and migratory bird life.  In
addition, numerous threatened, endangered,
species of concern, and other sensitive species
utilize LANL resources.  Because of restricted
access to LANL lands and management of
contiguous BNM for natural biological systems,
much of the region provides a refuge for
wildlife.

The interfingering of deep, steep-sided canyons
with narrow mesas that descend the east slopes
of the Jemez Mountains and an inversion of the
normal altitudinal distribution of vegetation
communities along the canyon floors result in
many transitional overlaps of plant and animal
communities and increased biological diversity.
It is this dominant feature of the Pajarito
Plateau, in combination with an elevational
descent of almost a mile from mountain ridges
to the Rio Grande, that has made a major
contribution to the species richness and diverse
ecological relationships that characterize the
Pajarito Plateau. 

4.5.1.1 A Regional Approach

Administrative boundaries do not often coincid
with ecological boundaries, which ar
frequently boundaries that vary in space a
time and at multiple scales.  LANL facilities
infrastructure, operations, and impac
(positive, negative, and undetermined) a
immersed in the patterns and processes o
complex and fragile regional landscap
Weather, geomorphic and elevational variatio
soils, plant, and animal communities, and ma
canyon systems are continuous across 
jurisdictional boundaries of LANL, the NPS
the USFS, the regional Pueblos, and oth
regional land stewards.  Seasonal migrati
routes for thousands of elk and deer in t
region and foraging or hunting ranges of bla
bears and mountain lions ignore ma
boundaries such as fences that define th
boundaries on the landscape.  Migratory bir
from as far away as Central and South Ameri
breed throughout the region during the spri
and summer.  Because of this ecologic
continuity and “interconnectedness” of pattern
of vegetation and wildlife populations, alon
with the ecological processes that shape a

Since the turn of the century, logging has been
an important industry on the Pajarito Plateau.
Sawmills were small and easily portable,
dragged from place to place to follow the
loggers.  The output, mostly poles and railroad
ties, was hauled by wagon to lumber yards
along the Denver and Rio Grande Western
Railroad.  One small mill site lies at the head of
Alamitos mesa.  This was McCurdy’s mill, one
of a number of logging camps that itinerant
lumberman H.T. McCurdy established on the
Pajarito Plateau in the 1920’s.  Now little
remains to mark the location but a round
clearing and some mill debris.  Elk bed in the
tall grass and western tanagers sing from the
tree tops.Source:  Los Alamos Outdoors
(Hoard nd)
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sustain them, the “site” to be analyzed in this
SWEIS is the larger regional ecosystem.

Two landscape-based organizational themes are
used to present the data in this section from a
regional ecosystem perspective:  watershed
units and major vegetation zones.  The general
area included for analysis is shown in
Figure 4.5.1.1–1, LANL Technical Areas and
Watersheds.  Descriptions of specific vegetation
ecosystem components such as air, soils and
sediments, and surface and groundwater can be
found in other subsections of this report and
associated technical reports.

Watershed Unit

Traditionally, environmental impact
assessments have considered air quality, water
resources, wildlife, and human communities as
separate entities for analysis.  Recognition of the
interconnectedness of land, water, and human
resources has encouraged many federal and
state agencies to undertake ecosystem or
watershed approaches to environmental
protection (CEQ 1997).  For example, EPA is
promoting multi-organizational, multi-
objective, watershed management projects
across the nation.  This shift toward
comprehensive watershed management has
helped lead EPA toward a “place-based
approach” to environmental problem solving
(EPA 1994). 

Watersheds are natural boundaries that provide
a common template for integrating multiple
tasks, including ecological resource description,
analysis, and management, thereby enhancing
efficiency and economy.  The complex canyon/
mesa topography and pronounced elevational
gradients of LANL region are particularly well
suited to this approach because regional
watersheds:

• Are relatively discrete landscape units with 
a hierarchical structure. 

• Are relatively closed systems in terms of 
many ecological components and processes 

such as hydrologic regime, nutrient cycling
contaminant transport, erosion, and 
sedimentation.

• Provide an ecologically consistent templat
for organizing information on ecosystem 
components, such as landscape-wide 
vegetation zones as well as resident and 
migratory wildlife populations (including 
threatened and endangered species, and 
wetlands).

The regional LANL ecosystem has been mo
precisely delineated by incorporating watersh
boundaries as shown in Figure 4.5.1.1–1.  
mapped, this area includes 14 region
watersheds bounded by Guaje Canyon on 
north, Frijoles Canyon on the south, the crest
the Jemez Mountains on the west, and the R
Grande on the east.  Because of th
downstream hydrologic connection to LANL
and the function boundary of Cochiti Dam, th
White Rock Canyon stretch of the Rio Grand
and Cochiti Lake were also included in th
analysis.  Summary information is presented
Table 4.5.1.1–1. 

Major Vegetation Zones

While watersheds traverse all or part of th
elevational gradient, major vegetation zones a
organized into elevation- and aspect-defin
bands across this gradient.  Increasi
temperature and decreasing moisture along 
approximately 12-mile (19-kilometer) wide
5,000-foot (1,500-meter) elevational gradie
from the peaks of the Jemez Mountains to t
Rio Grande are primarily responsible for th
formation of five broad bands, containing s
major vegetation zones.  These vegetation zo
are defined by the dominant vegetation speci
Plant and animal communities similar to thos
found throughout the southern Rocky Mounta
region live within these vegetation zone
(Bailey 1980).

From the western crest of the Pajarito Plateau
the Rio Grande, the six vegetation zones th
characterize the LANL region consist o
4–95
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montane grasslands, spruce-fir forest, mixed-
conifer forest (with aspen forest), ponderosa
pine forest, pinyon-juniper woodland, and
juniper savannah.  These vegetation zones are
depicted on Figure 4.5.1.1–2.  The major plant
communities of each watershed and areal
coverage are depicted in Table 4.5.1.1–2.  The
montane grassland, spruce-fir, and mixed
conifer vegetation zones are located primarily
west of LANL with little representation on the
laboratory proper.  The vegetation zones and
associated ecotones provide habitat, including
breeding and foraging territory, and migration
routes for a diversity of permanent and seasonal
wildlife species.  This diversity is illustrated by
the presence of over 900 species of vascular
plants; 57 species of mammals; 200 species of
birds, including 112 species known to breed in
Los Alamos County; 28 species of reptiles;
9 species of amphibians; over 1,200 species of
arthropods; and 12 species of fish (primarily

found in the Rio Grande, Cochiti Lake and th
Rito de los Frijoles).  No fish species have be
found within LANL boundaries.  

Characteristics of each zone are presented
Table 4.5.1.1–3.  The Fenton Hill site (TA–57
is on the southwestern side of the Valle
Caldera, on a mesa top location (Lake Fo
Mesa) on the Jemez Plateau.  This site is at
elevation of 8,660 feet (2,640 meters), and 
vegetation characteristics at this elevation a
those described in Table 4.5.1.1–
Table 4.5.1.1–4 is a summary of conditions f
each vegetation zone that existed about 18
human and natural disturbances that ha
altered these historic conditions, and curre
conditions resulting from these ecologica
perturbations.

4.5.1.2 Wetlands

Wetlands are transitional lands betwee
terrestrial and aquatic systems where the wa
table is usually at or near the surface or the la
is covered by shallow water.  For purposes 
the National Wetlands Inventory, conducted b
the FWS, which included an inventory o
wetlands in the LANL region, wetlands mus
have one or more of the following attributes:

• At least periodically, the land supports 
predominantly hydrophytes (plants adapte
to abundant water such as cattails and 
willows).

• The substrate is predominantly undrained
hydric soil (e.g., marshes, wet meadows).

• The substrate is nonsoil (e.g., gravel, 
stones) and is saturated with water or 
covered by shallow water at some time 
during the growing season of each year.

A 1990 survey (based on interpretation of aer
photographs) identified a total of 39 acre
(16 hectares) of wetlands within LANL
boundaries (FWS 1990).  A 1996 field surve
by LANL personnel identified an estimate
50 acres (20 hectares) of wetlands with

TABLE  4.5.1.1–1.—Regional Watershed 
Summary

WATERSHED
AREA 

(square feet)
AREA 
(acres)

Ancho 188,052,531 4,317

Barrancas 137,219,762 3,150

Bayo 110,280,543 2,532

Cañada del Buey 119,458,359 2,742

Chaquehui 43,866,574 1,007

Frijoles 532,030,496 12,214

Guaje 736,234,029 16,902

Los Alamos 391,865,822 8,996

Mortandad 168,145,908 3,860

Pajarito 357,109,578 8,198

Potrillo 125,618,752 2,884

Pueblo 232,544,591 5,338

Sandia 153,152,776 3,516

Water 402,236,668 9,234

White Rock Canyon 449,075,835 10,309

Total Area 4,146,892,223 95,200
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TABLE  4.5.1.1–2.—Areal Extent of Major Vegetation Zones by Watershed

WATERSHED
VEGETATION RANGE

(BASED ON ELEVATION)
AREA

(square feet)
AREA 
(acres)

Ancho Juniper Savannah 14,297,807 328

Ancho Pinyon-Juniper Woodland 133,915,070 3,074

Ancho Ponderosa Pine Forest 39,839,654 915

Barrancas Juniper Savannah 10,073,560 231

Barrancas Pinyon-Juniper Woodland 102,969,882 2,364

Barrancas Ponderosa Pine Forest 24,176,321 555

Bayo Juniper Savannah 22,090,862 507

Bayo Pinyon-Juniper Woodland 52,558,313 1,207

Bayo Ponderosa Pine Forest 35,631,368 818

Cañada del Buey Juniper Savannah 2,692,403 62

Cañada del Buey Pinyon-Juniper Woodland 96,741,792 2,221

Cañada del Buey Ponderosa Pine Forest 20,024,164 460

Chaquehui Juniper Savannah 2,092,897 48

Chaquehui Pinyon-Juniper Woodland 41,773,677 959

Frijoles Juniper Savannah 11,871,528 273

Frijoles Mixed Conifer Forest (includes Aspen) 249,513,490 5,728

Frijoles Pinyon-Juniper Woodland 79,998,306 1,837

Frijoles Ponderosa Pine Forest 157,547,985 3,617

Frijoles Spruce Fir Forest & Montane Grasslands 33,099,186 760

Guaje Juniper Savannah 46,782,112 1,074

Guaje Mixed Conifer Forest (includes Aspen) 325,620,902 7,475

Guaje Pinyon-Juniper Woodland 68,220,346 1,566

Guaje Ponderosa Pine Forest 181,335,133 4,163

Guaje Spruce Fir Forest & Montane Grasslands 114,275,536 2,623

Los Alamos Juniper Savannah 68,170,275 1,565

Los Alamos Mixed Conifer Forest (includes Aspen) 99,349,119 2,281

Los Alamos Pinyon-Juniper Woodland 70,685,022 1,623

Los Alamos Ponderosa Pine Forest 57,650,780 1,323

Los Alamos Spruce Fir Forest & Montane Grasslands 96,010,627 2,204

Mortandad Juniper Savannah 8,610,636 198

Mortandad Pinyon-Juniper Woodland 114,783,354 2,635

Mortandad Ponderosa Pine Forest 44,751,918 1,027

Pajarito Juniper Savannah 11,269,977 259

Pajarito Mixed Conifer Forest (includes Aspen) 119,271,954 2,738

Pajarito Pinyon-Juniper Woodland 82,916,322 1,903

Pajarito Ponderosa Pine Forest 118,337,174 2,717

Pajarito Spruce Fir Forest & Montane Grasslands 25,314,152 581
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Potrillo Juniper Savannah 911,331 21

Potrillo Pinyon-Juniper Woodland 95,475,889 2,192

Potrillo Ponderosa Pine Forest 29,231,531 671

Pueblo Mixed Conifer Forest (includes Aspen) 67,279,650 1,545

Pueblo Pinyon-Juniper Woodland 56,892,435 1,306

Pueblo Ponderosa Pine Forest 108,372,506 2,488

Sandia Juniper Savannah 12,911,421 296

Sandia Mixed Conifer Forest (includes Aspen) 63,567 1

Sandia Pinyon-Juniper Woodland 95,838,989 2,200

Sandia Ponderosa Pine Forest 44,338,799 1,018

Water Juniper Savannah 8,447,744 194

Water Mixed Conifer Forest (includes Aspen) 184,932,126 4,245

Water Pinyon-Juniper Woodland 78,110,286 1,793

Water Ponderosa Pine Forest 96,311,587 2,211

Water Spruce Fir Forest & Montane Grasslands 34,434,926 791

White Rock Canyon Juniper Savannah 316,447,111 7,265

White Rock Canyon Pinyon-Juniper Woodland 132,628,723 3,045

Total Area 4,146,892,223 95,200

TABLE  4.5.1.1–2.—Areal Extent of Major Vegetation Zones by Watershed-Continued

WATERSHED
VEGETATION RANGE

(BASED ON ELEVATION)
AREA

(square feet)
AREA 
(acres)
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LANL boundaries, based on the presence of
wetland vegetation (hydrophytes).  The LANL
survey determined that more than 95 percent of
the identified wetlands are located in the Sandia,
Mortandad, Pajarito, and Water Canyon
watersheds (Bennett 1996).   Wetland locations
in the general area of LANL are shown on
Figure 4.5.1.2–1.

Wetlands in the general LANL region provide
habitat for reptiles, amphibians, and
invertebrates (e.g., insects), and potentially
contribute to the overall habitat requirements of
the peregrine falcon, Mexican spotted owl,
southwestern willow flycatcher, and spotted bat,
all of which are federal- or state-listed species,
or both.  Wetlands also provide habitat, food,
and water for many common species such as
deer, elk, small mammals, and many migratory
birds and bats.  The majority of the wetlands in
the LANL region are associated with canyon
stream channels or are present on mountains or
mesas as isolated meadows containing ponds or
marshes, often in association with springs or
seeps.  Cochiti Lake and the area near the LANL
Fenton Hill site (TA–57) support lake-
associated wetlands.  There are also some
springs within White Rock Canyon.

Currently, about 13 acres (5 hectares) of
wetlands within LANL boundaries are caused
or enhanced by process effluent wastewater
from 38 NPDES-permitted outfalls.  These
artificially created wetlands are afforded the
same legal protection as wetlands that stem
from natural sources.  In 1996, the effluent from
NPDES outfalls, both storm water and process
water, contributed 108 million gallons
(407 million liters) to wetlands within LANL
boundaries (Garvey 1997).  Nearly half of the
NPDES outfalls at LANL are probable sources
of drinking water for large mammals (Foxx and
Edeskuty 1995).  Data regarding the wetlands
that occur within the LANL region are
presented by watershed in Table 4.5.1.2–1.
Information pertaining to wetlands in the
general LANL area and their previous
condition, current condition, and the human

disturbances that have influenced and shap
them are presented in Table 4.5.1.2–2.

4.5.1.3 Canyons

The complex interactions of geology, wate
climate, vegetation, and other living organism
are still carving the deep, vein-like canyo
systems into the relatively soft Bandelier Tuff o
the Pajarito Plateau.  From their narrow, thick
forested beginnings on the flanks of the Jem
Mountains, to their confluence with the Ri
Grande, major canyons are associated with 
six major vegetation zones present in the LAN
region.  The plateau canyons range in dep
from about 200 to 600 feet (60 to 180 meter
The steeply sloping, north-facing canyon wal
and canyon bottoms are shadier and cooler a
have higher levels of humidity and soil moistu
than the often nearly vertical, south-facin
canyon walls, which are sunnier, hotter, an
more arid.  These differences in slope, aspe
sunlight, temperature, and moisture cause
dramatic shift in major vegetation zones o
canyon walls and in canyon bottoms beyon
their typical range of elevation.  This “canyon
effect” is responsible for the fingers o
coniferous forest extending down region
canyons.

Canyons in this region reflect the effects 
natural and human-caused disturbances on 
surrounding environment.  Data on th
interactions of the disturbances within th
region and some effects of these interactions
canyon ecosystems is presented 
Table 4.5.1.3–1.

While the Rito de los Frijoles in BNM and th
Rio Grande are the only truly perennial stream
in the region, many canyon floors conta
reaches of perennial surface water, such as 
perennial streams draining LANL property from
lower Pajarito and Ancho Canyons to the R
Grande (Cross et al. 1996).  Wetlands a
common features of these isolated stretches
perennial water in the canyons where sprin
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FIGURE 4.5.1.2–1.—LANL Technical Areas and Watersheds with Wetland Locations.
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TABLE  4.5.1.2–2.—Wetlands—Disturbance and Current Ecological Conditions

PREVIOUS 
CONDITION 

(ABOUT 1850)
HUMAN DISTURBANCES

CURRENT CONDITION 
RESULTING FROM HUMAN 

DISTURBANCES

AFFECTED 
MANAGEMENT 
JURISDICTIONS

• More streamside 
wetlands

• Fewer mesa top 
wetlands

• Grazing by cattle and sheep

• Fire suppression

• Land development 
(e.g., roads, buildings)

• NPDES outfall effluents

• Contamination

• Dams

• Introduction of exotic plants 
and resulting reduction of 
native plants

• Agriculture

• Destruction of wetlands by cattle 
and sheep

• Increased number of trees in region 
reducing surface water available for 
wetlands within the canyons

• Diverting of water away from 
historic channels

• Of 87 LANL NPDES outfalls, 38 
support 13 acres (5.3 hectares) of 
wetlands

• Presence of Cochiti Lake resulting 
in development of large wetlands in 
White Rock Canyon and in Santa 
Fe River arm of lake

• DOE/LANL

• LAC

• BNM

• Santa Fe National 
Forest

• Corps of Engineers

• Pueblo of Santa Clara

• Pueblo of San Ildefonso

• Pueblo of Cochiti

• Pueblo of Jemez

• Private lands

Sources:  Allen 1989, Jacobs 1989, Durkin et al. 1995, Crawford et al. 1993, and Hink and Ohmart 1984

TABLE  4.5.1.3–1.—Canyons—Disturbance and Current Ecological Conditions

PREVIOUS 
CONDITION 

(ABOUT 1850)

HUMAN AND 
NATURAL 

DISTURBANCES

CURRENT CONDITION 
RESULTING FROM HUMAN 

AND NATURAL 
DISTURBANCES

AFFECTED 
MANAGEMENT 
JURISDICTIONS

• Lower tree 
density

• Natural stream 
flow

• Surface fires 
every 7 to 
19 years

• Floristically 
diverse 
vegetation in 
canyon mouth 
deltas near the 
Rio Grande 
(cottonwoods, 
willows, 
junipers, 
ponderosa pines)

• Diverse aquatic 
and terrestrial 
habitats and 
wildlife

Human

• Grazing by cattle and 
sheep and farming in 
canyon bottoms

• Fire suppression

• Land development 
(e.g., roads, buildings)

• Increased recreational 
use

• Contamination

• Flood control in White 
Rock Canyon

Natural

• Climate variability

• Flash floods

• Lightning-caused fires

• Occasional landslides

• Increased tree density in canyon 
bottoms

• Ingrowth of nonnative trees

• Increased tree density and decrease 
in habitat richness

• Alteration of surface water flow and 
reduction of size of habitats

• Increased stress on habitats and 
wildlife

• Drought resulting in soil erosion 
and increased availability of 
sediments and concentrated wildlife 
use of canyons

• Soil erosion, sedimentation of 
stream channels, and reduction of 
grasses

• Large-scale fires

• Soil erosion and altered stream flow

• DOE/LANL

• LAC

• BNM

• Santa Fe National Forest

• Pueblo of Santa Clara

• Pueblo of San Ildefonso

• Pueblo of Cochiti

• Pueblo of Jemez

• Private lands

• Corps of Engineers

Sources:  Allen 1989, Durkin et al. 1995, and Promislow and Fettig 1996
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and seeps return groundwater to the surface
throughout the year.  As stated, many wetlands
are caused or enhanced by process effluent
water from 38 NPDES-permitted outfalls.
Surface water flow occurs in canyon bottoms
seasonally, or intermittently, as a result of
spring snowmelt and summer rain.  A few, short
sections of riparian vegetation of cottonwood
and willow and other water-loving plants are
present in scattered locations on LANL as well
as along the Rio Grande in White Rock Canyon.
The relatively abundant moisture concentrated
between the temperature moderating canyon
walls allows a diverse array of plant and animal
species to exist in these canyons at elevations
that exceed the normal upper and lower
elevational limits for these species.  

Wildlife is abundant and diverse in the canyons.
The canyons contain a more complex mix of
habitats than the adjacent mesa tops and provide
nest and den sites, food, water, and travel
corridors.  Mammals and birds are especially
evident in these environments.  Large
mammals, such as black bears (Ursus
americanus), mountain lions (Felis concolor),
bobcats (Lynx rufus), coyotes (Canis latrans),
raccoons (Procyon lotor), elk (Cervus elaphus
nelsoni), and mule deer (Odocoileus hemionus)
are known to use some portion of nearly all
regional canyons.

Regional canyon systems also are essential to a
variety of state-protected and federally
protected species.  The north-facing slopes of
these canyons provide habitat for isolated
populations of rare species, like the state-
endangered yellow lady slipper orchid
(Cypripedium calceolus L. var. pubescens
(Willd.) Correll) as well as the Jemez
Mountains salamander (Plethodon
neomexicanus), a federal species of concern and
state-threatened species (section 4.5.2).
Mexican spotted owls (Strix occidentalis
lucida) and American peregrine falcons (Falco
pereginus anatum) are known to nest in the
canyons of the region, and bald eagles
(Haliaeetus leucocephalus) roost in canyon

mouths along the Rio Grande during th
winter.  The southwestern willow flycatche
(Empidonax traillii extimus) is a likely migrant.
Numerous bat species, including nine fede
species of concern, use canyons in this reg
for roosting, breeding, and foraging. 

4.5.1.4 Rio Grande

The watersheds draining the Jemez Mounta
and the Pajarito Plateau are tributary to the R
Grande, the fifth largest watershed in Nor
America (Durkin et al. 1995).  Approximately
11 miles (18 kilometers) of LANL’s eastern
boundary border on the rim of White Roc
Canyon or descend to the Rio Grande.  T
riverine, lake, and canyon environment of th
Rio Grande as it flows through White Roc
Canyon makes a major contribution to th
biological resources and significantl
influences ecological processes of the LAN
region.

The Rio Grande, like most rivers in Nort
America, has been significantly altere
throughout much of its length.  The collectiv
actions of humans, particularly since abo
1850, have significantly altered, and continue
alter, its hydrogeologic regime and plant an
animal communities as a consequence of wa
storage and flood control facilities, irrigate
agriculture, watershed degradation, drainag
floodplain development, fragmentation, and th
introduction of nonnative plants and animal
These consequences are particularly evid
south of LANL in the middle Rio Grande
Valley.  The relatively recent construction o
Cochiti Dam at the mouth of White Roc
Canyon for flood and sediment contro
recreation, and fish and wildlife purposes, h
contributed to these changes and h
significantly changed the features of Whit
Rock Canyon and introduced new ecologic
components and processes.  Water stora
particularly high floodwater storage durin
1979 and 1985 to 1987, inundated riparia
vegetation dominated by one-seeded junip
4–110
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(Juniperus monosperma Engelm. Sarg.) and
isolated individuals and small stands of
cottonwood (Populus fremontii var. Wislizenii
Wats.), willow (Salix spp.), boxelder (Acer
negundo L.), and ponderosa pine (Pinus
ponderosa Laws. var. Scopulorum Engelm.),
and associated understory vegetation.  Some of
the denser concentrations of riparian vegetation
were located at the mouths of tributary canyons.
Sediment deposited along the banks of the river
has been colonized by nonnative plants such as
salt cedar (Tamarix pentandra Pall.), Russian
olive (Eleagnus angustifolia L.), and mullein
(Verbascum thapsus L.).

Water storage in Cochiti Lake has greatly
expanded aquatic communities and has fostered
the development of two large wetlands, one on
the Santa Fe River arm of the lake and the other
at the expanding delta at the head of Cochiti
Lake.  The presence of these aquatic features

has benefited a wide diversity of wildlife
including waterfowl, shorebirds, and threatene
and endangered species such as the bald e
and the peregrine falcon.

Summary information pertaining to the past an
present conditions of the Rio Grande 
presented in Table 4.5.1.4–1.  This tab
generally focuses on the Rio Grande abo
Cochiti Dam.

4.5.1.5 Protected and Sensitive 
Species

The presence and use of LANL by protected a
sensitive species is influenced not only by t
actual presence and operation of the facility, b
by management of contiguous lands a
resources, and, importantly, by 150 years 
human use. 

TABLE  4.5.1.4–1.—Rio Grande Disturbance and Current Ecological Conditions

PREVIOUS 
CONDITION

HUMAN AND 
NATURAL 

DISTURBANCES

CURRENT CONDITION 
RESULTING FROM 

ECOLOGICAL DISTURBANCES

AFFECTED 
MANAGEMENT 
JURISDICTIONS

• Natural flow regime 
with spring floods of 
limited depth and 
duration

• Several springs along 
lower canyon walls

• Deeper channel 
through most of 
White Rock Canyon, 
numerous rapids

• Streamside vegetation 
(cottonwoods, 
willows, junipers, 
grasslands)

• Natural fire cycle

• Diverse aquatic and 
terrestrial habitats and 
wildlife

Human

• Dams and other 
structures for irrigation, 
flood and sediment 
control

• Extensive upstream and 
downstream floodplain 
agriculture

• Introduction of non-
native plants and fish

• Increased recreational 
use

• Contamination

Natural

• Climate variability

• Flash floods

• Lightning-caused fires

• Seasonal flooding

• Altered flow and flood regime, 
flood-kill of streamside and canyon 
mouth vegetation (cottonwoods, 
willows, junipers, ponderosa pines)

• Expansion of habitat for threatened 
and endangered species

• Sedimentation of channel and banks

• Introduction of invasive nonnative 
plants and trees (e.g., salt cedar, 
Russian olive)

• Reduction of native fish species

• Transport of contaminants 
downstream of sources (e.g., 
fertilizers, LANL legacy 
contaminants)

• Reduction of rapids

• Creation of two large wetlands at  
Cochiti Lake that attract resident and 
migratory waterfowl and wintering 
bald eagles

• DOE/LANL

• LAC

• BNM

• Santa Fe National 
Forest

• Pueblo of Santa 
Clara

• Pueblo of San 
Ildefonso

• Pueblo of Cochiti

• Private lands

• Corps of Engineers

Sources:  Allen 1989, Durkin et al. 1995, Jacobs 1989, and Promislow and Fettig 1996
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A number of regionally protected and sensitive
(rare or declining) species have been
documented in the LANL region.  These consist
of 3 federally endangered species, 2 federally
threatened species, and 18 species of concern
(species that may be of concern to FWS but do
not receive recognition under the Endangered
Species Act, and that FWS encourages agencies
to include in NEPA studies).  Species listed as
endangered, threatened, or rare or sensitive by
the State of New Mexico are also included in
this listing.  The New Mexico “sensitive” taxa
are those taxa that, in the opinion of a qualified
New Mexico Department of Game and Fish
(NMDGF) biologist, deserve special
consideration in management and planning, and
are not listed as threatened or endangered by the
State of New Mexico.   A summary of the
available habitat and pertinent siting
information for these species is presented in
Table 4.5.1.5–1.  DOE and LANL coordinate
with the NMDGF and FWS to locate and
conserve these species (LANL 1998c).

For the consultation procedures of the
Endangered Species Act of 1973 (42 U.S.C.
§1531) and section 7(c) of the 1978
amendments, DOE has compiled information
on five threatened and endangered species that
are present, or potentially present, on LANL to
assess possible effects that the proposed action,
including the two project-specific proposals,
would have on these species.  None of these
species have been found on or in the vicinity of
Fenton Hill site (LANL 1995g).  A biological
assessment has been formally submitted to the
FWS.  The FWS provided comments on this
biological assessment as part of its response to
the draft SWEIS.  These comments are being
addressed and an amended biological
assessment will be submitted to the FWS in
continuation of the Section 7 consultation
process. 

Species Listed as Endangered or Threatened
Under the Endangered Species Act

The species listed below utilize LANL a
seasonal residents or during migration.

Endangered Species.  American Peregrine
Falcon (Falco peregrinus anatum).  The
peregrine falcon (state-listed as threatened) i
summer resident and migrant on the Pajar
Plateau.  Peregrines do not nest within LAN
boundaries but do nest on surrounding lands
the Jemez Mountains.  Both adult and immatu
birds have been observed foraging on LAN
with the entire site providing suitable foragin
habitat (LANL 1998c).   The preferred prey o
peregrine falcons includes doves, pigeons, a
waterfowl, all captured in flight. Peregrine
falcons also use the Rio Grande corridor duri
migration.

The southwestern willow flycatche
(Empidonax traillii extimus) (state-listed as
endangered) occurs in riparian habitats alo
rivers, streams, or other wetlands, where den
growths of willows (Salix and Baccharis sp.),
arrowweed (Pluchea sp.), tamarisk (Tamarix
sp.), or other plants are present, often with
scattered overstory of cottonwood (Populus
sp.).  A possible migrant southwestern willo
flycatcher was located on LANL during May
1997.  Potential suitable nesting habitat 
present on LANL but, in general, is limited
Southwestern willow flycatchers have bee
observed at higher elevations in the Jem
Mountains west of LANL and at lower
elevations along the Rio Grande in the vicini
of Española.

Whooping cranes (Grus americana) in New
Mexico (state-listed as endangered) are part
an experimental “cross-fostering” populatio
that was established at Grays Lake Nation
Wildlife Refuge, Idaho, in 1975.  These bird
migrate southward to winter in New Mexico i
the autumn, and most winter in the middle R
Grande Valley.  Here, whooping cranes occu
the same habitats as their foster-parent sand
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TABLE  4.5.1.5–1.—Protected and Sensitive Species

SPECIES

FEDERAL 
STATUS/ 
SPECIES 

OF 
CONCERN

STATE 
STATUS

HABITAT NEEDS COMMENTS

ANIMAL  SPECIES

American Peregrine 
Falcon (Falco 
peregrinus anatum)

Endangered Threatened • Uses the juniper savannah, 
pinyon-juniper woodland, 
ponderosa pine forest, and 
mixed-conifer forest 
vegetation zones

• Requires cliffs for nesting

• Forages on LANL.  Nests 
and forages on adjacent 
lands.

Whooping Crane (Grus 
americana)

Endangered Endangered • Requires rivers and 
marshes

• Roosts on sand bars

• Migratory visitor along the 
Rio Grande and Cochiti 
Lake

Southwestern Willow 
Flycatcher (Empidonax 
traillii extimus)

Endangered Endangered • Requires riparian areas and 
vegetation

• Requires dense riparian 
vegetation

• Potential presence on 
LANL and White Rock 
Canyon

• Potential nesting area on 
LANL

• Present in Jemez 
Mountains

• Present in riparian zone 
near Española

Bald Eagle (Haliaeetus 
leucocephalus)

Threatened Threatened • Rivers and lakes • Observed as a migratory
and winter resident along 
the Rio Grande and on 
adjacent LANL lands

Mexican Spotted Owl 
(Strix occidentalis 
lucida)

Threatened Sensitive 
(informal)

• Mixed conifer, ponderosa 
pine

• Prefers tall, old-growth 
forest in canyons and moist 
areas for breeding

• Forages in forests, 
woodlands, and rocky 
areas

• Breeding resident on 
LANL, LAC, BNM, and 
Santa Fe National Forest 
(SFNF) lands

• Critical habitat designated 
on SFNF lands

Jemez Mountain 
Salamander (Plethodon 
neomexicanus)

Species of 
Concern

Threatened • Uses the mixed-conifer 
forest vegetation zone

• Requires north-facing, 
moist slopes

• Permanent resident on 
LANL, LAC, BNM, and 
SFNF lands

Baird’s Sparrow 
(Ammodramus bairdii)

Species of 
Concern

Threatened • Uses the pinyon-juniper 
woodland, ponderosa pine 
forest and mixed-conifer 
forest vegetation zones

• Observed on SFNF lands
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Spotted Bat (Euderma 
maculatum)

Species of 
Concern

Threatened • Uses the pinyon-juniper 
woodland, ponderosa pine 
forest, and spruce-fir forest 
vegetation zones

• Requires riparian areas

• Roosts in cliffs near water

• Permanent resident on 
BNM and SFNF lands

• Seasonal resident on 
LANL

New Mexico Jumping 
Mouse (Zapus 
hudsonius luteus)

Species of 
Concern

Threatened • Uses the mixed-conifer and 
spruce-fir forest vegetation 
zones

• Requires riparian areas

• Requires water nearby

• Permanent resident on 
LAC and SFNF lands

• Overwinters by hibernating

Flathead Chub 
(Platygobio gracilis)

Species of 
Concern

Unlisted • Requires access to 
perennial rivers

• Permanent resident of the 
Rio Grande between 
Española and the Cochiti 
Reservoir

Ferruginous Hawk 
(Buteo regalis)

Species of 
Concern

Unlisted • Uses the juniper savannah 
and pinyon-juniper 
woodlands vegetation 
zones

• Observed as a breeding 
resident on LAC, LANL, 
BNM, and SFNF lands

Northern Goshawk 
(Accipiter gentilis)

Species of 
Concern

Sensitive 
(informal)

• Uses the mixed-conifer, 
ponderosa pine, spruce-fir 
forest vegetation zones

• Observed as a breeding 
resident on LAC, LANL, 
BNM, and SFNF lands

White-Faced Ibis 
(Plegadis chihi)

Species of 
Concern

Unlisted • Requires perennial rivers 
and marshes

• Summer resident and 
migratory visitor on the 
Rio Grande and SFNF 
lands

Loggerhead Shrike 
(Lanius ludovicianus)

Species of 
Concern

Unlisted • Uses the juniper savannah, 
pinyon-juniper woodland, 
ponderosa pine forest, and 
mixed-conifer forest 
vegetation zones

• Observed on LAC, BNM, 
and SFNF lands

Big Free-Tailed Bat 
(Nyctinomops macrotis)

Species of 
Concern

Sensitive 
(informal)

• Uses the juniper savannah, 
pinyon-juniper woodland, 
and ponderosa pine forest, 
and mixed-conifer forest 
vegetation zones

• Roosts on cliffs

• Migratory visitor on LAC, 
BNM, and SFNF lands

Fringed Myotis (Myotis 
thysanodes)

Species of 
Concern

Sensitive 
(informal)

• Uses the juniper savannah, 
pinyon juniper woodland, 
ponderosa pine forest 
vegetation zones

• Roosts in caves and 
buildings

• Observed on LANL, BNM, 
and SFNF lands

TABLE  4.5.1.5–1.—Protected and Sensitive Species-Continued

SPECIES

FEDERAL 
STATUS/ 
SPECIES 

OF 
CONCERN

STATE 
STATUS

HABITAT NEEDS COMMENTS
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Long-Eared Myotis 
(Myotis evotis)

Species of 
Concern

Sensitive 
(informal)

• Uses the ponderosa pine 
forest, mixed-conifer, and 
spruce-fir forests 
vegetation zones

• Roosts in dead ponderosa 
pine trees

• Summer resident on 
LANL, BNM, and SFNF 
lands

Long-Legged Myotis 
(Myotis volans)

Species of 
Concern

Sensitive 
(informal)

• Uses the pinyon-juniper 
woodland, ponderosa pine 
forest, and mixed-conifer 
forest vegetation zones

• Roosts in dead conifer 
trees

• Summer resident on 
LANL, LAC, BNM, and 
SFNF lands

Small-Footed Myotis 
(Myotis ciliolabrum)

Species of 
Concern

Sensitive 
(informal)

• Uses the juniper savannah, 
pinyon-juniper woodland, 
ponderosa pine forest, and 
mixed-conifer forest 
vegetation zones

• Roosts in cliffs and caves

• Observed on LANL, BNM, 
and SFNF lands

• Overwinters by hibernating

Yuma Myotis (Myotis 
yumanensis)

Species of 
Concern

Sensitive 
(informal)

• Uses the juniper savannah 
and pinyon-juniper 
woodland forest vegetation 
zones

• Roosts in cliffs and caves 
near water

• Summer resident on 
LANL, LAC, and SFNF 
lands

Occult Little Brown Bat 
(Myotis lucifugus 
occultus)

Species of 
Concern

Sensitive 
(informal)

• Uses the pinyon-juniper 
woodland and ponderosa 
pine forest vegetation 
zones

• Requires riparian areas

• Forages over water

• Observed on SFNF lands

Pale Townsend’s Big-
Eared Bat (Plecotus 
townsendii pallescens)

Species of 
Concern

Sensitive 
(informal)

• Uses the pinyon-juniper 
woodland, ponderosa pine 
forest, and mixed-conifer 
forest vegetation zones

• Roosts in caves

• Observed on LANL and 
BNM lands

• Overwinters by hibernating

Goat Peak Pika 
(Ochotona princeps 
nigrescens)

Species of 
Concern

Sensitive 
(informal)

• Uses the mixed-conifer and 
spruce-fir forests 
vegetation zones

• Requires boulder piles and 
rockslides

• Observed on LAC and 
BNM lands

TABLE  4.5.1.5–1.—Protected and Sensitive Species-Continued

SPECIES

FEDERAL 
STATUS/ 
SPECIES 

OF 
CONCERN

STATE 
STATUS

HABITAT NEEDS COMMENTS
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Gray Vireo (Vireo 
vicinior)

Unlisted Threatened • Uses riparian areas in the 
juniper savannah and 
pinyon-juniper forests 
vegetation zones

• Observed on LAC, BNM, 
and SFNF lands

PLANT  SPECIES

Wood Lily (Lilium 
philadelphicum L. var. 
andinum (Nutt.) Ker)

Unlisted Endangered • Grows in the ponderosa 
pine forest, mixed-conifer, 
and spruce-fir forests 
vegetation zones

• Requires riparian areas

• Observed on LAC, BNM, 
and SFNF lands

Yellow Lady’s Slipper 
Orchid (Cyprepedium 
calceolus L. var. 
Pubescens (Willd.) 
Correll)

Unlisted Endangered • Requires riparian areas

• Grows in the mixed-
conifer forest vegetation 
zones

• Requires moist soil

• Observed on BNM lands

Helleborine Orchid 
(Epipactis gigantea 
Dougl.)

Unlisted Rare and 
sensitive

• Requires riparian areas

• Grows in the juniper 
savannah and pinyon-
juniper woodland forests 
vegetation zones

• Requires springs, seeps, or 
other wet areas

• Observed on LAC lands

Note:  This listing was developed with information and guidance provided by biologists from LANL; the FWS; the USFS; the N
the National Biological Service; the NMDGF; the New Mexico Energy, Minerals, and Natural Resources Department; and t
New Mexico Natural Heritage Program, as well as consultations with independent consultants and reviews of the technica
literature.

TABLE  4.5.1.5–1.—Protected and Sensitive Species-Continued

SPECIES

FEDERAL 
STATUS/ 
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OF 
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cranes.  Foraging areas are generally
agricultural fields and valley pastures,
particularly where there is waste grain or
sprouting crops.  Both species of cranes roost
together, typically on sand bars in the Rio
Grande.  The cross-fostering program was
terminated in 1989 because the birds were not
pairing and the mortality rate was too high to
establish a self-sustaining population.  Only
three whooping cranes remain.

Three whooping cranes were led from Idaho to
Bosque del Apache National Wildlife Refuge in
New Mexico in 1997 as part of a research
project to determine if captive-reared cranes can
be taught to follow an ultralight aircraft along a
migration route and, when released on a
wintering area, will migrate north in spring to
their natal area without human assistance.
Survivors will be left in the wild.  

The association of whooping cranes with LANL
has been limited to overflights and possible
occasional roosting (the latter on sandbars in
White Rock Canyon).  Limited night roosting at
the Santa Fe River arm of Cochiti Lake has been
observed during migration.

A proposal to designate the Rocky Mountain
whooping cranes as “experimental
nonessential” was published in the Federal
Register (FR) in February 1996.  A final ruling
was published on July 21, 1997.  For purposes
of the Section 7(a)(2) consultation procedures
under the Endangered Species Act, this
designation will result in the treatment of the
Rocky Mountain whooping cranes as a species
proposed to be listed under Section 4 of the
Endangered Species Act.

Threatened Species.  Bald Eagle (Haliaeetus
leucocephalus).  In the general LANL area the
bald eagle (state-listed as threatened) is a
common late fall and late winter migrant and
winter resident (November through March).
The wintering bald eagle population in the
general area has significantly increased since
1975 as a consequence of both the creation of

nearby Cochiti Lake and a general increase
bald eagle populations.  The Rio Grande 
White Rock Canyon and connecting Coch
Lake are focal use areas and are used 
wintering bald eagles to forage for fish an
waterfowl.  Trees and rock cliffs that border th
Rio Grande in White Rock Canyon are used 
hunting and loafing perches, and canyons th
dissect the Pajarito Plateau are used as n
roosts.  Bald eagles have been observed soa
over LANL, and some limited foraging for
small mammals and carrion probably occu
over much of LANL.  There is no evidence o
historical or present nesting in the gener
region.

Mexican Spotted Owl (Strix occidentalis
lucida).  The Mexican spotted owl is a strictly
nocturnal bird that prefers tall, old-growt
forests in narrow, steep canyons where lit
light penetrates and cool temperatures and m
areas are present.  Small mammals, especi
wood rats, make up the bulk of the owl’s die
The Jemez Mountains, including areas with
LANL and contiguous lands administered b
the NPS, USFS, and the BLM provide habit
for the Mexican spotted owl.  Nesting occurs o
LANL as well as adjacent areas.  Critical habit
has been designated on Santa Fe National Fo
lands that are contiguous with LANL’s wester
boundary.

Critical Habitat

The specific areas within the geographic area
occupied by a species on which are found
those physical and biological features:
(1) essential to the conservation of the species,
(2) that may require special management
considerations or protection, and (3) include
specific areas outside the geographical area
occupied by a species at the time it is listed,
but are areas which are essential for the
conservation of the species.
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4.5.1.6 Management Plans

There are two plans in progress or in the
planning stage that are being developed for
management of ecological resources and
biodiversity at LANL.  These plans consist of a
Threatened and Endangered Species Habitat
Management Plan and a Natural Resources
Management Plan.  Descriptions of these plans
follows.

Threatened and Endangered Species Habitat 
Management Plan

The Record of Decision (ROD) for the Dual
Axis Radiographic Hydrodynamic Test Facility
Final Environmental Impact Statement
(60 FR 53588) commits DOE to prepare a
habitat management plan for federally listed
endangered and threatened species within
LANL boundaries.  This plan has been
completed and, in addition to federally listed
species, also addresses species of concern and
species listed by the State of New Mexico as
threatened, endangered, and sensitive.  Stated
goals of the management plan are to:
(1) develop a comprehensive management plan
that protects undeveloped portions of LANL
that are suitable, or potentially suitable habitat
for threatened and endangered species, while
allowing current operations to continue and
future development to occur with a minimum of
project or operational delays, or additional costs
related to protecting species or their habitats;
(2) facilitate DOE compliance with the
Endangered Species Act and related federal
regulations by protecting and aiding in the
recovery of threatened and endangered species;
and (3) promote good environmental
stewardship by monitoring and managing
threatened and endangered species and their
habitats using sound scientific principles
(LANL 1998c).  This management plan is
currently being reviewed by the FWS as part of
the Endangered Species Act’s Section 7
consultation procedures.

Natural Resource Management Plan

A team has been established and is curren
formulating a plan for development of a Natur
Resource Management Plan.  The purpose
natural resource management at LANL will b
to determine conditions and to recommen
management measures that will restore, sust
and enhance the biological quality an
ecosystem integrity at LANL within the contex
of a dynamic Pajarito Plateau ecosystem.  T
guiding principle of natural resource
management will be to integrate the principle
of ecosystem management into the critic
missions of LANL to protect ecosystem
processes and biodiversity.  A Natural Resour
Management Plan will provide policies
methods, and recommendations for long-te
management of LANL facilities, infrastructure
and natural resources to ensure respons
stewardship of LANL resources that have be
entrusted to DOE.  Integral to natural resour
management will be continuing guidance 
operations managers with which to mak
management decisions based on a scient
understanding of the Pajarito Platea
ecosystem.  The Threatened and Endange
Species Habitat Management Plan will b
integrated into the Natural Resourc
Management Plan.

4.5.1.7 Environmental Surveillance

LANL’s Environmental Surveillance and
Compliance Program is described on page 4
As part of this program, biological studies a
conducted at LANL on all major trophic levels
Contamination data analyzed under th
program are also used for ecological ris
assessments to evaluate the likelihood th
adverse effects are occurring or may occur a
result of exposure to radioactive an
nonradioactive materials.  A qualitativ
discussion of ecological risk is presented later
this section as well as in chapter 5.
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4.5.2 Biodiversity Considerations

Biodiversity is a new and more explicit
expression of one of the fundamental concepts
of ecology, popularly stated as “everything is
connected to everything else” (CEQ 1993).
Simply defined as “the variety of life and its
processes,” components of diversity consist of
regional ecosystem diversity, local ecosystem
or community diversity, and species diversity.
The importance of biodiversity on local,
regional, and global scales has been recognized
in the U.S. by the Council on Environmental
Quality (CEQ), resource management agencies,
and the public.  The heightened interest in
biodiversity presents an opportunity to address
environmental problems holistically, rather than
the traditional and fragmentary species-by-
species, stress-by-stress fashion (Noss 1990).
“The biological world is not a series of
unconnected elements, and the richness of the
mix of elements and their connections are what
maintains the system as a whole” (CEQ 1993).  

Because knowledge of biodiversity as described
above can be applied to improve decision-
making in the areas of land use and resource
management (Keystone 1991) and because it
complements and informs the ecosystem
approach, biodiversity considerations are an
integral part of this impact analysis.  For the
purposes of this document, biodiversity
considerations are intended to be synonymous
with a healthy, functioning ecosystem.

The major human-caused disturbance factors
identified by the CEQ (CEQ 1993) as
responsible for the decline in biodiversity at
multiple scales, including global, regional, and
site-specific scales, are the following:

• Physical alteration of the landscape
• Over harvesting
• Disruption of natural processes, such as 

flooding and fires
• Introduction of nonnative (exotic) species
• Pollution

• Global climate change (which is considere
outside the scope of this analysis) 
(CEQ 1993)

These human-caused disturbance fact
provide a convenient framework fo
categorizing the causes of biodiversity loss, b
these categories often overlap and are inevita
connected to each other in chains of ecologi
consequences.  

The LANL regional area has also been affect
by these major human-caused disturban
factors.  Human occupation of the Jem
Mountains and the Pajarito Plateau (particula
since about the mid 19th Century) and
accompanying disturbance actions, ha
worked in concert with one another and wi
natural disturbances to mold and continue 
mold the environment in which LANL operates
These factors induce and perpetuate syste
wide changes in the composition, structure, a
function of plant and animal communities in a
of the major vegetation zones.  

As a consequence of historic and rece
disturbances, several major issues affecti
ecosystem sustainability and biodiversi
currently confront DOE, LANL, and
neighboring land administrators and owne
such as the NPS, BNM, USFS, U.S. Arm
Corps of Engineers, and Native America
Pueblos.  The following discussions provide
summary of some issues of regional import a
serve to describe ecosystem dynamics on
landscape scale and to illustrate the necessity
incorporating knowledge of these dynamics in
the management and planning process.  

4.5.2.1 Physical Alteration of the 
Landscape

Accelerated Soil Erosion

Historical overgrazing has been cited as t
primary disturbance causing the continuin
decline of local soils (Allen 1989 and
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Rothman 1992).  Extensive grazing by cattle
and sheep in the pinyon-juniper woodland and
juniper savanna vegetation zones has resulted in
a decline in the fragile surface soils, which
continues today (Allen 1989 and Potter 1977).
Because of long-term restricted grazing on
LANL, soil erosion is less of a concern than
surrounding areas where continuing erosion
represents an impediment to long-term stability
and productivity.

Habitat Fragmentation

Fragmentation is the division of natural habitat
areas into smaller segments or the destruction of
animal access corridors between natural areas.
It may reduce or enhance landscape
productivity.  Consideration of fragmentation is
important in land use planning, because larger
blocks of natural habitat are generally better for
conserving biodiversity, and connected blocks
of natural habitat are better than isolated ones.
The edge to interior ratio of habitat patches is
also an important consideration.

Developed areas, roads, and fenced areas either
directly eliminate habitat, inhibit habitat use, or
alter the dispersal and distribution patterns of
wildlife, depending on the species being
considered.  Allen (Allen 1989) contrasts
roadway development in the LANL regional
area in 1935 with that present in 1989,
demonstrating an appreciable increase in road
expansion and accompanying habitat
fragmentation.  A comparison of disturbed
(buffered to take into account the impact of
features on their immediate surroundings) and
nondisturbed areas within the 14 watersheds in
which LANL is located demonstrated that of a
total of 95,200 acres (38,080 hectares),
6,672 acres (2,669 hectares) have been
disturbed.  This represents about 7 percent of the
land area analyzed.  Most development is in
pinyon-juniper woodland and ponderosa pine
forest.  Generally, many of the developed areas
are concentrated in the flat lands formerly
cleared for agricultural use, which has tended to
limit fragmentation.  However, there is some

development in canyon areas, which h
resulted in habitat loss and disturbance in are
with high biodiversity.

4.5.2.2 Disruption of Natural 
Processes

Natural processes can be disrupted even wh
many components of the ecosystem app
intact.  Resource management activities m
alter ecosystem dynamics through fir
suppression, modification of surface water 
groundwater flow, and alteration of predato
prey relationships (CEQ 1993).  Natural fire
helped to shape, structure, and susta
ecosystems throughout the Southwe
(Allen et al. 1995).  The tree-ring record for th
Jemez Mountains reflects a virtual cessation
natural fire in about 1890.  At higher elevation
(i.e., the conifer forests, including ponderos
pine, mixed conifer, and spruce-fir forests
vigorous suppression of wildfire has had serio
environmental consequences.  In the absenc
natural fires, ground-fuel loads and tree dens
have increased to high levels, favoring larg
scale, high-intensity crown fires such as th
1954, 1977, and 1996 fires that occurred on
near LANL.  Fires of this magnitude are rece
phenomena.

DOE and LANL are members of the Lo
Alamos Wildfire Cooperators, an organizatio
with representatives for the Santa Fe Nation
Forest, American Red Cross, Cooperati
Extension Service, LAC, BNM, and New
Mexico Forestry Division.  The goals of thi
organization are to develop a cooperative urb
interface plan and to develop wildfire protectio
requirements for LAC.  In response to the Dom
Fire of 1996, an Interim Fire Management Tea
was formed with representatives from the DO
Los Alamos Area Office, Santa Fe Nation
Forest, Los Alamos Fire Department, NMED
BNM, and LANL (PC 1996p).  This team
drawing on regional expertise in fire
management, is planning ways to redu
LANL’s vulnerability to catastrophic wildfires.
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The chair of this team has stated that wildfire is
the number one threat to LANL (LAM 1996b).

4.5.2.3 Overharvesting

In addition to habitat loss and modification,
physical alteration is linked to the disruption of
natural wildlife patterns and processes and
ensuing loss of biodiversity throughout the
region.  One increasingly troublesome result is
the imbalance in the regional elk population.
The current “elk problem” is due to excess
numbers, which seems to suggest under
harvesting.  Although this is another example of
an ecological cascade involving multiple
disturbance regimes and intertwined ecological
processes, the origins of the problem are
grounded in the over harvest of multiple species.

The native population of Rocky Mountain elk
was eliminated from the entire State of New
Mexico by 1909.  The current elk herds
developed from 86 elk reintroduced into the
Jemez Mountains in 1948 and 1964 through
1965.  Since the 1970’s, local elk populations
have exhibited high growth rates (USFS 1996),
and current estimates of herd size indicate that
over 10,000 elk now inhabit the Jemez
Mountains and the Pajarito Plateau
(Allen 1994).  A lack of predators such as the
gray wolf (Canis lupus) and mountain lions has
contributed to the abundance of the
reintroduced herds.  Hunting is not allowed
within LANL nor in BNM, allowing them to be
elk refuges.

The 1977 La Mesa Fire created about
15,000 acres (6,000 hectares) of grassy winter
habitat adjacent to and extending into LANL
property.  Elk are expanding their range into
lower elevation foraging areas and are using
these areas throughout the year rather than
migrating to summer pasture at higher
elevations (USFS 1996).  Existing information
is inadequate to predict how elk numbers and
distribution will respond to landscape changes
resulting from the 16,500-acre (6,678-hectare)

Dome Fire of 1996.  An interagency work grou
consisting of representatives from the Jem
and Española Ranger Districts of the Santa 
National Forest, BNM, LAC, and the NMDGF
has been formed for the exploration of th
problems and potential solutions related to e
overpopulation.

4.5.2.4 Introduction of Nonnative 
(Exotic) Species

Nonnative species of plants and animals a
emerging worldwide as one of the leadin
threats to native species, ecosystem proces
and biodiversity.  The introduction of nonnativ
species can result in the elimination of nativ
species thorough predation, competitio
genetic modification, and disease transmissi
(CEQ 1993).  The botanical inventory of BNM
which is a reasonable representation of LAN
flora, lists 150 plants as nonnative.  The
exotics comprise about 17 percent of th
approximately 900 species inventorie
(PC 1996r).  LANL is currently developing a
database, derived from the report Status of the
Flora of the Los Alamos Nationa
Environmental Research Park, Checklist 
Vascular Plants of the Pajarito Plateau an
Jemez Mountains (Foxx and Tierney 1985) for
exotic species and their distribution.  Some 
the exotic plant species of concern to loc
resource managers and LANL biologists are s
cedar (Pall.), tree of heaven (Ailanthus
altissima (Mill.) Swingle), cheatgrass (Bromus
tectorum L.), and Russian thistle (Salsola kali L.
var. tenui Folia Tausch).  Salt cedar may be o
most concern for the future.  Salt cedar, as w
as Russian olive, possess certain phenolog
and reproductive characteristics that differ fro
those of the common native riparian species t
gives them advantages in colonization of certa
types of disturbed sites or during certain tim
of the year.  In addition, salt cedar consum
prodigious amounts of groundwater, exudes s
from leaf glands that inhibits the growth of othe
plants, and has lower species dens
and diversity (e.g., birds) than nativ
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cottonwood or willow forests.  It is present on
LANL and BNM and in the mouths of canyons
in White Rock Canyon.

4.5.2.5 Pollution

Pollution impacts on ecosystems include direct
lethal, sub-lethal, and reproductive effects
(including those resulting from
bioaccumulation) and degradation of habitat
(CEQ 1993).  Sub-lethal effects of
environmental contamination may indirectly
cause mortality at widely varying temporal
scales and on widely varying levels of
ecological organization.  Possible mechanisms
include immunological effects enhancing
susceptibility to disease, alteration of nutrient
cycles through effects on bioavailability or
uptake mechanisms, metabolic effects, and
behavior modification affecting ability to feed,
hunt, avoid predation, or breed (Hodgson and
Leve 1987).  The contribution of pollutants to
environmental media by LANL operations is
due primarily to past practices.  Long-term
monitoring of soils, sediment, water, and air and
biomonitoring have not demonstrated levels of
contaminants that would pose a health risk, nor
have there been obvious toxic effects observed.
Potential for ecological risk is discussed in
greater detail in the following section.  There is
no evidence that would indicate any
contaminant levels that would pose a risk to
recreational fishing in the Rio Grande and
downstream of Cochiti Lake.

Studies that have been completed to date or that
have sufficient progress so as to report
preliminary conclusions generally conclude
(based on current levels of understanding) a lack
of biological harm or lack of alterations to
ecological processes.  These studies include
Lusk 1998, Ford-Schmid 1996, UNM 1998,
Ferenbaugh et al. 1998, Gallegos et al. 1997a,
Gallegos et al. 1997b, Gonzales et al. 1997,
Gonzales et al. 1998a, Gonzales et al. 1998b,
Haarmann 1997, Haarmann 1998a,
Haarmann 1998b, Hansen 1997, Fresquez et al.

1996a, Fresquez et al. 1996b, LANL 1997
Fresquez et al. 1995a, Fresquez et al. 199
Fresquez et al. 1995c, and Brooks 198
Species, communities, and other areas that h
been studied or are being studied include be
rock squirrel, mule deer, elk, bald eagl
southwestern willow flycatcher, aquatic benth
invertebrates, plant communities, an
foodstuffs.

4.5.3 Ecological Risk 
Considerations

Risk to biological communities and associate
ecological processes have been asses
qualitatively, utilizing LANL Environmental
Surveillance and Compliance Program Repo
on the distribution and concentration o
contaminants and biomonitoring data, existin
ecological risk assessments, and general a
species-specific knowledge of the presenc
biology, and behavioral characteristics of biot
resources.  Although no adverse effects to pla
and animals have been observed (recogniz
the absence of intensive, long-term resear
regarding such potential effects) from chemic
and radioactive materials and population
appear healthy and thriving, more quantitativ
ecological risk analysis will be undertaken a
part of the ER Project. 

4.5.3.1 Background on 
Contamination at LANL

The following are parameters that ar
considered in an ecological risk assessme
Portions of this section have been summariz
from more detailed discussions earlier in th
chapter.

Soils

As discussed in section 4.2.3.1, soils in a
adjacent to LANL contain chemicals an
radioactive materials, including those that a
naturally occurring as well as those due to pa
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LANL activities and worldwide fallout.  Most
of the contamination of concern at LANL is
what is sometimes referred to as legacy waste or
legacy contamination.  This is residual waste or
contamination that is found at certain locations
throughout LANL as a result of historical
processes.  These past processes or practices
were associated with surface impoundments and
disposal areas; experimental reactors; inactive
firing sites; above-ground and underground
storage tanks; PCB transformers; incinerators;
chemical processing; shop machining that
resulted in radioactive waste; and operations to
develop, fabricate, and test explosives
components for nuclear weapons.  Other
sources of radionuclides in soil may include
natural minerals, atmospheric fallout from
nuclear weapons testing, burn-up of nuclear-
powered satellites, and planned or unplanned
releases or radioactive gases, liquids, or solids.
Naturally occurring uranium is present in
relatively high concentrations in soil due to the
regional geologic setting.  Sources of plutonium
include LANL operations and atmospheric
fallout.  Metals in soil may be naturally
occurring or may result from LANL releases or
both.

A rough estimate, based on information from
LANL’s database, FIMAD, which has areal
estimates of their priority release sites,
demonstrated that less than 3 percent of
LANL’s approximately 43 square miles
(111 square kilometers) is of potential concern.
The areal extent of this 3 percent does not
include the canyons because they are not
classified under the FIMAD database as PRSs.
However, recent cleanup activities for the PRSs
have resulted in a smaller spacial area of
cleanup than originally estimated.  The exact
areal extent of PRSs has yet to be determined.
As discussed in chapter 2, section 2.1.2.5, the
ER Project was instituted to assess and
remediate potentially contaminated sites
resulting from historical treatment, storage, and
disposal practices.  ER activities include
identification of potentially contaminated sites,

characterization of sites, risk assessment, a
restoration actions, where appropriate.

LANL on-site and perimeter soil samples a
collected and analyzed for radiological an
nonradiological constituents, and compare
to regional (background) locations.  Soi
monitoring data (detection statistics) fo
organics, inorganics, and radiochemistry b
watershed are presented in volume I
appendix C, Tables C–8 and C–9.  Th
concentration of most radionuclides sampl
and activity levels in soils collected from
perimeter stations were not significantl
different from those collected from regiona
background concentrations.  While the levels 
uranium, plutonium-238, and gross gamm
activity were higher than background soils, the
were below the LANL SALs that are used t
identify the presence of contaminants 
concern.

For 1995 on-site soil samples, onl
plutonium-239, plutonium-240 and tota
uranium were detected in significantly highe
concentrations as compared to off-si
background soils.  However, these levels we
still far below LANL SALs.  In general, the
higher concentration of radionuclides
particularly uranium and plutonium isotopes, 
perimeter soils (as compared to backgrou
soils) may be due in part to LANL operation
but are mostly due to worldwide fallout and t
naturally occurring radioactivity in geologic
formations; whereas, higher radioactivity i
soils from on-site areas may be due 
worldwide fallout, natural radioactivity, and to
LANL operations (Fresquez et al. 1995d).

Trend analyses show that most radionuclid
and radioactivity, with the exceptions o
plutonium-238 and gross alpha, in soils fro
on-site and perimeter areas have be
decreasing over time.  This trend is likely due t
(1) the cessation of widespread, abovegrou
nuclear weapons testing, (2) weathering, a
(3) radioactive decay (Whicker and
Schultz 1982).
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Soils were also analyzed for trace and heavy
metals, and most metals were well below LANL
SALs (LANL 1996i and LANL 1997c).  Only
beryllium and lead, both products of firing site
activities, exhibited any kind of trend; that is,
both were consistently higher in perimeter and
on-site soils than in background soils.  Average
concentrations of beryllium and lead in
perimeter soils decreased during the 1992 to
1995 time period.  Similarly, beryllium in on-
site soils decreased during this period; however,
lead increased slightly.

Surface Water

The analysis of surface water quality in section
4.3.1.5 indicates that historic activities and
radiological releases have had an effect on
surface water within LANL boundaries,
particularly in Acid, Pueblo, Los Alamos, and
Mortandad Canyons.  Stated historical activities
and operational releases that have contributed to
contamination in these canyons include historic
nuclear materials research, a former industrial
liquid waste treatment plant at TA–21,
discharges from the LANSCE sanitary sewage
lagoon system, discharges from the RLWTF,
and NPDES-permitted effluent discharges.
Surface water monitoring data (detection
statistics) by location (on-site, perimeter, and
regional) and analyte are presented in
volume III, appendix C, Tables C–2 and C–3.

In 1996, radiochemical analyses results for
surface water samples were below DOE-DCGs
for the public, and the majority of the result
were near or below detection limits.  None of the
nonradiochemical measurements in water from
areas receiving effluents exceeded standards
except for some pH measurements above 8.5.
Aluminum, iron, and manganese concentrations
(including naturally occurring metals) exceeded
EPA secondary drinking water standards at
most locations.  Selenium values exceeded the
New Mexico Wildlife Habitat stream standard
at numerous locations around LANL.

National Pollutant Discharge Elimination 
System Outfalls

Primary sources of potential impact to surfa
water consist of the NPDES outfalls.  With fe
exceptions, outfall discharges comply wit
NPDES permit limits.  Examples of materia
that have been involved in NPDES exceedanc
include arsenic, chlorine, total suspended soli
cyanide, vanadium, copper, iron, oil and grea
silver, phosphorus, and radium.  TA–50, th
RLWTF, has continued to discharge residu
radionuclides into Mortandad Canyon.  LANL
is working to continue to upgrade the treatme
process to correct these problems.  Nearly ev
on-site drainage has historically received liqu
industrial or sanitary effluents that contribute 
the flow and water quality characteristics
NPDES detection statistics by watershed, 19
to 1996, are presented in appendix 
Table C–1.

Sediments

As with soils, sediment in the LANL region
contain naturally occurring chemical an
radionuclides, chemical and radionuclide
resulting from historic uses, and very sma
amounts of radionuclides resulting from
worldwide fallout from atmospheric testing o
nuclear weapons and re-entry burn-up 
satellites containing plutonium power source
Sediment detection statistics by location (o
site, perimeter, and regional) and analyte, 19
to 1996 are presented in appendix C, Tables C
and C–5.  As discussed in section 4.3.1.4, th
are no standards for radionuclides or metals
sediments.  Therefore, regional comparis
levels were developed for the purposes of t
SWEIS.

Sediment from all individual LANL sampling
locations exceeded the regional comparis
value for at least one metal.  Most of the meta
that were above the regional comparison va
occur naturally in the environment as 
constituent of the sediments.  In 1996, thr
samples in Mortandad Canyon were in excess
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LANL’s SALs for cesium; however, no other
radiochemical analyses of sediment in 1996
samples showed any values that exceeded
respective SAL values.  Levels of
plutonium-239 and -240 in sediments in Acid,
Pueblo, and Los Alamos Canyons were found to
be above regional comparison levels and are
believed to result from historic releases from
LANL operations and worldwide fallout from
atomic testing.  However, these levels are very
low and no environmental risk is associated
with them (Ferenbaugh et al. 1994).  A study
that evaluated the deposition of plutonium in
sediments in the northern portion of the Rio
Grande estimated LANL contribution to the
contamination (Graf 1993).  The study found
that, when averaged over several decades,
90 percent of the plutonium in the sediment
moving into the northern Rio Grande system
could be attributed to atmospheric fallout.  The
remaining 10 percent could be attributed to
historic releases from LANL operations.  

Sediment transport studies by LANL have
shown that off-site transport of sediments with
elevated plutonium-239 and -240 levels has
taken place.  Sediments collected from Cochiti
Lake contained mean plutonium-239 and -240
levels higher than levels found in sediment from
background monitoring stations at Abiquiu
Reservoir and Embudo station.  However, these
low levels are very small as compared to area
background, and again, there is no associated
environmental risk.

Biomonitoring

Biomonitoring to measure the amounts of
contaminants in plants and animals and their
effects on biological systems and processes is
being accomplished as a component of the
Environmental Surveillance and Monitoring
Program.  A limited amount of biomonitoring
data has been obtained for produce, fish, honey,
milk, elk, mule deer, pinyon pine, shrubs,
grasses, and forbs.  In volume III, appendix D
presents many of these “foodstuffs,” analytes
detected, and their concentrations.  These

biomonitoring data indicate no immediat
environmental concerns.

4.5.3.2 Ecological Risk Assessments
Performed for Threatened 
and Endangered Species

Three preliminary, quantitative assessmen
have been conducted of the potential risk fro
legacy waste to the Mexican spotted ow
(Gallegos et al. 1997a), the American peregri
falcon (Gallegos et al. 1997b), and the ba
eagle (Gonzales et al. 1998a).  Updates to th
preliminary assessments are reflected in t
Second Annual Review Update Prelimina
Risk Assessment of Federally Listed Species
the Los Alamos National Laboratory
(Gonzales et al. 1997).  The objectives of th
risk assessments were to:  (1) quantitative
appraise the potential for contaminan
(organic, inorganic, and radionuclide) to impa
threatened and endangered species in or aro
LANL and (2) identify where further
assessment is required.   Potential habitats w
evaluated for  these species.  Each consisted
a predetermined potential nesting/roosting zo
and a calculated foraging area. Estimated do
were compared against toxicity reference valu
(benchmarks to which estimated intake rates
chemicals can be compared to determi
whether a risk may exist) to generate haza
indices (the ratio of the estimated exposure
the estimated safe exposure) that included
measure of cumulative effects from multipl
contaminants (radionuclides, metals, an
organic chemicals).  Data used in the
assessments included various subsets of 
watershed data that is presented in appendix
These assessments concluded that, on 
average, there is a small potential for impact
the peregrine falcon from contaminants 
LANL, but no appreciable impact is expected 
the spotted owl nor the bald eagle.  
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4.5.3.3 Ecological Risk

A qualitative assessment of ecological risk
based on findings of the Environmental
Surveillance and Compliance Program (as
discussed above in section 4.5.3.2) and
assessment of risk to selected threatened and
endangered species (4.5.3.3) is that there is little
potential for risk, and this is primarily due to

legacy contamination.  Recent operations ha
little potential for contributing to ecologica
risk, and with recent programs, actions, a
plans to clean up legacy waste (i.e., the E
program,  reduced sources of operation
contaminants, and institution of manageme
measures to protect and manage natu
resources), the overall potential for ris
decreases over time.
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4.6 HUMAN  HEALTH :  WORKER AND 
PUBLIC  HEALTH  IN THE REGION 
AFFECTED BY LANL 
OPERATIONS

The following sections summarize historical
and current information on public and worker
health in and around LANL.  The information is
presented in three major topics:  (1) public
health including the radiation and chemical
exposures from LANL operations and
summaries of health studies conducted in the
area; (2) LANL worker health including recent
accidents/incidents, the history of worker health
at LANL and the dosimetry, radiation
protection, hygiene and safety programs
implemented at LANL; and (3) a description of
the emergency preparedness, management, and
response programs implemented at LANL to
protect the public and workers.

4.6.1 Public Health in the LANL 
Vicinity

4.6.1.1 Radiation in the 
Environment Around LANL

Major sources of background radiation
exposure to individuals in the vicinity of LANL
are shown in Figure 4.6.1.1–1.  Background
doses will be accrued regardless of LANL
operations.  In 1996, the total effective dose
equivalent (TEDE) to residents was
360 millirem at Los Alamos and 340 millirem at
White Rock from all natural sources.  The
individual components of the background dose
for Los Alamos and White Rock and the average
effective dose equivalent (EDE) of 53 millirem
per year to members of the U.S. population from
medical and dental uses of radiation
(NCRP 1987) are listed in Table 4.6.1.1–1.

Releases of radionuclides to the environment
from LANL operations provide another source

Understanding Human Health Studies
Useful Terms

Absorbed Dose.  The energy imparted by ionizing radiation
per unit mass of irradiated material.  The units of absorbed
dose are the rad and the gray (Gy).

Collective Effective Dose Equivalent.  The product of the
effective dose equivalent (rem) to those exposed and the
number of persons in the exposed population.  The units are
in person-rem.

Committed Dose Equivalent (CDE).  The dose equivalent
calculated to be received by an organ or tissue over a 50-
year period after the intake of a radionuclide into the body.

Committed Effective Dose Equivalent (CEDE).  The sum of
the products of the weighting factors applicable to each of
the body organs or tissues that are irradiated and the
committed dose equivalent to these organs or tissues.

Deep Dose Equivalent.  The dose equivalent derived from
external radiation at a depth of 1 centimeter in tissue.

Dose.  A generic term that means absorbed dose, dose
equivalent, effective dose equivalent, committed dose
equivalent, or total dose equivalent.

Dose Conversion Factor.  A factor used to convert
radionuclide intake to the resultant dose (rem).

Dose Equivalent.  The product of the absorbed dose in rad
(or gray) in tissue, a quality factor, and all other modifying
factors at the location of interest.  The units of dose
equivalent are the rem and the sievert (1 rem = 0.01 sievert).

Effective Dose Equivalent (EDE).  The sum of the products
of the dose equivalent received by specified tissues of the
body and the appropriate weighting factor.  It includes the
dose from radiation sources internal and/or external to the
body.  Effective dose equivalent is expressed in terms of rem
or sievert.

Hazard Index (HI).  An indicator of potential toxicological
hazard from exposure to a specific chemical (ratio of intake/
exposure divided by the chemical-specific reference dose, as
determined by EPA).

Maximally Exposed Individual (MEI).  A hypothetical
person placed and remaining where the greatest exposure
can occur, who takes no protective actions, and who behaves
in such a manner as to get the maximum possible dose at tha
location.

Reference Dose.  The estimate of daily exposure to humans
that is likely to occur without deleterious effects during a
portion or all of a lifetime.

Rem.  The common unit of dose equivalent, CEDE or TEDE.

Total Effective Dose Equivalent (TEDE).  The sum of the
effective dose equivalent (for external exposure) and the
committed effective dose equivalent (for internal exposure).
Deep dose equivalent to the whole body may be used as
effective dose equivalent for external exposures. 
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of radiation exposure to individuals in the
vicinity of LANL.  Figure 4.6.1.1–2
summarizes LANL’s contribution to dose by
pathway for its hypothetical MEI
(LANL 1997c).     

The 1.93 millirem dose reported in the annual
Environmental Surveillance and Compliance

Report for 1996 (LANL 1997c) is similar to the
following reported doses but is derived sole
from an EPA-approved air transport model.  Th
doses estimated below were based on act
measurements as well as transport model
(CAP–88, an EPA-approved model fo
calculating collective public dose) (volume III
appendix B, section B.1.1.2 describes th
model).  Both methods of dose calculation a
valid and are included here to provide a ran
for consideration.  

Maximum Individual Dose—Off-Site 
Locations (1996)

The maximum EDE (or dose) was calculated
various locations to assess the maximu
radiological impact from LANL to areas
inhabited by the public.  The East Gate area w
found to be the location of the maximum off-sit
dose.  This maximum EDE is the total dose fro
all potential routes of radiation exposure and
based on data gathered by both t
Environmental Surveillance and Complianc
Program and radiological effluent monitoring
The maximum dose, or the 95th percentile value,
was 5.3 millirem, and the median valu
(50th percentile) for this estimate wa
1.4 millirem (Table 4.6.1.1–2).  

FIGURE 4.6.1.1–1.—Total Contributions to 1996 Dose for 
LANL’s Maximally Exposed Individual.
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TABLE  4.6.1.1–1.—Total Effective Dose 
Equivalent (millirem/year) from Natural or

Manmade Sources

LOS 
ALAMOS

WHITE 
ROCK

Radon 200 200

Self-Irradiationa 40 40

Total Externalb

(cosmic and terrestrial)
120 100

Total Effective 
Background Dose

360 340

Medical and Dental 53 53

a Dose from radionuclides occurring naturally within the 
body, such as potassium-40.

b Includes correction for shielding.
Source:  Adapted from LANL 1997c
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Maximum Individual Dose—On-Site 
Locations (1996) 

Potential doses that an individual who is not a
LANL worker could have received while within
the LANL boundary were calculated as
8.0 millirem for the maximum dose, or
95th percentile value, and 2.9 millirem for the
median dose, or 50th percentile value.  The
location of the maximum potential exposure is a
section of Pajarito Road near TA–18.  The
frequency and amount of time a member of the
public may spend traveling this section of
Pajarito Road, as well as the operational cycles
of the TA–18 facility, were factored into the
above dose calculations, which also used
readings of external penetrating radiation

measurements taken at TA–18 during t
operation of criticality experiments.  Potentia
doses to public members from TA–1
operations are limited using well-establishe
principles of controlling exposure level
frequency, and duration.  The section of Pajar
Road near TA–18 is closed during experimen
when TA–18-generated doses to the public m
exceed 1 millirem.  For experiments involvin
lower dose levels, the road is controlled so th
public members may pass by but not rema
near TA–18.  The 8.0 millirem maximum dos
is a conservative estimate.  An actual dose to
average public member who regularl
commutes on Pajarito Road is estimated to 
much lower. 

FIGURE 4.6.1.1–2.—LANL’s Contribution to Dose by Pathway for 
LANL’s Maximally Exposed Individual.
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TABLE  4.6.1.1–2.—Estimated Dose to Maximally Exposed Members of the Public from LANL
Operations for 1996

RECEPTOR LOCATION
EDE (millirem/year) 
MEDIAN VALUE

EDE (millirem/year) 
95TH PERCENTILE 

VALUE

Hypothetical Off-Site MEI East Gate 1.4 5.3

Hypothetical On-Site MEI Pajarito Road near TA–18 2.9 8.0

Source:  LANL 1997c
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External Radiation

The external penetrating radiation dose to Los
Alamos and White Rock residents due to LANL
operations in 1996 were estimated to be
0.2 millirem and 0.01 millirem, respectively.
However, note the median EDE contribution
estimated for a member of the public passing by
on the road near TA–18 is 2.9 millirem for 1996
(see Table 4.6.1.1–2).  In addition, one of the
monitoring locations near TA–21 indicated a
reading of 267±10 millirem in 1996.  This value
is consistent with values observed at this
location in the past and is attributed to
cesium-137 on the ground (due to past outfall
effluents).  Applying the occupancy factor for
industrial settings of 0.01 (Robinson and
Thomas 1991) to the annual exposure rate, the
maximum (i.e., the 95th percentile value)
external penetrating dose to an individual
frequenting the access road north of TA–21 is
estimated at 2.9 (2.67 + 0.2) millirem per year
(LANL 1997c).

Inhalation

The net committed effective dose equivalent
(CEDE) resulting from exposure, primarily
through inhalation, to airborne emissions as
measured by the LANL air monitoring network
in 1996 for the town sites of Los Alamos and
White Rock are 0.05 millirem and
0.04 millirem, respectively (LANL 1997c).
These potential doses to the public are below the
EPA standard of 10 millirem per year for
airborne emissions (40 CFR 61.92).

Ingestion 

Using the 1996 maximum consumption rate
(LANL 1997c), the maximum difference
between the total positive CEDE at sampling
locations in the Los Alamos area and the
regional background locations for each
food group is as follows:  fruits and vegetables,
0.77 millirem; milk, 0.083 millirem; honey,
0.036 millirem; eggs, 0.12 millirem; fish
(bottom feeders), 0.083 millirem; fish (higher

level feeders), 0.03 millirem; elk muscle
0.011 millirem; elk bone, 1.4 millirem; dee
muscle, 0.013 millirem; deer bone
1.1 millirem; and tea, 0.24 millirem.  Assumin
one individual consumed the total quantity fo
each food group (except bone tissue), the to
net positive difference for the CEDE in 199
was 1.7 millirem.

The environmental surveillance data used in t
analysis presented in chapter 5 for human hea
consequence analysis via ingestion are found
volume III, appendix C and appendix D
section D.3.5.

4.6.1.2 Chemicals in the 
Environment Around LANL

Environmental media and foodstuffs have be
selectively analyzed for chemical contaminan
since the early 1990’s.  Appendix C presen
summaries of the numbers of analyses, numb
of samples with detectable concentrations, a
average and 95th percentile concentrations o
these chemicals.  For those chemicals in t
surveillance program, there are no significa
differences in concentrations between media
the perimeter of the site and those of the gene
region (see appendix D, section D.3.4).  In fis
concentrations of some metals are high
upgradient from LANL than downgradien
(LANL 1997c).

Appendix C also contains summaries 
contaminated site concentrations of inorgan
and organic chemicals.  These on-site data w
developed to characterize the contaminated s
in order to determine whether remediation w
needed.  These media are not significa
contributors to public exposures by an
exposure pathways under the curre
circumstances.

Ingestion

Appendix D, section D.3.3 contains detaile
analysis of ingestion risks to the hypothetic
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resident, recreational, and special pathways
receptors.  The risk of ingestion of metals by the
public is expected to remain the same or be
reduced by continued dilution and dispersion in
the environment.  The risk due to ingestion is
believed to be that posed by ingestion in the
general region of LANL and to be less than
1 x 10-6 excess latent cancer fatalities (LCFs)
across all chemicals contributing to ingestion
risk.  Arsenic and beryllium may be regional
ingestion risks.  (That is, the background levels
of these chemicals in the region may pose an
incremental risk to human health.)  The
contribution to ingestion risk by current LANL
operations is believed to be negligible.  The
beryllium and arsenic ingestion in the region of
LANL is conservatively estimated (based on
95th percentile) in appendix D and is highly
uncertain (appendix D, section D.3.4)

Inhalation

Chemical emissions are sufficiently small from
LANL operations so that they are not routinely
measured.  Emissions from high explosives
(HE) testing are periodically monitored and
included in the annual environmental
surveillance reports (for example, for 1996,
LANL 1997c, Table 4-13).  In volume III,
appendix B describes a series of screening steps
used to identify chemical emissions (toxic and
carcinogenic) of concern for the purpose of
impact analysis for the operational alternatives.
These screening steps also supply information
related to potential impacts from current
emissions and likely emissions from the recent
past, since 1990 and 1995 chemical inventory
and purchase information were used in the
initial screening steps to identify chemicals of
concern.  No recent chemical usage was found
to result in emissions of significance from the
standpoint of potential human health effects.

4.6.1.3 Cancer Incidence and 
Mortality in the Los Alamos 
Region

During public scoping, a review of the curren
understanding of cancer incidence and mortal
in the Los Alamos area was requested f
inclusion in this SWEIS.  DOE provided
funding to the New Mexico Department o
Health to conduct a study in response to citiz
concerns about brain cancer in the area n
LANL.

Detailed discussion of these studies and rec
National Institutes of Health/National Cance
Institute studies under the Surveillanc
Epidemiology and End Results (SEER
Program are presented in appendix 
section D.1.2.  The SEER results, which provid
a basis for comparison with the Los Alamo
County studies, include a study population 
New Mexico Native Americans.  Rates o
cancer mortality among white Hispanic
(nationwide), white nonhispanics (nationwide
and New Mexican Native Americans ar
presented in appendix D, section D.1.2.3.

Los Alamos Cancer Rate Study

The Los Alamos Cancer Rate Study (Athas a
Key 1993) was a study of cancer inciden
among populations residing near LANL.  Th
study was conducted in response to commun
concerns about an alleged recent large exc
occurrence of brain cancer in Los Alamo
County, particularly among residents of th
Western Area neighborhood.  Results presen
in the report comprise the major findings of 
descriptive epidemiologic study of cance
incidence in Los Alamos County for the tim
period 1970 through 1990.  Incidence rates p
100,000 people for brain and nervous syste
cancer and 22 other major cancers we
calculated for Los Alamos County using data 
the population-based New Mexico Tumo
Registry.  The county rates were then compar
to rates derived from a New Mexico  referenc
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population and a national reference population
as represented by the National Cancer
Institute’s SEER Program (summary by county
for all cancers, both sexes, incidence 1983 to
1987 and 1988 to 1991, Table 4.6.1.3–1).  

Results of the incidence study showed that Los
Alamos County experienced a 70 to 80 percent
excess of brain cancer as compared with the
New Mexico reference population and national
statistics.  The incidence of brain and nervous
system cancer within different neighborhoods
of Los Alamos County was examined by
comparing incidence rates calculated for the
five census tracts situated in the county.  For the
11-year period from 1980 to 1991, all census
tract rates were higher than the New Mexico
reference rate.  The highest incidence occurred
in the census tract that corresponds to the
Western Area neighborhood; however, there
were only three cases, and they were confined to
the 2-year period of 1986 to 1987.  Additional
descriptive studies showed that the brain cancer
rates for Los Alamos County were within the
rates observed across New Mexico counties
from 1983 to 1986 and 1988 to 1991.  A review
of mortality statistics for benign or unspecified
neoplasms of the brain and nervous system
showed no deaths from these causes in Western
Area residents during 1984 to 1990.

A review of incidence rates for 22 other major
cancers and childhood cancers showed that the
incidence of some cancers in Los Alamos
County was greater than that observed in the
reference populations, while the incidence of
other cancers was lower than or comparable to
that observed in the reference populations.
Cancers with incidence rates consistently
elevated in Los Alamos County during 1970 to
1990 included melanoma of the skin, prostate
cancer, non-Hodgkin’s lymphoma, ovarian
cancer, and female breast cancer.  Leukemia and
major cancers of the respiratory and digestive
systems occurred at or below the incidence
levels observed in the reference populations.
Several cancers showed distinct temporal
patterns of increasing incidence.  Most notable

was the marked increase in thyroid canc
incidence observed in the mid 1980’s.  Thyro
cancer incidence in Los Alamos County durin
1986 to 1990 was nearly four times higher th
that observed in the New Mexico referenc
population.  Based on the findings of the stud
a study of the elevated thyroid cancer inciden
in Los Alamos County was made (Athas 1996

Investigation of Excess Cancer Incidence in 
Los Alamos County

The investigation was limited to a review of a
causes of thyroid cancer diagnosed among L
Alamos County residents between 1970 a
1995 identified by the New Mexico Tumo
Registry, a state-wide population-based can
registry.

Results of the investigation showed th
incidence of thyroid cancer in Los Alamo
County fluctuated slightly above the statewid
incidence between 1970 and the mid 1980
before rising to a statistically significant, four
fold elevated level during the late 1980’s an
early 1990’s.  Age-adjusted thyroid cance
incidence in Los Alamos County during 1988 
1992 was 20.7 per 100,000 (n = 22, 95 perc
CI = 12.6 to 30.9) compared to 4.5 per 100,0
in the state.  Surveillance data collected fro
1994 to 1995 indicated a decline in the numb
of cases diagnosed. 

The higher than expected number of thyro
cancer cases could be accounted for by tempo
changes in the diagnosis of thyroid canc
among Los Alamos County residents.  Th
majority of all cases were detected followin
palpation of an asymptomatic neck mass 
health care practitioners located at the loc
community hospital or LANL.  None of the
thyroid cancer cases had been detected 
thyroid ultrasonography, nor was a tempor
shift toward more incidental diagnoses of sma
occult thyroid cancers observed.  A notab
higher percentage of male cases had their tum
discovered at LANL compared to female
suggesting an impact from occupation
4–132
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medical surveillance.  Additional analysis
suggests that increased medical surveillance and
greater access to medical care were responsible
for the recent excess in Los Alamos County.  

Results from this investigation showed that the
1988 to 1995 cases included people who had
moved to Los Alamos County at different points
in time and had lived in the county for varying
lengths of time prior to diagnosis.  Most of the
cases had not lived in Los Alamos County prior
to 1970; about half had resided in the county
more than 20 years prior to diagnoses; about
20 percent had resided in the county 2 years or
less prior to diagnosis; and four had resided in
Los Alamos County during childhood.

The investigation described in this report did not
identify a specific cause of the unusually high
number of thyroid cancers diagnosed in Los
Alamos County.  The likelihood is that the
excess had multiple causes.  Potential risk
factors for thyroid cancer include therapeutic
irradiation, genetic susceptibility, occupational
radiation exposure, and weight.

4.6.1.4 LANL Environmental 
Surveillance and 
Compliance Program

The LANL Environmental Surveillance and
Compliance Program (described on page 4–1)
monitors LANL and surrounding region
foodstuffs, air, water, and soil for radiation,
radioactive materials, and hazardous chemicals.
This information is used for continually
determining time trends and to assess potential
risks to human health and the environment.

4.6.2 LANL Worker Health

This section summarizes operational health risk
experience at LANL, including exposures of
workers to radioactive materials and hazardous
materials resulting in intakes and recordable
incidents due to exposure or physical injuries

from workplace hazards.  The LANL Worke
Health and Safety Program is summarized al

4.6.2.1 Summary of Radiological 
and Chemical Exposure and 
Physical Hazard Incidents 
Affecting Worker Health 
During the 1990’s

The working conditions at LANL have
remained essentially the same during t
1990’s.  Few construction projects (e.g
DARHT) have been undertaken.  More than ha
the work force is routinely engaged in activitie
that are typical of office and computing
(analysis) industries.  Much of the remainder 
the work force is engaged in light industrial an
bench-scale research activities.  Approximate
one-tenth of the general work force at LAN
(UC; Johnson Controls, Inc.; and other U
subcontractors) is engaged in operatio
(including maintenance) and research a
development within nuclear and moderat
hazard facilities (LANL 1998a).  Uniform data
have been reported since 1993 due to DO
requirements.  Therefore, the information belo
addresses 1993 through 1996. 

There have been five major (fatal, seriou
injury, or near miss) accidents affecting work
safety during this period.  These were:

• December 1994—During a training 
exercise, a security officer (Protection 
Technology of Los Alamos) was 
accidentally shot and killed.

• November 1995—A forklift accident 
resulted in serious worker injury; the 
worker fully recovered.

• January 1996—An electrical accident 
resulted in near death; injured worker 
remains in coma.

• July 1996—An electrical accident resulted 
in serious worker injury; the worker fully 
recovered.
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• November 1996—An explosion and fire in 
Chemistry and Metallurgy Research (CMR) 
Wing 9 (hot cell facility) resulted in 
property damage; this accident is 
considered a near-miss in terms of serious 
injuries or fatalities.

LANL’s worker health and safety performance
is reported and is a portion of UC’s performance
indicators within its contract with DOE.

The new DOE-UC contract contains objective
standards of performance for environmental
safety and health (modification number M440
Supplemental Agreement to Contract Number
W-7405-ENG-36, Appendix F, Section B,
Part II, Section II-2, F-10 to F-26)
(October 1997).  These provide specific
performance objectives, criteria, and
performance measures.  These will continue to
be used to evaluate LANL performance in the
areas of safety, health, and environmental
protection.

Table 4.6.2.1–1 presents representative
examples of accidental radiological and
chemical exposures and physical incidents
resulting in worker injuries at LANL from 1993
to 1996.  DOE required that dose estimates for
radiological intakes be reported as CEDE
starting in 1993.  Three workers received doses
above the regulatory limits of 5 rem due to
intakes of plutonium isotopes in 1993.  Two
individuals were exposed while checking argon
flow in an experimental metal preparation
operation within a glovebox.  The other
individual was exposed following an incident
involving the unbolting of a valve during a
decommissioning operation.  Physical accidents
that resulted in hospitalization overnight or
fatalities are listed, as are incidents that involved
more than three workers.  Chemical exposures
at LANL between 1993 and 1996 are also listed
in Table 4.6.2.1–1.  These are potential
exposures because it is difficult to confirm
intake of many of the chemicals with which
routine operations are conducted.  

Table 4.6.2.1–2 presents the total recorda
and lost work day (more than one-half day lo
due to injury and treatment) cases rates per y
at LANL (1990 through 1995).  Recordabl
incidents are any occupational injuries o
illnesses that result in:  (1) fatalities, regardle
of the time between the injury and death or t
length of the illness; (2) or lost work day case
other than fatalities, that result in lost wor
days; (3) or nonfatal cases without lost wo
days that result in transfer to another jo
termination of employment, or require medic
treatment (other than first aid), or involve loss 
consciousness or restriction of work or motio
This category also includes any diagnos
occupational illnesses that are reported to 
employer but are not classified as fatalities 
lost work day cases (29 CFR 1904.12).  Lo
work days are a subset of recordable inciden
These comparisons were based on the LAN
Occupational Safety and Health Administratio
(OSHA) 200 logs maintained by LANL’s
ESH-5, Industrial Hygiene Group, compared 
eight other DOE facilities for the same tim
frame (LANL 1992b, LANL 1993a,
LANL 1994b, LANL 1995f, LANL 1996e, and
LANL 1996i).  These logs allow comparisons o
organizations performing similar activities b
comparison of the recordable case rate (t
number of fatalities, injuries, or illnesses pe
full-time equivalent worker, assuming 40 hou
per week and 50 weeks per year worked).  T
methodology is standardized by the U.
Department of Labor, Bureau of Labo
Statistics, and is required reporting fo
employers with 11 or more employees in th
previous year.  The use of the total reportab
injuries/illness case rates allows fo
comparisons to other DOE facilities. 

LANL has experienced recordable and lo
work day cases at a rate that is within th
operational experience of DOE facilitie
(Table 4.6.2.1–2) and with that of research a
development facilities in the U.S., both U.S
Nuclear Regulatory Commission (NRC
licensed and institutions such as Batte
4–136
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TABLE  4.6.2.1–1.—Representative Examples of Recorded Radiological and Chemical Exposu

and Physical Accidents Affecting Workers at LANL 1993 Through 1996

DATE LOCATION DESCRIPTION OF INCIDENT/EXPOSURE

EXTERNAL  RADIATION  EXPOSURE

1993 to 1996 LANL-wide None to individual workers exceeding 5 rem/year.

RADIOLOGICAL  INTAKE  EXCEEDING  100 MREM

January 19, 1993 TA–55, PF–4 11.3 rem CEDE plutonium-239 to one worker and 18.4 rem CEDE 
plutonium-239 to second during operation to clear reaction debris from
line; continuous air monitor (CAM) alarm sounded, nasal  smears 
confirmed potential exposure, CEDE quantified by bioassay.

August 30, 1993 TA–55, PF–4 1.2 rem CEDE plutonium-239 to one worker during a decontaminati
operation; CAM alarm sounded, nasal  smears confirmed potential 
exposure, CEDE quantified by bioassay.

August 24, 1994 TA–3–29, CMR 3.5 rem CEDE plutonium-239 to one worker who received puncture 
wound in thumb through glovebox glove puncture; intake was quantifie
by bioassay.

April 30,1996 TA–55, PF–4 380 millirem CEDE plutonium-239 to one worker during a pump 
replacement operation; nasal smears confirmed potential exposure, 
CEDE quantified by bioassay.

July 5-11,1996 TA–55, PF–4 1.3 millirem CEDE plutonium-239 to one worker detected as a resul
reviews of routine health physics survey of fixed head air sample data
Intake confirmed and quantified via bioassay.

POTENTIAL  CHEMICAL  EXPOSURES (NONE REQUIRED HOSPITALIZATION )

March 8, 1995 TA–00 Six people confirmed to receive lead to blood 40 to 70 µg/dl as a resu
removing paint from a water tank.a

April 12, 1995 TA–55, PF–4 Several employees exposed briefly to dilute acid fumes (hydrofluoric
and nitric in water) during solution disposal down the acid drain line.

April 26, 1995 TA–3, SM–30 
Warehouse

Four people became briefly ill due to release from chemical package 
containing 100 milliliters of ethyl mercaptan.

December 1, 1995 HRL, TA–43 Technician splashed 10% bleach being used for biological sterilizati
into his eyes.

December 7, 1995 TA–54, Area G Personnel monitoring devices detected silica in three workers breat
zones exceeding the OSHA TLV-TWAb for crystalline silica during 
training.

February 23, 1996 TA–48 Two employees briefly exposed to HCL in excess of OSHA ceiling o
ppm during the failure of exhaust system in work station.

May 17, 1996 CMR Disturbance of asbestos-containing material (ACM) on pipe during th
installation of conduit for communications.

August 22, 1996 TA–3–40
Physics Complex

Elemental mercury identified on floor during remodeling, airborne 
concentrations exceeded OSHA Permissible Exposure Limits for ceilin
level concentrations.

September 25, 1996 Cooling Tower  
CT–2

Nonfriable asbestos detected, improbable exposure, during the remov
of filter media in cooling tower.
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December 10, 1996 High Explosives 
Testing Site

Unknown puff of gas caused temporary discomfort, coughing to worke
resulting from application of disinfectant and dechlorination operation.

PHYSICAL  INJURIES (REQUIRING  MINIMUM  ONE NIGHT  HOSPITALIZATION , RESULTING  IN FATALITY  OR 
AFFECTING  3 OR MORE WORKERS)

April 9,1993 TA–33–114 Insect bite resulted in immuno-reaction requiring hospitalization.

April 19, 1993 TA–3 Employee kneeling on chair fell and struck adjacent pipe and was 
hospitalized overnight for observation.

May 24, 1993 TA–55 Injury sustained in basement when standing up and striking overhea
obstruction.

August 24, 1993 TA–52 (HazMat 
Mobile Unit)

Sustained burns to right hand, face and neck while attempting to light t
propane-fired water heater in mobile unit.

October 15, 1993 TA–3 Worker sustained broken hip in 5-foot fall from wooden pulpit ladder.

January 24, 1994 TA–59           
Pajarito Road

LANL truck pulling trailer that came loose; trailer struck a privately 
owned vehicle causing it to veer off road; driver sustained hip injury an
baby sustained concussion.

February 15, 1994 CMR, Wing 7 Worker broke arm in fall at floor level.

July 1, 1994 TA–54, Area L Near miss lightning strike, worker hospitalized overnight for 
observation.

December 15, 1994 TA–48 Worker falls from ladder; the fall directly resulted in injury to the work
and subsequent hospitalization.  Worker dies after surgery.

December 20, 1994 TA–72 Security guard fatally wounded by gunshot in training exercise.

May 20, 1995 East Jemez Road Collision occurred between government-owned and private vehicle
Three of four individuals injured were hospitalized overnight.

June 13, 1995 TA–46 Injury to right foot from backhoe bucket hit during removal of earth fro
an excavation to expose a water line.

October 31, 1995 TA–55 Worker hospitalized overnight after fainting in the machine shop and
hitting head on floor in the fall.

November 22, 1995 TA–35–128   
Outside

Forklift wheel rolled off edge of concrete and rolled with driver into the
adjacent ditch pinning worker’s neck against overhead guard and foot 
beneath body of vehicle; 2 1/2 week hospitalization resulted but worke
released to work without restrictions.

January 17, 1996 TA–21 TSFF A mason tender (worker) was injured when he hit 13,200-volt buried
electrical line with jack hammer while excavating through pavement; 
worker burned and rendered unconscious, sustained in comatose stat

February 8, 1996 TA–3–132 Worker broke finger on unguarded pinch point of a Tommy lift gate.

July 18, 1996 TA–53, MPF–14 Student worker injured by electrical shock while experimenting with 
commercial microwave oven; was rendered unconscious, regaining 
consciousness within a few hours; worker recovered fully.

October 21, 1996 Fenton Hill Worker injured while inserting drill pipe into Well GT-2; worker fully 
recovered.

a 40 to 70 µg/dl means 40 to 70 micrograms of lead in any form in the blood of the person.
b TLV-TWA threshold limit value, time weighted average under OSHA.

TABLE  4.6.2.1–1.—Representative Examples of Recorded Radiological and Chemical Exposu
and Physical Accidents Affecting Workers at LANL 1993 Through 1996-Continued

DATE LOCATION DESCRIPTION OF INCIDENT/EXPOSURE
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TABLE  4.6.2.1–2.—Total Recordable and Lost Workday Cases Ratesa at LANL and at Other
DOE Facilities (1990 Through 1995)b

YEAR LANL LLNL BNL SNL ORR ANL HS RFS INEEL

TOTAL  RECORDABLE  CASE RATE PER 100 WORKERS

1990 6.6 2.9 5.8 4.4 5.8 2.7 3.5 6.7 4.5

1991 7.2 3.8 4.7 4.6 5.4 1.6 3.7 6.2 5.2

1992 9.4 5.1 5.2 4.4 5.5 2.4 4.3 6.0 3.7

1993 6.6 5.6 4.2 4.3 4.5 3.4 5.0 6.2 3.4

1994 5.9 4.7 5.6 4.0 4.3 2.4 5.2 5.1 3.3

1995 4.6c 4.7 4.2 3.4 4.2 1.6 4.7 4.6 3.6

LOST WORKDAY  CASE RATE PER 100 WORKERS

1990 2.8 2.2 3.2 1.9 1.8 1.0 1.3 4.2 2.2

1991 2.4 2.4 2.9 2.2 1.7 0.8 1.7 4.3 2.6

1992 3.3 2.6 3.6 2.0 2.1 1.1 2.0 3.8 1.7

1993 2.1 2.8 3.2 2.0 1.4 1.2 2.0 3.7 1.6

1994 2.3 2.2 3.7 1.9 1.6 0.9 2.2 3.0 1.4

1995 2.0 1.8 2.9 1.7 1.4 0.4 1.7 2.7 1.7

ANL = Argonne National Laboratory, BNL = Brookhaven National Laboratory, HS = Hanford Site, INEEL = Idaho National 
Engineering and Environmental Laboratory, LANL = Los Alamos National Laboratory, LLNL = Lawrence Livermore National 
Laboratory, ORR = Oak Ridge Reservation, RFS = Rocky Flats Environmental Technology Site, SNL = Sandia National 
Laboratories
Sources:  LANL 1992b, LANL 1993b, LANL 1994b, LANL 1995f, LANL 1996e, and LANL 1995e
a Recordable occupational injuries or illnesses are any occupational injuries or illnesses that result in:  (1) fatalities, regardless of 
the time between the injury and death, or the length of the illness; (2) or lost work day cases, other than fatalities, that result in 
lost work day; (3) or nonfatal cases without lost work days that result in transfer to another job, termination of employment, or 
require medical treatment (other than first aid), or involve loss of consciousness or restriction of work or motion.  This category 
also includes any diagnosed occupational illnesses that are reported to the employer but are not classified as fatalities or lost work 
day cases (29 CFR 1904.12).

b The U.S. Department of Labor, Bureau of Labor Statistics, reported total reportable and lost work case rates of 8.5 and 3.8, 
respectively, for the period 1991 to 1995.

c Worker population in 1995 was 9,081.
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Memorial Institute or Proctor and Gamble
Corporation.

DOE is establishing a Chronic Beryllium
Disease Prevention Program in response to the
current prevalence of approximately 1 percent
confirmed cases among DOE workers who have
been included in a worker health surveillance
program for chronic beryllium disease (CBD).
CBD is a chronic, irreversible, and debilitating
lung disease.  In volume III, appendix D, section
D.2.2.3, discusses beryllium exposure groups
and contains more information about CBD.
Worker health surveillance programs for CBD
initiated in 1991 at DOE’s Rocky Flats
Environmental Technology Site (REFETS), the
Oak Ridge Y–12 Plant, and Mound provide
screening to current and former beryllium
workers and employees who may have received
incidental exposures.  Data from these programs
confirm that CBD remains an ongoing problem.
Through December 1997, about 104 cases of
CBD have been diagnosed (64 confirmed by
bronchoscopy) and 40 probable cases of CBD
(not confirmed by bronchoscopy [includes
biopsy of lung tissue and Lymphocyte
Proliferation Test of white blood cells washed
from the lung]).  This is from a population of
8,838 workers evaluated. 

Anecdotally, an estimated eight cases of CBD
have been diagnosed in former LANL site
employees.  Six cases are possibly the result of
beryllium exposure at Los Alamos during the
Manhattan Project; however, there are no
records on site that support the diagnosis of
CBD or level of beryllium exposure.  Two cases
were the result of exposure to beryllium at the
University of Chicago in the early 1940’s with
no known subsequent beryllium exposure at
LANL.  There are no known cases of CBD in
current LANL employees.  There are two cases
of beryllium sensitization in former Rocky Flats
employees who are at LANL.  No cases of
confirmed beryllium sensitization have been
found in LANL beryllium workers participating
in a study of methods to improve the
lymphocyte proliferation test.

The occupational health community does n
have sufficient exposure and health outcom
data to satisfy the majority of occupationa
health practitioners in either confirming that th
current beryllium limit is adequate o
establishing a lower limit.  Peer-evaluate
journal articles (Kreiss et al. 1996, Stange et 
1996, and Banard et al. 1996) indicate a hi
prevalence of CBD where average exposu
were reported to be below the 2 micrograms p
cubic meter limit; but the reported exposure da
have been challenged as not representing 
true exposures that the CBD cases receiv
Adding to the uncertainty are unpublished da
from the United Kingdom Atomic Weapon
Establishment Cardiff Facility that suggest th
controlling their facility to 2 micrograms pe
cubic meter resulted in no cases of CBD amo
their workers (UK et al. 1997).  

Though workers having the highest levels 
exposure are at greatest risk for CBD, individu
susceptibility may play a role in who does o
does not develop CBD.  It has long bee
suspected that genetics plays a role 
determining who will become ill, and recen
research suggests that a genetic predisposi
may play some role in determining wh
develops CBD (Richeldi et al. 1993).  Currentl
however, there is no reliable genetic test th
identifies highly susceptible individuals. 

At LANL, there have been ongoing operation
using beryllium, primarily at Sigma
(TA–3–141), but also at the Main Shop
(TA–3–39 and TA–102), and the high
explosives testing facilities (especially TA–15
TA–36, and TA–39).  The Beryllium
Technology Facility (TA–3–141) has bee
redesigned and upgraded as part of the D
nonnuclear reconfiguration and is intended to 
a state-of-the-art facility for these operations. 
is expected to be in operation in 199
(LANL 1998a and appendix D, section D.3.4
provide additional information on beryllium a
LANL.)
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1996 
Beryllium medical surveillance is part of the
ongoing medical surveillance program at LANL
as described in the laboratory requirements
document “Occupational Medicine Program.”
All identified beryllium workers are required to
participate in the beryllium medical surveillance
program.  The Occupational Medicine Group
maintains beryllium-specific examination
requirements and employee medical
surveillance records.

4.6.2.2 Ionizing Radiation 
Exposures of Workers

Occupational radiation exposures for workers at
LANL are summarized in Table 4.6.2.2–1.  The
collective dose, the sum of all measurable doses
to workers, has fluctuated around 200 person-
rem per year.  LANL is one of seven major DOE
sites that collectively contribute over 80 percent
of DOE’s total dose.  The number of LANL
workers with measurable dose has varied from
about 1,400 to 2,600.  The average measurable
dose has been less than 150 millirem in recent
years, which is considerably less than average
doses in the nuclear power industry, for
example. 

For 1996, tritium produced measurable doses in
49 individuals for a collective dose of

0.305 person-rem, and an average CEDE 
0.006 rem.  Plutonium produced measurab
dose in two workers for a collective dose o
4.8 person-rem for an average of 2.4 re
Uranium isotopes were measurable 
39 workers for a collective dose o
0.182 person-rem, averaging 0.005 rem p
worker.  As is generally the case at most DO
facilities, the collective dose to workers i
almost entirely from external radiation.

4.6.2.3 Nonionizing Radiation 
Exposure

There are three types of nonionizing radiatio
within LANL operations that could affect
workers.  These are discussed below. 

Electromagnetic Radiation 

The incidence of exposure to electromagne
radiation at LANL are very low, and therefore
are difficult to identify from historical records
There are no monitoring devices available su
as those used for monitoring ionizing radiatio
In-place monitoring devices interfere with o
disrupt the nonionizing radiation field or beam
resulting in inaccurate readings.  Magnet
sources are normally controlled inside o
buildings or behind fenced areas, thus limitin
access to the field and limiting the size of th

TABLE  4.6.2.2–1.—Baseline Radiological Exposure to LANL Workers

YEAR
COLLECTIVE DOSE 
(person-rem) TEDE

NUMBER OF 
WORKERS WITH 

MEASURABLE DOSE

AVERAGE 
MEASURABLE DOSE 

(rem)

1992 230.4 1,724 0.134

1993 199.2 1,391 0.143

1994 190.0 2,448 0.078

1995 234.9 2,583 0.091

1996 184.1 1,984 0.093

1993 to 1995 208.0 2,141 0.097

Sources:  Data from DOE Occupational Radiation Exposure reports for 1992 through 1994 (DOE nda), 1995 (DOE ndb), and 
(DOE ndc).
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field (metal construction materials interfere
with the magnetic field).  No reported incidents
of exposure to nonionizing radiation were found
during the review of the OSHA 200 logs
(LANL 1996c), Environmental Surveillance
and Compliance Program Reports
(LANL 1992b, LANL 1993b, LANL 1994b,
LANL 1995f, LANL 1996e, and LANL 1996i)
or of DOE’s Occurrence Reporting and
Processing System (ORPS) reports (DOE ORPS
1990–1996).

Laser Radiation  

Most forms of nonionizing radiation are easily
controlled.  Light sources such as lasers are line-
of-sight devices.  Infrared and manmade
ultraviolet light sources are normally contained
or housed out of sight and without direct access
in typical operating environments.

Microwave Radiation

In addition to the typical use of microwaves in
cafeterias and lunchrooms, LANL is designated
as an Experimental Operation Station for DOE
by the U.S. Department of Commerce, National
Telecommunications and Information
Administration.  As such, the operation of
experimental microwave transmitters occurs
within TA–49.  In volume III, appendix D,
section D.2.2.2 provides details of potential  risk
to human health from operating this transmitter.
These risks are very low (i.e., resulting in less
than measurable effects on human health).

4.6.2.4 Summary of Worker Health 
Studies at LANL

There have been several long-term studies of
workers employed at LANL.  A mortality study
of 224 white males with internal depositions of
plutonium (10 nanocuries or more) was
conducted by Voelz (Voelz et al. 1985). All
causes of death, and all malignant neoplasms
were lower than expected when compared with
death rates for U.S. white males.  Cancers of

interest for plutonium exposure, includin
cancers of the bone, lung, and liver, we
infrequent or absent.

A cohort mortality study (Wiggs et al. 1994
examined the causes of death among 15,7
white males hired at LANL between 1943 an
1977.  The study  examined plutonium
deposition and external ionizing radiation i
relation to worker mortality. The LANL
workforce experienced 37 percent fewer dea
from all causes, and 36 percent fewer deaths 
to cancer than expected when compared w
death rates for the U.S. population. 

The researchers identified a subset of 3,7
workers who had been monitored for plutoniu
exposure; of these, 303 workers we
categorized as “exposed” based on a uri
bioassay; the remainder were “nonexpose
One case of rare bone cancer, osteoge
sarcoma, related to plutonium exposure 
animal studies, was noted among the plutoniu
exposed group.  The overall mortality and sit
specific rates of cancer did not diffe
significantly between the two groups o
workers.

Dose-response relationships were observed 
cancers of the brain/central nervous system, 
esophagus, and Hodgkin's disease among 
10,182 workers monitored for external ionizin
radiation and tritium.  When plutonium worker
were excluded from the analyses, kidney can
and chronic lymphocytic cancer also showed
dose response. 

A lifetime medical study was conducted on 2
workers who received the largest intern
depositions of plutonium (Voelz and Lawrenc
1991) between the years 1944 and 1945. Se
deaths had occurred by 1990 compared with
expected based on death rates for U.S. wh
males, adjusted for age and calendar year. 
cause mortality and all cancer mortality we
similar to death rates among LANL workers
One of the seven reported deaths was due
bone sarcoma, as noted above.  No additio
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deaths were reported in the cohort mortality
study through 1995 (Voelz et al. 1997). 

Wiggs (Wiggs 1987) conducted a mortality
study among 6,970 women employed at LANL
between 1943 and 1979.  The mortality rates for
all causes of death combined and all cancers
combined were 24 percent and 22 percent below
the rate for the U.S. population.  Although the
overall rates are low, women occupationally
exposed to ionizing radiation had elevated rates
for ovarian and pancreatic cancer relative to
those not exposed.  Unexpectedly, female
radiation workers experienced a statistically
significant excess of death from suicide.  In an
in-depth study, past employment as a radiation
worker was significantly associated with death
from suicide. No significant associations for
duration of employment, plutonium exposure,
or marital status were seen (Wiggs et al. 1988).

As result of a reported excess of malignant
melanoma (a type of skin cancer) among
workers at the Lawrence Livermore National
Laboratory (LLNL) in California (Austin et al.
1981) and similarities with occupational
exposures and prevailing sunshine conditions at
Los Alamos, an investigation was undertaken to
assess the risk of melanoma at LANL.
Incidence data were obtained from the New
Mexico Tumor Registry. No excess risk for
melanoma was detected at LANL among 11,308
laboratory workers (Acquavella et al. 1982a).
The rate for the total cohort, Hispanic males and
females, non-Hispanic males and females were
not significantly different from the
corresponding New Mexico rates. 

A study (Acquavella et al. 1982b) of 15
melanoma cases did not detect any associations
between melanoma and exposure to any
external radiation as measured by film badges,
neutron exposures, plutonium body burden
based on urine samples, or employment as a
chemist or physicist. However, the melanoma
cases were more educated than the comparison
group; a finding consistent with other reports of
malignant melanoma according to the authors.

The numbers in this study were small, an
therefore, could only detect large excesses.

4.6.2.5 LANL Worker Health 
Programs

Radiation Protection

The LANL radiation protection program has th
objective of managing and controlling below
applicable limits (ALARA) (10 CFR 835).  To
accomplish this objective, several preventati
measures are applied, such as protect
clothing, respirators, and use of shieldin
Other technical requirements for the conduct 
work, including construction, modifications
operations, maintenance, and decommission
incorporate the radiological protection criteri
in the early planning stages.  The federal lim
for personnel exposure is 5 rem (TEDE) p
year.   

The ALARA program uses administrative
controls as one tool to monitor and contr
exposures.  Administrative control level
(ACLs) for radiation doses have bee
established at a level below the regulato
limits.  These ACLs provide a method by whic
increasing employee radiation doses a
monitored, evaluated, and reviewed well befo
the regulatory limits are approached.  High
level management approval is required befo
an ACL can be exceeded.

The radiation protection services at LANL ar
provided by the Environment, Safety and Hea
(ES&H) Division.  The mission of this division
is to protect the workers, the public, and th
environment from radiation associated wit
LANL operations.  The Laboratory Assessme
Office collects and publishes a quarterly repo
of performance indicators, which ar
parameters that indicate how well LANL ha
performed in areas of general importanc
These performance indicators are used 
identify trends, evaluate performance, alloca
resources, assess conduct of operations, 
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facilitate continuous improvement.  The
radiation protection performance indicators for
the various LANL activities include external
dosimetry, internal dosimetry, radiation
monitoring instruments, sample analysis,
workplace radiological monitoring, nuclear
criticality safety, radiological training, and
maintaining radiological records.

Chemical Hygiene and Occupational Safety 
and Health Administration Safety Program

DOE implements OSHA requirements for
employees at their facilities through DOE Order
440.1, Worker Protection.  The order requires
that contractors and contractor employees
adhere to U.S. Department of Labor OSHA
standards (29 CFR 1910).  The applicable
standards and requirements are included in the
DOE-UC contract for LANL operations. LANL
is required to furnish employees a place of
employment free from recognized hazards that
might cause injury or death.  Routine and
special medical examinations are used as
surveillance tools to monitor worker health.
LANL has a workplace monitoring program
that collects more than 2,000 samples each year
for analyses of more than 200 chemicals.

OSHA 200 Log—Recordable incidents in
LANL workplaces are investigated and reported
to DOE.  A review of this log and of the ORPS
database for the LANL facility for the period of
1993 through 1996 indicates that there were
several potential exposures to
chemicals—asbestos, crystalline silica,
mercaptan (a gas), lead, elemental mercury,
hydrochloric acid, and hydrofluoric acid vapor
(Table 4.6.2.1–1).

Accident Investigating and Reporting 
Program

The LANL Accident/Occurrence Investigating
and Reporting Program investigates accidents
and incidents meeting defined criteria to
determine appropriate corrective actions that
may prevent future similar events or help in

mitigating their consequences.  Thes
investigations also provide information require
by programs external to LANL, such as da
required by the state worker’s compensati
program, the OSHA 200 log, the DOE
Computerized Accident/Incident Reportin
System, the DOE Performance Indicat
Program, and the DOE ORPS.

Chemical Hygiene Plan

The LANL Chemical Hygiene Plan is the
LANL standard that helps to preven
overexposure of employees to hazardo
substances.  It includes necessary wo
practices, procedures, and policies to ensure 
protection of employees.  Additiona
requirements include employee training an
information, medical consultation and
examinations, hazard identification, th
respirator protection program, and recor
keeping.  This plan is available on-line at LAN
and allows personnel to tailor specifi
procedures and experimental plans to minimi
risk.

Carcinogen Control

The Carcinogen Control Program involves th
identification, evaluation, and control o
occupational exposures to chemicals identifi
as known or suspected human carcinogens.  T
program encompasses the use, storage,
generation of carcinogens at LANL.  Wor
areas where carcinogens are used, stored
generated are governed by either the LAN
Hazard Communication Standard or th
Chemical Hygiene Plan.  These areas a
labeled, and controls for use of these materi
are available at the work site or laboratory.

Lockout/Tagout (Red Lock Procedure)

The LANL Lockout/Tagout (Red Lock
Procedure) Program describes the minimu
requirements of the lockout/tagout procedur
used for protecting personnel from acciden
releases of hazardous energy while they a
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servicing, maintaining, or modifying
machinery, equipment, or systems.  Each
facility may have facility-specific requirements
for equipment operability checks, maintenance,
and operability assurance.

Nonionizing Radiation

The Nonionizing Radiation Program helps to
minimize the exposure of LANL workers to
laser, radiofrequency/microwave, and
subradiofrequency electric and magnetic fields,
and establishes the frequency-dependent
exposure limits at LANL.  The program
institutes requirements for anticipating,
identifying, evaluating, and controlling the
occupational exposure of workers to
nonionizing radiation.

Occupational Medicine

The Occupational Medicine Program is
maintained to provide continuing medical
surveillance for workers to ensure the early
detection and treatment of illnesses.  It also
applies early preventative medical measures.
Activities include physical examinations, clinic
visits, immunizations, drug testing, and
counseling.  For hazardous chemical and
radiation workers, specific surveillances are
often required.

Personal Protective Equipment

The Personal Protective Equipment Program is
required in LANL work areas where hazards are
not effectively controlled by other means (such
as engineering controls) or are unknown (such
as site characterization at waste management
units) or are controlled, but require additional
specific protection.  Various types of personal
protective equipment provide specialized
protection for the respiratory system, eyes, face,
feet, and head, as well as entire body.

Workplace Monitoring

The Workplace Monitoring Program helps t
ensure that personnel exposures to radiologic
chemical, physical, and biological hazards a
kept ALARA and below the occupationa
exposure limit.  Monitoring data are analyze
and evaluated to determine whether the cont
measures are effective, and then the data 
documented.

Additional institutional health and safety
program areas include biohazards, electric
safety, ergonomics, hearing conservatio
ventilation systems, and safety and hea
training.  Detailed information of each
subprogram can be obtained from th
Occupational Safety and Health Manu
(LANL 1993c) and corresponding program
requirement documents.

4.6.3 Emergency Response and 
Preparedness Program

DOE maintains equipment and procedures 
respond to situations where human health or 
environment are threatened.  These inclu
specialized training and equipment for the loc
fire department, local hospitals, state pub
safety organizations, and other governme
entities that may participate in response actio
as well as specialized response teams such as
Radiological Assistance Teams (DO
Order 151.1, Comprehensive Emergenc
Management System).  These programs also
provide for notification of local government
whose constituencies may be threatened. 
broad range of exercises are run to ensure 
systems are working properly, from facility
specific exercises (e.g., fire drills) to region
responses (major exercises involving seve
government organizations).  Additionally, th
emergency response procedures are periodic
utilized in response to actual events, such as 
Dome Fire in the spring of 1996.
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4.6.3.1 Emergency Management 
and Response

LANL has an institutional emergency planning,
preparedness, and response program as required
by federal regulations.  Emergency
Management and Response (EM&R) personnel
are responsible for the emergency planning,
preparedness, and response necessary to
minimize adverse operational impacts.  They
are available on a 24-hour basis for
emergencies, and they provide a 24-hour
notification service capable of contacting all
LANL employees, even those on travel, should
this assistance be needed.  The EM&R Program
also equips and trains both a Crisis Negotiations
Team and a Hazardous Devices Team.  It
maintains an Emergency Operations Center 24
hours per day to coordinate emergency
responses, and maintains an alternate
emergency operations center as required by
DOE.  To effectively operate during an
emergency, memoranda of understanding have
been established among DOE, Los Alamos
County, and the State of New Mexico to provide
mutual assistance during emergencies and to
provide open access to medical facilities.  In
addition, the EM&R Program supports
development and deployment of a DOE-
directed complex-wide data handling and
display system.

To assist emergency responders, the EM&
Program maintains a database with facilit
specific information such as building manage
phone numbers, building locations, chemica
of concern, etc.  In addition, the EM&R
Program has an Emergency Management P
that contains all procedures for mitigatin
emergencies and collecting response d
(LANL Emergency Preparedness). 

4.6.3.2 Emergency Response for 
Explosions

LANL has procedures to be followed in case 
an explosion.  The procedures require a 911 c
and a response by fire and medical personn
EM&R personnel will respond to ensure that th
situation is mediated prior to re-entry of th
facility.

4.6.3.3 Fire Protection

LANL’s fire protection program ensures tha
personnel and property are adequately protec
against fire or related incidents.  This involve
all aspects of traditional fire protection
wildland fire prevention, and life safety a
detailed in the National Fire Protectio
Association Code.
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4.7 ENVIRONMENTAL  JUSTICE

President Clinton, in Executive Order 12898,
Federal Actions to Address Environmental
Justice in Minority Populations and Low-
Income Populations, required federal agencies
to identify and address, as appropriate,
disproportionately high and adverse human
health or environmental impacts of federal
programs, policies, and activities on minority
and low-income populations.  The order also
requires agencies to ensure greater public
participation in their decision-making practices.

For the purpose of this assessment, minority
refers to people who classified themselves in the
1990 U.S. Census as African Americans, Asian
or Pacific Islanders, American Indians,
Hispanics of any race or origin, or other non-
White races.  A minority population refers to an
area where minority individuals comprise
25 percent or more of the population
(DOC 1990b).

Low-income population refers to a community
in which 25 percent or more of the population is
characterized as living in poverty (50 FR 192).
The U.S. Bureau of the Census uses statistical
poverty thresholds to determine the number of
individuals below the poverty level.  The
number of individuals below the poverty level is
the sum of the number of persons in poor
families and the number of unrelated
individuals in poverty.  The 1990 poverty
threshold was a 1989 income of $12,674 for a
family of four (DOC 1993).

4.7.1 Region and Population 
Considered

The area considered for the SWEIS
environmental justice analysis was the area
within a 50-mile (80-kilometer) radius of
LANL.  The center of the area is the emissions
stack at the LANSCE in TA–53.  The LANSCE

stack was chosen because it is the prima
source of LANL airborne radionuclide
emissions.  The use of a 50-mile (80-kilomete
radius circle was patterned after th
methodology used by the NRC for assessi
potential risks to populations from nuclea
power plants and is intended to encompass 
potential impacts from LANL operations acros
all areas of analyses (e.g., water, air, cultu
resources).  

The racial and ethnic diversity and geograph
distribution of the populations within this regio
require the region be separated into smal
spatial portions (sectors) to assist DOE 
identifying minority and low-income
populations.  To divide the region, fou
additional circles, centered on the LANSC
stack with radii at 10-mile (16-kilometer
intervals, were overlaid on the 1990 U.S
Census map for this region.  The concent
circles were divided by 16 arcs, eac
22.5 degrees in width (the resulting sectors a
not of equal area).  The minority and low
income population data for each sector we
derived from U.S. Census Bureau data usi
Geographic Information System software.  

Agency Responsibilities 

To the greatest extent practicable and
permitted by law, and consistent with the
principles set forth in the report on the
National Performance Review, each Federal
agency shall make achieving environmental
justice part of its mission by identifying and
addressing, as appropriate,
disproportionately high and adverse human
health or environmental effects of its
programs, policies, and activities on minority
populations and low-income populations in
the United States and its territories and
possessions, the District of Columbia, the
Commonwealth of Puerto Rico, and the
Commonwealth of the Mariana Islands.

Source:  Executive Order 12898
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This map will be used to overlay impacts to
enable DOE to determine if any LANL
operations result in disproportionately high and
adverse human health or environmental impacts
on minority and low-income populations.
Figure 4.7.1–1 presents the area analyzed, the
1990 U.S. Bureau of Census-defined places
within this area, and the resulting 80 sectors
(discussed above).  Eight counties, including all
of Los Alamos County and parts of Rio Arriba,
Taos, Mora, San Miguel, Santa Fe, Bernalillo,
and Sandoval Counties are within the region.
Many villages and other rural settlements (not
depicted in this figure) are scattered throughout
the area but were too small to have been defined
as distinct places for the 1990 U.S. Census.
Figure 4.7.1–2 presents the 80 sectors,
highlighted with the low-income or minority
populations greater than 25 percent of the total
sector population (based on the information in
Table 4.7.1–1).  All minority population and
income data used in this assessment are based
on 1990 U.S. Census data (DOC 1993).

The 50-mile (80-kilometer) region includes at
least portions of 15 American Indian Pueblos
and 1 American Indian Reservation.  These
Pueblo and Tribal communities are presented in
Figure 4.7.1–1.  Only uninhabited or sparsely
inhabited sectors of the Pueblo of Taos and
Jicarilla Apache Indian Reservation fall within
the 50-mile (80-kilometer) circle.

The Pueblo communities in closest proximity to
LANL are the Pueblo of San Ildefonso, Pueblo
of Santa Clara, Pueblo de Cochiti, and Pueblo of
Jemez.  DOE has signed intergovernmental
agreements (accords) with these sovereign
nations to improve cooperation and dialogue
regarding LANL operations (section 4.8,
Cultural Resources).

The total 1990 population within the 50-mile
(80-kilometer) region is 212,771.  This
population was calculated by summing the
populations of all the census tracts within the
50-mile (80-kilometer) radius.  Census block
data were used when the 50-mile (80-kilometer)

radius split a census tract.  Twenty-five of th
sectors have populations of less than 200, wh
3 sectors contain 57 percent of the region
population.  The sectors containing 57 perce
of the population are:  (1) the Santa F
metropolitan area (62,015); (2) the Rio Ranch
Pueblo of Sandia, and Sandia Heights are
(44,293); and (3) the Pueblo of Santa Clar
Española, and the Pueblo of San Juan (15,18
Table 4.7.1–1 presents the populatio
percentage of minorities, and percentage of 
population living below the poverty level within
each sector.

4.7.2 Minority Population

Nearly 54 percent of the population within th
50-mile (80-kilometer) radius area is minority
The area’s largest minority group is th
Hispanic population (97,378 or abou
46 percent), followed by American Indian
(14,308 or about 7 percent), African American
(1,264 less than 1 percent), and Asians 
Pacific Islanders (1,142 less than 1 percen
Within New Mexico, minorities make up
49.6 percent of the total state populatio
Minorities are about 15 percent of Los Alamo
County’s population, with Hispanics being th
largest minority group (11 percent).

Hispanics reside throughout the 50-mi
(80-kilometer) radius area, but most are locat
in the Española Valley and in the Santa F
metropolitan area.  Sixty-two percent of th
Hispanics living within this area reside within 
transportation corridor that extends north fro
Santa Fe, along U.S. 84/285 through its juncti
with NM 502, and north toward Española and 
neighboring communities.

4.7.3 Low-Income Population

In 1989, the median household income for Ne
Mexico was $24,087, while 21 percent of th
population lived below the poverty threshol
($12,674 for a family of four).  Los Alamos
County had the highest median incom
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($54,801) within the state.  Fifteen percent of
the total population living within the 50-mile
(80-kilometer) area had 1989 incomes below
the poverty level.  Los Alamos County had the

lowest percentage (2.4 percent) of individua
living below the poverty level when compare
to other census county divisions in the are
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FIGURE 4.7.1–1.—Sectors Used for Environmental Justice Analysis Within 
50 Miles (80 Kilometers) of LANL.
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FIGURE 4.7.1–2.—Sectors with Minority and Low-Income Populations Greater 
Than 25 Percent of the Sector Population.
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TABLE  4.7.1–1.—Environmental Justice Areas Within a 50-Mile (80-Kilometer)
Radius of LANL

MAP 
SECTORa COMMUNITIES, LAND STATUS IN SECTOR

TOTAL 
POPULATION 

IN 1990

PERCENT 
MINORITIES

PERCENT 
PERSONS 
BELOW  

POVERTY 
LEVEL

1 Los Alamos townsite, Pueblo of Santa Clara, Santa Fe National Forest 799 8 1

2 Los Alamos townsite, Pueblo of Santa Clara, Santa Fe National Forest 422 8 1

3 Santa Fe National Forest, Pueblo of Santa Clara 132 12 2

4 LANL, Pueblo of San Ildefonso, and CDP 404 54 10

5 LANL, Pueblo of San Ildefonso and CDP 314 61 9

6 LANL, Bandelier National Monument, Pueblo of San Ildefonso, BLM 95 14 8

7 Pueblo of San Ildefonso, White Rock, Santa Fe National Forest 5,742 12 3

8 LANL, Bandelier National Monument, Santa Fe National Forest, edge of 
White Rock

358 7 0

9 LANL, Bandelier National Monument 63 8 0

10 LANL, Bandelier National Monument, Santa Fe National Forest 0 0 0

11 LANL, Bandelier National Monument 0 0 0

12 LANL, Bandelier National Monument, rural private 36 6 0

13 LANL, Los Alamos, Santa Fe National Forest 399 11 4

14 Los Alamos, Santa Fe National Forest 6,063 18 3

15 Los Alamos, Santa Fe National Forest, Pueblo of Santa Clara 2,912 17 2

16 Los Alamos townsite, Santa Fe National Forest, Pueblo of Santa Clara 1,196 11 1

17 Pueblo of Santa Clara, Santa Fe National Forest 123 83 31

18 Hernandez village, rural private, Santa Fe National Forest 1,920 90 26

19 Santa Clara CDP, Española, Pueblo of San Juan 15,182 89 27

20 Pueblos of San Ildefonso, Santa Clara, and Pojoaque; Española and Santa 
Cruz; rural private

6,755 82 19

21 LANL; Pueblos of San Ildefonso, Pojoaque, Nambe, and Tesuque; 
Jaconita, Pojoaque, Nambe CDPs

4,797 71 12

22 BLM, Pueblo of Tesuque, CDP, edge of Santa Fe metro 1,076 58 11

23 BLM, rural private 1,436 52 8

24 Santa Fe National Forest, La Cienega village 327 70 10

25 Cochiti Lake, Pueblo de Cochiti 66 91 26

26 Pueblo de Cochiti, Cochiti village 886 70 19

27 Santa Fe National Forest, Pueblo of Jemez 1 100 0

28 Santa Fe National Forest, Ponderosa village 226 32 15

29 Valle Grande scenic area, Santa Fe National Forest, rural private 71 42 11

30 Santa Fe National Forest, rural private 29 41 10

31 Santa Fe National Forest, rural private 36 94 50

32 Santa Fe National Forest, rural private 23 87 35

33 Abiquiu village, Santa Fe National Forest, rural private 879 82 33

34 Medanales village, rural private 451 87 29

35 Velarde village, rural private 2,470 89 26

36 Chimayo and Truchas villages, rural private 2, 832 93 27

37 Pueblo of Nambe, Santa Fe National Forest 166 49 8
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MAP 
SECTORa COMMUNITIES, LAND STATUS IN SECTOR

TOTAL 
POPULATION 

IN 1990

PERCENT 
MINORITIES

PERCENT 
PERSONS 
BELOW  

POVERTY 
LEVEL

38 Santa Fe metro, Tesuque CDP, Santa Fe National Forest 7,932 30 8

39 Santa Fe metro 62,015 53 13

40 La Cienega village, rural private 5,204 69 15

41 Pueblo de Cochiti, Pueblo of Santo Domingo; Peña Blanca village 843 97 29

42 Pueblo de Cochiti, Pueblos of Santo Domingo and San Felipe 2,906 98 32

43 Pueblos of Jemez, Zia, and Santo Domingo 159 60 21

44 Jemez Springs, Santa Fe National Forest 747 34 14

45 Santa Fe National Forest, Fenton Lake State Park, rural private 190 33 12

46 Santa Fe National Forest, rural private 44 66 30

47 Coyote and Youngsville villages, Santa Fe National Forest 231 90 45

48 Abiquiu Reservoir, Santa Fe National Forest, rural private 331 84 37

49 El Rito village, Santa Fe National Forest, rural private 887 82 32

50 Ojo Caliente and La Madera villages, Santa Fe National Forest 432 73 24

51 Dixon, Chamisa, and Vadito villages; Pueblo of Picuris 2,538 88 36

52 Las Trampas and Peñasco villages, Carson National Forest 1,699 88 33

53 Santa Fe National Forest, rural private 32 84 22

54 Santa Fe National Forest, Pecos village 2,236 79 22

55 Lamy and Glorieta villages 2,420 32 8

56 Cerrillos, Madrid, and Galisteo villages 1,230 35 16

57 Pueblo of San Felipe, rural private 345 23 12

58 Pueblos of San Felipe and Santa Ana, Bernalillo, Placitas village 3,777 76 26

59 Pueblos of Jemez, Zia, and Santa Ana 2,614 98 34

60 Pueblo of Jemez 181 41 11

61 Pueblo of Jemez, rural private 63 71 24

62 Cuba village, San Pedro Wilderness Area 752 82 33

63 Santa Fe National Forest, rural private 505 75 27

64 Santa Fe National Forest, rural private 57 72 9

65 Santa Fe National Forest, rural private 399 85 25

66 Santa Fe National Forest, rural private 223 74 46

67 Pueblo of Picuris, Talpa village, Ranchos de Taos town 2,483 77 31

68 Carson National Forest, rural private 367 89 42

69 Santa Fe National Forest, Cowles and Tererro villages 391 78 29

70 Santa Fe National Forest, rural private 377 76 27

71 San Jose and San Miguel villages, Santa Fe National Forest 411 85 42

72 Stanley village, rural private 77 23 12

73 Sandia National Forest, Cedar Crest village, rural private 2,872 21 8

74 Rio Rancho, Pueblo of Sandia, Sandia Heights village, North Albuquerque44,293 34 8

75 Pueblo of Zia 5 60 20

76 Pueblos of Jemez and Zia 5 80 20

77 Rural Private 55 80 42

TABLE  4.7.1–1.—Environmental Justice Areas Within a 50-Mile (80-Kilometer)
Radius of LANL-Continued
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MAP 
SECTORa COMMUNITIES, LAND STATUS IN SECTOR

TOTAL 
POPULATION 

IN 1990

PERCENT 
MINORITIES

PERCENT 
PERSONS 
BELOW  

POVERTY 
LEVEL

78 La Jara, Regina villages, Jicarilla Apache 1,233 75 32

79 Gallina village, Santa Fe National Forest 260 67 18

80 Cebolla and Canjilon villages, Santa Fe National Forest 263 86 8

Totals 212,771 54 15

a Map sector refers to the 80 subareas within a 50-mile (80-kilometer) radius of LANL shown in Figure 4.7.1–2.  The center point of the circle is in TA–53 on LANL 
(DOE) property.

Sources:  DOC 1993, standard tape files 1 and 3, and tiger line files; data and map lines compiled and analyzed with an atlas GIS by the Bureau of Business and 
Economic Research at the University of Nevada, Reno, Nevada, 1995.

CDP = Census Designated Place;  GIS = geographic information system;  BLM = Bureau of Land Management;  Metro = Metropolitan Area.

TABLE  4.7.1–1.—Environmental Justice Areas Within a 50-Mile (80-Kilometer)
Radius of LANL-Continued
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4.8 CULTURAL  RESOURCES

Cultural resources are any prehistoric or historic
sites, buildings, structures, districts, or other
places or objects (including biota of
importance) considered to be important to a
culture, subculture, or community for scientific,
traditional, or religious purposes, or for any
other reason.  They combine to form the human
legacy for a particular place.  The cultural
resources present within the LANL region are
complex because of the great diversity in the
culture of the inhabitants of this region.  As the
structure and physical environment of the Jemez
Mountains and Pajarito Plateau changed over
time, cultures changed in response, as reflected
in the settlement patterns and technology that
evolved over time.

The early hunter-gatherers maintained a mobile
society that pursued the large game of the
Pleistocene era and also used the vegetation
present in the region.  Archaic hunter-gatherers
responded to a warmer and drier climate by
increasing their gathering activities and hunting
smaller game.  The advent of agriculture
permitted leisure time for the inhabitants within
the region and also allowed the specialization of
labor.  Along the Rio Grande and the adjacent
Pajarito Plateau, American Indian Pueblo
cultures developed and moved through a
succession of changes in where they settled,
from the mesa tops and cliff faces to finally
resting on the Rio Grande floodplain
(Figure 4.8–1).  After the Spanish conquest, the
area remained agricultural until the Pajarito
Plateau became home to a science and
technology center, LANL.

While not all cultural resource elements need to
be preserved, those with significance require
identification and preservation so that future
generations may be informed and enriched by
the past.  The standards and criteria used for
evaluating impacts to cultural resources for the
SWEIS are based on the system developed for

the National Register of Historic Place
(NRHP), which was established by the National
Historic Preservation Act.  The NRHP is a list
of architectural, historical, archaeological, an
cultural sites of local, state, or nationa
importance.

The cultural resources present within the LAN
boundaries and the region have been classif
into three categories:  prehistoric, historic, an
traditional cultural properties (TCPs)
Information pertaining to cultural resources th
occur within the LANL site boundaries or th
region is presented in this section.

Cultural resource data evaluated for the SWE
are limited to information that is known abou
prehistoric resources present on the LANL si
historic evidence of cultures on the LANL site
and the TCPs of both American Indian an
Hispanic communities on the LANL site and th
surrounding areas that may be affected 
LANL operations.  Information pertaining to
how ongoing cultural practices within th
region are related to LANL and other land th
could be affected by LANL operations i

Traditional cultural values are often central to
the way a community or group defines itself,
and maintaining such values is often vital to
maintaining the group’s sense of identity and
self respect.  Properties to which traditional
cultural value is ascribed often take on this
kind of vital significance, so that any damage
to or infringement upon them is perceived to
be deeply offensive to, and even destructive of,
the group that values them.  As a result, it is
extremely important that traditional cultural
properties be considered carefully in
planning; hence it is important that such
properties, when they are eligible for
inclusion in the NRHP, be nominated to the
NRHP, or otherwise identified in inventories
for planning purposes.

Source:  NPS 1990
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FIGURE 4.8–1.—Pueblos and Reservations in the LANL Region.
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be-
presented in subsection 4.8.3, Traditional
Cultural Properties.

Sources used to assess the cultural resources
present in the LANL region include systematic
archeological surveys of cultural resources
present on the LANL site that were conducted
by or for DOE and recorded in the LANL
cultural resource database, consultations with
23 American Indian tribal sovereign
governments,  consultations with Hispanic
communities, and literature reviews of
American Indian and Hispanic traditional
cultural properties.  In volume III, appendix E
contains expanded discussions of previous
studies of cultural resources in the LANL
region, a cultural background of the LANL
region, applicable regulations, methodologies
used for acquiring cultural resource data and
assessing impacts to cultural resources, and
cultural resources management and resources
within LANL boundaries.

4.8.1 Prehistoric Period

Prehistoric cultural resources refer to an
material remains and items used or modified 
people before the establishment of a Europe
presence in the upper Rio Grande Valley in t
early seventeenth century.  Socio-historical tim
lines have been developed based on change
how people lived and what they ate as reflect
by the cultural material remains.  Table 4.8.1
contains a typical classification scheme for sit
in northern New Mexico.

Archeological surveys have been conducted
approximately 75 percent of the land withi
LANL boundaries (with 60 percent of the are
surveyed receiving 100 percent coverage) 
identify the cultural resources present.  Th
majority of these surveys emphasize
prehistoric American Indian cultural resource
Information on prehistoric cultural resource
was obtained from the LANL cultural resource

TABLE  4.8.1–1.—Archaeological Periods of Northern New Mexico

PREHISTORIC 
PERIOD

10,000 B.C. TO 
A.D. 1600

CHARACTERISTIC CULTURAL EVIDENCE

Paleoindian 10,000 to 4,000 
B.C.

• Bones of mammoth and bison
• Stone butchering tools
• Flakes and chips of stones from making stone tools
• Distinctive lance-shaped projective points

Archaic 4,000 B.C. to 
A.D. 600

• Caves and rock shelters
• Burned rock features
• Scatters of tools and stone flakes and chips
• Isolated hearths
• End of the Archaic period (approximately A.D. 1 to 700) may have pottery, grinding 

stones, and charred corn 

Developmental A.D. 600 to 1100 • Ceramic storage and service vessels
• Smaller projectile points reflecting the adoption of the bow and arrow
• Grinding tools
• Dwellings increased in size and complexity from semisubterranean pithouses to sm

adobe or crude masonry structures

Coalition A.D. 1100 to 
1325

• Early sites are rectangular structures of adobe and masonry with basin-shaped, ado
lined fire pits, usually in the center of the room or against a wall

• Comparatively small; pueblos average 28 rooms
• Later Coalition sites contain plazas and room blocks of more than 100 rooms.  

Classic A.D. 1325 to 
1600

• Large masonry structures of multiple-room blocks
• For the Pajarito Plateau, three site clusters, one of which includes Navawi, Otowi, 

Tsankawi, and Tsirege
• Associated one- or two-room isolated structures

Sources:  Cordell 1979, Cordell 1984, Stuart and Gauthier 1981, Wolfman 1994, and Wendorf 1954
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database, which is a listing of the cultural
resources identified through surveys and
excavations and recorded over the last decade.
The database is organized primarily by site type
and records 1,295 prehistoric sites
(Table 4.8.1–2).  Of the 1,295 prehistoric sites
in the LANL database, 1,192 have been
assessed for potential nomination to NRHP.  Of
these, 770 sites are eligible, 322 sites are
potentially eligible, and 100 sites are ineligible.
The remaining 103 sites, which have not been
assessed for nomination to NRHP, are assumed
to be potentially eligible until further
assessment.

4.8.2 Historic Period

Historic cultural resources include all material
remains and any other physical alteration of the
landscape that has occurred since the arrival of
Europeans in the region.  The historic resources
present within LANL boundaries and on the
Pajarito Plateau can be attributed to three
phases:  Spanish Colonial, Early U.S.
Territorial/Statehood, and the Nuclear Energy
Period.  Because of the very well-defined

changes in the function of LANL, the Nuclea
Energy Period is further broken into thre
periods:  World War II/Early Nuclear Weapo
Development, Early Cold War, and Late Co
War.  No systematic survey has been conduc
of the Historic Period resources present with
LANL boundaries.

Through LANL site surveys, 214 historica
resources have been recorded; the remain
2,105 resources were identified by reviewin
the construction dates presented in t
following LANL facility listings:

• Capital Asset Management Process Repo
for fiscal year 1997

• The Facility for Information Management, 
Analysis, and Display database

• As-built structure location maps
• The LANL ER Project decommissioning 

summary
• The LANL cultural resources database

The temporal phases of these historic perio
characteristic cultural evidence, number 
known artifacts or sites, and eligibility for the
NRHP are presented in Table 4.8.2–1, Histo
Site Types and Number of Sites Recorded in 
Los Alamos National Laboratory Cultura
Resources Database.  Numbers given 
approximate because nonbuilding resourc
(e.g., barricades, fences, utility suppo
structures, etc.) have not been identified a
demolition actions are ongoing.

LANL is currently documenting Nuclear
Energy period resources as part of a DOE-wi
historic preservation program focusing o
World War II and Cold War properties.  Thi
study was not completed in time for inclusion 
the SWEIS.

4.8.3 Traditional Cultural 
Properties

A TCP is a significant place or object associat
with historical and cultural practices or belief

TABLE  4.8.1–2.—Prehistoric Site Types and 
Number of Sites Recorded in the LANL 

Cultural Resources Database

SITE TYPE
NUMBER 
OF SITES

Simple Pueblos 665

Complex Pueblos 62

Rock Shelters, Cavate (small cave) 
Pueblos

213

Rock Art 40

Water Control Features, Game Traps 56

Trails, Steps 20

Highly Eroded Pueblos, Rubble 29

Artifact Scatter, Lithic (made of 
stone) Scatter, Rock Rings

210

TOTAL 1,295

Sources:  Cordell 1979, Cordell 1984, Stuart and 
Gauthier 1981, Wolfman 1994, and Wendorf 1954
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TABLE  4.8.2–1.—Historic Site Types and Number of Sites Recorded in the LANL Cultural 
Resources Database

HISTORIC 
PERIOD

DATES
CHARACTERISTIC 

CULTURAL EVIDENCE

NUMBER 
OF KNOWN 
ARTIFACTS 

OR SITES

NATIONAL REGISTER OF 
HISTORIC PLACES 

ELIGIBILITY

Spanish 
Colonial

A.D. 
1600 to 
1849

• Wagons

• Iron hardware

• Horse equipment

• Pueblo V artifacts

0

Early U.S. 
Territorial/
Statehood

A.D. 
1850 to 
1942

• European and Hispanic 
homesteads

• Commercial ranching 
concerns/guest ranches:  Pond 
Cabin, Anchor Ranch, and the 
Los Alamos Ranch School

87 22 sites are eligible for the NRHP.  
One site is also listed on the State 
Register of Cultural Properties.a

Nuclear Energy A.D. 
1943 to 
present

a. World War II/ 
Early Nuclear 
Weapon 
Development 
Period

A.D. 
1943 to 
1948

• Original Los Alamos townsite

• World War II Manhattan 
Project facilities where the 
design and manufacture of the 
“Trinity Site” bomb; 
Hiroshima bomb, “Little 
Boy,” and Nagasaki bomb, 
“Fat Man” occurred

• LANL sites where all U.S. 
Nuclear Weapons were made 
from 1946 to 1950

• Common remains consist of 
buildings, security fences and 
stations, barricades, roads, and 
reinforced protective 
structures.

515 77 sites are eligible for the NRHP 
(1943–1956).  One is also listed on 

the State Register of Cultural 
Properties.a

b. Early Cold 
War Period

A.D. 
1949 to 
1956

Pronounced expansion of 
facilities

c. Late Cold 
War period

A.D. 
1957 

through 
1989

Continued expansion of 
facilities

1,717 These LANL buildings have not 
been assessed for NRHP eligibility.

Total number of sites: 2,319

Sources:  LANL 1995a, LANL 1996h, LANL 1995c,  McGehee 1995, and NMHPD 1995
a The Ashley Pond Cabin is listed twice because its occupation and use spans two historic periods.
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of a living community that is rooted in that
community’s history and is important in
maintaining the continuing cultural identity of
the community (LAHS nd).  TCPs are essential
in preserving cultural identity through social,
spiritual, political, and economic uses.  Federal
guidelines established by the NPS identify
TCPs to include:

• Natural resources
• Prehistoric and historic archaeological sites
• Traditional-use areas in the cultural 

landscape that do not reveal evidence of 
human use

• A rural community whose organization, 
buildings and structures, or patterns of land 
use reflect the cultural traditions valued by 
its long-term residents

• An urban neighborhood that is the 
traditional home of a particular cultural 
group and that reflects its beliefs and 
practices

• A location where a community has 
traditionally carried out economic, artistic, 
or other cultural practices important in 
maintaining its historical identity 
(NPS 1990)

An area may have TCP significance depending
upon a variety of factors such as if the site is
remembered in prayers or tribal stories, if the
traditional ritual knowledge of the place is
passed on to other members of the community,
or if traditional customs continue to be practiced
by members of a community.  TCPs that are
considered culturally important by traditional
communities include shrines, trails, springs,
rivers, acequias, plant and mineral gathering
areas (also referred to as ethnobotanical sites),
traditional hunting areas, ancestral villages and
grave sites, and petroglyphs (Harrington 1916
and Henderson and Harrington 1914).
However, TCPs are not limited to ethnic
minority groups.  Americans of every ethnic
origin have properties to which they ascribe
traditional cultural value. 

Within LANL’s limited access boundaries
there are ancestral villages, shrine
petroglyphs, sacred springs, trails, an
traditional use areas that could be identified 
Pueblo and Athabascan communities as TC
DOE, together with the LANL Cultural
Resource Management Team (CRMT), has
program in place to manage on-site cultur
resources for compliance with the Native
American Graves Protection and Repatriatio
Act and American Indian Religious Freedom
Act.  When an undertaking is proposed, DO
and LANL arrange site visits by triba
representatives with San Ildefonso, Santa Cla
Jemez, and Cochiti Pueblos to solicit the
concerns and to comply with applicabl
requirements and agreements.  Provisions 
coordination among these four Pueblos a
DOE is contained in formal agreements calle
Accords that were entered into in 1992 for th
purpose of improving communication an
cooperation among federal and triba
governments.  According to the DOE
compliance procedure, American Indian tribe
may request permission for visits to sacred si
within LANL boundaries for ceremonies
(PC 1997f).

American Indian TCPs located on lands outsi
LANL boundaries such as tribal lands, sta
lands, federally managed lands, and priva
lands, could potentially be affected by LANL
operations.  Other federal agencies th
administer lands in the LANL vicinity that may
have TCPs include the following:

• U.S. Forest Service—Santa Fe and Carso
National Forests

• National Park Service—Bandelier Nationa
Monument

• Bureau of Land Management—Taos 
Resource Area

As part of the SWEIS process, a TCP study w
conducted.  This study involved consultation
with 19 American Indian tribes and two
Hispanic communities to identify cultura
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properties important to them in the LANL
region.  Contacts were made with 23 American
Indian tribes; however, four chose not to
participate in the consultations.  All of the
consulting groups stated that they had at least
some TCPs present on or near LANL.
Categories of TCPs identified and number of
consultations identifying the presences of TCPs
are summarized in Table 4.8.3–1.  These
resources are present throughout LANL and
adjacent lands identified above.  No specific
features or locations were identified.  A more
expanded discussion of this study and its results
are presented in volume III, appendix E,
Cultural Resources.  

Spiritual Concerns

In addition to physical cultural entities, concern
has been expressed that “spiritual,” “unseen,”
“undocumentable” or “beingness” aspects can
be present at LANL that are an important part of
Native American culture and may be adversely
impacted by LANL’s presence and operation.

4.8.4 Cultural Resource 
Management at LANL

Cultural resources management at LANL is
handled by DOE and the LANL CRMT of the
Environmental Assessments and Resource
Evaluations Group of the ES&H Division.  The
CRMT follows the LANL compliance

procedure outlined in the LANL Cultural
Resource Overview and Data Inventory 199
The procedure is designed to ensure DO
compliance with the National Historic
Preservation Act of 1966; the Archaeological
Resources Protection Act of 1979, Section 4(c);
the American Indian Religious Freedom Ac
Section 2; Native American Graves Protection
and Repatriation Act; Executive Order 13007,
Section 2(b); National Environmental Policy
Act; and DOE’s American Indian Tribal
Government Policy (DOE Order 1230.2).  As
stated, coordination of cultural resource issu
with the four Accord tribes of San Ildefonso
Santa Clara, Jemez, and Cochiti is an integ
part of this cultural resource complianc
(chapter 7, section 7.2.4).  In addition to th
compliance procedure, measures are taken
provide American Indian tribes with access 
information and input to the process of cultur
resource management.

The DOE and LANL are active participants i
the East Jemez Resource Council recen
formed to foster conservation and preservati
of the natural and cultural resources of the e
Jemez Mountains.

A cultural resource management plan has n
been prepared for LANL, although one 
planned for the near future.

TABLE  4.8.3–1.—Traditional Cultural Properties Identified by Consulting Communities on or near
LANL Property

CEREMONIAL AND 
ARCHAEOLOGICAL 

SITES

NATURAL 
FEATURES

ETHNO-
BOTANICAL 

SITES

ARTISAN 
MATERIAL 

SITES

SUBSISTENCE 
FEATURES

Number of Consultations 
Indicating the Presence of 
TCPs on or near LANL

15 14 10 7 8
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4.9 SOCIOECONOMICS , 
INFRASTRUCTURE, AND WASTE 
MANAGEMENT

4.9.1 Socioeconomics

The geographic area most affected by changes
at LANL is the region comprising Los Alamos,
Rio Arriba, and Santa Fe Counties.
Demographic, social, and economic conditions
in these counties are described in this section, as
are matters relating to local government finance,
public services, and public utilities.

4.9.1.1 Demographics

Approximately 90 percent of LANL-affiliated
employees reside in the counties of Los Alamos,
Rio Arriba, and Santa Fe.  This Tri-County
region includes the following (LANL 1996g):

• The communities of Los Alamos and White 
Rock

• The cities of Santa Fe and Española
• The American Indian Pueblos of San 

Ildefonso, Santa Clara, San Juan, Nambe, 
Pojoaque, Tesuque, and part of the Jicarilla 
Apache Indian Reservation

• Several small villages, unincorporated 
communities, and widely dispersed farm 
and ranch holdings

The 1990 population of the region and the
distribution by race and ethnicity are presented
in Table 4.9.1.1–1.  Projections for the region
through the year 2006, based on the University
of New Mexico’s Bureau of Business and
Economic Research estimates, are presented in
Table 4.9.1.1–2 (UNM 1994).

4.9.1.2 Regional Incomes

In the year 1989, Los Alamos had the highest
family and per capita incomes of all New

Mexico counties.  In fact, Los Alamos’ media
family income was the highest of all counties 
the U.S. (DOC 1996).  Income data for th
LANL region are presented in Table 4.9.1.2–1

In 1989, approximately 2 percent of Los Alamo
County, 13 percent of Santa Fe County, a
nearly 28 percent of Rio Arriba Count
populations lived below the poverty line.  Th
1989 poverty threshold was $12,674 for 
family of four (DOC 1993).  Since 1989, th
percentage of those living below the pover
line is believed to have remained the same
Los Alamos and Santa Fe Counties and ris
slightly in Rio Arriba County.  The 1996
poverty threshold was $15,600 for a family o
four and $7,740 for an unrelated individua
(61 FR 42).

4.9.1.3 Regional Labor Force and 
Educational Attainment

The income and poverty rates for the Tr
County region are mirrored in unemployme
rates, as illustrated in the regional data presen
in Table 4.9.1.3–1.  Unemployment rates f
Rio Arriba County historically have been
approximately double those for the U.S. 

A Look Back in Time

Around Los Alamos, the earliest known
(historic) occupancy was by the summer bean
farmers who came up from the valley.  Bences
Gonzales, who retired from his Laboratory
employment in 1959 at the age of 66, recalls
spending summers near Anchor Ranch (now
GT site) where his father had been the first
settler in 1891.  His wife’s grandfather,
Antonio Sanchez, was the first homesteader on
Pajarito Mesa (above present Pajarito site) in
1885, he recalls.  Some scraggly peach trees
and a tumbledown log cabin are all that are
left of the old ranch.  Because of unusually
heavy snow the ranch was never occupied in
the winter, Gonzales recalls.

Source:  LAHS nd
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TABLE  4.9.1.1–1.—1990 Population by Race and Ethnicity for the Tri-County Region

ALL 
PERSONS, 

RACE/
ETHNICITY

LOS ALAMOS COUNTY RIO ARRIBA COUNTY SANTA FE COUNTY TOTAL

NUMBER PERCENTa NUMBER PERCENT a NUMBER PERCENT a NUMBER PERCENTa

All Persons 18,115 100 34,365 100 98,928 100 151,408 100

Caucasian 15,467 85 4,375 13 46,450 47 66,292 44

African 
American

88 0.5 117 0.3 505 0.5 710 0.5

American 
Indianb

112 0.6 4,830 14 2,284 2 7,226 5

Asian/Pacific 
Islander

421 2 40 0.1 439 0.4 900 0.6

Hispanic of 
Any Racec

2,008 11 24,955 73 48,939 50 75,902 50

Other Races 19 0.1 48 0.1 311 0.3 378 0.3

a Percentages may not total to 100 due to rounding.
b Numbers for Aleuts and Eskimos were placed in the “other” category given their small number.
c In the 1990 Census, Hispanics classified themselves as White, Black, Asian/Pacific Islander, American Indian, Eskimo, or Aleut.  To avoid double counting, the 

number of Hispanics was subtracted from each of the race categories. 
Source:  DOC 1991

TABLE  4.9.1.1–2.—Tri-County Population Projections Through the Year 2006

COUNTY 1990 1996 2001 2006
PERCENT OF 

CHANGE

Los Alamos 18,115 18,211 18,336 18,503 2

Rio Arriba 34,365 36,156 37,551 38,864 8

Santa Fe 98,928 111,571 122,556 134,546 21

Total Region 151,408 165,938 178,443 191,913 16

Source:  UNM 1994, with linear projections for 1996, 2001, and 2006, based on prior years.

TABLE  4.9.1.2–1.—Income Data for the LANL Region

AREA
MEDIAN FAMILY INCOME PER CAPITA INCOME

1989 $ 1996 $ 1989 $ 1994 $

Los Alamos County 60,798 NA 24,473 29,762

Rio Arriba County 21,144 27,200 8,590 11,731

Santa Fe County 34,073 NA 16,679 22,531

NA = Not available
Sources:  DOC 1993, DOC 1996, and HUD 1996
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5.6 percent and the State of New Mexico at
6.3 percent.  During the past 6 years, Rio Arriba
County’s unemployment rates peaked in 1991
and 1992 at 14.6 percent, fell to 10.7 percent in
1994 because of new hires in the Native
American casinos, and edged upward to
11.9 percent in 1995 (NMIGA 1996). 

In 1990, of all counties in the nation, Los
Alamos County had the highest percentage of
adults 25 years and over with a bachelor’s
degree or higher (54 percent).  The figure for the
U. S. was 20 percent.  Thirty-two percent of
adults in Santa Fe County and 10 percent of the
adults in Rio Arriba County had at least one
degree.  Approximately 34 percent of adults in
Rio Arriba County did not have a high school
diploma, compared to 17 percent of adults in
Santa Fe County and 5 percent in Los Alamos
County, which was the fourth lowest rate for
counties in the country (DOC 1994).

4.9.1.4 The Regional Economy

In 1994, nearly 6,000 business establishments,
government agencies, and government
enterprises operated in Los Alamos, Santa Fe,
and Rio Arriba Counties (OPM 1994).
Collectively, these entities paid approximately
$2.5 billion in wages and salaries, which was an
increase of 47 percent over 1989.  Of this
amount, approximately $473 million, or
19 percent, was paid to the LANL work force

residing in the Tri-County area.  The LANL
work force wage and salary data are for fisc
year (FY) 1995.  The regional wage and sala
data are for calendar year (CY) 1994.  Detail
breakdowns of earnings are presented 
Table 4.9.1.4–1 (OPM 1994).

Nearly 29 percent of the 6,000 enterprises we
service businesses that employed less th
33 percent of the employed work force in th
area and paid 30 percent of the earnings repor
in 1993 (the principal components of earning
are proprietors’ incomes and employee wag
and salaries).  Approximately 21 percent of t
enterprises in the Tri-County area were farm
and ranches, but these enterprises employed 
than 2 percent of the employed work force a
provided only 0.3 percent of the 1993 earnin
in the area.  Another 21 percent of the busine
and government operations in the area we
retail trade establishments that employ
slightly more than 17 percent of the employe
work force and paid 12 percent of the earnin
reported in 1993.  Businesses in each of t
other industry sectors were less than 10 perc
of all establishments in the Tri-County are
(DOC 1996).

Thirty-six percent of the nearly 6,000 sources 
employment and earnings in the Tri-Coun
area were government agencies and enterpri
including federal agencies and departmen
state government, counties, cities, scho
districts, and tribal governments.  Governme

TABLE  4.9.1.3–1.—Regional Civilian Labor Force, Employment, Unemployment, and 
Unemployment Rates (1995)

COUNTY
CIVILIAN 

LABOR FORCE
EMPLOYED UNEMPLOYED

UNEMPLOYMENT 
RATE

Los Alamos 11,005 10,792 213 1.9

Rio Arriba 17,434 15,364 2,070 11.9

Santa Fe 62,225 59,564 2,661 4.5

Tri-County Region 90,664 85,720 4,944 5.5

State of New Mexico 787,856 738,448 49,409 6.3

Source:  NMDL 1996
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agencies and enterprises employed nearly
29 percent of the Tri-County workforce and
paid nearly 40 percent of the total area earnings
reported in 1993.  Government operations and
service sector businesses are clearly the
dominant sectors of the economy in the region
(DOC 1996).

4.9.1.5 The LANL-Affiliated 
Workforce

The LANL-affiliated work force includes
employees of the prime contractor, UC, and its
subcontractors, of which the major employers
are Johnson Controls, Inc. (JCI), and Protection
Technology Los Alamos (PTLA).  LANL
employs both technical and nontechnical
subcontractors, as well as consultants from
around the world on a temporary basis.  A
distribution of the LANL-affiliated work force,
for which data were available by county of
residence as of March 1996, is presented in
Table 4.9.1.5–1.  The addition of nontechnical
contract labor and consultants brings the total
LANL-affiliated work force to 12,837 at the end
of March 1996.  Race/ethnicity data for the
same work force are presented in

Table 4.9.1.5–2.  Because student employm
fluctuates greatly from month to month
students were separated from the total U
employees to better describe LANL’s wor
force composition (LANL 1996g).

Organizational support staff and general supp
staff fulfill secretarial, computational, and othe
support functions.  Race/ethnicity distributio
varies greatly among the LANL UC employee
job categories, as illustrated in Table 4.9.1.5–

The LANL UC work force received
approximately $421 million in wages an
salaries in 1996.  Over 97 percent of salar
were paid to employees residing in Ne
Mexico.  In the Tri-County area, approximatel
$267 million, or 63 percent, went to Los Alamo
County; approximately $47 million, or
11 percent, went to Rio Arriba County; an
approximately $77 million, or 18 percent, wen
to Santa Fe County.  In fiscal year 1996, PTL
salaries totaled $15.5 million, and JCI salari
totaled $36.9 million.  A comparison of work
force to salary shares for UC employees 
LANL by race/ethnicity is presented in Tabl
4.9.1.5–4 (OPM 1994).

TABLE  4.9.1.4–1.—Earnings for Tri-County Region (Thousands of Dollars)

EARNINGS BY INDUSTRY
1989 

DOLLARS
1994 

DOLLARS
1989–1994 CHANGE IN 

DOLLARS
PERCENT 
CHANGE

Farm Earnings NA 5,348 NA NA

Private Earnings 980,135 1,571,619 591,484 60

Government Earnings 
Federal Civilian
Military
State and Local

739,408
59,430
5,590

674,388

964,221
84,338
6,042

873,931

224,813
24,908

452
199,543

30
42
8
30

Subtotals 1,725,406 2,541,188 815,782 47

Earnings from Dividends, 
Interest, and Rents

502,429 725,709 223,280 44

Transfer Payments 293,909 464,484 170,575 58

Total Personal Income 2,349,069 3,506,728 1,157,659 49

NA = Not available
Source:  DOC 1996
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TABLE  4.9.1.5–1.—Employees of the LANL-Affiliated Work Force by County of Residence
(March 1996)

COUNTY OF 
RESIDENCE

NUMBER OF PERSONS EMPLOYED BYa:

TOTAL
PERCENT OF 

WORKFORCE b
UC

TECHNICAL 
CONTRACTOR

JCI PTLA

Los Alamos 4,632 440 226 83 5,381 51

Rio Arriba 1,296 129 555 169 2,149 20

Santa Fe 1,443 134 300 90 1,967 19

Other NM 382 54 223 40 699 7

Total NM 7,753 757 1,304 382 10,196 96

Outside NM 366 23 8 0 397 4

Total 8,119 780 1,312 382 10,593 100

Percent of Totalb 77 7 12 4 100

a Data not available for nontechnical contractors or consultants.
b Percentages may not total to 100 due to rounding.
Source:  LANL 1996g

TABLE  4.9.1.5–2.—LANL-Affiliated Work Force by Race and Ethnicity

UC 
EMPLOYEES

UC 
STUDENTa

TECHNICAL 
CONTRACTORS

JCI 
EMPLOYEES

PTLA 
EMPLOYEES

PERCENT OF 
TOTAL LANL  

WORKFORCE b

Caucasian 4,734 670 418 377 102 60

Hispanic of 
Any Racec

1,746 372 176 878 269 33

African 
American

28 31 0 8 1 0.6

Asian/
Pacific 
Islander

232 75 1 4 0 3

American 
Indian

107 25 9 45 10 2

Unclassified 54 45 176 0 0 3

Total 6,901 1,218 780 1,312 382 100

a The number shown is a head count of students employed and does not reflect the number of hours worked per year.
b Percentages may not total 100 due to rounding.
c This term is used throughout section 4.9 to describe those who classify themselves as Hispanic for consistency with 1990 Census 
practices (see Table 4.9.1.1–1).

Source:  LANL 1996g
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TABLE  4.9.1.5–3.—Percentage of University of California Employees by Race/Ethnicity
(March 1996)

CATEGORY UNCLASSIFIED WHITE HISPANIC
AFRICAN-

AMERICAN

ASIAN/
PACIFIC 

ISLANDER

AMERICAN 
INDIAN

TOTAL a

Technical Staff 
Members

1 86 6 0.4 6 1 100

Special Staff 
Members

0.5 68 29 0.4 1 1 100

Technical 
Support 
Personnel

0.4 51 45 0.5 0.06 3 100

Organizational 
Support

0.5 39 58 0.2 0.2 2 100

General 
Support

0 30 65 0.0 1 4 100

UC Total 1 67 26 0.7 1 4 100

a Percentages may not total 100 due to rounding.
Source:  LANL 1996g

TABLE  4.9.1.5–4.—Salary and Work Force Shares of University of California
Employees by Race/Ethnicity (1986)a

RACE/ETHNICITY
PERCENT OF UC WORK 

FORCE
PERCENT OF UC 

SALARIES

Unclassified 1 1

Caucasian 67 75

Hispanic of Any Raceb 26 19

African-American 0.7 0.4

Asian/Pacific Islander 4 4

American Indian 2 1

Totalc 100 100

a Work force figures are for March 1996, while salary figures are for the 1996 calendar year.  The difference in the number 
of employees is minimal, with the maximum percentage difference by job category being 0.6 percent.  Salary figures 
include terminated employees.

b This term is used throughout section 4.9 to describe those who classify themselves as Hispanic for consistency with 
1990 Census practices (see Table 4.9.1.1–1).

c Percentages may not total 100 due to rounding.
Source:  LANL 1996g
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4.9.1.6 University of California 
Procurement

Data on purchase of goods and services from
fiscal year 1993 to fiscal year 1995 are
presented in Table 4.9.1.6–1.  From a peak of
$657.5 million in contracts during fiscal year
1993, overall procurement declined to
$592.1 million in fiscal year 1995.  New
Mexico businesses and government agencies
received approximately 62 percent of the dollar
volume of UC purchase orders during the past
three years, ranging from $406.8 million in
fiscal year 1994 to $360.5 million in fiscal year
1995.

Distribution of UC procurement dollars within
New Mexico counties during fiscal year 1995 is
presented in Figure 4.9.1.6–1.  UC spent
$238 million, or 66 percent, of the contract
dollars distributed within New Mexico in Los
Alamos, Santa Fe, and Rio Arriba Counties; and

Los Alamos County received 91 percent of th
Tri-County total.  Bernalillo County received
the majority of the remaining 33 percent of in
state UC contract dollars.

Procurement data include temporary technic
and nontechnical contract personnel.  At the e
of fiscal year 1995, there were 819 tempora
technical contract staff and 331 tempora
nontechnical contract staff working at LANL
Big business procurement data presented
Table 4.9.1.6–1 also includes the salaries of J
and PTLA employees (LANL 1996g).

4.9.1.7 Role of LANL in the 
Regional Economy

A University of New Mexico, New Mexico
State University, and DOE study of the impa
of UC fiscal year 1995 operations on th
economy of Los Alamos, Rio Arriba, and

TABLE  4.9.1.6–1.—University of California Procurement for Fiscal Years 1993 Through 1995

FY 1993 FY 1994 FY 1995

DOLLAR 
AMOUNT

PERCENTa DOLLAR 
AMOUNT

PERCENTa DOLLAR 
AMOUNT

PERCENTa

NEW MEXICO  ORDERS

Big Business 237,883,405 59 234,988,709 58 218,234,176 61

Small Businessb 151,657,164 38 159,236,526 40 132,763,856 37

Government and 
Educational Institutions

11,041,404 3 12,622,145 3 9,459,319 3

Total 400,581,973 100 406,847,380 100 360,457,351 100

OUTSIDE NEW MEXICO  ORDERS

Big Business 106,783,817 42 106,353,084 44 124,958,188 54

Small Businessb 120,314,120 47 98,387,003 41 89,211,352 39

Government and 
Educational Institutions

29,778,157 12 36,040,517 15 17,476,520 8

Total 256,876,094 100 240,780,604 100 231,646,060 100

Total FY Procurement 657,458,067 647,627,984 592,103,411

a Percentages may not total to 100 due to rounding.

b Businesses with 500 or fewer employees are classified as small businesses.
Source:  PC 1995d
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Santa Fe Counties resulted in the following
conclusions (Lansford et al. 1996):

• Every 100 LANL jobs produce an 
additional 171 non-LANL jobs.

• $100 in LANL wages and salaries produce 
an additional $95 in non-LANL wages and 
salaries.

• $100 in LANL expenditures produce an 
additional $189 in non-LANL economic 
activity.

Multipliers are ratios of the indirect effects on
the economy, for example, the number of jobs
created or induced in the rest of the economy
when jobs are created at LANL.  Thus, if 100
jobs are created at LANL, 171 additional jobs
will be created elsewhere in the economy,
primarily in the Tri-County LANL region.  The
same logic applies to the multipliers for wages
and salaries and expenditures.  Using the
multipliers described above, LANL directly and
indirectly accounted for 27,282 jobs in these
three counties, representing 32 percent of the
total employment in the area during fiscal year

1995.  A total of $1.03 billion in wages an
salaries were directly and indirectly attributab
to LANL during fiscal year 1995, representin
29 percent of total personal income in the thr
counties at the time.  LANL’s purchase of good
and services directly and indirectly accounte
for a total of $3.4 billion in economic activity in
the three counties, and 30 percent of t
$11.35 billion total economic activity in the
area during fiscal year 1995 (Lansford et a
1996).

The new contract between the DOE and U
contains special provisions for performanc
over the first 2 years of the contract on region
involvement with particular emphasis o
support of education, economic developme
and community relations.  The contract includ
appendices enabling:  (1) the establishment a
funding of a nonprofit foundation to suppor
education, economic development, and soc
services; (2) enhancing regional procureme
and (3) promoting commercialization of LANL
technology.

FIGURE 4.9.1.6–1.—University of California Procurement in 
New Mexico Counties, Fiscal Year 1995.
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4.9.1.8 Community Resources and 
Social Services

This subsection describes community resources
and  social services, primarily focusing on Los
Alamos County.  Discussions are centered on
those resources and services that could be
affected by LANL procurement policies and
hiring practices, including the following:

• Local government finances
• Housing
• Public schools
• Health services
• Police protection
• Fire protection
• Utilities

Local Government Finance

LANL activities directly and indirectly account
for more than a third of employment, wage and
salary income, and business activity in the Tri-
County LANL region.  If there is a change in
employment, employee incomes, or
procurement at LANL, these changes will have
an immediate and direct effect on city and
county revenues, such as the gross receipts tax,
in the Tri-County region (Lansford et al. 1996).

Municipal and county general fund revenues in
the Tri-County area are presented in
Table 4.9.1.8–1.  The general funds of these
communities support the ongoing operations of
their governments as well as community
services such as police protection and parks and
recreation.  In Los Alamos County, the fire
department serving LANL and the community
is funded through a separate fund derived from
DOE contract payments.  In addition to the
general fund, most governments have separate
enterprise funds for utilities and capital
improvements.  Enterprise funds are excluded
from the tabulations in Table 4.9.1.8–2 from
Los Alamos County and the cities of Española
and Santa Fe, because the funds are not sensitive
to changes in employment, incomes, and

purchases and do not impact basic loc
government services (NMFMB 1996).

Revenue figures presented in Tables 4.9.1.8
and 4.9.1.8–3 demonstrate the hea
dependence of New Mexico communities on t
gross receipts tax:  a tax levied on most sales 
service transactions, excluding automobiles a
fuel.  Gross receipts tax yields respond quick
to changes in employment, income
procurement, and construction contracting. 

In recent years, retail and service sales in 
Tri-County area have experienced little growt
In fact, in Los Alamos, gross receipts from reta
and service sales decreased dramatically fr
1993 to 1994.  In the city of Santa Fe, the grow
was lower than the rate of inflation.  Becau
Santa Fe is a major regional retail trade a
service center, a large state governme
employer, and a destination tourist location wi
a small industrial base, its dependence on gr
receipts yield is unusually high.

Employment, salary payments, procureme
and contracting by UC are no
compartmentalized by county.  Therefore, 
reduction in employment of LANL personne
who reside in Los Alamos and Rio Arrib
Counties has an immediate effect on gro
receipts tax proceeds in Santa Fe, where a h
percentage of nonfood purchases are made
those employees.

Another source of general fund revenue 
property taxes.  This tax responds slowly 
changes in regional economies, and then only
terms of delinquencies and diminished grow
or expansion; effects that are felt over seve
years rather than immediately.  Property taxes
New Mexico are limited by statute to a 5 perce
annual increase on any single property.

Los Alamos County Finance

Historically, Los Alamos County and its schoo
district have depended heavily on assistan
payments from DOE for operational suppor
4–170
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TABLE  4.9.1.8–2.—Municipal General Fund Revenues in Tri-County Region (Fiscal Year 1995)

REVENUE BY 
SOURCE

LOS ALAMOS 
COUNTY

CITY OF ESPAÑOLA CITY OF SANTA FE

ACTUAL PERCENTa ACTUAL PERCENTa ACTUAL PERCENTa

Property Tax 3,001,910 14 262,707 5 964,507 2

Cigarette Tax 8,547 .04 46,811 1 136,504 .2

Franchise Tax 330,919 1 177,228 3 2,018,816 3

Gas Tax 380,737 2 362,883 7 817,992 1

Gross Receipts Tax 10,361,829 50 3,930,810 72 46,986,752 79

Lodgers Tax 172,874 1 57,785 1 3,636,295 6

Motor Vehicle Tax 200,851 1 84,824 2 271,618 .5

Total Taxes 14,457,667 69 4,923,048 90 54,832,484 92

Fee and Charges 2,113,272 10 135,315 3 2,697,675 5

Fines and Forfeits 99,939 .5 179,373 3 265,526 .4

Licenses and Permits 214,319 1 58,932 1 890,065 2

Misc. (Includes DOE 
Assistance to Los Alamos 
County)

4,033,998 19 153,686 3 1,185,088 2

Total General Fund 
Revenue

20,919,195 100 5,450,354 100 59,870,838 100

a Percentages may not total to 100 due to rounding.
Source:  NMFMB 1996

TABLE  4.9.1.8–3.—Rio Arriba and Santa Fe Counties Revenues (Fiscal Year 1995)

REVENUE BY SOURCE
RIO ARRIBA COUNTY SANTA FE COUNTY

$ PERCENTa $ PERCENTa

Property Taxes 2,504,037 22 9,819,861 34

Oil, Gas and Mineral Taxes 3,319,900 30 NA NA

Gross Receipts Taxes 663,626 6 4,233,441 15

Motor Vehicle Taxes 118,151 1 289,015 1

Other Taxes, Penalties and Interest 87,300 0.8 1,036,928 4

Licenses, Permits, Fees and Service Charges 132,857 1 1,458,675 5

Miscellaneous Income 1,306,555 12 1,428,134 5

Restricted Funds 3,091,129 28 10,822,381 37

Total Receipts 11,223,555 100 29,088,435 100

a Percentages may not total 100 due to rounding.
NA = Not available
Source:  NMFMB 1996
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DOE financial assistance payments to Los
Alamos County and the Los Alamos School
District are presented in Table 4.9.1.8–4.

DOE has agreed upon a one-time buyout from
the DOE assistance programs for $22.6 million
(as identified in the Energy and Water
Development Appropriations Act of 1997).  The
agreement does not cover payments made to the
Los Alamos School District (PC 1997a).  Based
upon this agreement, DOE’s assistance
payments to Los Alamos County ended on June
30, 1997.  As of March 1998, $17.6 million of
these buyout funds have been paid to Los
Alamos County.

Public Schools

New Mexico is divided into 88 school districts,
4 of which are predominantly within the Tri-
County area.  The State Equalization Guarantee
Distribution accounts for over 90 percent of
operational revenue received by New Mexico’s
public schools (NMDE 1995a).  Information
regarding school district operations for the
school districts within the Tri-County region is
presented in Table 4.9.1.8–5.

The Los Alamos School District receives
36 percent of its funding from the federal
government, over 56 percent from the State
Equalization Guarantee Distribution, and
6.5 percent from local sources such as the
property tax levy and surplus school space
rental (PC 1995b).  The district receives direct,
formula-based funding from DOE in lieu of

property taxes on nontaxable federal property
the district.  The district also receives Publ
Law (PL) 874 funding in lieu of property taxe
for children residing on federal land or havin
parents employed on federal property (PL 87
The total school budget for fiscal year 1997 
projected to be $24.5 million.

PL 874 funding for Los Alamos public school
will run through fiscal year 1998 (PL 874).  Th
school district is not eligible for many of the
federal programs that assist schools a
students, because the majority of its stude
body is not low income.  The school district is 
the legal limit in its ability to raise local taxes fo
operational funds.  

In the Los Alamos School District, enrollmen
increased 6.5 percent during the period of 19
through 1995.  However, enrollment for th
1996–1997 school year is projected to decrea
1.2 percent.  The district owns four surplu
school facilities:  one it leases to DOE and t
University of New Mexico at Los Alamos, and
three it leases to LANL and LANL contractors
These four facilities could potentially
accommodate approximately 1,275 studen
Capacities differ at each school now in use, b
as a whole, schools currently in use cou
accommodate approximately 1,560 mo
students in the coming years (PC 1995b a
PC 1996n).

Enrollment at the Española Public Scho
District has remained relatively stable over th
past 5 years.  Full-time equivalent enrollme

TABLE  4.9.1.8–4.—DOE Payments to Los Alamos County (Fiscal Year 1997)

RECIPIENT  DOE DOLLARS
TOTAL BUDGET 

DOLLARS
DOE PERCENT OF TOTAL

County Fire Department 8,349,934 8,625,965 97

County General Fund 2,600,000 19,956,702 13

School District 8,700,000 24,500,000 36

Total 19,649,934 53,082,667 37

Source:  PC 1996n
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for the 1996–1997 school year is projected to
increase 0.6 percent.  The district has the
capacity to accommodate approximately 150
more students in the schools outside of the city
of Española proper and 225 more students
within Española.  The district is planning to
build a middle school in the next 5 to 10 years
that will accommodate approximately 800
students (PC 1996o).

Enrollment in the Santa Fe Public School
District from 1990 to the 1995–1996 school
year has increased 4.1 percent.  Full-time
equivalent enrollment for the 1996–1997 school
year is projected to increase 0.2 percent
(PC 1995f).

At the Pojoaque Public School District from
1990 to the 1995–1996 school year, enrollment
has increased 4.4 percent.  Full-time equivalent
enrollment for the 1996–1997 school year is
projected to increase by 0.2 percent.  The district
is currently recruiting students from other
districts to attend classes in Pojoaque
(PC 1995f).

Housing 

The 1990 housing statistics for the Tri-County
region are presented in Table 4.9.1.8–6.  In Los
Alamos, between 1990 and the end of 1996,
building permits were issued for 256 single-
family units and a single rental property with 36
units.  This brought the total housing inventory

to 7,857 units, representing a 3.9 perce
increase since 1990 (DOC 1990a).  F
information on land use in Los Alamos Count
see section 4.1, Land Resources.  

The American Chamber of Commerc
Researchers Association estimated that hous
costs for a middle-management household 
Los Alamos were 47 percent above the nation
average during the third quarter of 199
(LAEDC 1995).  The median home price i
Santa Fe was $179,000 in the first quarter 
1995, down from $181,062 in the first quarter 
1994.  From the first quarter of 1993 to the fir
quarter of 1995, the number of active listings 
Santa Fe County and Española increased fr
947 to 1,305 (PC 1996j).

Health Services

Three hospitals serve the Tri-County regio
Los Alamos Medical Center, Española Hospita
and St. Vincent Hospital in Santa Fe.  The
hospitals have a licensed bed capacity of 53, 
and 268, respectively.  St. Vincent Hospital 
the second-busiest in the state and houses
only trauma center in the area (Ortiz 1995).  T
number of bed-days is a measure of the num
of licensed beds at a hospital multiplied by th
number of days in a year.  If bed-days a
compared to the number of people discharged
each hospital times the average number of d
they stayed, the following use characteristics
each hospital are derived:  Los Alamo

TABLE  4.9.1.8–5.—Public School Statistics in the LANL Region (1995–1996 School Year)

DISTRICT
STUDENT 

ENROLLMENT a TEACHERSa TEACHER/ 
STUDENT RATIO

PER STUDENT 
OPERATIONAL 
EXPENDITURES

Los Alamos 3,606 253.8 1:14.2 $6,640

Santa Fe 12,789.5 706.1 1:18.1 $3,665

Española 5,130.0 283.5 1:18.1 $3,986

Pojoaque 1,852.5 103.5 1:17.9 $4,011

State Average 1:17.0 $4,009

a These are full-time equivalent figures.
Source:  NMDE 1995b
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26 percent bed-days used; Española, 32 percent
bed-days used; and Santa Fe, 51 percent bed-
days used.  It appears that each hospital as a unit
has the capacity to accommodate more patients;
however, figures may differ for each section of
hospital activity (PC 1995g).

The Los Alamos Medical Center and St.
Vincent Hospital have signed agreements with
DOE to provide facilities for treating patients
from LANL in the event of an emergency or any
type of accident that involves the release of
radioactive materials and subsequent
contamination of individuals.  DOE has agreed
to educate hospital personnel and provide
contamination control supplies and equipment
for use at the hospitals.  The current agreements
are reviewed annually (DOE 1994a and
DOE 1994b).

Police Protection 

The Los Alamos County Police Department  has
39 officers and 4 detention staff with an
approved fiscal year 1997 budget of
$3.7 million.  The police department responds
to approximately 1,700 service calls monthly

and is involved in various community program
The ratio of commissioned police officers i
Los Alamos County was 2.14 officers per 1,00
of population in January 1997.  This is a high
level of police manpower than in Albuquerqu
(2.10) or  Santa Fe (2.02) (Kirk 1995).   

Fire Protection

The Los Alamos County Fire Departmen
facilities and equipment are owned by DOE a
operated through contract by Los Alamo
County (fire department personnel are coun
employees).  The fire department provides fi
suppression, medical/rescue, wildland fi
suppression and fire prevention services to bo
LANL and the Los Alamos County community
There are five continuously manned fire statio
located on government property, including tw
at LANL, and a training facility at the Fire
Department headquarters.  An addition
reserve station and training facility on DP Roa
may dispatch fire fighters when it is occupied

Because of the potential severity of th
consequences of a LANL emergency, the fi
department has been specially trained 

TABLE  4.9.1.8–6.—Regional Housing Summary for the Tri-County Region (1990)

LOS ALAMOS COUNTY RIO ARRIBA COUNTY SANTA FE COUNTY

NUMBER PERCENTa NUMBER PERCENTa NUMBER PERCENTa

Total Housing Units 7,565 100 14,357 100 41,464 100

Occupied 7,213 95 11,461 80 37,840 91

Owner-Occupied 5,367 75 9,218 80 25,621 68

Renter Occupied 1,846 24 2,243 20 12,219 32

Vacant 352 5 2,896 20 3,624 9

For Sale Only 42 12 128 4 354 10

For Rent 101 29 326 11 927 26

Other 209 59 2,442 84 2,343 65

Median Home Value $125,100 NA $57,900 NA $103,300 NA

Median Contract Rent $403 NA $189 NA $422 NA

NA = Not available
a May not total 100 due to rounding
Source:  DOC 1990a
4–175



LANL SWEIS

 

d
n
d
nd

s
ty.
s

te
d
l,
d

he
o
nd
n

ry
ce
t
n
ed
ists

of
.
ed
to
g
s
d

ly
,

ary
d a
n

on
respond to a variety of  incidents.   Fire losses at
LANL are reported as being far below industry
expectations (BH&A 1995).

4.9.2 LANL Infrastructure and 
Central Services

LANL has about 8 million square feet
(743,224 square meters) of structural space.
Approximately 7.3 million square feet
(678,192 square meters) of this total exist in
1,835 buildings, and about 0.7 million square
feet (65,032 square meters) exist in 208 other
structures such as meteorological towers,
manhole covers, and small storage sheds.
Approximately 30 percent of these buildings
and structures are over 40 years old, and about
80 percent are over 20 years old.  This means
most structures are at the age where major
building systems begin to fail and maintenance
and operating costs increase.

According to the LANL’s Needs and
Institutional Plan (fiscal year 1997 to fiscal year
2002), administration occupies 25 percent of
LANL space, and storage and services including
power facilities occupy approximately
23 percent.  Thus, central services and
infrastructure account for almost half of
LANL’s structural space.  These activities
include:

• Administrative/Technical 
Services—facilities used for support 
functions that include the Director's Office, 
Business, Human Resources, Facilities, 
Security and Safeguards Division, 
Environment, Safety and Health Division, 
and communications.

• Public/Corporate Interface—facilities, 
both restricted and unrestricted, that allow 
public and corporate access and use.  These 
include such facilities as the Oppenheimer 
Building, Bradbury Museum, and special 
research centers.

• Physical Support and Infrastructure— 
facilities used for physical support of other 

LANL facilities.   These include 
warehouses, general storage, utilities, and
wastewater treatment.

The other 52 percent of LANL space is occupie
by a wide variety of laboratories, fabricatio
facilities, production and testing facilities, an
other structures dedicated to research a
development.

4.9.2.1 Utilities

Ownership and distribution of utility service
are split between DOE and Los Alamos Coun
DOE owns and distributes most utility service
to LANL facilities, and the county provides
these services to the communities of Whi
Rock and Los Alamos.  DOE also owns an
maintains several main lines for electrica
natural gas, and water distribution locate
throughout the town’s residential areas. T
County Department of Public Utilities taps int
these main lines at a number of locations a
owns and maintains the final distributio
systems.

Utility systems at LANL include electrical
service, natural gas, steam, water, sanita
wastewater, and refuse.  Electrical servi
includes DOE ownership of a 115-kilovol
power transmission line from the Norto
substation, a steam/power plant at TA–3 us
on a as-needed basis.  Secondary power cons
of approximately 34 miles of 13.2-kilovolt
distribution lines connecting to the input side 
low-voltage transformers at LANL facilities
The natural gas system includes a DOE-own
high-pressure main and distribution system 
Los Alamos County and pressure reducin
stations at LANL buildings.  Steam system
include generation and distribution at TA–3 an
TA–21.  The water system includes supp
wells, water chlorination, pumping stations
storage tanks, and distribution systems. Sanit
wastewater systems include septic tanks an
new centralized sanitary wastewater collectio
system and treatment plant.  Refuse collecti
4–176
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and disposal is handled by the Support Services
Subcontractor and combined with refuse from
Los Alamos County in a DOE-owned, Los
Alamos County managed landfill.

Gas

Los Alamos County purchases natural gas from
Meridian Oil Company in the San Juan Basin of
northwestern New Mexico.  DOE
independently purchases gas through a
DOE–DoD Federal Defense Fuels Procurement.
DOE currently owns the main gas supply line to
Los Alamos and customers in Española, Taos,
and Red River areas (PNM 1996).  DOE has
agreed to sell this line to Public Service
Company of New Mexico (PNM).
Figure 4.9.2.1–1 reflects the existing natural
gas lines and distribution system in the region
near LANL.

The county and LANL both have delivery
points where gas is monitored and measured.  In
1994, the county used approximately 946,000
decatherms of gas compared to the 1.682 x 106

decatherms used by LANL (DOE 1995f and
JCUS 1996).  About 80 percent of the gas used
by LANL was used for heating (both steam and
hot air).  The remainder was used for electrical
generation. The electrical generation was used
to fill the difference between peak loads and the
electric contractual import rights.

An increased demand for electricity could be
accommodated by modifying (e.g., increasing
the capacity) the electric power transmission
system or by burning natural gas to generate
additional electric power.  Portions of the
existing gas distribution system are 47 years
old, and will require modification and upgrades
in the future to support the latter option.  For
example, a second full-capacity border station
and an upgrade to the existing 4-inch
(10-centimeter) gas line on East Jemez Road
would be needed.  There is only one full-
capacity border station at present on the
distribution system.

As shown in Table 4.9.2.1–1, LANL burn
natural gas to generate steam to heat building
three technical areas (TA–3, TA–16, an
TA–21).  The use of gas to produce stea
remained relatively constant over the 5 yea
from 1991 to 1995.  Peak use occurred in 19
when the TA–3 steam/power plant used abo
775,000 decatherms of gas to generate ste
and about 412,000 decatherms of gas 
generate electricity.  The low-pressure steam
supplied to the TA–3 district heating system a
the electricity is routed into the power grid.  Th
TA–3 steam distribution system has abo
5.3 miles (8.5 kilometers) of steam supply an
condensate return lines.  Most of the condens
return lines are old and corroded, resulting in t
loss of up to 20 million gallons per yea
(7.5708 x 107 liters per year) of treated
condensate.  In addition, operation an
maintenance costs for the district heatin
system (supplying steam heat) are three to fo
times that of natural gas at about $5 million p
year.  Without upgrades, these costs w
increase dramatically.

The gas use at the TA–16 and TA–21 stea
plants is smaller than that at the TA–3 pow
plant.  In addition, the TA–16 district heatin
system has been replaced by small natural-g
fired distributed heaters and boilers under
shared savings contract by JCI.  Using 19
data, gas consumption at the old TA–16 stea
plant was about 336,500 decatherms, and 
consumption at the TA–21 steam plant w
81,500 decatherms.

Electricity

In the year 1985, DOE and Los Alamos Coun
formally agreed to pool their electrica
generating and transmission resources and
share bulk power costs based on usage.  T
Electric Resource Pool (the Pool) current
provides bulk electricity to LANL and
customers within the communities of Whit
Rock and Los Alamos, as well as BNM.  Po
resources currently provide 72 to 94 megawa
(contractually limited to 72 megawatts durin
4–177
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FIGURE 4.9.2.1–1.—Los Alamos Area Natural Gas Distribution System.
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winter months, when El Vado and Abiquiu
hydroelectric output is negligible, and to about
94 megawatts during the spring and early
summer months) from a number of
hydroelectric, coal, and natural gas power
generators throughout the western U.S.  Excess
power is sold by the Pool to other area power
utilities.  Power delivered to the Pool is limited
by the two existing regional 115-kilovolt
transmission lines owned by PNM and Plains
Electric Generation and Transmission
Cooperative.  The two 115-kilovolt electric
power transmission lines come to the
Bernalillo-Algodones substation near
Albuquerque and the Norton substation near
White Rock.  Many northern New Mexico
communities, including Santa Fe and Española,
also receive power from these substations
(PNM nd).  Figure 4.9.2.1–2 reflects the current
electrical power distribution system in the
LANL area.  On-site electric generating
capacity for the Pool is limited to the existing
TA–3 steam/power plant, which has an
operating capacity of 12 megawatts in the
summer and 15 megawatts in the winter
(LANL 1997d).

Table 4.9.2.1–2 and Table 4.9.2.1–3 show pe
demand and annual use of electricity for fisc
years 1991 to 1995.  Usage by LANL range
from about 352,000 megawatt-hours (fiscal ye
1994) to about 382,000 megawatt-hours (fisc
year 1992). Most of this fluctuation was a resu
of power consumption by LANSCE.  Pea
demand declined from about 76,000 kilowatts
fiscal year 1991 to about 66,000 kilowatts 
fiscal year 1995.  Again, this reduction i
attributable to the decline in power demand 
LANSCE.

The existing electric transmission system h
been evaluated and found to be deficient in
study conducted by technical representatives
PNM, Plains Electric, and the Pool.  A
operating plan for improved load monitoring
equipment upgrades and optimization of som
available power sources has been discuss
The plan, if implemented, would be intended 
minimize exposure to complete loss of servi
(LM&A 1994).

Historically, off-site power system failures hav
disrupted operations in LANL facilities.
Therefore, all facilities that require saf

TABLE  4.9.2.1–1.—Gas Consumption (Decatherms) at LANL (Fiscal Years 1991 to 1995)

FY 1991 FY 1992 FY 1993 FY 1994 FY 1995

Total LANL 
Consumption

1,480,789 1,833,318 1,843,936 1,682,180 1,520,358

Total Used for 
Electric 
Production

64,891 447,427 411,822 242,792 111,908

Total Used for 
Heat Production

1,415,898 1,385,891 1,432,113 1,439,388 1,408,450

TA–3 Steam 
Production

471,631 387,421 774,750 719,769 583,229

TA–16 Steam 
Production

252,916 282,206 336,543 314,430 328,332

TA–21 Steam 
Production

78,621 74,673 81,510 60,613 65,026

Total Steam 
Production

803,168 744,300 1,192,803 1,094,812 976,587

Source:  Rea 1997
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FIGURE 4.9.2.1–2.—Los Alamos Area Electrical Power Distribution System.
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shutdown capability for power outages are
equipped with emergency generators to assure
these needs are met.  This includes nuclear
facilities such as TA–55 and CMR, which
require uninterrupted power for critical
ventilation, control systems, and lighting.

The TA–3 steam/power plant currently provides
the additional electric power needed to meet
peak load demands when demand exceeds the
allowable supply, delivered by two 115-kilovolt
transmission lines.  When electric power
generation is required, steam generation is
increased (additional gas is burned), and the
extra steam is routed to three steam turbines for
power generation.  Typically, this occurs for
only a few months out of the year when
LANSCE is fully operational.  Loss of power
from the regional electric distribution system
results in system isolation where the TA–3
steam/power plant is the only source of
sufficient capacity to prevent a total blackout.

The TA–3 steam/power plant is over 40 yea
old, and various upgrades of the steam turb
generators, battery banks, circuit breake
metering, and power generation controls a
needed.  In addition, though the steam/pow
plant has a design capacity of 20 megawatts, 
existing cooling system (composed of low
pressure steam condensers, pumps, valves 
piping) limits the generating capacity t
14 megawatts.

The majority of LANL’s 120-mile
(200-kilometer) 115/13.8-kilovolt transformers
switchgear, and 13.8-kilovolt overhea
electrical distribution system are past or neari
the end of their design life.  Backup an
replacement transformers and their ancilla
equipment are needed to increase syst
reliability because of the increasing likelihoo
of component failure and the fact that man
components are no longer readily availab
Most of LANL’s 480/277-volt and 208/120-volt

TABLE  4.9.2.1–2.—Electric Peak Coincidental Demand (Kilowatt) (Fiscal Years 1991 to 1995)

FISCAL
YEAR

LANL BASE LANSCE LANL TOTAL
COUNTY 
TOTAL a POOL TOTAL

1991 43,452 32,325 75,777 11,471 87,248

1992 39,637 33,707 73,344 12,426 85,770

1993 40,845 26,689 67,534 12,836 80,370

1994 38,354 27,617 65,971 11,381 77,352

1995 41,736 24,066 65,802 14,122 79,924

Source:  Rea 1997
a Includes communities of Los Alamos, White Rock, and Bandelier National Monument.

TABLE  4.9.2.1–3.—Electric Consumption (Megawatthour) (Fiscal Years 1991 to 1995)

FISCAL
YEAR

LANL BASE LANSCE LANL TOTAL
COUNTY 
TOTAL a POOL TOTAL

1991 282,994 89,219 372,213 86,873 459,086

1992 279,208 102,579 381,787 87,709 469,496

1993 277,005 89,889 366,894 89,826 456,720

1994 272,518 79,950 352,468 92,065 444,533

1995 276,292 95,853 372,145 93,546 465,691

Source:  Rea 1997
a Includes communities of Los Alamos, White Rock, and Bandelier National Monument.
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systems would fall below industry reliability
standards if used to supply additional power.  In
addition, the TA–3 substation requires an
additional thyristor switched capacitor to
maintain system stability during lightening
storms.  Finally, about 18.6 miles
(30 kilometers) of 40-year-old underground
cables and 13.8-kilovolt switchgear will require
replacement within the next 10 years.

Water

DOE currently supplies potable water to all of
the county, LANL, and BNM, and supplies
some nonpotable water to LANL for industrial
use.  DOE has rights to withdraw 5,541.3 acre
feet or about 1,806 million gallons
(6,830 million liters) of water per year from the
main aquifer.  In addition, DOE obtained the
right to purchase 1,200 acre feet or about 391
million gallons (1.48 billion liters) of water per
year from the San Juan-Chama Transmountain
Diversion Project in 1976.  Although these San
Juan-Chama water rights exist, no delivery
system is in place, and DOE has no plans at this
time to exercise this right (PC 1996c).

Potable water is obtained from deep wells
located in three well fields (Gauje, Otowi, and
Pajarito).  This water is pumped into production
lines, and booster pump stations lift this water to
reservoir storage tanks for distribution.
Figure 4.9.2.1–3 shows the existing water
distribution system in the area near LANL.  The
entire water supply is disinfected with chlorine
prior to distribution.  DOE potable water
production system consists of 14 deep wells,
153 miles (246 kilometers) of main distribution
lines, pump stations, storage tanks, and
9 chlorination stations.  DOE is currently
negotiating with Los Alamos County for
possible transfer of most of this system to
county ownership.  Los Alamos County already
owns and maintains the distribution system for
the communities of Los Alamos and White
Rock (PC 1996e).

Portions of the LANL water system have bee
in place for about 50 years, including pressu
reducing valves, block valves, hydrants, an
8,400 feet (2,600 meters) of transite asbes
fiber piping.  In addition, another 30 mile
(48 kilometers) of distribution piping is nea
the end of its useful life and needs replaceme

During fiscal year 1994, DOE withdrew
1,450 million gallons (5,490 million liters)
from the aquifer.  The county used abo
66 percent of this total or about 958 millio
gallons (3.6 billion liters) (Westervelt 1995 an
LAC 1995).  The National Park Service use
about 5 million gallons (19 million liters) for
Bandelier, Tsankawi and Ponderosa Cam
Grounds (LANL nd), and the remainde
approximately 487 million gallons
(1,843 million liters), was used by LANL.  (Fo
more information on the potable water supp
and quality see section 4.3.2, Groundwat
Resources.)

Nonpotable water is supplied to the TA–1
steam plant from the Water Canyon Galler
This system consists of about 1 mil
(1.6 kilometers) of water line and a catchme
basin improvement to a spring.  In 1994, th
gallery produced about 12 million gallon
(45 million liters) of water. 

4.9.2.2 Safeguards and Security

Safeguards and security operations a
conducted at LANL to provide protection o
national security interests, proprietar
information, personnel, property and the gene
public.  Items needing physical protectio
include special nuclear material (SNM), vita
equipment, sensitive information, property, an
facilities.  Physical protection strategies a
based on a graded approach utilizing thre
analysis, risk assessments, and cost ben
analysis.  

The Safeguards and Security Manageme
Program provides support to LANL operation
4–182
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FIGURE 4.9.2.1–3.—Los Alamos Area Water Distribution System.
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and includes the issuing and use of DOE
identification badges with clearance levels and
special access authorizations as well as physical
security, including protective forces and
electronic systems, nuclear material control and
accountability, property protection, personnel
security assurance, computing and
communications, and personnel/information
security.  Some elements of this program were
the subject of public interest during the SWEIS
public scoping meetings; due to this interest,
information security, material security, and the
role of the protective force are explained further
below.

Information Security

Some information at LANL is classified and
requires protection because of national security
interests. Information generated and received is
reviewed to determine the proper level of
classification, the extent to which the
information may be disseminated, and the
extent to which the information must be
protected.  Safes and vaults are used to protect
sensitive, classified, or proprietary information.
Persons wishing to use this information must
have the appropriate level of DOE security
clearance and a legitimate need for access to the
information (referred to as “need to know”).
Personal information about salaries,
performance evaluations, and medical
conditions, including radiation exposures, are
also protected in accordance with laws intended
to protect the privacy of individuals.

Material Security

At all DOE sites, including LANL, nuclear
materials are controlled by a materials control
and accountability program to deter, prevent,
detect, and respond to unauthorized use,
possession, or sabotage of these materials by
employees or the public.  This system provides:

• Real-time tracking of nuclear material 
movements

• A database for tracking inventories and 
providing transaction audit trails (including
records of material movement internal to 
LANL and between LANL and other sites)

• Early detection of inventory inconsistencie
(e.g., the form, location, and quantity of 
material)

• A variety of material measurement 
capabilities, including a formal program to
monitor the performance of measurement
equipment and to ensure measurement 
equipment is operating effectively

Access controls, materials surveillanc
procedures and physical containment (alarm
barriers, and guards) are determined based
the quantity and form of the material.  Employe
background checks and human reliabili
programs are used to screen personnel who h
access to these nuclear materials.  In additi
LANL organizations that have and use nucle
materials are required to maintain records 
quantities and locations of these materials a
provide for their safe storage.

Guard Force

LANL maintains a guard force through th
services of PTLA.  PTLA provides patrols o
LANL properties, protection and escort fo
dignitaries, on-site demonstration containme
traffic and hazardous materials spill support 
emergencies, and general plant secur
services.  PTLA coordinates its activities wit
other DOE, local, state, and federal la
enforcement offices as appropriate.

In cases where criminal activity has occurre
(e.g., theft or vandalism), LANL contacts th
appropriate law enforcement agency (in mo
cases it is the Los Alamos County Polic
Department, see section 4.9.1.8 for addition
information).  When appropriate, LANL also
notifies the Federal Bureau of Investigation a
the DOE Inspector General.
4–184
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4.9.2.3 Fire Protection

LANL’s fire protection program ensures that
personnel and property are adequately protected
against fire or related incidents, as described in
section 4.6.3.3.

4.9.3 Waste Management

4.9.3.1 Wastewater Treatment and 
Effluent Reduction

LANL has three primary sources of wastewater:
sanitary liquid wastes, HE-contaminated liquid
wastes, and industrial effluent.

Sanitary Liquid Wastes

Sanitary liquid wastes are delivered by
dedicated pipelines to the SWSC plant at
TA–46.  The plant has a design capacity of
600,000 gallons (2.27 million liters) per day,
and in 1995 processed a maximum of about
400,000 gallons (1.5 million liters) per day
(PC 1996l).  Some septic tank pumpings are
delivered periodically to the plant for treatment
via tanker truck.  Sanitary waste is treated by an
aerobic digestion process (i.e., a digestion
process which utilizes living organisms in the
presence of oxygen).  After treatment, the liquid
from this process is recycled to the TA–3 power
plant for use in  cooling towers or is discharged
to Sandia Canyon adjacent to the power plant
under an NPDES permit and groundwater
discharge plan.  Under normal operating
conditions, the solids from this process are dried
in beds at the SWSC plant and are applied as
fertilizer as authorized by the existing NPDES
permit.

According to the LANL Utilities and
Infrastructure Group, the TA–3 sewer lines
between Pajarito Road and Diamond Drive and
between Diamond Drive and the SWSC
connection are 40 years old, and the current
capacity is 58 to 68 percent of the original
capacity due to deterioration and infiltration.  In

addition, the S-Site wastewater collectio
system is also 40 years old and repair 
replacement of 12,000 feet (3,600 meters) 
this line is also needed. 

In addition to the SWSC, there are also 3
approved septic systems still in use at faciliti
located in 16 TAs (PC 1996l).

Separate from the LANL sanitary wast
treatment system, Los Alamos County sanita
waste is processed at two separate faciliti
The Bayo Canyon facility processes sewa
from the Los Alamos townsite and the DOE Lo
Alamos Area Office building.  This facility has
a design capacity of 1.37 million gallon
(5.2 million liters) of waste per day and in 199
was processing approximately 0.9 millio
gallons (3.4 million liters) per day.  The Whit
Rock sewage treatment facility process
sewage from the White Rock community an
has a design capacity of 0.82 million gallon
(3.1 million liters) per day.  In 1996, the facility
processed about 0.5 million gallons (1.9 millio
liters) per day (PC 1996l).

High Explosives Contaminated Liquid 
Wastes

Wastewater contaminated with high explosiv
(HE wastewater) is generated at LANL.  DOE 
currently installing the equipment necessary 
filter and recycle this HE wastewater.  Thes
actions are being taken to improve wastewa
management from HE research an
development and meet current and ne
regulatory standards for wastewater dischar
In addition to the new equipment, existin
equipment is being modified by replacin
water-sealed vacuum pumps and wet H
collection systems with systems that do not u
water.  When these modifications ar
completed, they are expected to reduce 
amount of water used in HE processin
(currently about 130,500 gallons
[493,995 liters] per year) by approximatel
99 percent.
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To process the HE wastewater, solvents will be
extracted at the existing processing facility
(TA–16).  Then, the HE wastewater will be
filtered and recycled using the new equipment
(located in an adjacent facility); HE wastewater
will be trucked, as needed, to the HE
Wastewater Treatment Facility (HEWTF).  The
HEWTF further treats the wastewater through
filtering and then discharges to an NPDES-
permitted outfall.  The reader is referred to
DOE–EA–1100 for a detailed description of the
wastewater treatment system upgrade and
impacts associated with its installation and use
(DOE 1995c).

Sources of non-HE industrial wastewater are
being eliminated from the HE processing areas.
Outfall piping is being decontaminated (the HE
removed), and stormwater will be allowed to
discharge through these decontaminated pipes.

Industrial Effluent

DOE has decided to eliminate the effluent from
several industrial outfalls at LANL to comply
with new regulatory requirements and the
discharge limitations specified in LANL’s
NPDES permit (section 4.3.1.3).  The reader is
referred to DOE/EA–1156 for a detailed
description of the activities being undertaken
and for an evaluation of consequences
(DOE 1996a).  Information regarding these
effluents and their relationship to wetlands in
the area is discussed in sections 4.3 and 4.5.

4.9.3.2 Solid Waste

Both LANL and Los Alamos County use the
same county landfill located on DOE property.
The Española area solid waste disposal site has
been closed.  Los Alamos has also contracted
with Española to receive selected waste from
that community.  The Los Alamos landfill
received about 22,013 tons (20 million
kilograms) of solid waste from all sources
during the period of July 1995 through June
1996, with LANL contributing about

22 percent, the city of Española contributin
about 32 percent, and Los Alamos Coun
contributing about 46 percent of the solid was
At the current rate of input, the anticipated lif
of the landfill is estimated to be about 18 yea
(Zimmerman 1996).

4.9.3.3 Radioactive and Hazardous 
Waste

LANL generates radioactive and hazardo
waste as a result of operations, as well 
maintenance and construction activitie
Annual waste generation rates have varied d
to the level of operations at the various facilitie
suspension of operations at various times 
these facilities, construction activities, chang
in the types of operations, and implementati
of waste minimization initiatives.  Waste
generation across the key facilities wa
examined from 1990 through 1995; those yea
during this period that had atypical interruption
or operations were ignored, and the remaini
years were used to establish an average wa
generation rate for use as the “baselin
generation rate.  Waste generation rates for 
non-key facilities were averaged for the perio
from 1990 through 1995 for use as baseline 
these facilities.  Table 4.9.3.3–1 shows the ran
of waste generation rates over these periods
facility and the “baseline” generation rates us
for the purposes of waste projections.  (Th
baseline used for each waste type, by facility,
identified in the tables presented in section 3.

Radioactive liquid waste generation is n
measured at all facilities; therefore, the amoun
received historically at TA–50
(section 2.2.2.14) were examined.  The
influents indicated a waste generation range
between 16.5 and 21.9 million liters per yea
with an index of 20 million liters per year.

In addition to the waste generation rate
presented in this section, LANL has a backlo
of previously generated waste that is bei
4–186
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stored at LANL.  These consist of 27,096 cubic
feet (759 cubic meters) of low-level radioactive
mixed waste (LLMW) and 321,800 cubic feet
(9,014 cubic meters) of transuranic (TRU)
waste.

Finally, LANL has historically received small
quantities of waste (LLW or TRU) from off-site
locations (average of about five shipments a
year from 1991 to 1996).  Typically, these are
wastes generated by LANL activities at other
locations (e.g., due to LANL activities at the
Nevada Test Site); however, there have also
been cases where LLW or TRU generated at
DOE locations without an on-site disposal
capability send such waste to LANL for
disposal.  (In recent years these sites have
included the Pantex Plant in Amarillo, Texas,
the Kansas City Plant, and DOE facilities on
Kirtland Air Force Base in Albuquerque, New
Mexico.)  Such off-site waste shipments would
be expected to continue in the future at about the
same rate as has been experienced in recent
years (5 to 10 LLW and TRU waste shipments
per year).  These shipments, although not
specifically listed in the waste generation rates
and waste shipments analyzed, are within the
quantities and shipment numbers projected due
to the conservatism in these projections and the
relatively small amounts of off-site waste
anticipated for shipment to LANL.

4.9.4 Contaminated Space Within 
LANL Facilities

The information in this section provides an
estimate of the existing radioactively
contaminated space within LANL facilities as a
basis for comparison with the changes in
contaminated space presented as impacts in
chapter 5 (sections 5.1.9, 5.2.9, 5.3.9, and
5.4.9).  The intent is to provide an understanding
of the gross effects of the alternatives on the
decontamination or decommissioning liability
associated with radioactive contamination in
LANL facilities and equipment.  There is no
existing database or information source that

identifies and tracks the amount o
contaminated space at LANL; therefore, th
estimates were generally made on the basis
process knowledge and “walkdowns” of th
facilities.  

While there are no existing guidelines o
regulations directly related to contaminate
space in this context, several guideline
regulations, and management practices 
indirectly influence the amount of radioactivel
contaminated space in DOE facilities.  The
existing guidelines, regulations, an
management practices include ALARA (th
concept of limiting exposures to levels that a
as low as reasonably achievable), nucle
materials accountability (the routine
measurement and accounting activities 
control and track nuclear materials througho
DOE [including within LANL facilities and
operations]), maintenance practices (includi
good housekeeping practices, ease and cos
maintenance, and ease and cost of replacem
or refurbishment of equipment), and nucle
materials management (nuclear materia
inventory management and control).  Each 
these factors leads to minimization o
contaminated space in facilities.   

While these pressures tend to minimize t
amount of material that contaminates LAN
facilities and equipment as well as the tot
amount of contaminated space, it takes ve
little radioactive material to effect a substanti
increase in the difficulty and cost associate
with eventual clean-up actions.  For this reaso
the approach to estimating contaminated spa
was relatively conservative.  In most cases
room containing glovebox systems was n
counted as contaminated space unless there 
no better way of including that process area. 
general, the contaminated space with
plutonium facilities, hot cells, proces
gloveboxes, and general laboratory areas w
estimated on a footprint (square footage) bas
Duct or plenum space was presented on
volume or linear distance basis.  Table 4.9.4
presents the contaminated space associated 
4–189
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the plutonium facility at TA–55, the CMR
facility at TA–3, the Radiochemistry Facility at
TA–48, the Tritium Facilities, TA–50, and
TA–53.  Pajarito Site (TA–18), TA–54, the
Health Research Laboratory (HRL), the
Materials Science Laboratory (MSL), the main

shops, Sigma, the HE processing facilities, t
firing sites, and the Target Fabrication Facili
at TA–35, as well as the non-key facilities, hav
little or no contaminated space, as compared
the facilities included in Table 4.9.4–1. 
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TABLE  4.9.4–1.—Estimated Existing Contaminated Space in LANL Facilities

FACILITY CONTAMINATED SPACE

TA–55

     Conveyor, Gloveboxes, Hoods, etc.

     Contaminated Ducts

     Laboratory Floor Space

11,400 square feet (10,600 square meters)

1,100 cubic feet (30 cubic meters)

59,600 square feet (5,550 square meters)

CMR Facility, TA–3

     Conveyor, Gloveboxes, Hoods, etc.

     Contaminated Ducts

     Hot Cell Floor Space

     Laboratory Floor Space

3,100 square feet (290 square meters)

760 cubic feet (20 cubic meters)

580 square feet (50 square meters)

40,320 square feet (3750 square meters)

Radiochemistry Laboratory, TA–48

     Conveyor, Gloveboxes, Hoods, etc.

     Hot Cell Floor Space

     Laboratory Floor Space

1,800 square feet (170 square meters)

17,060 square feet (1590 square meters)

39,300 square feet (3650 square meters)

Tritium Facilities

     Weapons Engineering Tritium Facility (WETF) 
Process Room 14

     WETF Process Room 116

     WETF Process Room 120

     TA–33 (High Pressure Tritium Laboratory in 
Building 86)

     TA–21 Tritium System Test Assembly

     TA–21 Tritium Science and Fabrication 
Facility

1,460 square feet (140 square meters)

760 square feet (70 square meters)

1,300 square feet (120 square meters)

7,500 cubic feet (210 cubic meters) of rubble (mostly cement)a

8,000 square feet (740 square meters)

750 square feet (70 square meters)

TA–18, Pajarito Site < 500 square feet (47 square meters)

TA–50,  RLWTF 37,000 square feet (3440 square meters)b

TA–53c

     Area A

     A-East Beam Stop

     Target Areas 5 and 6

     Lines B and C

     Lead Shielding

     Weapons Neutron Research and Proton Storage 
Ring

178,000 cubic feet (4,980 cubic meters)

27,600 cubic feet (770 cubic meters)

9,000 cubic feet (250 cubic meters)

100 cubic feet (3 cubic meters)

350 tons of lead shielding

Unknownd

a This facility is being decommissioned, and the estimate made is for the concrete rubble that is projected to be generated for disposal from clean-up 
efforts.

b This facility processes liquid radioactive waste and includes large process areas, tanks, and a glovebox.  Even though the entire facility is not 
contaminated, no method of estimated contaminated space for this facility was devised; the facility footprint is presented here.

c Contaminated space in these areas is typically materials in the target areas, which are best represented by material volumes.
d At the time these data were prepared, the Weapons Neutron Research and Proton Storage Ring were not available for experiments; it is not 

expected that experiments in these areas would result in large quantities of contaminated space/materials (as compared to the amounts noted for the 
other TA–53 facilities).

Source:  Barr 1996
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4.10 TRANSPORTATION  

The primary methods and routes used to
transport LANL-affiliated employees,
commercial shipments, hazardous and
radioactive material shipments, transportation
packaging, transportation accidents, and on-site
and off-site traffic volumes are presented in this
subsection.  Additional information on these
subjects is included in volume III, appendix F.

4.10.1 Regional and Site 
Transportation Routes

Motor vehicles are the primary means of
transportation to LANL.  A public bus service
located in Los Alamos operates within Los
Alamos County.  The Los Alamos bus system
consists of seven buses that operate 5 days a
week.  The nearest commercial bus terminal is
located in Santa Fe.  The nearest commercial
rail connection is at Lamy, New Mexico,
52 miles (83 kilometers) southeast of LANL.
UC does not currently use rail for commercial
shipments.  

The primary commercial international airport in
New Mexico is located in Albuquerque.  The
small Los Alamos County Airport is owned by
the federal government, and the operations and
maintenance are performed by the County of
Los Alamos.  The airport is located parallel to
East Road at the southern edge of the Los
Alamos community. 

Constructed around 1943, the airport was
opened to private pilot use in 1961.  The airport
has one runway running east-west at an
elevation of 7,150 feet (2,180 meters).  Takeoffs
are predominantly from west to east, and all
landings are from east to west.  The airport is
categorized as a private use facility; however,
Federal Aviation Administration (FAA)-
licensed pilots and pilots of transient aircraft
may be issued permits to use the airport

facilities.  Until January 1996, the airpor
provided passenger and cargo service throu
specialized contract carriers such as Ro
Aviation, which were under contract with DOE
to provide passenger and cargo air service
Los Alamos County and LANL.  Commercia
air service, as provided by Ross Aviation, w
discontinued in 1995.  Peacock Air provided a
service for part of 1996, and Mesa Airline
provided scheduled air carrier service briefly 
1997.  DOE continues to negotiate with variou
companies to provide for service to the Lo
Alamos Airport (LAM 1996a and PC 1996q).

Northern New Mexico is bisected by I–25 in 
generally northeast-southwest direction.  Th
interstate highway connects Santa Fe w
Albuquerque.  The regional highway syste
and major roads in the LANL vicinity are
illustrated in Figure 4.10.1–1.  Regiona
transportation routes connecting LANL with
Albuquerque and Santa Fe are I–25 to U.S. 8
285 to NM 502, with Española is NM 30 to
NM 502, and with Jemez Springs and weste
communities is NM 4.  Hazardous an
radioactive material shipments leave or en
LANL from East Jemez Road to NM 4 to

A Look Back in Time

The road was one of many challenges.  The
original laboratory buildings were located on
Los Alamos mesa.  Project managers refused
to allow Sundt (Construction Company) to
improve the Ranch School road; they did not
want to draw attention to their activities!  The
narrow, unpaved road was unsuitable for
heavy equipment.  Trucks suffered numerous
breakdowns, and parts were hard to replace in
those days of wartime shortages.

It was not until massive equipment for the
project began arriving that Sundt was allowed
to straighten the road, and then crews could
only work at night to avoid delaying daytime
deliveries.

Source:  Hoard nd
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NM 502.  East Jemez Road, as designated by
the State of New Mexico and governed by
49 CFR 177.825, is the primary route for the
transportation of hazardous and radioactive
materials.  The average daily traffic flow from
1990 through 1994 and estimated peak hourly
traffic volumes for selected routes are presented
in Table 4.10.1–1.  Only two major roads,
NM 502 and NM 4, access Los Alamos
County.  Los Alamos County traffic volume on
these two segments of highway is primarily
associated with LANL activities.
Approximately 10,662 DOE and DOE
contractor personnel administer and support
LANL operations and activities (section 4.9,
Socioeconomics).  Most commuter traffic
(approximately 63 percent) originates from Los
Alamos County or east of Los Alamos County
(Rio Grande Valley and Santa Fe,
approximately 35 percent).  Only 1 percent of
LANL employees commute to LANL from the
west along NM 4.

The primary route designated by the State of
New Mexico to be used for radioactive and
other hazardous material shipments to and from
LANL is the approximately 40-mile
(64-kilometer) corridor between LANL and
I–25 at Santa Fe.  This route passes through the
Pueblos of San Ildefonso, Pojoaque, Nambe,
and Tesuque and is adjacent to the northern
segment of Bandelier National Monument.  This
primary transportation route also passes through
residential and commercial segments of the city
of Santa Fe for approximately 5 miles
(9 kilometers) to I–25.  There is a proposed
Santa Fe bypass, leading from the northern edge
of Santa Fe on U.S. 84/285 to I–25 west of Santa
Fe.  In the planning stages for over 12 years, this
route is now under construction and is expected
to be initially available for use later this year.
The proposed alignment of the bypass is shown
in Figure 4.10.1–1.

4.10.2 Transportation Accidents

Motor vehicle accidents in Los Alamos Count
from 1990 through 1994 are reported 
Table 4.10.2–1.

From 1990 through 1994, there were 3,23
motor vehicle accidents on the region
transportation route between LANL and I–25 
Santa Fe.  Heavy commercial vehicles (truck
transporting materials to and from LANL
accounted for less than 4 percent of accide
(Table 4.10.2–2).

4.10.3 LANL Shipments

Hazardous, radioactive, industrial, commercia
and recyclable materials, including wastes, a
transported to, from, and on the LANL sit
during routine operations.  Hazardous materia
include commercial chemical products that a
nonradioactive and are regulated and control
based on whether they are listed materials, o
they exhibit the hazardous characteristics 
ignitability, toxicity, corrosivity, or reactivity.
Radioactive materials include SNMs (e.g
plutonium, enriched uranium), medica
radioisotopes, and other miscellaneo
radioactive materials.  Off-site shipments, bo
to and from LANL, are carried by commercia
carriers (including truck, air-freight, and
government trucks), and by DOE safe secu
transport (SST) trailers. Numerous regulatio
and requirements govern the transportation 
hazardous and radioactive materials, includi
those of the U.S. Department of Transportati
(DOT), NRC, DOE, FAA, International Air
Traffic Association (IATA), and LANL.     

4.10.3.1 On-Site Shipments

On-site hazardous material shipments a
transported in conformance with DOT
regulations.  A shipment is considered an o
site shipment if both the origin and destinatio
are at LANL.  These shipments are transport
in LANL-operated vehicles.  Hazardou
4–194



Affected Environment

4–195

TABLE  4.10.1–1.—Traffic for Selected Highway Segments in the Vicinity of LANL

HIGHWAY 
DESIGNATION

DESCRIPTION HIGHWAY SEGMENT

SEGMENT 
LENGTH 

miles 
(kilometers)

AVERAGE DAILY 
TRAFFIC a 1994 

(NO. OF 
VEHICLES)

PEAK HOURLY 
TRAFFIC b (NO. 
OF VEHICLES)

LANL S ITE  ROUTES

NM 4 2-lane state 
highway

Intersection of NM 501 and 
NM 4 to Bandelier National 

Monument entrance

4 (6) 758 114

NM 4 2-lane state 
highway

Bandelier National 
Monument entrance to 

NM 502

9 (14) 1,029 154

NM 501 2-lane state 
highway

Intersection of NM 4 to 
Diamond Drive (West 

Jemez Road)

5 (8) 2,105 316

NM 501 4- to 6-lane state 
highway

Along Diamond Drive to 
NM 502

2 (3) 35,236 5,285

NM 502 2- to 4-lane state 
highway

Diamond Drive to the 
intersection of NM 4

6 (10) 16,286 2,443

East Jemez Road 
(truck route)

2-lane state 
highway

Intersection of NM 501 and 
Diamond Drive to NM 4

6 (10) NA NA

NM 502c 4-lane divided state 
highway with uphill 

truck lane

Intersection of NM 4 and 
NM 502 to NM 30

4 (6) 12,041 1,806

REGIONAL  ROUTES

NM 30 2- to 4-lane state 
highway

NM 502 to NM 201 in 
Española

8 (13) 6,371 956

NM 30 4-lane divided state 
highway

NM 201 to U.S. 84/285 1 (1.6) 12,003 1,801

NM 502c 4-lane divided state 
highway

NM 30 to U.S. 84/285 12 (19) 8,979 1,347

NM 4 2-lane state 
highway

San Ysidro to NM 485 10 (16) 2,535 380

U.S. 84/285c 4-lane divided U.S. 
highway

NM 502 to Tesuque Pueblo 
Road

7 (11) 29,333 4,400

U.S. 84/285c 4-lane divided U.S. 
highway

Tesuque Pueblo Road to 
Camino La Tierra 

(Santa Fe)

7 (11) 32,377 4,857

U.S. 84/285c 4- to 6-lane U.S. 
highway

Camino La Tierra to 
Cerrillos Road 

3 (5) 37,957 5,694

U.S. 84/285c 4- to 6-lane U.S. 
highway

Cerrillos Road to St. 
Michael’s Drive

1 (1.6) 47,124 7,069

U.S. 84/285c 4-lane U.S. 
highway

St. Michael’s Drive to I–25 2 (3) 31,828 4,774

a Average daily traffic represents an annual average over a 7-day week.
b Peak hourly traffic is estimated as 15 percent of total daily traffic.
c Hazardous/radioactive material shipment route.
NA = Not available
Source:  NMHTD 1995
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TABLE  4.10.2–1.—Accidents Within Los Alamos County (1990 Through 1994)

YEAR
TOTAL NUMBER OF 
ACCIDENTS IN LOS 
ALAMOS COUNTY

PERCENT 
PRIVATELY OWNED 

VEHICLES

PERCENT LOS 
ALAMOS COUNTY 

VEHICLES

PERCENT DOE 
VEHICLES

1990 356 92 4 4

1991 358 89 5 6

1992 258 87 6 7

1993 325 88 8 4

1994 387 88 7 5

Source:  PC ndb

TABLE  4.10.2–2.—Truck Accident Rates in the Santa Fe to Los Alamos Area
(1990 Through 1994)

ROUTESa TOTAL NUMBER 
OF ACCIDENTS

AVERAGE TRUCK 
TRAFFIC  

(VEHICLE/DAY)

PERCENT LANL 
VEHICLE/DOE 

VEHICLE

Through Santa Fe 97 2,104 3.7

U.S. 84/285 17 1,677 0.44

NM 502 5 462 0.49

NM 4 0 520 1.08

East Jemez Road 4 520 1.08

a Portion described in Table 4.10.1–1 as the Hazardous and Radioactive Material Route.
Sources:  Fenner 1995, Fenner 1996, Vigil 1996 
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material shipments vary from bulk gases and
liquids to small quantities of laboratory
chemicals.   Hazardous waste shipments are
made to the hazardous waste storage facility at
TA–50 and radioactive and hazardous waste
shipments are made to the waste management
area at TA–54.  The number of LANL
hazardous and radioactive material shipments
made annually are presented in
Table 4.10.3.1–1.

On-site radioactive material shipments are
transported in conformance with DOT and NRC
regulations or DOE requirements.  A primary
feature of these regulations is stringent
packaging requirements governing shipments
on public roads.  In a few cases, it is not cost
effective for LANL to meet these stringent
packaging requirements.  In such cases, roads
are temporarily closed during the shipments;
DOE safety requirements still apply in these
cases.  On-site radioactive shipments are made
with LANL-operated vehicles.  These vehicles
vary depending on the quantity and
radioactivity of the material shipped, from
LANL-owned pick-up trucks to DOE-owned
SSTs.  Maintenance of these vehicles is closely
monitored for physical performance as well as
security.  

4.10.3.2 Off-Site Shipments

LANL transports and receives radioactive and
other hazardous materials shipments to and
from other DOE facilities and commercial

facilities nationwide.  All shipments mee
applicable DOT, NRC, and FAA regulations o
DOE requirements, and most unclassifie
shipments are transported via commerc
carriers.  During 1990 through 1994, there we
an average of 1,000 shipments per ye
(including waste shipments) according to th
DOE database, which is called the Shipme
Mobility/Accountability Collection (SMAC).
These consisted, on average, of 800 shipme
of hazardous materials and 200 shipments
radioactive materials.  The difference betwe
these totals and those listed in Table 4.10.3.1
is due to the classified shipments and oth
shipments for which transportation is no
explicitly paid for by LANL; such shipments are
not recorded in the SMAC database.  The typ
of materials transported and the number 
unclassified off-site radioactive and hazardo
materials shipments are stated 
Table 4.10.3.2–1.  DOE regulations require 
SST trailer be used for off-site shipments 
special nuclear materials, weapons componen
and explosive-like assemblies in DOE custod
SST trailers are similar in appearance 
commercial tractor-trailers but are equippe
with unique security and safeguard features th
prevent unauthorized cargo removal an
minimize the likelihood of an accidenta
radioactive materials release as a result o
vehicle accident.  Classified shipments are ma
in an SST trailer.  The designated hazardo
materials route for Los Alamos County is Ea
Jemez Road to NM 4 to NM 502. 

 
TABLE  4.10.3.1–1.—Annual LANL On-Site and Off-Site Shipments

TYPE NONHAZARDOUS HAZARDOUS (NONRADIOACTIVE) RADIOACTIVE

Off-Site 327,939 2,592 934

On-Site Not Available 7,560 1,187

Source:  Villa 1996
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TABLE  4.10.3.2–1.—Summary of Off-Site, Unclassified Radioactive and Hazardous Materials 
Shipments (1990 Through 1994)

TRANSPORT 
MODE

MATERIAL 
CATEGORY

BOUNDING 
MATERIAL a

MAXIMUM 
SHIPPING 

QUANTITY a

NUMBER OF 
SMALL  

SHIPMENTSb

NUMBER OF 
LARGE 

SHIPMENTSb

Truck Flammable Hydrogen 50,000 ft3 320 17

Truck Toxic Chlorine 2,000 lb 136 22

Truck Radiological Tritium 29,160 Ci 406 11

Truck Explosive HMX 13,801 lb 102 24

Air Toxic Chlorine 7 lb 160 15

Air Explosive HMX 195 lb 21 80

Air Radiological Tritium 970,000 Ci 1,185 1

Notes:  SST trailer shipments not included.  About 2,500 shipments screened due to low material toxicity.  HMX is octahydro-
1,3,5,7 tetranitro-1,3,5,7-tetrazocine.  Large shipments are greater than 10 percent of the maximum shipping quantity.

a These columns reflect the material that bounds the risks associated with each material category and the maximum quantity of this 
material that has been shipped.

b These columns reflect the numbers of small and large shipments for each material in a particular material category; thus, these 
reflect the shipments of the bounding material and other materials in this category.

Source:  SWEIS volume III, appendix F
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CHAPTER 5.0
ENVIRONMENTAL CONSEQUENCES

This chapter describes the potential direct,
indirect and cumulative environmental impacts,
or changes, resulting from each of the
reasonable alternatives for continuing the
operation of LANL:  the No Action Alternative,
the Expanded Operations Alternative (DOE’s
Preferred Alternative, with the exception that pit
manufacturing would not be implemented at a
50 pits per year level, single shifts, but only at a
level of 20 pits per year in the near term), the
Reduced Operations Alternative, and the
Greener Alternative.  Environmental impacts
are described and discussed across the various
aspects of the affected environment or resource
areas that are likely to change at a site-wide
level.1  Aspects of the environment that are not
expected to change as a result of implementing
any of the four alternatives analyzed are not
discussed in detail.  

The Region of Influence (ROI) varies across the
resources as well as across the alternatives.
Chapter 4, Affected Environment, describes the

current environment in and around LANL fo
each of the resource areas (e.g., La
Resources, Air Quality, and Water Quality
The information presented in chapter 4 is t
foundation for understanding and evaluating t
environmental impacts associated with the fo
alternatives.  

Chapter 5 includes six major section
Section 5.1 presents the methodologies used
the impact analysis for each resource ar
Sections 5.2, 5.3, 5.4, and 5.5 present t
impacts associated with the No Action
Expanded Operations, Reduced Operations, a
Greener Alternatives, respectively.  Section 5
presents unavoidable adverse impacts, 
relationship of short-term uses and long-ter
productivity of resources, the irreversible o
irretrievable commitment of resources, and t
cumulative impacts associated with th
continued  operation of LANL.  Each sectio
except 5.6 is formatted to follow the
presentation of the affected environment 
resource areas discussed in chapter 4 (e
section 5.2.1 presents the impacts of the 
Action Alternative to Land Resources).  Th
most detailed discussion is presented 
section 5.2, and the impacts associated w
each of the other alternatives are usua
compared to the impacts of the No Actio
Alternative (in section 5.2) to minimize
repetition.  A discussion of bounding  potenti
credible accidents for the four alternatives 
presented near the end of each of these sect
(i.e., sections 5.2.11, 5.3.11, 5.4.11, and 5.5.1
The discussions in this SWEIS, includin
discussions in this chapter, are augmented b
classified supplement to the SWEIS.  Th
supplement contains certain classifie
information and data related to the activities 
LANL that, though important to suppor
understanding of certain details underlying th
SWEIS and its analyses, must be protected

1. The scope of the SWEIS was developed prior to 
issuance of the Stockpile Stewardship and Management 
Programmatic Environmental Impact Statement (SSM 
PEIS, DOE 1996d) Record of Decision (ROD).  Thus, the 
Expanded Operations Alternative was originally defined 
to include the high explosives component production and 
the secondary assembly production mission elements, as 
discussed in chapter 1.  Accordingly, the environmental 
consequences of the Expanded Operations Alternative 
(described in section 5.3) include the impacts associated 
with these mission elements.  However, because these 
activities do not contribute substantially to air quality, 
water resource, land resource, socioeconomic, or other 
impacts projected regarding LANL operations, the 
environmental consequences of the Expanded Operations 
Alternative with or without these mission elements are 
substantially the same.  Therefore, DOE determined that 
it was not cost effective to restructure and reanalyze the 
Expanded Operations Alternative.  To the extent that this 
affects the impact analyses, the environmental 
consequences of the Expanded Operations Alternative 
can be expected to be somewhat less than identified in 
section 5.3.
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accordance with the Atomic Energy Act of 1954
(42 United States Code [U.S.C.] §2011).  This
information includes details associated with
some operations, experiments, processes, or
source terms.  DOE presents as much
information as possible in this unclassified
document.  Furthermore, the environmental
impacts are fully contained in the results
presented to the public in this unclassified
document.

The major contributors to environmental
impacts of operating LANL are wastewater
discharges and radioactive air emissions.  

• Historic discharges to Mortandad Canyon 
from the Radioactive Liquid Waste 
Treatment Facility (RLWTF) have resulted 
in above background residual radionuclide 
(americium, plutonium, strontium-90, and 
cesium-137) concentrations in alluvial 
groundwater and sediments.  

• Plutonium deposits have been detected 
along the Rio Grande between Otowi and 
Cochiti Lake.  

• The principal contributors to radioactive ai
emissions have been and continue to be t
Los Alamos Neutron Science Center 
(LANSCE) and high explosives testing 
activities.

In addition, trace amounts of tritium have bee
detected in some samples from the main aquif
(Isolated results have indicated the presence
other radionuclides.  However, results have n
been duplicated in previous or subseque
samples, making these results suspect.)  

The analysis in the SWEIS indicates that the
are very few differences in the site-wid
environmental impacts among the alternativ
analyzed.  The major discriminators amon
alternatives are:  collective worker risk due 
radiation exposure, socioeconomic effects d
to LANL employment changes, and electric
power demand.  A summary of impacts 
provided in section 3.6 in chapter 3
Tables 3.6.2–1 and 3.6.2–2 provide a dire
comparison of expected consequences for e
environmental factor across alternatives.
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5.1 IMPACT  ANALYSIS 
METHODOLOGIES

5.1.1 Land Resources Methodology

5.1.1.1 Land Use

The methodology used for assessing land use
impacts is comparative in nature.  The
operations, facility construction and
modification activities, and their predicted
effects are compared against existing land use
categories for the areas that could be influenced
by such actions.  In addition, the amounts of
land disturbed or taken for construction are also
identified.  (This information is then used in the
analysis of ecological and cultural resource
impacts.)

5.1.1.2 Visual Resources 

Visual impacts to the LANL viewshed depend
on physical changes through development at the
site, the ability for LANL structures to be seen
by viewers because of changes in land cover,
and the visibility of the area related to air or light
pollution.  Thus, this qualitative analysis
addresses construction that may change the
visibility of LANL structures or obscure views
of the landscape, changes in land cover that may
make LANL structures more or less visible, and
changes in air or light pollution that could
change visibility in the area.

5.1.1.3 Noise

Noise (unpleasant sounds), air blasts, and
ground vibrations may be perceived both within
and outside the LANL site boundaries due to the
combined effect of the existing traffic, LANL
high explosives research, and construction
activities.  The noise heard by people located
outside the site boundaries may be very episodic
(such as explosives testing) or may be long term
in duration (such as traffic noise).  This analysis

examines projected activities with a focus o
changes from existing noise conditions in th
area, as well as the potential for noise impacts
workers and the public.  Because noise a
vibration impacts to cultural resources a
addressed in the cultural resources impa
analyses, such impacts are not discussed un
land resources impacts.

5.1.2 Geology and Soils 
Methodology

The methodology used to assess poten
impacts to geology and soils across the fo
alternatives was a two-step process.  First, p
LANL activities were evaluated to see how the
had impacted the geology and soils in the L
Alamos area.  The information from this stud
on the existing environment is presented 
chapter 4 (section 4.2).  Information from
section 4.2 was then used as a basis 
assessment of potential impacts that may res
from implementing the four alternatives.   Th
impact analysis focuses on any changes t
have the potential for causing seismic even
slope instability, soils erosion, and changes 
mineral resources.  For example, observati
and studies of the LANL site in the past hav
shown where slope stability problems are mo
likely to occur and under what circumstance
This type of information was then used t
evaluate proposed activities to see if those sa
indicators leading to soil erosion were present
a new action or in a potential change to 
existing activity.  This manner of analysis i
commensurate with the significance of th
potential impact in this resource area.  

Impacts to geology and soils are primari
associated with effects generated by propos
construction activities.  However, for thi
SWEIS the majority of construction activitie
are within existing facilities.  Where
construction activities would occur outside o
existing facilities (as in the expansion o
Area G), they are explicitly addressed.
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The effects on soil contamination from
contaminants released to the atmosphere, either
directly in gaseous effluents (e.g., air stack
emissions) or indirectly from resuspension of
on-site contamination (e.g., fugitive dust) were
evaluated.  As discussed in section 5.2.2, the
information provided from the geology and
soils sections directly relates to the analysis of
several other sections within the SWEIS (such
as cultural resources, human health, accidents,
and ecological resources).  For example,
geologic hazards that are important components
of accident scenarios are discussed in the
accident sections, and the potential for human
health and environmental impacts associated
with soil contamination are discussed in the
ecological and human health sections.

5.1.3 Water Resources 
Methodology

The primary differences in terms of water
resources across the four alternatives are:
(1) the change in flow from the permitted
National Pollutant Discharge Elimination
System (NPDES) outfalls and (2) the influences
of water use to main aquifer.

The methodology used for assessing surface and
groundwater impacts for the four alternatives
was to first obtain index data on the NPDES
outfalls (flow rates and analyte concentrations)
and compare this information with projected
NPDES flow rates and analyte concentrations
for each of the alternatives.  The majority of the
changes, especially increases to NPDES flows
for the alternatives, are contributed by the key
facilities.  Therefore, although index NPDES
flows are discussed for the non-key facilities,
flow projections for non-key facilities are
assumed to be constant across the alternatives.
If projections of NPDES outfall flows within
each watershed vary within 5 percent of the
index and historical NPDES outfall
concentrations do not often exceed regulatory
limits, effects are considered negligible.  If
projected NPDES outfall flow variations are

greater than 5 percent of the index or historic
NPDES outfall concentrations often excee
regulatory limits, consequences are evalua
qualitatively.  This qualitative analysis include
evaluating the types of contamination that cou
originate from these outfalls and the potenti
for contamination in surface water
groundwater, and sediments to be transpor
off site.  A qualitative analysis was done inste
of a quantitative analysis because:  (1) detai
information (i.e., distribution coefficient of
radionuclides for soil, sediment, and alluvium
remaining sorption capacity of soil, sedimen
and alluvium below outfall; vadose zon
transport characteristics; moisture conten
alluvial groundwater body lateral and vertica
extent; alluvial groundwater flow rates alluvia
recharge and discharge areas; recharge 
discharge rates; stormwater and snowm
runoff flow rates diluting the effluent; schedul
of discharges relative to runoff event; and ma
others) is not available and (2) a reasona
qualitative assessment can be made.  F
stormwater runoff, the impact analysis focus
on changes across the alternatives that may h
the potential for causing off-site migration o
contaminants, such as new constructi
activities.

The water resources analysis was used as so
information in several other sections within th
SWEIS, such as ecological resources (i.
potential effects of reduced flows to wetland
and the human health and human and ecolog
risk (i.e., consumption of contaminated wat
and sediments).

The U.S. Geological Survey (USGS
MODFLOW model for north-central New
Mexico (Frenzel 1995) was used to predi
water level changes at the top of the ma
aquifer for the four alternatives.  The mod
includes DOE supply wells, wells for the City o
Santa Fe public water supply system, discharg
from the Santa Fe sewage treatment plant, a
200 private and industrial wells in Santa F
County.  Water use projections for the purpos
of modeling drawdown of the main aquifer an
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annual variations in LANL use were projected
based on the alternative descriptions
(particularly, the timing of construction projects
and changes in operations).  Projections for Los
Alamos County and the National Park Service
(NPS) were made also.

The Fenton Hill site (Technical Area [TA]–57),
which was the location of LANL’s Hot Dry
Rock Geothermal Project and is still used for
astrophysics research and experiments, is about
20 miles (32 kilometers) west of Los Alamos.
The Hot Dry Rock Geothermal Project has been
decommissioned and no further clean-up
actions are anticipated.  The NPDES permit was
discontinued as of December 29, 1997, and
during the time of operation there were no
NPDES permit violations at the Fenton Hill site.
For these reasons, there should be no impact to
water resources from this facility, and this site is
not discussed further in the SWEIS water
resources impact analyses.

5.1.4 Air Quality Methodology

Radiological and nonradiological air pollutants
are modeled differently, each with models most
suitable for the purpose.  Meteorological data
sets also varied as was judged most appropriate
given limitations on data, comparability of
measurement points, and conventions typical
for regulatory analyses.  Details on these points
are described below and in appendix B.

5.1.4.1 Nonradiological Air Quality

LANL has the potential to emit hundreds of air
pollutants into the atmosphere from its
laboratory operations (air toxic emissions) and
fossil fuel-burning units (criteria pollutant
emissions).  An air quality assessment was
conducted to estimate the potential impacts of
the releases of these pollutants under each of the
four alternatives identified for the SWEIS.
Background information, including the
methodology used for these analyses, is
provided in this section.

In accordance with Title V of the Clean Air Act,
as amended (42 U.S.C. §7401) and New Mex
Administrative Code (NMAC) 20 NMAC 2.70,
the University of California (UC) submitted a
Clean Air Act Operating Permit application to
the New Mexico Environment Departmen
(NMED) in December 1995 (20 NMAC 2.70
Operating Permit Application for LANL,
LA-UR 95-4192).  

In the operating permit application, LANL ha
voluntarily applied for plant-wide applicability
limits (PALs) for nitrogen oxides (NOx), carbon
monoxide, particulate matter (PM), sulfu
dioxide, volatile organic compounds (VOCs
and hazardous air pollutants (HAPs) (as defin
in Clean Air Act Amendments of 1990 at
Section 112[b]), while demonstrating
compliance with the applicable standard
LANL has voluntarily proposed permit term
for relevant emission units in order t
demonstrate the enforceability of the PAL
The purpose of setting a PAL is to kee
emissions below levels that trigger mor
stringent regulatory requirements and to defi
LANL’s potential to emit.  These PALs are
intended to demonstrate “minor” source stat
with respect to HAPs and the Prevention 
Significant Deterioration (PSD) Program.  Th
amount of HAPs modeled in the screenin
process for the impact analysis occurs at a le
below the proposed voluntary permit limits.

Criteria Pollutants  

Criteria pollutants released into the atmosphe
from LANL operations are emitted primarily
from combustion facilities such as boilers
emergency generators, and motor vehicles.  T
analysis of these pollutants was conducted 
emissions estimated under actual peak a
annual average operating conditions of ea
major combustion unit.  With the existing
emission data and stack parameter informat
(i.e., heights, diameters, flow rates) for th
criteria pollutants known, these emissions we
modeled using the EPA Industrial Sourc
Complex Short Term (ISCST3) model an
meteorological data collected at TA–6. 
5–5
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Short-term and long-term concentrations of
these pollutants were estimated at the sensitive
receptors and the results were compared with
applicable air quality standards.  Both time
frames were analyzed to address the potential
short-term (acute) and long-term (chronic)
impacts of these pollutants at locations where
the public could have both short-term and long-
term exposure to emissions from LANL
facilities.  

Because the emissions rates for the Expanded
Operations Alternative are the greatest of the
emission rates across the alternatives, the initial
analysis of potential impacts due to criteria
pollutants was based on these “bounding”
emissions.  Ambient air quality standards are
established at levels that ensure an ample
margin of safety, based on health risk
assessments.  Therefore, in cases where results
of the Expanded Operations Alternative
analysis of criteria pollutants demonstrate that
the highest estimated concentration of a
pollutant are well below the appropriate
ambient air quality standards, no further
analysis was performed.  In cases where this
alternative threatens such exceedances, more
detailed analysis for each alternative was
performed.

No quantitative analysis of vehicle emissions
was performed as part of this analysis.
Although the operational alternatives may have
different effects on the travel patterns in the
study area as a result of changes in the number
of LANL employees who would commute to
Los Alamos, the future population of Los
Alamos County is not expected to change
substantially under any of the alternatives.
Therefore, changes in regional emissions under
any of the future alternatives are not expected to
be more than a few (less than 5) percent.
Vehicle emissions were included in the assumed
background concentrations for each of the
criteria pollutants in the analysis.  Background
concentrations were assumed to be 20 percent of
the relevant standard, a conservative
assumption.  Because the study area is in

attainment for the pollutants that are releas
primarily from motor vehicles (carbon
monoxide and ozone) and because there are
nearby heavily congested traffic areas or ma
sources or ozone precursors (i.e., hydrocarbo
and nitrogen oxides), no potentially significan
air quality impacts are expected from th
commuter traffic emissions.  The transportatio
analyses for each alternative  include emissio
impact estimates from trucks (e.g., commerc
transport) associated with LANL’s operation
across the U.S.

Toxic Air Pollutants  

The pollutants and laboratory operations th
may cause significant air quality impacts 
LANL were identified through a progressiv
series of screening steps, each step involv
fewer pollutants that were then screened 
methods that involved more rigorous an
realistic emission rates and modelin
parameters than the step before.  This approa
consistent with EPA guidance, focuses detail
analyses only on those chemicals that have
reasonable chance of being of concern.  T
approach is particularly useful for a
installation such as LANL, where the resear
and development nature of the facility results 
usage of a large number of chemica
potentially released from hundreds of sourc
spread throughout a large geographic area, 
at highly variable but relatively low usage rate

The first screening step reduced a list of mo
than 2,000 chemicals purchased by LANL to
set of 382 on the basis of physical and chemi
characteristics such as low vapor pressure
low toxicity, and small quantity.  The secon
screening step involved a comparison of 
calculated maximum rate derived from healt
based standards to the potential emission r
from a TA.  In this step, a screening lev
emission value (SLEV) was developed for ea
chemical and for each TA where that chemic
was used.  A SLEV is a theoretical maximu
emission rate that, if emitted at that TA over
short-term (8-hour) or long-term (1-year
5–6
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period, would not exceed a health-based
guideline value (GV) (Table 5.1.4.1–1).  This
SLEV was compared to the emission rate that
would result if all the chemicals purchased for
use in the facilities at that TA over the course of
1 year were available to become airborne.
Personnel knowledgeable of chemical usage
and current and future operations reviewed
these comparisons (put in the form of a ratio of
SLEV to potential emission rate from the TA)
and indicated whether or not it was possible that
future chemical usage rates under any
alternative could be increased by a factor
indicated in these ratios.  If there was an
indication that usage could potentially be
increased by that factor (a qualitative evaluation
of whether chemical purchases could be
increased by perhaps 10 times or 100 times over
current rates), that chemical was referred to the
next screening step.

The third step, performed for a set of 13 sources,
some of which had multiple chemicals, involved
a determination of more realistic emission rates
based on actual knowledge of the process where

the chemical was used and the modeling w
conducted using actual stack parameters.  If a
chemical failed the screen at this point (a sho
or long-term GV was exceeded), it was referr
to the health and ecological risk assessm
process of the SWEIS. 

Additive effects of carcinogenic chemica
emissions were also considered by calculati
whether a GV could be exceeded in the case
emissions of the same chemical from multip
TAs, and whether a GV could be exceeded 
adding the cancer risk from emissions of a
carcinogenic chemicals from all TAs.

The EPA ISCST3 model was consistently us
in this analysis, except for the third screenin
step in the case of modeling emissions fro
high explosives testing operations.  In that ca
a combination of the Hot Spot and the EP
ISCST3 models was more appropriate f
modeling the emissions and conditions creat
by the detonation of explosives.

TABLE  5.1.4.1–1.—Guideline Values Applied in the Nonradiological Air Quality Analysis

Noncarcinogens 
Short-Term 
Guideline Values 

While no national or State of New Mexico standards have been established for these polluta
the NMED has developed GVs for determining whether a new or modified source emitting a
toxic air pollutant would require a construction permit (20 NMAC 2.72, Subpart IV).  These 
GVs are 8-hour concentrations that are 1/100 of the occupational exposure limits (OELs) 
established by the American Conference of Governmental Industrial Hygienists (ACGIH) or 
National Institute of Occupational Safety and Health (NIOSH). 

Annual Average 
Guideline Values

The GVs used in this analysis are the inhalation reference concentrations (RfCs) from EPA’s
Integrated Risk Information System (IRIS).  RfCs are daily exposure levels to the human 
population (including sensitive subgroups) during a lifetime (70 years) that could occur witho
appreciable risk of deleterious effects.

Carcinogens The GVs used in this analysis to estimate potential impacts of carcinogenic toxic air pollutan
from LANL operations are based on an incremental cancer risk of one in a million (1.0 x 10-6) 
(i.e., one person in a million would develop cancer if exposed to this concentration over a 
lifetime)—a level of concern established in the Clean Air Act.  The development of EPA risk 
estimates for exposure to carcinogens led to the concept of unit risk factors that are associa
with exposure over a lifetime to annual average concentrations of chemicals.  Therefore, on
annual impact analyses of carcinogenic emissions were conducted.  The impacts of the rele
of carcinogenic toxic air pollutants were considered for more detailed analysis if the estimat
combined incremental cancer risk associated with all of the carcinogenic pollutants emitted f
LANL facilities at any location is greater than 1.0 x 10-6.  For the purpose of screening 
individual carcinogens, a cancer risk of 1.0 x 10-8 was established as the GV.
5–7



LANL SWEIS

e
e

er
L
l
y
all
l

s
n
g

IS

3 
 

Two sets of receptors (i.e., locations where air
quality levels were estimated) were considered
for the methodology described above.  The first
set of receptors includes nearby identified actual
locations of concentrated human activity that
might be affected from the emissions from
LANL facilities.  These include:  (1) schools,
hospitals, parks, and playgrounds within Los
Alamos; (2) residences (including those in
trailer parks) in all directions surrounding all of
LANL facilities in Los Alamos County; and
(3) towns, cities, and sensitive national and
cultural areas within approximately 50 miles
(80 kilometers) of Los Alamos.  These receptors
are referred to as “sensitive receptors.”  The
second set of receptors includes all of the fence
line locations (in 10-degree increments) around
each TA to which the public has access.  These
receptors are referred to as fence line receptors.
Theoretical fence line receptors were
considered in the comparison to short-term
GVs; actual locations of receptors were
considered in the comparison to long-term GVs
(notably, carcinogens).  Details on all aspects of
this analysis may be found in appendix B (in
volume III). 

Of the 382 total pollutants, 35 carcinogenic
pollutants were evaluated individually and were
also considered in the additive impacts analysis
of emissions from all of the TAs.  A list of the
toxic air pollutants evaluated is in attachment 2
to appendix B.

5.1.4.2 Radiological Air Quality

This section presents a discussion of the
methods used to estimate the dose from
radionuclide air emissions from LANL
operations of selected modeled facilities.  These
methods were used for analysis of all
alternatives; however, this information is not
repeated in sections 5.2.4, 5.3.4, and 5.4.4.
Prior to beginning the modeling of radionuclide
air emissions under the SWEIS alternatives,
historical data were reviewed for the index years
1990 through 1994.  These data were used to

verify that the modeled facilities under th
SWEIS alternatives captured the majority of th
emissions.  The facilities listed in
Table 5.1.4.2–1 were shown to represent ov
99.7 percent of the dose to the LAN
hypothetical maximally exposed individua
(MEI) during the baseline years.  Other facilit
emissions were not modeled due to their sm
contributions to the total.  Additiona
information is presented in appendix B.

Air emission modeling and dose calculation
were then performed for each facility listed i
Table 5.1.4.2–1.  The results of this modelin
are presented for each of the four SWE

TABLE  5.1.4.2–1.—Facilities Modeled for
Radionuclide Air Emissions

FACILITY
TYPE OF 

EMISSIONS

TA–3–29 (Chemistry and 
Metallurgy Research)

Point Emissions

TA–3–66 (Sigma Building) Point Emissions

TA–3–102 (Machine Shops) Point Emissions

TA–11 (High Explosives 
Testing)

Diffuse Emissions

TA–15/36 (Firing Sites) Diffuse Emissions

TA–16 (Weapons Engineering 
Tritium Facility)

Point Emissions

TA–18 (Pajarito Site:  Los 
Alamos Critical Experiments 
Facility)

Diffuse Emissions

TA–21 (TSTA and TSFF)a Point Emissions

TA–48 (Radiochemistry 
Laboratory)

Point Emissions

TA–53 (LANSCE)b Point and Diffuse 
Emissions

TA–54 (Area G) Diffuse Emissions

TA–55 (Plutonium Facility) Point Emissions

a Tritium System Test Assembly and Tritium Science and 
Fabrication Facility

b Five specific sources were modeled from TA–53 (Los 
Alamos Neutron Science Center).  These include the TA–5
Exhaust Stack-2 (ES–2), Exhaust Stack-3 (ES–3), Isotope
Production Facility, Low-Energy Demonstration 
Accelerator, and combined diffuse emissions.
5–8
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alternatives.  For each alternative analyzed,
dose estimates were made to three specific
receptors.  These three receptors include the:

• Facility-Specific Maximally Exposed 
Individual (FS MEI)—Due to the distance 
between facilities across the LANL, each 
modeled facility was modeled 
independently.  The FS MEI represents the 
location corresponding to a specific facility 
where the modeled dose was greatest.  The 
location of the FS MEI was determined 
based on distance, direction, and 
meteorological data for each site.  The dose 
commitments were then calculated at this 
location from all other modeled facilities; 
thus, the FS MEI represents the estimated 
dose to an individual from the specific 
facility and all other modeled facilities.

• Site-Wide Maximally Exposed Individual 
(LANL MEI)—The LANL MEI is the single 
highest FS MEI derived as described above.  
The LANL MEI was shown to be the same 
as the LANSCE FS MEI under all 
alternatives.  The LANL MEI dose by 
alternative is presented in the air quality 
analyses, and the resultant human health 
risk effects due to these doses are presented 
in the human health analyses for each 
alternative.

• Population Dose Within 50 miles 
(80 kilometers)—Population dose estimates 
were made for the entire population within 
a 50-mile (80-kilometer) radius of LANL 
(i.e., the summation of all doses to all 
people within that radius).  The population 
dose from each facility was modeled 
independently for each alternative.  The 
total from all facilities for one alternative 
represents the population dose from that 
alternative.  Dose estimates to the 
population were derived from both point 
source and diffuse emissions.  The expected 
excess latent cancer fatalities (LCFs) for the 
exposed populations are presented in the 
human health analyses for each alternative.

Using a composite of all modeled dat
maps were developed showing estimat
isodose lines (lines of equal dose) for ea
alternative.  Estimates of dose at particul
locations can be identified from thes
maps.

The results of this modeling were used 
support human health impact analyses.

There are two general mechanisms in whi
radionuclides are dispersed into the ambient 
from LANL operations.  The first is through
forced ventilation systems with pollution
control devices through a stack or vent.  T
second is from diffuse or nonpoint sourc
emissions.  Diffuse emissions occur in are
such as firing sites, landfills, unvente
buildings, and solid waste management units

To estimate the dose impact from LANL
operations, the facilities that emit the majori
of radioactive materials to the air wer
identified.  Twelve facilities were modeled
within ten TAs.  These facilities and types o
radionuclide air emissions are listed i
Table 5.1.4.2–1.

Radionuclide emission projections were ma
by LANL staff based on historical activity
levels and corresponding emissions for each
the four alternatives.  These emissions we
used to model the doses and develop the isod
maps.

Individual and population dose estimates we
calculated through the use of air dispersio
modeling, which predicts the dispersion an
dilution of radionuclide emissions at variou
locations.  Following the release to th
atmosphere, a radionuclide concentration a
given location is influenced by many variable
including distance, direction, wind speed, win
direction, and others.  Once the quantity of
radionuclide a person either ingests, inhales,
is otherwise exposed to is determined, t
effective dose equivalent (EDE) is estimated 
5–9
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applying appropriate dose conversion factors
for each radionuclide.

The air dispersion model used for these
calculations was the Clean Air Act Assessment
Package for 1988 (CAP–88).  CAP–88 contains
a modified Gaussian plume model that
estimates the average dispersion of
radionuclides released from up to six sources
simultaneously.  The model may be run on
individual sources as well.  The sources may be
elevated stacks or uniform area (diffuse)
sources.  The program computes radionuclide
concentrations in air, rates of deposition on
ground surfaces, concentrations in food, and
intake rates to people from ingestion of food
produced in the assessment area.  The model
calculates the committed effective dose
equivalent (CEDE).

This model is approved by the EPA for
demonstrating compliance with the National
Emission Standards for Hazardous Air
Pollutants (NESHAP) (40 CFR 61, Subpart H).
This standard states:  “Emissions of
radionuclides to the ambient air from any DOE
contiguous site shall not exceed those amounts
that would cause any member of the public to
receive in any year an effective dose equivalent
of 10 millirem” (40 Code of Federal
Regulations [CFR] 61.92).  Modeling of the
dose to a hypothetical MEI was used to show
that facility emissions would not exceed this
standard under any of the alternatives.

The locations of the maximum dose estimates
from each of the individual facilities emitting
radionuclides were identified using estimated
emissions and local meteorological conditions.
This location is used as the FS MEI, and the
dose is calculated from all air exposure
pathways.  The distance and direction to this
location from all emissions points can then be
calculated.

Each facility’s emissions impacts on other
facilities’ MEIs were determined.  The location
of the maximum dose considering all emissions

from all facilities, is designated as the LANL
MEI.

Population dose estimates to a 50-m
(80-kilometer) radius were generated b
CAP–88 using current population data
Composite maps of these calculations were a
developed as mentioned.  The health effec
predicted as a consequence of the radiologi
doses to off-site residents and recreational us
as well as those predicted from the populati
doses, are evaluated in the human hea
analyses in this chapter.

5.1.5 Ecological Resources, 
Biodiversity, and Ecological 
Risk Methodology

The conceptual scope of this impact analysis
the larger regional ecosystem in which th
approximately 43-square-mile (111-squar
kilometer) LANL site is immersed.  LANL
facilities, infrastructure, operations, an
impacts—positive, negative, and
undetermined—are an integral part of th
patterns and processes of a complex regio
landscape.  Weather, topography, soils, pla
and animal communities, and canyon syste
carrying water from the Jemez Mountains ea
to the Rio Grande are continuous across 
administrative boundaries of LANL, the NPS
U.S. Forest Service (USFS), regional Pueblo
and other regional land stewards.  Th
ecological context has both spatial and tempo
dimensions.

The spatial scope of effects analysis is defin
by prominent landscape features in the larg
region surrounding LANL that approximat
ecological boundaries in terms of man
processes important to ecosystem functio
These geographical boundaries we
determined from input from regional land an
resource managers and consultants, review
the technical literature, and knowledge an
experience of LANL biological science expert
This information was combined with
5–10
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environmental data from LANL, the State of
New Mexico, and federal and private research to
define an area that simultaneously includes a
reasonably complete suite of representative
ecological components as well as conditions
that would bound impacts resulting from
ongoing LANL operations and evaluated
alternatives.

The temporal basis for this analysis extends
from about the year 1850 to the present (as
described in section 4.5), which captures the
genesis and development of current dynamic
processes operating in the regional ecosystem.
This dimension provides the context necessary
for identifying and analyzing impacts in the
future.  

Effects analysis is based primarily on two
measurements of ecological organization:
watershed units and major vegetation zones.
The identified 14 regional watersheds plus the
White Rock Canyon section of the Rio Grande
and Cochiti Lake were delineated for effects
assessment.  Six major plant communities
within five elevation-defined vegetation bands
across the Pajarito Plateau were defined.
Watersheds were overlain with community
types to form a landscape grid that facilitated the
description and analysis of vegetation and
wildlife distributions.  This analysis
encompasses specific elements of ecosystem
composition, structure, and function at the
species, local, and regional ecosystem levels.

Biodiversity considerations form an important
part of ecological impact assessment.  Simply
defined as “the variety of life and its processes,”
components of biodiversity analyzed consist of
regional ecosystem diversity, local ecosystem
or community diversity, and species diversity.
These components are analyzed as part of the
analysis of the following major factors
contributing to the decline or loss of
biodiversity as identified by the Council on
Environmental Quality (CEQ 1993):

• Physical alteration of the landscape

• Over harvesting
• Disruption of natural processes
• Introduction of exotic species
• Pollution

Ecological risk is the likelihood that advers
effects may occur or are occurring as a res
of exposure to one or more physical, chemic
or biological stressors (EPA 1992)
Environmental pollution generated from pa
and present LANL operations and projecte
discharges from the four alternatives identifie
for continued operation of LANL could
potentially pose a risk to biotic communities an
ecological processes.  Qualitative assessme
of ecological risk from the four alternative
were based on findings of the Environment
Surveillance Monitoring Program, quantitativ
risk assessments of three threatened and 
endangered species at LANL, and ongoin
programs and plans that address mitigation
legacy and operational contaminants.

The impact analysis considered the potential 
each alternative to affect habitats, ecologic
processes, biodiversity, and exposures to to
chemicals and radionuclides.

5.1.6 Human Health Methodology

The detailed methodology used in evaluatin
potential consequences of continued operatio
of LANL on human health (the public and
LANL workers) is described in volume III,
appendixes B and D, sections B.1.1, B.2.1, a
D.2.  Estimates were made of the amount 
radioactive or hazardous materials to whic
workers or the public could be exposed based
both site-wide and facility-specific estimates o
emissions and effluents.  Additionally
information from other resource area analys
(water resources, air quality, geology and soi
and ecological resources) are inputs for t
human health analyses.  Finally, rece
information regarding LANL worker health
incidents was used in predicting similar even
over the next 10 years. 
5–11
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The radiation dose (for radioactive emissions)
to the public and concentrations at receptor
locations (for hazardous chemical emissions)
from atmospheric emissions are calculated in
appendix B, Air Quality (in volume III).  The
human health analysis translates these doses to
their effects on human health.  There are other
potential exposures from liquid releases through
the soil and aquatic pathways.  However, the
lesser contributions of current and projected
LANL operations through environmental
contamination in soil, sediment, surface water,
and groundwater are so low that they cannot be
partitioned from the existing contamination.
The existing contamination is highly variable
and much larger than annual incremental LANL
contributions.  This existing contamination
consists of naturally occurring radionuclides
and metals, weapons testing fallout, and
contamination remaining from past operations.
The decision was made to calculate the
combined risk from the continued operation,
plus the existing contamination.  This exposure
is almost entirely through ingestion of water,
soil and sediment, and food.  Estimates also
were made of the inhalation and direct radiation
exposure that can occur from being in the
vicinity of radioactively contaminated soil.

Exposures for members of the public and for
LANL workers were estimated for all
alternatives.  Estimates of risk were based on
inhalation, ingestion, and dermal absorption
pathways.  For an individual, the risk value (in
terms of excess LCFs) is the increased
probability for that individual.  Exposure and
risk evaluations  include  individuals who are:

• Workers, site-wide or in a specific facility 
or specific job classification

• The LANL MEI located north-northeast of 
the LANSCE facility (TA–53); FS MEIs 
were also analyzed for the key facilities 
(appendix B, section B.1.1)

• Off-site residents near LANL  (Los Alamos 
County and non-Los Alamos County 
residents)

• Resident and nonresident recreational use
of the lands within LANL

• Individuals who may receive exposures vi
special pathways (e.g., smoking locally 
grown herbs or drinking these in teas, or 
increased intake of local fishes, or use of 
contaminated soil/clays in arts and crafts)

The last three of these were evaluated based
exposure scenarios for each of five recepto
(Los Alamos County and non-Los Alamo
County off-site residents, resident an
nonresident recreational users, and individu
exposed through special pathways).  In additio
the total inhalation dose and risk to th
population within 50 miles (80 kilometers) o
LANL were estimated.  This risk is presented 
the added number of cancer deaths (exc
LCFs due to the dose estimated) from LAN
operations.

Consequences were estimated by calculating
changes in risk to members of the public or 
workers based on risk factors and referen
values developed by the Internation
Commission on Radiological Protectio
(ICRP), EPA, or other authoritative
organizations.  An estimate of the lifetime ris
of dying from cancer due to chronic exposure
radionuclides or chemicals was made 
determine human health consequence—that
it was assumed that an individual received th
dose every year for a 72-year lifetime.

An example of how consequence is estimat
for radiation exposure would be estimating th
excess LCFs over their lifetimes in a worke
population as a function of the radiation do
estimated to be received by that population.  T
LCF is the product of the dose and the risk fac
(0.0005 LCF per person-rem for the public an
0.0004 LCF per person-rem for workers
(discussed in appendix D, section D.
Table D.1.1.2–1).  The reader should recogn
that these estimates are intended to provid
conservative measure of the potential impacts
be used in the decision-making process, and
not necessarily portray an accura
5–12
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representation of actual anticipated fatalities.  In
other words, one could expect that the stated
impacts form an upper bound, and that actual
consequences could be less, but probably would
not be worse.  This is discussed in the primer on
the effects of radiation in appendix D,
section D.1.1.

For consequence to the public, conservative
estimates of potential exposures were made
using environmental surveillance data (typically
from 1991 to 1996), data from specific
contaminated sites, and estimates of operations
releases (effluents and emissions) associated
with each alternative.  The total risk to the
public from LANL operations is proportional to
the collective dose within the 50-mile
(80-kilometer) radius from LANL (that is, to the
sum of all the doses to individuals in that
population).  However, questions may arise
about the range of exposures within that
population.  The most likely exposure to
individual members of the public is typically
near zero.  The upper bound for individual
exposure is expressed as the potential dose to
the hypothetical MEI.  The MEI is assumed to
remain in place outdoors without shelter and
without taking any protective action for the
entire period of exposure.  This may be for days
during accidents and as long as an entire year for
routine operations.  In reality, no one would
receive a dose approaching that of an MEI, but
the concept is useful as an expression of the
upper bound of any possible dose to an
individual.  The ICRP and federal guidance
recognize that through limiting the dose to all
individual members of the population, the entire
population is protected (because the average
dose is much less than the maximum dose)
(ICRP 1977 and EPA 1987).  The EPA uses the
concept of MEI to ensure that no member of the
public has exceeded specified dose limits. The
methodology used to evaluate radiological air
doses and chemical exposures from airborne
emissions to the public is detailed in chapter 5,
section 5.1.4.  Also, appendix D (section D.2.)
presents a more detailed discussion of

methodologies used for estimating huma
health consequences.

The ingestion of radionuclides, chemicals, a
metals was calculated for the tota
concentrations that exist in the environmen
regardless of origin.  The concentrations in t
environment include naturally occurring
radionuclides and chemicals, residu
contamination from worldwide fallout and
earlier LANL operations, and small quantitie
of contamination from more recent and ongoin
operations.  Because it is impractical 
impossible to differentiate among these sourc
for most materials, this SWEIS analys
calculates the total risk from all these source
This total risk would be affected by th
alternatives only to the extent that addition
operational and accidental emissions m
occur.

The exposures through ingestion we
calculated using the 95 percentile upp
confidence limit (UCL) concentrations.  In
calculating the UCL, all samples of zero
negative value, or less than the detection lim
were rejected.  This significantly increases t
average value and the UCL, and especially 
when a large fraction of the samples show 
detectable contamination.

Estimates of ingestion risk were based o
standard assumptions from ICRP and/or EP
Estimates were made of annual exposu
(cancer rates are presumed to depend u
integrated exposure and to be independent
exposure rate).  Concentrations of radionuclid
and chemicals in environmental media we
from the LANL environmental surveillance
monitoring data collected from 1991 t
1996 (e.g., LANL 1997d).  Background
concentrations of radionuclides and chemica
in the soils and sediments and waters in t
region around LANL were used to compare 
LANL emissions/effluents and contaminate
media on site.
5–13
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Worker consequences were evaluated by
estimating the changes that would occur in a
specific alternative and determining the
increment from actual exposure records at
LANL for the base period (1991 through 1995).
For example, for worker exposures to chemicals
and to nonionizing radiation, and for the
consequences of physical hazards (such as
electrical hazards), the historical occupational
record at LANL was examined and
consequences were estimated by alternative,
based on changes in the workforce associated
with the alternative.  No credit was taken for
increased safety performance by LANL over
that experienced during the base period.

Many of the estimates of consequence (such as
risk of excess LCFs) were calculated using
mathematical modeling.  These results are
estimates based on multiple assumptions about
toxicity, exposure route, human behavior, and
the movement of materials through the
environment.  Therefore, there are substantial
uncertainties inherent in the human health
evaluations presented in this chapter.  These
uncertainties include:  model simplification of
the actual process by which exposure occurs;
the variance associated with sampling and
measurements of concentration of chemicals
and radionuclides in the environment; the
simplifying and conservative assumptions made
regarding the receptor location, age, and length
of time in the area; and behavioral risk factors.
Uncertainty also increases in areas having
higher naturally occurring concentrations of
some radionuclides and soil metals; the area
around LANL has relatively high and extremely
variable concentrations of natural uranium and
many metal ores.  A discussion of uncertainties
and their impacts on the use of model results to
evaluate consequences is given in appendix D,
section D.2.

5.1.7 Environmental Justice 
Methodology

Because most of the topical analyses in t
SWEIS considered potential impacts within 
50-mile (80-kilometer) radius of LANL, that
distance was also considered for th
environmental justice analysis.  The presence
minority and low-income communities within
that radius is described in chapter 
(section 4.7), as is the methodology used 
identify these communities.  Figures 4.7.1–
and 4.7.1–2 in chapter 4 illustrate how the ar
within a 50-mile (80-kilometer) radius wa
divided into sectors for the environmenta
justice analysis.  It is noteworthy that th
majority of the sectors reflect a substanti
presence of minority and/or low-incom
populations.  (For the purposes of the SWEIS
substantial presence means greater than 
percent of the population is considered to 
minority or below the poverty level.)  The
impacts for each of the individual topical area
are, in essence, overlaid onto this figure 
assess the impacts.

The environmental justice analysis is 
comparative analysis.  In order to determin
whether impacts are disproportionate, th
impacts in sectors with a substantial presence
minority or low-income populations are
compared to the sectors that do not have
substantial presence of these populations. 
this case, sectors 1–3 and 6–16, all within
10-mile (16-kilometer) radius of LANL, do no
have a substantial presence of minority or lo
income populations and are used for th
comparison.

It is presumed that the minority population
have traditional or cultural practices that includ
subsistence materials different than those 
other populations in the area.  There is litt
information regarding such materials an
5–14
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quantities used, but assumptions are made for
the purposes of the human health analyses.
These analyses are referred to as special
pathways analyses.  Because the special
pathways may be more viable or important to
minority populations, they are of interest in the
analyses under Environmental Justice.  Thus,
this impact area analysis explicitly addresses the
potential human health risks due to these special
pathways.

5.1.8 Cultural Resources 
Methodology

For the purposes of impact assessment, cultural
resources were grouped into three broad
categories:  prehistoric archaeological sites,
historic resources, and traditional cultural
properties (TCPs).  Within these three
categories, cultural resources were grouped into
general types or classes for impact analysis as
opposed to analyzing individual resources (e.g.,
simple and complex Pueblos, scientific
laboratories, and ceremonial sites).  More
detailed information on these resources is
included in volume III, appendix E.  Data and
impact levels occurring from LANL operations
during the period of 1991 through 1995 were
used as the background or baseline standard to
compare any changes resulting from
implementation of the four alternatives.

Sources of information used for impacts
assessment included systematic archeological
surveys of cultural resources present on LANL
and recorded in the LANL cultural resource
database; consultations with the LANL Cultural
Resources Management Team, 23 Native
American tribal governments, Hispanic
communities, and the State Historic
Preservation Office(r) (SHPO); and literature
reviews of Native American and Hispanic
TCPs.  Also, results of the consequence analysis
for air quality, surface and groundwater, human

health risk, and noise and vibration were used
evaluate impacts to human users of TCPs a
other potential impacts to cultural resources.

Impact assessment is based on general sou
of effects or types of actions.  These consist
the following:

• New construction
• Increased vibrations (from traffic, 

explosives testing, etc.)
• Increased erosion or siltation
• Shrapnel scatter from firing points
• Explosives (direct hits)
• Radiation hazards (from airborne or 

waterborne contamination)
• Hazardous material (nonradiological from 

airborne or waterborne contamination)
• Noise
• Security changes
• Hydrogeologic changes
• Maintenance changes

Impacts were evaluated according to four bro
categories that reflect the criteria of effe
(36 CFR 800.9) under the National Historic
Preservation Act (16 U.S.C. §470).  These
categories consist of destruction/alteratio
isolation and restriction of access; introductio
of visual, audible, or atmospheric elements o
of character with the resource; and negle
leading to deterioration and vandalism.  Not a
classes of cultural resources would be affect
by every category of effect.

Effects to resource categories were evalua
for each of the four alternatives by means o
data matrix.  Geographic overlay analysis a
detailed project descriptions were used to as
in identifying the numbers and types of cultur
resources that might be affected by th
alternatives.  
5–15
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5.1.9 SOCIOECONOMICS , 
INFRASTRUCTURE, AND 
WASTE MANAGEMENT  
METHODOLOGY

5.1.9.1 Socioeconomics

Employment, Salaries, and Procurement

The primary (direct) and the secondary
(indirect) impacts of LANL activities on
employment, salaries, and procurement are
analyzed in the SWEIS.  The primary impacts
are projected based on the changes in
employment (in terms of full-time equivalents
and procurement at LANL, including the full-
time, part-time, and temporary employees of
UC, Johnson Controls, Inc., Protection
Technology of Los Alamos, and technical
subcontractors.  Changes in employment were
projected by subject matter experts for each of
the key facilities, and employment for the rest of
LANL was assumed to remain the same.  The
changes in employment are associated with full
implementation of each alternative.  Although
these changes are likely to happen over a few
years, the analysis assumes that they occur
within a year of the ROD for the SWEIS.  The
employment projections were made by job
category, and the 1996 average annual salary for
each job category was used to project annual
salaries (LANL 1996a).  The LANL annual
procurement projections were made based upon
historical procurement and the changes in
activity levels and employment across
alternatives (LANL 1995b, LANL 1996a, and
LANL 1997a).  Future procurement was
distributed among the Tri-County Area (the
three counties closest to LANL: Los Alamos
County, Rio Arriba County, and Santa Fe
County), the remaining New Mexico counties,
and areas outside of New Mexico based on the
historical distribution of procurement. 

Changes in employment and procurement at
LANL are expected to result in additional,

secondary, changes in employment, salari
and expenditures in the area, as well as chan
in the demands on social services. The
secondary  impacts occur within a region
economy because jobs added in a prima
industry such as LANL create loca
opportunities for new employment in
supporting industries.  Analysis of thes
secondary economic and social impacts 
LANL activities across the alternatives utilize
multipliers derived from a 1996 DOE/New
Mexico State University study (Lansford et a
1996).  These multipliers are:

• Employment: 2.71
• Salaries: 1.95
• Expenditures/Business Activity:  2.89

These multipliers are used to predict the to
LANL socioeconomic impacts in the area.  Fo
example, if LANL were to expand employmen
by 100 full-time workers who would reside in
the Tri-County area, the secondary effect of th
action would be the addition of 171 new
secondary jobs in the Tri-County labor marke
On the other hand, if LANL were to reduc
employment by 100 full-time workers, the
reverberating effect across the Tri-Coun
economy would be the loss of 171 other jobs.

The employment changes result in populati
changes in the Tri-County region.  It should b
noted that the 1996 report (reflecting 1995 da
has been updated since this SWEIS analysis w
performed.  The latest of this series of DO
New Mexico State University reports wa
issued in May 1998 (reflecting 1997 data).  Th
regional multipliers reflected in that recen
report are about 5 percent greater than tho
reflected above.  Because these multipliers 
used only to determine the seconda
socioeconomic impacts and because the
changes are relatively small, the impa
analyses influenced by these changes were 
updated for the issuance of the final SWEIS. 
these updated numbers were applie
population increases, housing demand, regio
5–16
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employment, local government finance, and
services values would be slightly higher than
presented in the final SWEIS.  The DOE does
not consider such slight changes to be
substantial for the purposes of the SWEIS.

Only LANL changes in employment, incomes,
and expenditures were used for this analysis.
For example, changes because of tourist and
skier visitation to the region were ignored, as
were changes in non-LANL construction and
retail sales.

Housing

The projections of housing distribution for the
four alternatives were made by:

• Determining the potential housing growth 
for LANL employees in Los Alamos 
County by adding the county’s housing 
units now under construction, potential 
housing conversions, and the buildable, 
vacant, single-family lots (PC 1996a and 
PC 1997c).

• Distributing the remaining housing growth 
for LANL employees between Santa Fe and 
Rio Arriba Counties, based on the 
availability of buildable land, the presence 
of utilities, and the presence of developer 
capital (PC 1996a and PC 1997c).

For analysis of housing, it was assumed that one
unit of housing demand would be created for
every 2.39 (the average household size) net
additions to the area population.  This algorithm
is based on the relationship of housing units to
population for the Tri-County region shown in
the 1990 U.S. Census (DOC 1993b).
Population projections were based on the 1990
U.S. Census information (DOC 1992 and
DOC 1993a), New Mexico Department of
Labor information (NMDL 1996), and on a
1994 study done by the University of New
Mexico (UNM 1994).

Construction

Construction projects included in each of th
SWEIS alternatives are detailed in chapter 
The employment and salaries associated w
LANL construction activities were projected
separate from those for LANL operations.  O
average, field construction labor (the basis f
construction employment and salaries) is abo
24 percent of the total project cost.  Althoug
this percentage can vary substantially fro
project to project, this average percentage w
used for the SWEIS analyses.  The total proje
costs and the salaries estimates are in 19
constant dollars and are subject to congressio
appropriations.  The average annual wage 
construction workers in northern New Mexico
including supervisory personnel, is $35,00
which is the annual wage assumed for the
analyses.

Total project costs were determined based up
the 1997 and 1998 Capital Asset Managem
Process (CAMP) reports (LANL 1997c) an
other NEPA documents that discus
construction projects at LANL.  Application o
labor expenditures as a percentage of to
project cost (24 percent) is the total constructi
salaries for each alternative.  The tot
construction salary divided by $35,000
produced an estimate of the number 
employees who would be engaged 
construction at LANL each year for the perio
1997 through 2006 for each alternative.

Local Government Finance

Changes in gross receipts tax yields, the k
LANL-dependent local government ta
revenue, were determined by dividing the 19
gross receipts tax yields for Los Alamos, R
Arriba, and Santa Fe Counties and the cities
Santa Fe and Española  (NMDFA 199
NMTR 1995, and NMTR 1996)  by population
and multiplying that product by the changes 
population (due to both primary and seconda
employment changes) resulting from changes
LANL activities across the alternatives. 
5–17
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Services

Education finance impacts across the
alternatives were based on calculating
enrollment changes induced by LANL activities
on total budget requirements.  Thus, population
changes were converted to school enrollment
changes that were then multiplied by $4,009,
which is the average New Mexico annual
operating cost per public school student
(NMDE 1995).

Impacts presented for other services (e.g.,
police, fire) are qualitative and were based on
field interviews and the knowledge of subject
matter experts (PC 1996b, PC 1997d, and
BH&A 1995).

5.1.9.2 Infrastructure

Utilities

LANL annual requirements for electricity and
water are projected by alternative based on
historical use and on projected activity levels.
These projections are considered maximum
annual demands.  Because most LANL facilities
are not individually metered for utility usage
(none of these facilities are individually metered
for natural gas usage), useful projections could
not be made on a facility-by-facility basis.
However, the TA–53 facilities and operations
discussed in chapter 3 (section 3.5.11) are
substantial users of these utilities, and TA–53 is
individually metered for electricity and water
use.  For this reason, electricity and water usage
by alternative is projected for LANSCE
separate from the rest of LANL facilities.
Except for LANSCE electricity and water
usage, LANL’s utilities usage is not expected to
change substantially from the baseline usage
described in chapter 4 (section 4.9).  Natural gas
use is projected to continue at the baseline usage
rate, which is the maximum amount used in
recent years.

5.1.9.3 Waste Management

Radioactive and Hazardous Waste 
Generation

The generation of waste places a burden on 
LANL waste treatment, storage, and dispos
infrastructure.  For this reason, LANL wast
generation by alternative is presented in th
section.  The waste treatment, storage, a
disposal activities could have impacts; tho
impacts are included in the other sections of t
chapter (e.g., radioactive air emissions inclu
those attributable to waste operations).  Wa
generation projections were based on projec
operations as compared to the baseline wa
generation.  These projections take credit f
fully developed and implemented was
minimization/pollution prevention measures
but do not assume implementation of actio
that are currently in development or may occ
in the future.  Every indication is that the was
minimization/pollution prevention program a
LANL will continue to reduce the waste tha
must be managed, so the projections made
alternative are considered conservative.

The report Waste Management Strategies fo
LANL (LANL 1998a) reflects the treatment an
disposal of waste at LANL, as well as mor
detailed information regarding the waste typ
and applicable treatment processes.

5.1.9.4 Contaminated Space

The contamination of space and equipme
places a burden on the LANL infrastructure fo
eventual cleanup, waste handling, an
decontamination and decommissioning effor
(at additional cost, as compared to these actio
for uncontaminated space and equipmen
During the scoping activities for the SWEIS
members of the public suggested that DO
decision-making should consider this burde
and requested that changes in contamina
space and equipment by alternative be presen
in the SWEIS.  For these reasons, the SWE
5–18
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includes estimates of changes in contaminated
space and equipment by alternative, as
compared to the baseline contaminated space
presented in chapter 4 (section 4.9).

In general, the estimation of contaminated
spaces was made within plutonium facilities,
hot cells, process gloveboxes, and general
laboratory areas on a foot print (square footage)
basis, and was made by subject matter experts.
Future clean-up costs or environmental impacts
associated with eventual  cleanup of LANL are
dependent on the regulations and facility
conditions at the time of the cleanup and cannot
be predicted; thus, no attempt is made in the
SWEIS to translate the contaminated space
projections into a cost liability or into eventual
cleanup actions and impacts.  It is anticipated
that such assessments will be made at the time
DOE plans for such actions (presumed to be
well beyond the 10-year time frame of the
SWEIS).

5.1.10 Transportation Methodology

The methods and assumptions described in 
analysis were selected to ensure meaning
comparisons among the SWEIS alternatives. 
general, assumptions used in this analysis 
intended to be conservative enough to ens
that the results do not underestimate the leve
transportation risk, but not so conservative th
the risk calculation is knowingly orders o
magnitude too conservative or such that a
differences between alternatives are obscure

The analyses of both radioactive and hazardo
material risks are largely accomplished wi
standard computer codes; the methodology
documented in more detail in volume III
appendix F.  Figure 5.1.10–1 illustrates th
basic transportation risk analysis methodolog
As indicated in the figure, the overa
transportation analysis was approached in t
major segments:  

FIGURE 5.1.10–1.—Transportation Risk Analysis Methodology.
5–19
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• Vehicle-related risk includes truck 
emissions and vehicle accidents (no release 
of cargo).

• Cargo-related risk includes both incident-
free radiation exposure and accidents that 
could release radioactive or hazardous 
cargo.

5.1.10.1 Determination of Shipment 
Amounts, Materials, and 
Physical Forms

The determination of annual radioactive and
hazardous chemical shipment amounts,
materials, and physical forms, by SWEIS
alternative, was intended to ensure that
shipments that could contribute significantly to
accident risk were projected and analyzed.
Shipments of relatively small quantities and of
materials that present substantially lesser
hazards were not considered in as much detail.
Shipments of waste are included in the SWEIS
transportation analyses and are also discussed in
section F.6.6 in appendix F.  

The radioactive material shipment projections
by alternative were determined by interviewing
DOE and LANL subject matter experts.
Historical shipment data, on site and off site,
were used to help ensure completeness.  On-site
shipments of special nuclear material (SNM) at
the gram level were not accounted for because
their contribution to risk would be minor.  The
off-site and on-site radioactive material
shipments for each SWEIS alternative are listed
in appendix F.

The historical hazardous chemical shipments
were determined primarily by using existing
LANL databases, as well as by using DOE
shipment mobility/accountability collection
(SMAC) data.  Large inventories and bulk
shipments were identified from these databases.
Through this process and through interviews
with subject matter experts,  bounding historical
material types and quantities were identified.
Where possible, future hazardous chemical

shipment projections were made by subje
matter experts (e.g., future explosive shipmen
are explicitly related to the alternativ
descriptions).  In many cases, hazardo
chemical shipment projections could not b
explicitly determined in this manner becaus
many chemicals are purchased in lar
quantities but are actually used in sma
quantities over long periods and across t
entire site.  In such cases, chemical shipm
projections were made based on the ratios
projected shipments to historical shipments f
materials that were explicitly related t
alternative descriptions.  This process and t
bounding chemical shipments, on site and o
site, by alternative are described in detail 
appendix F (in volume III).

5.1.10.2 Shipment Routes and 
Distances

LANL  shipments projected for each of th
SWEIS alternatives include shipments to a
from other DOE sites as well as to and fro
numerous non-DOE (e.g., commercial) site
Subject matter experts identified DOE site
involved in such shipments.  For shipments 
sites other than DOE sites, five geographic
areas are defined for radioactive mater
shipments:  northeast, southeast, northwe
southwest, and New Mexico.  The citie
selected as representative of each area 
Concord, Massachusetts; Aiken, Sou
Carolina; Richland, Washington; Berkeley
California; and Albuquerque, New Mexico
These cities were chosen as conservativ
representative (on the basis of the number
shipments) of the various shipment locations
the geographic area in the 1990 through 19
baseline.  Cargo air shipments are also made
and from the LANL site.  Air shipments arrive
at the Albuquerque International Airport and a
transported by truck or van to LANL or vice
versa.

In general, the transportation impacts presen
in the SWEIS are reflected on an annual ba
5–20
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for each of four route segments:  from LANL to
U.S. 84/285; from U.S. 84/285 to I–25,
remainder of New Mexico (all other
transportation in the state), and outside New
Mexico.  Based on the routes established for this
analysis, shipment mileage was calculated, and
the population density along the route was
estimated.  The HIGHWAY code (Johnson et al.
1993) was used to determine the distance
traveled for each off-site shipment route.

All routes for shipment of radioactive or
hazardous material into or out of LANL are
conservatively assumed to pass through Santa
Fe.  The Santa Fe Relief Route (currently being
constructed) would  replace 6.5 miles
(10.5 kilometers) on U.S. 84/285 through Santa
Fe to I–25, with 13.8 miles (22.2 kilometers)
starting from U.S. 84/285 north of Santa Fe to
exit number 276 of I–25, south of Santa Fe.
Because of the location where the Relief Route
meets I–25, travel on I–25 south of Santa Fe
would be reduced by 6 miles (___ kilometers) of
highway travel, and travel on I–25 north of
Santa Fe would be increased by 6 miles
(___ kilometers) of highway travel if the Relief
Route were used.  The Santa Fe Relief Route
between I–25 and the junction of U.S. 84/285
with NM 502 consists of 1.2 miles
(1.9 kilometers) of urban highway, 3.9 miles
(1.9 kilometers) of suburban highway, and
14.9 miles (24 kilometers) of rural highway.
Appendix F (in volume III) includes a detailed
comparison of impacts between transportation
through Santa Fe and using the proposed Santa
Fe Relief Route.  (The segments from U.S.
84⁄285 I–25 and the remainder of New Mexico
are the only ones that would potentially be
affected.)  In most of the analyses, the
differences are very small; these differences are
discussed in the discussion of each type of
transportation impact and are presented in more
detail in appendix F (section F.7).

5.1.10.3 Vehicle-Related Risks

Truck traffic on public highways presents two
types of health risks independent of the nature of

the cargo:  the health effect of air pollutan
(primarily diesel fuel combustion products) an
the injuries and fatalities caused by truc
accidents.  Aircraft accidents could als
contribute to injuries and fatalities.  Becaus
there is no rail service to LANL, rail transport i
not addressed.

As described in Figure 5.1.10–1, once th
routes, distances, and population densities 
determined (as described above), tru
emissions and vehicle accident rates must 
determined to calculate the vehicle-relate
risks.  These factors are discussed further belo

Truck Emissions

Truck traffic produces air pollution from diese
engine exhaust, fugitive dust generated by t
vehicle wake on the highway surface an
shoulders, and particulates from tire wear on t
paved surface.  The primary health effect 
diesel fuel combustion is caused by sulf
oxides and particulates, although nitroge
oxides and hydrocarbons are also produc
The health effect of these pollutants is increas
sickness (morbidity) and death, general
occurring after a latency period of some yea
No analysis was made for increased sickne
because no data were available.  The hea
effect has been evaluated by Rao et al. (1982
1.6 x 10-7 excess LCFs per truck mile
(1.0 x 10-7 fatalities per truck kilometer) in
urban areas.  The result is limited to urban are
because the available air pollution mortalit
data were limited to metropolitan populatio
subgroups.

The total number of radioactive and hazardo
material shipments made annually under ea
alternative (detailed in appendix F, section F.
and the urban mileage per shipment are used
determine the total annual urban mileage for 
shipments.  This mileage is converted to exce
LCFs per year using the conversion factor fro
Rao et al. 1982, as noted above.
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Truck Accidents

Four sets of truck accident rates are used in the
analysis:  state-specific; route-specific, between
I–25 and the LANL site; on-site roads with and
without road closure; and the safe secure
transport (SST) trailer.  To the extent possible,
each of these sets of accident rates was
determined based on existing accident rate data
available from the U.S. Department of
Transportation (DOT), the State of New
Mexico, and previous on-site transportation risk
analyses at LANL.  The truck accident rate for
closed roads was determined to be 1.44 x 10-8

accidents per mile (8.95 x 10-9 accidents per
kilometer) based on an analysis of the types of
truck accidents and the LANL site
administrative controls (Rhyne 1994b).  The
accident rate for SST shipments was determined
based on the actual SST accident rate for the
9-year period between 1988 and 1996
(7.7 x 10-8 accidents per mile [4.8 x 10-8

accidents per kilometer]) by extrapolating data
for varying operating environments of five-axle
vans in the appropriate weight range in
commercial service (Phillips et al. 1994).  The
determination of these accident rates and the
accident rates used for this analysis are
discussed further in volume III, appendix F.

Aircraft Accidents

Air transport associated with shipments to and
from LANL is assumed to be by commercial air-
cargo carriers (such as Federal Express) to and
from the Albuquerque International Airport.
(Transport between this airport and LANL is by
truck or van.)  Shipments are picked up in the
carrier’s van and taken to an airport, flown to the
destination city, and taken to the final
destination by the carrier’s van.  Commercial
air-cargo carriers are categorized as large
certified air carriers and are assumed to fall in
the subcategory of “large nonscheduled service”
for which the 1992 accident rate was 7.9 x 10-9

accidents per mile (DOT 1992).  

Because the accident rate for similar shipme
by truck is much greater (by two orders o
magnitude) and this difference is not offset by
comparable difference in the consequences
these accidents, aircraft accidents were scree
from further analysis.

5.1.10.4 Cargo-Related Risks

In addition to the vehicle-related risks, carg
related risks are also analyzed in this sectio
These risks include incident-free radiatio
exposure, and exposure to radioactive or oth
hazardous materials due to an acciden
release.  The estimates of material amoun
physical forms, routing, and populatio
densities along these routes that were descri
earlier in this section are used in these analys
The following information presents the method
used to estimate cargo-related risks.

RADTRAN and ADROIT Analyses for 
Radioactive Materials

Two of the four risk measures illustrated i
Figure 5.1.10–1 are modeled by RADTRAN o
ADROIT.  (These are discussed further 
appendix F, section F.4.4.)  The RADTRAN
code is designed to produce conservati
estimates of the radiological dose to worke
and the public during incident-free
transportation, as well as the radiological ris
from potential accidents.  RADTRAN is widely
accepted and used both in the U.S. a
internationally.

The ADROIT code was developed to replica
the RADTRAN incident-free and acciden
estimates specific to transport using DOE SS
trailers.  ADROIT end results are very similar t
RADTRAN.  These codes were applied to th
impact analyses for off-site shipments o
radioactive materials.

Incident-Free Radiation Exposure.  The most
important parameter for evaluation of inciden
5–22
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free radiation exposure is the package exterior
radiation level.  The transport index (TI) is used
in RADTRAN to characterize the exterior
radiation field.  The TI is defined in
49 CFR 73.403 as “the exposure rate in
millirems per hour at a distance of 3 feet
(1 meter) from the surface of the package,” and
DOT regulations limit the value of TI to 10 or
less for general commerce shipments.  The TIs
for LANL’s on-site shipments are based on
historical measurements.  The average truck
shipment TI is less than 2, and the average air
shipment TI is  approximately 0.1. 

Annual radiation doses and excess LCFs are
calculated for members of the public along the
truck route, members of the public traveling on
the truck route, members of the public at truck
stops, truck and air crew members, and MEIs.
All trucks are assumed to pass a residence
98 feet (30 meters) from the highway at a speed
of 15 miles (24 kilometers) per hour.

Accidental Release of Radioactive Materials.
Radioactive material shipments were evaluated
to determine those that would likely present the
largest calculated consequence (see
appendix F).  These are referred to as the
bounding material shipments.  The bounding
radioactive material shipments included in the
SWEIS transportation analyses are:

• Off-site shipment of plutonium-238 oxide 
powder in an SST

• Off-site shipment of americium-241 
standards

• On-site shipment of plutonium-238 solution 
samples (performed with road closures)

• On-site shipment of irradiated targets 
(performed with road closures)

In addition to these shipments, off-site
shipments of contact-handled transuranic
(CH TRU) waste, remote-handled transuranic
(RH TRU) waste, and plutonium weapon
components (pits) are analyzed due to the level
of public interest in such shipments that was
expressed during scoping for the SWEIS.

In order to determine the frequency terms f
these analyses, the frequencies of the shipme
listed above were supplemented with th
frequencies of other large shipments of simil
materials.  For example, the number of on-s
plutonium-238 solution shipments wa
increased for analysis by the number of on-s
weapons-grade plutonium solution shipmen
(see volume III, appendix F).  Thus, th
frequency term includes both plutonium-23
and weapons-grade plutonium shipments.

The impacts of an accidental release 
radioactive materials from shipments are bas
on the accident scenario (and the associa
forces on the packages), the fraction of t
radioactive material in a package that could 
released during an accident of a certain sever
and the fraction of material released that wou
be dispersed as an aerosol that could be inha
into the respiratory tract.  This information i
used to determine the radiation dose that wo
result from the accident to exposed individuals

The fraction of the radioactive material in 
package that could be released during 
accident is referred to as the release fractio
Release fractions vary according to the packa
type and the accident severity.  Type B packag
are designed to withstand the forces of sev
accidents and, therefore, have smaller rele
fractions than Type A packaging (se
appendix F for more information on packaging
Plutonium packages are designed to even hig
standards.  The RADTRAN and ADROIT
models include the accident severity and t
shipment packaging in consequence analyse

Subsequent to release, dispersion of the mate
into the atmosphere as an aerosol and, in m
cases of interest, inhalation into the respirato
tract (respirable aerosols only) would b
required to produce a significant exposure 
members of the public.  Most solid materials a
relatively nondispersible.  Conversely, gaseo
materials are easily dispersed.  Liqu
dispersibility depends on the liquid volatility
The aerosolization and respirable fraction
5–23
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depend on the physical form of the material.
RADTRAN and ADROIT include all of these
factors to determine respirable release fractions
in calculating the accident consequences.

Health Risk Conversion Factors.  The health
risk conversion factors used throughout this
analysis (as in the accident and human health
analyses) to estimate the number of expected
excess cancer-caused fatalities, from
radiological exposures are 0.0005 cases of
excess fatal cancer per person-rem for members
of the public, and 0.0004 cases per person-rem
for workers (ICRP 1991).  Cancer-caused
fatalities are determined over the lifetimes of
exposed populations.  

Event Tree Analyses for On-Site Radioactive 
and All Hazardous Chemical Accidents  

Event trees are used for the analyses of on-site
and off-site transportation accidents involving
hazardous chemical inventories and on-site
transportation accidents involving radioactive
materials.  An event tree is a graphical model for
identifying and evaluating potential outcomes
from a specific initiating event.  The event tree
depicts the chronological sequence of events
(the accident scenario) that could result from the
initiating event.  In addition to identifying the
accident scenarios, an event tree can also be
used to quantify the frequencies of each
scenario.  The use of event trees for these
analyses is explained further in appendix F.

The consequences of hazardous chemical
accidents are determined using the Areal
Locations of Hazardous Atmospheres
(ALOHA™) computer model (NSC 1995), the
dense gas dispersion (DEGADIS) model
(Havens and Spicer 1985), and hand
calculations, depending on the characteristics of
the material and release mechanism.  The
consequences are presented in terms of numbers
of fatalities, number of injuries, and impact to
the MEI.

Hazardous material shipments were evalua
to determine those that would likely present t
largest calculated consequence (s
appendix F).  These are referred to as t
bounding material shipments.  The boundin
hazardous material shipments included in t
SWEIS transportation analyses are:

• Off-site shipment of chlorine
• Off-site shipment of explosives
• Off-site shipment of propane

An examination of historical on-site shipmen
did not identify any unique materials o
shipment risks.  The off-site shipment
identified above bound the accident risk both 
site and off site.

Consequences of on-site radioactive mater
accidents were analyzed using han
calculations, based on the material and t
accident scenario involved.  

5.1.11 Accident Analysis 
Methodology

5.1.11.1 Introduction

Accidents are defined as unexpected 
undesirable events that lead to the release
hazardous material within a facility or into th
environment, exposing workers and the pub
to hazardous materials or radiation.  An
activity therefore  poses a certain amount of ri
to the adjacent environment and huma
populations.  The objective of this analysis is 
characterize the overall risk posed by th
operation, creating a context for the decisio
maker and putting the site in perspective for t
public.  Secondly, it quantifies the increment 
risk among the alternatives, as an input to t
decision.  Table 5.1.11.1–1 lists the facilities b
TA and/or building that were considered in th
accident analysis.
5–24
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TABLE  5.1.11.1–1.—SWEIS Accident Analysis Facility Listing

TECHNICAL AREA AND 
BUILDING NUMBER

FACILITY NAME

TA–0–1109 Potable Water Chlorinator

TA–0–1110 Potable Water Chlorinator

TA–3–29 Chemistry and Metallurgy Research (CMR) Facility

TA–3–66 Sigma Facility

TA–3–476 Toxic Gas Storage Shed

TA–9–21 Analytical Chemistry Building (worker hazard only)

TA–15–312 Dual Axis Radiographic Hydrodyamic Test (DARHT) Facility

TA–16–205 Weapons Engineering Tritium Facility (WETF)

TA–16–411 Assembly Building

TA–18–23 Pajarito Site Kiva #1 (seismic only)

TA–18–32 Pajarito Site Kiva #2 (seismic only)

TA–18–116 Pajarito Site Kiva #3

TA–18–169 Pajarito Site Solution High-Energy Burst Assembly (SHEBA) Building (seismic only)

TA–21–155 Tritium Systems Test Assembly (TSTA)

TA–21–209 Tritium Science and Fabrication Facility (TSFF)

TA–43–1 Health Research Laboratory (HRL) (seismic only)

TA–46–340 Waste Water Treatment  Facility (WWTF)

TA–48–1 Radiochemistry Laboratorya

TA–50–1 Radioactive Liquid Waste Treatment Facility (seismic only)

TA–50–37 Radioactive Materials Research, Operations, and Demonstration (RAMROD) Facility

TA–50–69 Waste Characterization, Reduction, and Repackaging (WCRR) Facility 

TA–54–G Transuranic Waste Inspectable Storage Project (TWISP) (TA–54–229, TA–54–230, 
TA–54–231, and TA–54–232); Transuranic Waste Storage Domes (TA–54–48, 
TA–54–153, TA–54–224, TA–54–226, and TA–54–283); Tritium Waste Sheds 
(TA–54–1027, TA–54–1028, TA–54–1029, and TA–54–1041)

TA–54–38 Radioactive Assay and Nondestructive Testing (RANT) Facility

TA–54–39 Polychlorinated Biphenyl (PCB) Waste Storage Facility

TA–54–216 Legacy Toxic Gas Storage Facility

TA–55–4 Plutonium Facility

TA–55–185 Transuranic Waste Drum Staging Building

TA–59–1 Occupational Health Laboratory (worker hazard only)

a Table G.5.4.4–3 in volume III, appendix G, lists all facilities found to have a moderate or higher vulnerability to wildfire, and  
therefore, were considered in the site-wide wildfire analysis.
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5.1.11.2 Meaning of Risk and 
Frequency as Used in This 
SWEIS

The word “risk” is defined in the dictionary as
the probability that a specific loss or injury will
occur.  In this SWEIS, DOE couples the
consequence of an event with the probability
that it will occur, and calls this combination the
risk.  Note that a high consequence event would
not necessarily have significant risk if its
probability is very low.

The probability of the accident is typically
expressed as a frequency; that is, an accident
with a frequency of 0.001 per year has a
probability of occurring once in 1,000 years and
twice in 2,000 years.  This is only another way
of saying that the probability of the accident
occurring in any particular year is 1 in 1,000.  

For many events, the risk can be expressed
mathematically as the product of the
consequence and its probability.  In illustration,
if the expected public consequence of an
accident at a particular facility is one cancer per
accident, and if the accident has a probability of
occurring once in 1,000 years, then the
continuing risk presented by that accident is
(1 x 1/1000) or 0.001 cancer per year.  This
product of consequence and probability is called
“societal risk” in this SWEIS.  It permits the
ready comparison of accidents and alternatives
without the burden of the details.  The details of
the analyses are presented in volume III,
appendix G.

5.1.11.3 Characterization of the Risk 
from Accidents

Characterization includes a consideration of the
type of the accident (e.g., fire, explosion, spill,
leak, depressurization, criticality, etc.), the
initiator (e.g., human error, chemical reaction,
earthquake, strong wind, flood, vehicle
accident, mechanical failure, etc.), and the

material-at-risk (MAR) (e.g., plutonium,
tritium, toxic chemical, explosives,
inflammable gas, etc.).  Characterization al
considers the type of consequences of t
accident (e.g., immediate fatalities, prom
reversible and irreversible health effects, late
cancers—some of which lead to eventual dea
and are referred to as fatal) and the magnitude
the consequences (e.g., to workers only, 
hypothetical members of the public, to a few
some or many real individuals off site).  Finally
characterization considers the likelihood that 
accident will occur.

LANL is a complex and diverse site, and the
is a wide range of accident scenarios that can
hypothesized, with a wide range of likelihood
and a wide range of realistic and imagine
consequences.  To characterize the accident 
at LANL, this analysis has deliberately chosen
range of types of accidents and a range 
consequences, including accidents involvin
materials for which the public has show
concern.  This analysis does not attempt 
identify every possible accident, but instea
selects accidents that characterize or domin
the risk to the public and workers from sit
operations. It thereby provides an objectiv
context for the public to evaluate the risk pos
by site operations, and a context for the decis
among alternatives.  It also allows the decisi
maker to consider whether mitigation measur
are needed to reduce risk.

By identifying the locations of appreciabl
quantities of hazardous material, the accide
associated with these materials can be asses
By grouping these accidents according to th
likelihood or frequency, and the magnitude 
their consequences, it is possible to sele
accidents for further characterization an
qualitatively portray their relative risk.  The
accidents selected for this detailed analysis 
those with bounding consequences as well
those that characterize the risk of operati
LANL.
5–26
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5.1.11.4 Determining the Increment 
in Risk Among Alternatives

If an accident is not reasonably
foreseeable—that is, it is incredible—DOE does
not consider that it contributes substantially to
the risk of operating LANL (DOE 1993).  If, on
the other hand, a hazardous material has a
reasonable chance of being involved in an
accident, then the consequences and the
likelihood of the accident are considered.

Specific accidents that contribute substantially
to, or envelop the risk, are considered risk-
dominant accidents or bounding accidents.
They are not exceeded by other accidents
analyzed or believed to be possible that involve
that inventory.  For instance, there may be a
number of accidents that could disperse
plutonium, with different initiators or different
mitigation, but they are represented by the risk-
dominant accident involving plutonium
dispersal.  This accident also may bound the
consequences for other facilities that may have
more sensitive site characteristics (such as
larger populations), but have lesser inventories
than those addressed by the analyses.

This suite of accidents was derived from
consideration of the current operations plus
currently planned changes.  These constitute the
baseline (No Action Alternative) condition that
serves as a reference from which to evaluate the
alternatives.  Changes in locations, changes in
MAR, and changes in types of operations were
considered among the alternatives.  These
differences were then used to determine the
changes to the probability and consequences of
the accidents. In each of the sections discussing
the impacts of the alternatives, the risk, as well
as the change in risk from the No Action
Alternative, is given in the summary tables.

5.1.11.5 Methodology for Selection 
of Accidents for Analysis 

The analysis began with the establishment of the
baseline risk from current operations, plus

planned activities, that together constitute t
No Action Alternative.  The baseline wa
established by a process of safe
documentation review, interviews with facility
management, physical inspection
(“walkdowns”) of facilities, and discussions
with facility management.  Changes in th
baseline risk were estimated for the Expand
Operations Alternative, the Reduced Operatio
Alternative, and the Greener Alternative t
ascertain the human health impacts of t
alternatives.

Assessing the human health consequences
accidents for the alternatives is a four-ste
process.  The first step was to identify a bro
spectrum of potential accident scenarios.  The
scenarios were obtained from available sit
specific safety and environmental documen
from programmatic documents, from
discussions with facility management, and fro
physical inspections (walkdowns) of th
facilities.

The second step in the process used screen
techniques to identify the specific scenarios th
contribute significantly to risk (i.e., the
scenarios that contribute an appreciable fract
of the total risk).  Due to the large number 
potential accident scenarios that could impa
human health, it is impractical to evaluate the
all in detail.  This is a common problem
encountered in risk assessments, and 
standard approach (which was adopted here
to apply rough bounding calculations during th
screening steps.  The calculations are perform
to progressively greater degrees of detail unti
becomes clear that the accident is either not ri
significant or requires a detailed analysis 
order to determine the frequency an
consequences of the accident (i.e., its risk).

Rigorous evaluations (the third step in th
process) were only performed for the potentia
risk-dominant scenarios identified in ste
two—that is, those which had a frequency 
10-6 or above and led to off-site consequenc
beyond insignificant.  
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The fourth step in assessing the human health
impact of accidents for the alternatives was to
carefully evaluate the effect of the alternatives
on the accident scenarios.  The important
considerations involved in this evaluation were
whether the alternative would result in the
elimination of some accidents and the addition
of others, whether the alternative would result in
an increase or decrease in the frequency of some
accidents, and whether the alternative would
result in an increase or decrease in the amount of
hazardous materials released.  The results of the
analysis indicate that, while a number of
accidents are potentially affected by the
alternatives, few of them are significant to
public or worker risk.

It is important to recognize that as a result of
several factors (the nature of the activities
performed, the design features of the facilities at
which the activities are performed, the
conditions under which the activities are
performed, and the location of the facility vis a
vis the public), accidents are more likely to
impact facility workers than they are to impact
the public.  This is true even though at LANL
the public has access to many areas of the
laboratory via roadway.  Even for facility
workers, the consequences in many cases would
be dependent on the use by facility workers of
personal protective equipment (PPE) and on the
effectiveness of emergency response and
mitigation actions taken to limit consequences
(e.g., the timeliness of evacuation from the
facility). 

5.1.11.6 Conservatism in the 
Analyses

At all steps, when faced with uncertainties, the
analysts selected the most probable or
conservative value for accident probability and
the quantity of hazardous materials released.
Accepted models and expected atmospheric
dispersion parameters were used in the
modeling.  Exposure conditions (location, time
in the plume) were used that would maximize

exposure of the total population and o
individuals.  Concentration planning guideline
appropriate to the public were used to evalua
impacts from chemical accidents.  A
conservative risk factor for excess LCFs w
used to calculate radiological health effect
whereas, the true risk factor may b
considerably less, as described in appendix 
section D.1 (in volume III).  The resulting
estimates of risks are quite conservative.  

Despite the conservatism, some accide
scenarios originally thought plausible wer
found by analysis to have a probability of les
than 10-6 per year, (i.e., to be incredible).  Thes
accidents are retained in the appendix 
preserve the information they contain, i
illustration of the range of the analyses, and
demonstration of the conservativeness of t
screening.

5.1.11.7 Accident Scenario 
Screening and Selection

Spectrum of Potential Accidents  

Potential accident scenarios were first selec
based on facility safety documentation review
Facility walkdowns and discussions wit
operations personnel also were undertaken
ensure a comprehensive look at the possi
accidents.  In this manner, scenarios from t
safety documentation  were validated and oth
scenarios added to make a comprehensive lis

For the facility walkdowns, a pre-visit facility
walkdown/interview data collection form wa
prepared for each facility to facilitate th
collection of a consistent set of facility data an
transmitted to facility representatives
Preparation of the forms benefited from th
experience of previous accident evaluatio
(including safety analyses, probabilistic ris
assessments, and process hazard analyses)
addition, relevant DOE handbooks an
standards were considered, as described
volume III, appendix G.
5–28
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During and subsequent to the walkdowns,
revised safety documentation was provided by
the facility representatives.  This documentation
was subsequently reviewed, and a draft data
collection document was prepared for each
facility.  

Identification of Accident Scenarios

Two primary types of data sources were used for
radiological accident analysis:  (1) safety
documentation, including safety assessments
(SAs), hazard analyses (HAs), process hazard
analyses (PrHAs), probabilistic risk
assessments (PRAs), and safety analysis reports
(SARs); and (2) facility walkdown/interview
data collection forms.  

Where a facility had current safety
documentation, that documentation was used to
define accident scenarios.  Owing to differences
in scope between safety documentation and
NEPA accident analyses, some supplementation
of the safety documentation was necessary in a
few instances in order to provide the required
NEPA coverage (this was especially true in the
area of seismically initiated sequences).  The
facility walkdowns were used to further
evaluate the accident scenarios identified in the
safety documentation, to evaluate whether
additional accident scenarios were possible that
were not included in the safety documentation,
to evaluate whether there were accident
frequency or accident consequence mitigation
capabilities present that were not credited in the
safety documentation, and to assess the impacts
of the SWEIS alternatives on the accident
scenarios.  This latter consideration included
whether accident frequencies or MAR could
increase or decrease across the alternatives, and
whether any accident scenario existed in one or
some but not in all alternatives.

Documentation relied upon for the radiological
facility accident analysis included the
following:

• The LANL seismic hazard evaluation 
(Wong et al. 1995) and the  LANL aircraft 
crash hazard evaluation (LANL 1996d)

• Basis for Interim Operation (BIO)
• Operational safety requirements
• Technical safety requirements 

Environmental assessments (EAs)
• EISs
• Facility descriptions (LANL 1998b)

Based on the results of the review of facilit
safety documentation and the facilit
walkdown/interview data collection process, 
large suite of accident scenarios was identifi
and grouped by MAR (e.g., weapons-grad
plutonium, source material plutonium, tritium
highly enriched uranium [HEU], depleted
uranium (DU), etc.) for further consideration.

Accident Initiator Screening

Section G.3 in appendix G (in volume III
describes the comprehensive screening a
evaluation of various accident types an
initiators.

Accident types and accident initiators that cou
produce an accident with a frequency in exce
of 10-7 per year when realistically estimated, o
a frequency in excess of 10-6 per year when
conservatively estimated, were treated 
“credible” and “reasonably foreseeable.”  O
course, accidents with frequencies less than t
were not dismissed without considering wheth
they were capable of producing wors
consequences than credible earthquakes, wh
affect the entire LANL site.  It is also no
plausible that many individual, but unlikely
accidents could rival earthquakes in risk, and 
such accidents were not retained for detail
analysis.
5–29
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Summary of  Consequence Screening for 
Chemical Accidents

Thirty-seven chemicals were identified in the
1992 LANL database that met the following
criteria:

• Has a time-weighted-average (TWA) less 
than 2 parts per million

• Is found in readily dispersible form (i.e., a 
gas or liquid)

• Has a boiling point less than 212 degrees 
Fahrenheit (°F) (100 degrees Celsius [°C]) 
and a vapor pressure greater than 
0.5 millimeter mercury

These 37 chemicals were modeled for release of
their largest 1992 inventory, using adverse
dispersion conditions and the ALOHA™ code,
which is described in appendix G, section G.2.3.
The 10 releases that exceeded the Emergency
Response Planning Guideline (ERPG)–3 at
328 feet (100 meters) distance were retained for
further analysis.  To these were added another
eight chemicals of interest.

Releases of the actual inventories of these 18
chemicals at 78 locations were then modeled to
see which would exceed the ERPG–3
concentration under conservative daytime
dispersion conditions.  In this modeling:

• Release was at surface level.
• Gases were released over 10 minutes.
• Liquids were spilled instantaneously and 

then evaporated from a puddle 0.4 inch 
(1 centimeter) deep.

The releases that exceeded the ERPG–3
concentration were examined with
consideration of:

• Whether there is a large work force nearby 
or there is public exposure

• If a heavy gas, whether the public is 
protected by intervening canyons

• Whether the consequences are less than 
release of the chemical from a different 
facility

• Whether the consequences are less than 
those of another chemical released from th
same facility

With these considerations, a number of relea
were selected and retained for detailed analy
Formaldehyde was also retained as it represe
the largest LANL inventory of a readily
dispersible chemical carcinogen.  These fin
selections are shown in Table 5.1.11.7–1.

Summary of Consequence Screening for 
Radiological Accidents

To facilitate radiological facility accident
screening, integrated population exposure w
established as an evaluation criterio
Consequences were calculated for the releas
a unit of material and multiplied by the sourc
term magnitude to obtain approximat
consequences for screening.  The calculatio
were performed with the Melcor Acciden
Consequence Code System (MACCS) 2 (
described in appendix G, section G.2.4), f
both ground level releases and elevated relea

Population distributions for the screening an
detailed analysis calculations were created fro
the 1990 Census data for residenti
populations, and 1996 LANL workforce
populations by TA.  LANL workforce
populations were included by centering the to
TA population in the direction where there is th
largest concentration of that TA’s population
This is a conservative and approximate meth
because it results in some double counting 
facility workers who have residences within th
50-mile (80-kilometer) radius of LANL.

With these releases and frequency estimate
number of  scenarios were selected and retai
for further detailed analysis, as listed i
Table 5.1.11.7–1.  Several accidents scenar
that might or should have been screened out 
listed in Table 5.1.11.7–2.  They were, at firs
5–30
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TABLE  5.1.11.7–1.—Dominant Accidents at LANL

PROCESS HAZARD ACCIDENTS

CHLORINE  RELEASES

CHEM–01 Single cylinder release of chlorine (150 pounds) from a potable water chlorinator (TA–00–110
bounding) due to equipment failure or human error during chlorine cylinder replacement or 
maintenance activities.

CHEM–03 Single cylinder release of chlorine (150 pounds) from toxic gas cylinder storage facility 
(TA–3–476) due human error during cylinder handling or cylinder deterioration due to unintend
long-term exposure to weather.

CHEM–06 Chlorine gas release (150 pounds) from a process line at the Plutonium Facility (TA–55–4) du
mechanical damage to a supply manifold.

HIGHLY  ENRICHED  URANIUM  RELEASE

RAD–03 Reactivity excursion accident at Pajarito Site Kiva #3 (TA–18–116) with Godiva-IV outside the
kiva, vaporizing part of the HEU fuel and melting the remainder.

PLUTONIUM   RELEASES

RAD–09 TRU waste drum failure or puncture at TA–54, Area G (bounding).

RAD–13 Plutonium melting and release accident at Pajarito Site Kiva #3 (TA–18–116).

RAD–15 Plutonium release from a laboratory and wing fire at the CMR Building.

MANMADE HAZARD ACCIDENTS

CHLORINE  RELEASE

CHEM–02 Multiple-cylinder chlorine release (1,500 pounds) due to explosion or unsuppressed fire affect
toxic gas storage facility (TA–3–476).

SELENIUM  HEXAFLUORIDE  AND SULFUR DIOXIDE  RELEASE

CHEM–04 Single cylinder release of toxic gas (selenium hexafluoride, historical bounding chemical) from
legacy toxic gas storage facility (TA–54–216) due to random cylinder failure or a forklift accide

CHEM–05 Multiple cylinder release of toxic gas (sulfur dioxide, historical bounding chemical) from the lega
toxic gas storage facility (TA–54–216) due to a fire, a propane tank BLEVE, or a propagating 
random failure.

TRITIUM  RELEASE

RAD–05 Aircraft crash with explosion and/or fire at TA–21 resulting in a tritium oxide release.

PLUTONIUM  RELEASE

RAD–01 Plutonium release due to container storage area fire involving TRU waste drums (TA–54–38).

RAD–07 Plutonium release due to container storage area fire involving TRU waste drums (TA–50–69).

RAD–08 Aircraft crash with explosion and/or fire at the TRU waste dome area at TA–54 (TA–54–229, 
TA–54–230, TA–54–231, and TA–54–232).

RAD–16 Aircraft crash with explosion and/or fire at CMR Building resulting in a plutonium release.
5–31
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NATURAL PHENOMENA HAZARD ACCIDENTS

MULTIPLE  RELEASES OF HAZARDOUS MATERIAL

SITE–01 Site-wide earthquake, resulting in damage to low capacity structure or internal components at
multiple facilities.

SITE–02 Site-wide earthquake, resulting in damage to moderate capacity structures or internal compone
multiple facilities.

SITE–03 Site-wide earthquake, resulting in structural damage or collapse to all facilities.

SITE–04 Site-wide wildfire, consuming combustible structures and vegetation.

RAD–12 Plutonium release from a seismically initiated event.

TABLE  5.1.11.7–2.—Incredible Accidents That Were Analyzed

PROCESS HAZARD ACCIDENTS

RAD–04 Inadvertent detonation of a plutonium-containing assembly at or near the DARHT Facility firin
point, resulting in an elevated, explosive-driven release of plutonium (TA–15).

RAD–10 Plutonium release from a degraded storage container in the Plutonium Facility (TA–55–4) vau
during container retrieval.

RAD–11 Catastrophic containment failure after detonation of a plutonium-containing assembly at the 
DARHT firing point (TA–15), resulting in a ground-level release of plutonium.

RAD–14 Plutonium release from ion exchange column thermal excursion at TA–55–4 (the screening 
process identified this as the most likely initiator of a glovebox fire).

MANMADE HAZARD ACCIDENTS

RAD–02 Plutonium release due to natural gas pipeline failure near TA–3–29, with no immediate ignitio
ingestion of gas into facility, followed by explosion and fire.

RAD–06 Aircraft crash with explosion and/or fire at TA–50–37, resulting in a plutonium release from TR
waste drums.

TABLE  5.1.11.7–1.—Dominant Accidents at LANL-Continued
5–32
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considered credible accidents because of the
conservatism applied in the original estimates of
event frequency.  However, after a more
detailed evaluation of the accident progression,
the events were found to be incredible.  These
scenarios are retained in appendix G for the
information they contain. 

Addition of Site-Wide Wildfire to the 
Accident Scenarios

Site-wide wildfires escaped consideration in the
draft SWEIS.  At the same time, there was a
general recognition of the threat to LANL, as
evidenced by the multiple agency cooperation
in an ongoing fuel reduction effort. This
oversight was brought to DOE’s attention
during the public hearings on the draft SWEIS,
and an analysis began with input from the
Española District of the Santa Fe National
Forest (SFNF), the Bandelier National
Monument (BNM) of the NPS, the Los Alamos
Fire Department, and LANL departments and
personnel.  The final analysis appears as
SITE–04.

The frequency of a large wildfire moving onto
the LANL site was estimated to be 0.1, or one
chance in 10 years.  The extent of the
subsequent fire and its consequences can vary
widely according to the ensuing meteorological
conditions.  The SITE–04 analysis
conservatively assumes that all combustible
structures and vegetation over the western part
of LANL are burned.  The resulting public
exposures were estimated for each facility,
using (when available) existing calculations of
public exposure from fire at that facility.
Although the summed exposures from all
buildings is modest, the frequency of the
accident is high; as a result, the public risk
places this accident in Table 5.1.11.7–1,
“Dominant Accidents at LANL.”

5.1.11.8 Detailed Accident 
Evaluations

The probability of a release (expressed as 
annual frequency) of the hazardous mater
was calculated from the accident progressio
in each of the scenarios retained for detail
analysis.  The accident analysis included a st
by-step analysis of the initiating events and 
the barriers that need to fail before a substan
amount of material can be made available f
atmospheric transport to downwind recepto
The details are provided in volume III
appendix G.

Toxic chemical source terms were evaluated 
looking at the release mechanisms to determ
the amount and rates of material release
release heights, and other source te
parameters for input to calculations of th
atmospheric concentrations.

For radiological accidents, there are two sour
terms:  the initial (prompt) source term and th
subsequent,  continuing suspension source te
The initial source term is the radioactiv
material driven airborne at the time of th
accident.  The suspension source term is 
radioactive material that becomes airborn
subsequent to the accident as a result 
evaporation, winds, or other processes.  For b
of these terms, the characteristics of the rele
were evaluated to determine the amount 
material available for atmospheric transport a
the parameters that influence its dispersion.  F
most DOE nonreactor facilities, the dose fro
inhalation exposure dominates the overall do
from accidents.

DOE Handbook 3010-94, Airborne Release
Fractions/Rates and Respirable Fractions fo
Nonreactor Nuclear Facilities, Vols. I & II,
December 1994 (DOE 1994), was used as 
primary reference for calculation of radiologica
source terms.  To maintain consistency acro
the accident analyses, DOE Handbook 3010-
source term methodology has been applied
5–33
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the aircraft crash accidents, although there is a
separate DOE Standard 3014-96 that covers
aircraft crashes (DOE 1996b).

Human Health Impact of Accidents

The final step in the process is the determination
of human health impacts resulting through
exposures.  For chemical accidents, the
concentrations of chemicals at various distances
were made with ALOHA™, as described in
appendix G, section G.2.1, and compared to the
ERPGs.  Once concentrations were determined
using the ALOHA™ code, demographic data
were used to determine the number of people
exposed above each ERPG level.  ERPGs are
concentrations associated with different levels
of reversible and serious health effects.

For radiological accidents, the effects on the
surrounding populations were calculated using
the MACCS2, as described in appendix G,
section G.2.4.  MACCS2 determines the
expected collective doses to the population
within a 50-mile (80-kilometer) radius of the
accident, and then computes the acute fatalities
and excess LCFs for this population.  MACCS2
uses risk factors of about 0.0005 excess LCF per
person-rem for the general population.  Doses to
the  MEIs at specific off-site locations are used
to characterize the maximum possible risk to an
individual member of the public.

The resulting human health impacts are
described in the following sections. 

• No Action Alternative, section 5.2.11
• Expanded Operations Alternative, 

section 5.3.11
• Reduced Operations Alternative, 

section 5.4.11
• Greener Alternative, section 5.5.11

5.1.11.9 Worker Accident Screening

Analysis of worker accidents (other than the
transportation and physical safety hazards

discussed in the SWEIS transportation risk a
human health analyses, respectively) w
performed to provide estimates of potenti
health effects from chemical and radiologic
exposure for involved workers.  (For purpos
of this SWEIS, workers within the TA where th
accident occurs are defined as “involve
workers,” and other on site LANL employee
are defined as “noninvolved workers.”)  Worke
accident analysis need not be either as extens
or detailed as the public accident analys
because worker health risk from industri
accidents (falls, electrical shock, crushing, et
dominates over worker health risk from
exposure in radiological and chemica
accidents.

Worker accidents were reviewed qualitative
in order to arrive at a list of accidents that 
representative of the accident potential at LAN
under the four alternatives.  The process us
was similar to the analysis of accidents wi
public impact.  The purpose of the separa
worker accident screening was to identi
whether there are accident scenarios that co
have greater consequence to workers than 
worker consequences associated with the pub
accident scenarios.

Data to support the accident analysis we
obtained from a variety of sources, both facility
and site-specific, as well as from industrial an
nuclear generic databases and compilatio
Data sources, detailed in appendix G, includ
safety and hazard analysis documentation, d
forms generated during the facility walkdown
LANL SWEIS alternatives documentation, an
Occupational Safety and Health Administratio
(OSHA) Form 200 Injury/Illness Reports fo
LANL and other DOE facilities.

The summary listing identified over 600
potential worker accident scenarios.  Potent
worker accident scenarios were then sorted 
material hazard and initiators and ranke
according to relative risk.  Risk wa
qualitatively assigned on the basis of th
frequency and consequence ranking matrix 
5–34
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hazard evaluation described in section G.1 of
appendix G.  The array of worker accidents was
not dissimilar from the array of accidents with
public impact, so that the worker accident
component of the selected public accidents also
provides a representative picture of the worker
accident potential.  There are, however, some
accidents that pose a risk to workers but not to
the public.  An example is the medical research
at TA–43–1, field work on small mammal
capture and blood sampling, where the
exposures to workers are localized and the
exposure to the population from a release would
be mitigated by environmental attenuation.
Another exception is energetic hazards, where
potential hazardous sources do not involve the
public. 

The ranked worker accident scenarios were then
compared to the public impact accidents with
comparable risk rankings.  From the review of
the chemical and radiological accidents selected
for detailed quantification of public risk and a
screen of these accidents against the worker
accidents, the following worker accidents were
selected for more detailed evaluation (also listed
in Table 5.1.11.9–1).  

• Inadvertent high explosives detonation
• Biohazard contamination of a single worker
• Inadvertent criticality event
• Inadvertent exposure to electromagnetic 

radiation (x-rays, accelerator beam, laser, or 
radiofrequency [RF] source)

5.1.11.10 Detailed Worker Accident 
Evaluations

The worker accidents were qualitativel
assessed because exposure can vary wid
based on the exact sequence of the accid
One of the bounding parameters is the length
time that a worker is exposed to a hazardo
material.  Rapid evacuation, sheltering, an
donning of  protective equipment can great
reduce a worker’s exposure.  Prompt medic
treatment can also reduce the consequenc
Therefore, worker accidents can be on
qualitatively assessed for both the likelihood 
the accident and its impact on individua
workers.  The human health results for th
workers are provided in the following sections

• No Action Alternative, section 5.2.11
• Expanded Operations Alternative, 

section 5.3.11
• Reduced Operations Alternative, 

section 5.4.11
• Greener Alternative, section 5.5.11

5.1.11.11 Uncertainties and 
Sensitivities

In principle, one could estimate the uncertain
associated with each step of the analysis 
each accident scenario, and predict t
uncertainty in the results (frequency, sour
term, consequences, risk, etc.).  Howev

TABLE  5.1.11.9–1.—Dominant Worker Accidents at LANL

PROCESS HAZARD ACCIDENTS

WORK–01 Worker fatality due to inadvertent high explosives detonation.

WORK–02 Worker illness or fatality due to inadvertent biohazard contamination.

WORK–03 Multiple worker fatality due to inadvertent nuclear criticality event.

WORK–04 Worker injury or fatality due to inadvertent electronic radiation exposure (x-ray, accelerator 
beam, laser, or radiofrequency source exposure).

WORK–05 Worker exposure to plutonium released from a degraded storage container in the plutonium
(TA–55–4) vault during container retrieval.
5–35
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conducting such a full-scale quantitative
uncertainty analysis is neither practical nor a
standard practice for a study of this type.
Instead, the analysis is intended to ensure,
through judicious selection of release scenarios,
models, and parameters, that the results
represent and give a reasonable estimate of the
actual risks.

This is accomplished by making conservative
assumptions at each step of the calculations.
The models, model parameters, and release
scenarios are selected in such a way that most
intermediate results and the final estimate of
impacts are almost certainly greater than what
would be expected should the events actually
occur.  That is, there is a small chance that the
actual risk is greater than presented, but a very
large chance that the actual risk is less.   

Often, there are no differences between accident
impacts among the alternatives, largely as a
result of conservative approaches used in
accident frequency and public consequence.
The inventories used in the analyses are
typically those of permitted or administrative
limits (i.e., controls on the maximum amounts
of material that can be processed at one time
and/or in storage), rather than operational values
(i.e., the actual amount of material needed to
perform the task).  The operational values would
be more likely to change among the alternatives.
The administrative limits or inventories are
selected so that the analyses are sufficiently
conservative and bounding to cover maximum
possible operational values.  The accident
frequencies depend upon the accident initiators,
such as an aircraft crash, earthquake, or wildfire.
These particular initiators are independent of
the operations and of inventory; therefore, the
frequency or likelihood of such an event
remains constant among the alternatives.   In the
few cases of accidents in which the frequency
depends upon operations, the variation in
frequency among the alternatives does not
necessarily translate into a significant change in
the risk of an environmental release to the public

because the value of a release is very sm
Likewise, the risk to workers is affected by th
change in frequency of the operations; but, t
consequence of a single accident remains 
same.  These details for specific acciden
appear in volume III, appendix G.

5.1.11.12 Summary of Methodology 
for Supplement Analysis, 
SSM PEIS

The DOE is preparing a Supplement Analys
for the SSM PEIS (DOE 1996d) in accordan
with an order issued by the U.S. District Cou
for the District of Columbia, resulting from a
lawsuit filed against the DOE (chapter 1
section 1.5.2). The Supplement Analysis wi
(1) assess the significance of recent seism
studies at LANL and (2) re-examine th
plausibility of a building-wide fire at TA–55.
With respect to the seismic analyses, t
Supplemental Analysis will reflect the
differences between DOE’s understanding 
seismic risk at the time the SSM PEIS and 
ROD were prepared and the understanding
seismic risk at the completion of recent seism
studies (the last studies are expected to 
finalized in March 1999).  This analysis wil
reflect the difference, if any, in terms of both th
frequency of the bounding seismically induce
accident and the consequences of such 
accident.  This difference will then be examine
for significance with respect to DOE’s
assignment of the pit production mission 
LANL, as reflected in the SSM PEIS ROD.

With respect to the building-wide fire analyse
two types of accident scenarios will b
considered:  process and natural phenome
events.  In addition, an analysis of th
plausibility of a building-wide fire due to
sabotage will be included in the Suppleme
Analysis.  The process events will look a
various classes of fire initiation (e.g., flammab
material, electrical fires, equipmen
malfunctions, etc.).  These process scenar
5–36
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will be compared to historical data for glovebox
and laboratory fires from the DOE complex, as
well as from industry data to ensure a complete
understanding of possible ways that fires could
start at TA–55.  These fires then will be
analyzed for ways in which they could
propagate throughout the Plutonium Facility
(PF)–4 complex (including analyses for
potential failure of the various barriers to fire
propagation).  These considerations of how and
where a fire could start and then spread to
envelop the entire PF–4 facility will be
developed into an analysis of a building-wide
fire at the LANL Plutonium Facility (PF–4 at
TA–55).

The natural phenomena event that will be
considered as part of the Supplement Analysis
will be the seismically induced fire at TA–55.
This analysis will look at the fragility of
gloveboxes, cable trays, flammable gas
cabinets, etc., in order to compare to postulated
ground accelerations.  Essentially, the analysis
will examine the means to start fire in TA–55

through the seismically induced damage 
material or equipment in the building.  Th
analysis then will consider the spread of the fi
throughout the building because of damag
fire barriers or the presence of material that is 
longer contained because of damage fro
ground accelerations.

The plausibility of a building-wide fire due to
sabotage will be examined, consistent wi
existing DOE threat guidance regardin
sabotage and the tools and analyses routin
used to assess vulnerability to sabotage eve
The nature of such analyses is that the result w
be presented in terms of the potential that t
attempted sabotage would be defeated; that
the potential for the attempt to be detected a
prevented or controlled prior to the saboteur
objective being met.  This analysis is likely to b
classified, in accordance with U.S. laws, due 
the highly sensitive nature of information
regarding LANL security features and the
performance.
5–37
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5.2 IMPACTS OF THE NO ACTION  
ALTERNATIVE

5.2.1 Land Resources

5.2.1.1 Land Use

Common to all four alternatives are ongoing
environmental restoration activities.  These
include the decontamination and demolition of
facilities and cleanup of land disposal sites
located across LANL.  Upon completion of
restoration activities, these individual sites
could be made available for different uses.  It is
currently estimated that these restoration actions
would be ongoing over most of LANL for about
the next 10 years.  As sites are remediated, it is
currently planned that the newly available site
land uses would revert to the current land use
category of the surrounding TA location.  In the
case of environmental restoration sites, this
would change these areas back to Research and
Development or Explosives land use categories
from the Waste Disposal land use category
designation.  Because most of the sites are
relatively small in size, this reversion will not
result in significant land use acreage changes
overall within the different categories of use.  In
the case of those TAs located next to the Los
Alamos townsite, current evaluation of these
areas reveals that they are not  likely to undergo
total decontamination or demolition and
evacuation within the foreseeable future, so,
accordingly, their land use category
designations would not be expected to change
within that time frame. 

No changes to land use categories are
anticipated from activities that are unique to this
alternative.  Activities identified for the key
facilities under this alternative would occur
primarily within existing facilities or within
near proximity to them in disturbed areas and
within the same type of land use category.

5.2.1.2 Visual Resources

Common to all four alternatives analyzed a
environmental restoration activities that includ
the decontamination and demolition of facilitie
and cleanup of land disposal sites located acr
LANL.  Upon completion of restoration
activities, these sites will undergo so
stabilization through such efforts as vegetati
reseeding or the installation of a site coverin
such as asphalt or concrete, dependent upon
identified future site uses.  There will be a tim
period from the onset of site remediatio
through final site restoration when the viewshe
will be minimally altered by the introduction o
heavy equipment and vehicles and by a
subsequent areas left bare of vegetatio
Although some sites could be bare of vegetati
or only sparsely covered for several subsequ
growing seasons, this effect would be tempora
and minor overall in nature.  These sites a
usually rather small in size and some m
already be within developed, disturbed, 
cleared  areas. 

No major changes to visual resources a
anticipated from activities that are unique to th
No Action Alternative.  Construction activities
identified for the key facilities under this
alternative would occur within near proximity
to existing buildings and parking areas 
already disturbed locations.  There would be
minimum of clearing activities required an
these would be limited to a few acres.  Fugitiv
dust generation during construction would b
minimal and temporary.  It would not be
expected to change the overall air quality, n
would the ongoing operations at these faciliti
once they were initiated.  There could be som
changes at LANL’s key facilities under thi
alternative that add to use of artificial nighttim
personnel safety lighting around buildings an
parking lots.  These light sources would usua
shed areas of  localized light within th
immediate vicinity of the building area an
would not be expected to pose an adverse eff
to wildlife in the area.  Use of these addition
5–38
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light fixtures could result in an extremely slight
increase in overall LANL area levels of light
pollution that is unlikely to result in an
expanded visibility of LANL by nighttime
viewers located across the Rio Grande Valley.

5.2.1.3 Noise

Common to all four alternatives is LANL’s
continued contribution to the background noise
generation with the Los Alamos County area.
This background noise level is expected to
remain at or near current levels for most of the
foreseeable future regardless of the alternative
that is implemented.  There is no single
representative measurement of ambient noise
available for the LANL site.  The upper
regulatory limit for levels of noise experienced
over a 16-hour period for workers is 80 decibels
(dB) on the A-weighted frequency scale (dBA)
(29 CFR 1910.95).  Adverse permanent health
effects are not expected to occur with levels of
sound occurring constantly for up to 16 hours
that are lower than that upper bounding
regulatory limit.  It is not anticipated that the
background levels of noise associated with
LANL activities under any of the four
alternatives would approach this upper limit
sound level based upon estimates of potential
levels of site activities associated with each
alternative relative to the existing environment.

The levels of noise and short-range ground
vibrations generated by environmental
restoration activities are consistent with those
produced by most construction activities.
Heavy equipment use, such as the operation of
bulldozers, loaders, backhoes, and portable
generators, typically produces noise with mean
levels ranging from 81 to 85 dBA.  For a
comparison with these noise levels, normal
conversation is usually conducted at a sound
level of about 60 dBA (DOE 1995a).  If heavy
machinery were to be operated over a 16-hour
period so that it produced noise at levels above
80 dBA constantly, it would be considered to be
unsafe for workers.  However, these noises are

generally produced for short time periods 
even sporadically.  While occasional sho
spurts of site activities may result in noise leve
in excess of 80 dBA, these are expected to
well within the levels of noise considered to b
safe for likely exposure time durations of on
half hour (100 dBA) to one hour (96 dBA)
Hearing protection is provided and worn b
workers, as appropriate according to the
standard operating procedures to afford the
greater hearing protection.  Additionally, som
minor interior and outdoor construction
activities are common across all alternative
Noise produced by these activities would b
mostly noticed by LANL workers at the site
performing those activities; these worke
would also be provided with hearing protectio
as part of their standard operating procedures

Noise from these LANL construction-type
activities may be somewhat noticeable 
nearby members of the public, especially in t
case of off-site environmental restoratio
activities.  Because these activities a
conducted during the daytime hours for sho
continuous durations, it is unlikely that the nois
levels and ground vibrations produced by the
activities would be sufficient to result in a
adverse impact to the public.  Nor are the no
levels likely to adversely affect sensitiv
wildlife receptors or their habitat.  If certain
sensitive wildlife species are found to occup
habitat areas near  locations where these type
activities need to occur, or if the occupanc
status of these habitat areas is unknown, it m
be necessary to plan these activities so that t
take place outside of the species’ breedi
seasons or else other special protect
measures would need to be planned a
implemented (e.g., hand digging).

Similarly, it is unlikely that workers, the public
or sensitive wildlife receptors would be
adversely impacted by explosives testing that
common to some degree over the fo
alternatives.  Workers are allowed to experien
up to 100 impulsive/impact noise events at
maximum of 140 dBA per day and are ke
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away from harmful noise levels and air blasts by
gated exclusion zones that control their entry
into explosives firing site detonation points.
The public is not allowed within the fenced TAs
that have firing sites, and as mentioned in
chapter 4 (section 4.1), noise levels produced by
explosives tests are sufficiently reduced at
locations where the public would be present to
preclude hearing damages.  Various studies are
currently underway to gain an understanding of
the effect of noises on sensitive wildlife species.
The continued well-being of LANL’s resident
and long-term migratory populations of these
sensitive species indicates that the level of noise
generated by explosives testing under the No
Action Alternative would at least be tolerated by
these particular species.  

Implementing the No Action Alternative would
be expected to result in the previously discussed
effects common to all alternatives.  There would
be no other anticipated effects unique to this
alternative.

5.2.2 Geology and Soils

The information provided from the geology and
soils sections feeds into several other sections
within the SWEIS, such as human health,
accidents, and ecological risk.

5.2.2.1 Seismic Events or Volcanic 
Eruptions

LANL operations under the No Action
Alternative do not include activities that could
trigger seismic events or volcanic eruptions
(e.g., underground nuclear tests, operation of
injection wells).  Therefore, it is unlikely that
operations under the No Action Alternative will
have any geological impacts.  Geologic hazards
that are important components of accident
scenarios are discussed in section 5.1.11.

5.2.2.2 Slope Stability/Soil Erosion

LANL operations under the No Action
Alternative do not include any new activitie
that would result in any additional slop
stability impacts.  As discussed in section 4.
the potential for rockfall and landslides and th
historic downward cutting or erosion of surfac
water streams in the LANL regions, whic
results in steep canyon walls, will continue ov
time.  These processes may destabili
supporting rocks.  These processes will contin
under the No Action Alternative; however, n
new facilities near the canyon walls are planne
New rock catchers similar to those installed 
TA–2 for the Omega West reactor should not 
necessary under the No Action Alternative.  A
new activities that will disturb soils, such a
environmental restoration activities, wil
continue to use mitigative measures (e.
plastic lined trenches and the construction 
flow barriers) to minimize the effect of surfac
runoff and soil erosion.

5.2.2.3 Soils

Soils in the area around LANL contain
chemicals and radioactive materials, includin
those that are naturally occurring as well 
those due to past LANL activities an
worldwide fallout.  These have the potential 
affect human health and the environment.  Mo
of the soil contamination due to LANL
operations occurred as a result of past practic
(This contamination is referred to as “legac
contamination.”)  These past practices we
associated with surface impoundments a
disposal areas; experimental reactors; inact
firing sites; aboveground and undergroun
storage tanks; PCB transformers; incinerato
chemical processing; shop machining th
resulted in radioactive waste; and operations
develop, fabricate, and test explosiv
components for nuclear weapons.  Althoug
most of these activities are still ongoing 
LANL, with the exception of underground
testing, environmental regulations have becom
5–40
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more stringent, and management of LANL
operations is more proactive in minimizing such
contamination.

Under the No Action Alternative, as sites are
remediated, legacy soil contamination will be
reduced.  Legacy contamination is being
addressed by the LANL Environmental
Restoration (ER) Project, which is described in
chapter 2 (section 2.1.2.5) of the SWEIS.  In the
future, consistent with the trend analyses
discussed in chapter 4 (section 4.2.3.1), most
radionuclides in soils, particularly tritium and
uranium, from both on-site and off-site areas
should continue to decrease.  Contaminants
such as DU, beryllium, lead, copper, and others
are produced at firing sites and are of potential
concern for deposition in sediments and soils.
ER data to date show no appreciable difference
between sediment samples and off-site samples
(volume III, appendix D, Table D.3.4–1).
Although a similar study is not available for
soils because sediments are narrow bands of
canyon bottom deposits that can be transported
by surface water, this indicates that off-site
deposition from runoff resulting from past firing
site activities is minimal.  Section 4.3.1.4
presents more information on sediments.  When
comparing LANL historical levels of firing sites
activities with the No Action Alternative,
historical levels during the time of peak activity
(1980 to 1985) were approximately 2.8 times
greater than proposed for the No Action
Alternative (LANL 1995d).  As a result,
ongoing operations under the No Action
Alternative should have little potential to
contribute substantially to soil contamination,
and as more remedial actions projects are
completed, the overall levels of soil
contamination will be reduced.  

5.2.2.4 Mineral Resources

Although there is the potential that sand, gravel,
and pumice deposits may exist within the LANL
boundaries as discussed in section 4.2.4, the No
Action Alternative will not affect the

availability of these materials for mining
purposes.  The disturbed area for ne
construction activities associated with the ne
facilities or environmental restoration are sma
in comparison to the overall 43 square mil
(111 square kilometers) of land that LANL
occupies and, as discussed in section 5.1.1,
not in land use areas designated for mini
activities.

5.2.3 Water Resources

5.2.3.1 Surface Water 

The primary sources of potential impacts 
surface water at LANL are the NPDES outfal
and transport of sediments contaminated fro
historic LANL activities.  For the No Action
Alternative, there are no new activities that w
result in changes in stormwater runoff. 

The volumes of effluent discharged into eac
watershed for the No Action Alternative ar
given in Table 5.2.3.1–1.  In volume III
appendix A, Table A.1–1 presents a mo
detailed table of the NPDES outfalls for all fou
alternatives by facility (key and non-key)
watershed, and location.  In all of th
alternatives there are no outfall discharges in
the Barrancas, Bayo, Potrillo, Frijoles, Ancho
and Chaquehui watersheds.  Ancho a
Chaquehui canyons have baseline flows but 
projected flows for the alternatives.  Pueblo a
Guaje watersheds have 1 million gallon
(3.8 million liters) or less per year.  For the N
Action Alternative, 55 outfalls from key and
non-key facilities discharge into eight separa
watersheds.  The estimated total discharge i
all watersheds under the No Action Alternativ
is 261 million gallons (988 million liters) per
year.  This is an increase from the index efflue
volume of 233 million gallons (882 million
liters) discharged, as reflected in section 4
The number of outfalls remains constant acro
the alternatives.
5–41
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NPDES outfall effluent quality during the
10-year period analyzed (1997 through 2006) is
expected to be similar to or improved over the
effluent quality discharged during the period
1991 through 1995.  LANL actions to improve
compliance with permit conditions are
continually being taken, including elimination
of outfalls, improvements and corrective actions
at specific outfalls, and implementation
and completion of the Waste Stream
Characterization Program and Corrections
Project.  Furthermore, several of the outfalls
contain stormwater only; the cleanups at ER
Project sites that will occur during the period of
the SWEIS may result in improvement in the
quality of the effluent in outfalls containing
stormwater.  As can be seen from
Table 5.2.3.1–1, as of November 1997, 32 of
the 87 index NPDES outfalls will be reduced to
zero flow, resulting in 55 outfalls for the No
Action Alternative (this is the case for all the
alternatives).  As the LANL outfall reduction

program continues, it is anticipated that ev
more outfalls will be eliminated.  No new
outfalls are anticipated under any of th
alternatives.  

Another improvement to outfall effluent quality
(in relation to the period 1991 through 1995) h
occurred as a result of the improvements ma
at the High Explosives Wastewater Treatme
Facility (HEWTF) (DOE 1995b).  The new
HEWTF, completed in October 1997, cam
on-line in February 1998 and will minimize th
use of water in high explosives processes a
will treat all remaining high explosives
contaminated wastewater at the new treatm
facility.  These changes will improve the qualit
of effluent from the HEWTF outfalls across th
alternatives.

Improvements are also planned for outfall 05
at the TA–50 RLWTF.  The effluent from the
RLWTF have exceeded the DOE-Derive

TABLE  5.2.3.1–1.—NPDES Discharges by Watershed Under the No Action Alternativea

WATERSHED
#OUTFALLS

DISCHARGE, MGY

KEY FACILITIES NON-KEY TOTALS

INDEX NA INDEX NA INDEX NA INDEX NA

Ancho 2 0 0.1 0.0 0.0 0.0 0.1 0.0

Cañada del Buey 3 3 0.0 0.0 6.4 6.4 6.4 6.4

Chaquehui 1 0 0.0 0.0 5.8 0.0 5.8 0.0

Guaje 7 7 0.0 0.0 0.7 0.7 0.7 0.7

Los Alamos 12 8 19.2 30.6 0.5 0.2 19.7 30.8

Mortandad 12 7 42.0 29.6 10.9 5.1 52.9 34.7

Pajarito 17 11 8.4 1.8 0.8 0.8 9.2 2.6

Pueblo 1 1 0.0 0.0 1.0 1.0 1.0 1.0

Sandia 11 8 4.4 42.7 103.5 127.9 107.9 170.6

Water 21 10 29.5 14.1 0.0 0.0 29.5 14.1

Totals 87 55 103.6 118.8 129.6 142.0 233.2 260.9

MGY =  millions of gallons per year, NA = No Action Alternative
a NPDES Information Sources:  Index information was provided by the Surface Water Data Team Reports of August 1996 
(Bradford 1996) and as modified in 1997 (Garvey 1997).  Outfall flow projections for the alternatives were based on the outs 
remaining as of November 1997.  Additional outfalls may be eliminated in the future, as discussed in the Environmental 
Assessment for Effluent Reduction (DOE 1996e), as well as several other outfalls that may be closed as part of LANL’s ongoin
outfall reduction program.
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Concentration Guide (DCG) for the public for
the radionuclides americium-241, cesium-137,
tritium, plutonium-238 and plutonium-239, and
strontium-90 during the period 1990 through
1995 (LANL 1992, LANL 1993, LANL 1994,
LANL 1995c, LANL 1996b, and LANL 1996c).
A treatment system will be operational by early
1999 that will reduce concentrations of all of the
above radionuclides, except tritium.
Table 5.2.3.1–2 lists, for the above
radionuclides, the average concentrations from
1990 through 1995 effluent, the predicted
concentrations following treatment upgrades,
and the DOE-DCGs for the public.  The newly
installed treatment system will result in
concentrations of these radionuclides in effluent
that will meet the DOE-DCGs for the public. 

For liquid radioactive effluents, the “as low as
reasonably achievable” (ALARA) and “best
available technology” (BAT) processes are
adopted, to determine the appropriate level of
treatment.  If discharges are below the DCGs
reference values at the point of discharge to a
surface waterway, generally no further
treatment is required due to cost benefit
considerations.  Because the average
tritium concentration (311,203 picocuries
per liter) is well below the DOE-DCG
(2,000,000 picocuries per liter), no further
treatment of tritium was considered necessary.
In addition, there is currently no practical

treatment technology for tritium removal from
the dilute concentrations present in the RLWT
effluent.

The effluent from the RLWTF has also
exceeded the New Mexico Water Qualit
Control Commission (NMWQCC) standard fo
nitrate as nitrogen of 10 milligrams per liter.  A
nitrates removal system is being installed as p
of the RLWTF improvements that will be
operational by mid 1999.  This new system w
reduce the nitrates concentration levels belo
the NMWQCC standard.

As discussed in chapter 4 (section 4.3.1.
LANL conducts a variety of construction
maintenance, and environmental activities th
result in excavation or fill within water courses
which are waters of the U.S. under Section 4
of the Clean Water Act.  These activities are
done pursuant to 404 permits issued by t
Army Corps of Engineers and certified pe
Section 401 by NMED.  Each permit is issue
pursuant to one or more specific nationwid
permits.  These include relevant perm
conditions to protect water quality and wildlife
that must be complied with by LANL and its
construction contractors.  The NMED also ad
conditions as a part of its Section 40
certification that require application of “bes
management practices” to ensure satisfaction
New Mexico stream standards.  Under the N

TABLE  5.2.3.1–2.—TA–50 Radionuclide Summary

RADIONUCLIDE
AVERAGE 

CONCENTRATIONS 
1990 TO 1995a

PREDICTED 
CONCENTRATION 

AFTER TREATMENT b

DOE-DCG
(PUBLIC)

Americium-241 155 25 30

Cesium-137 804 80 3,000

Tritium 311,203 311,203 2 x 106

Plutonium-238 66 17 40

Plutonium-239 28 27 30

Strontium-90 659 66 1,000

Note:  All results are given in picocuries per liter.
Sources:  a LANL 1992, LANL 1993, LANL 1994, LANL 1995c, LANL 1996b, and LANL 1996c; bVance et al., 1996
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Action Alternative, LANL will continue to
comply with these permit requirements and use
“best management practices” to ensure
satisfaction of New Mexico stream standards.

As discussed under section 5.1.2, Water
Resources Methodology, only the canyons with
increased flows over the index are discussed in
detail.  It is assumed that for canyons with
NPDES flows that are the same or reduced from
the index flows, the impact will be negligible.
Canyons that have an increase in outfall flows
over the index are Los Alamos and Sandia
Canyons.  In Los Alamos Canyon the overall
increase in flow of 11 million gallons
(42 million liters) per year from the index is
from the outfalls associated with the LANSCE
Facility.  In order to assess  potential impacts,
one needs to identify the types of contaminants
that could originate from these outfalls and what
type of contaminants may be transported off the
site.  The LANSCE outfalls with increased flow
are 03A–047, 03A–048, and 03A–049.  These
outfalls are of the type containing cooling tower
blowdown, evaporative coolers, chillers,
condenser and air washer blowdown
(Table 4.3.1.3–2 and Figure 4.3.1.3–1 in
chapter 4 [legend numbers 18, 19, and 20]
provide information regarding type and
location, respectively).  The primary
noncompliance issues associated with these
outfalls are for arsenic.  LANL is in the process
of designing a long-term corrective action that
should help to eliminate future exceedances of
arsenic.  Corrective actions being evaluated
include use of nontreated redwood and
replacement of the wooden cooling towers with
new units constructed of steel, fiberglass, and
plastic.  In 1996, outfalls 03A–048 and
03A–049 had a total of six arsenic exceedances;
however, 1996 surface water monitoring
stations for Los Alamos Canyon show levels of
arsenic of less than 3 micrograms per liter,
which is substantially less than the EPA
drinking water standard of 50 micrograms per
liter.  

Elevated concentrations of tritium and oth
radionuclides have been detected in surfa
water samples in Los Alamos Canyon since t
beginning of surveillance measurements in t
mid 1960’s.  An industrial liquid waste
treatment plant at TA–21 discharged efflue
containing radionuclides into DP canyon, 
tributary to Los Alamos Canyon, from 1952 t
1986.  After 1986, the treated effluent wa
diverted to the TA–50 RLWTF.  Up until 1989
Los Alamos Canyon received discharge
containing radionuclides from the LANSCE
Facility.  In 1993, a cooling water leak wa
discovered at the Omega West Reactor (OW
The OWR was shut down in 1992.  The lea
may have been occurring since beginnin
operation in 1956.  The leak was repaired 
1993 soon after being discovere
(LANL 1995c).  However, the 1996
radiochemical analyses of runoff from Lo
Alamos Canyon (LANL 1997d) were wel
below the DOE-DCGs for the public.  Within
Los Alamos Canyon there are some relative
small areas that are being evaluated by the 
Project (chapter 2, section 2.1.2.5), whe
sediments may contain contaminants such 
radionuclides, chemicals, and metals that are
higher levels than the LANL screening actio
levels (SALs).  SALs are a benchmark for th
potential for human health risk and are deriv
from toxicity data using a risk assessme
approach (section 4.2.3.1).  The ER Proje
plans to either remediate these areas 
temporarily stabilize them until remediation, o
permanently stabilize them such that potent
transport of these contaminated sedimen
would be minimal.  The reach in the vicinity o
the LANSCE outfalls 03A–047, 03A–048, an
03A–49, is ephemeral and intermittent.

Table 4.3.1.1–1 in chapter 4 shows that the to
volume of water at station E030, which is in th
vicinity of these outfalls, was 160 million
gallons (606 million liters) per water year i
1995.  This is large in comparison to th
additional 11 million gallons (42 million liters)
identified in the No Action Alternative.  Based
5–44



Environmental Consequences

g
r

n
y
s
r
1
e
 of
e

as
ct

nts
s
 at

 or
of
be

he
d

e
25
n
d

o
in
f
.  

n

e
ito
d

xt
on surface water monitoring results, particularly
for arsenic and radiochemical analysis, and the
relatively small increases in flow in Los Alamos
Canyon as compared to the naturally occurring
flows, the impacts to surface water from the
increased flow in Los Alamos Canyon should be
negligible.

Sandia Canyon has a small drainage area that
heads at TA–3.  Currently, under baseline
conditions, the canyon primarily receives water
from the cooling tower at the TA–3 power plant.
These effluents support a continuous flow in a
short reach of the upper part of the canyon
(Figure 4.3.1.3–1); but, only during summer
thundershowers does stream flow reach the
LANL boundary at State Road 4, and only
during periods of heavy thunderstorms or
snowmelt does surface flow from Sandia
Canyon extend beyond the LANL boundary.  

In Sandia Canyon for the No Action Alternative,
out of the total 63 million gallons per year
(238 million liters) increase from the index,
approximately 24 million gallons (91 million
liters) per year are associated with outfalls from
the cooling tower at TA–3, particularly outfall
01A–001, identified as 27 in Figure 4.3.1.3–1.
All effluent from the TA–46 Sanitary
Wastewater Systems Consolidation (SWSC)
Facility is pumped to a reuse tank adjacent to the
TA–3 power plant.  When the power plant is in
operation, water is drawn from the tank as
makeup for the power plant cooling towers,
where it is either lost to the air through
evaporation or discharged to Sandia Canyon via
the power plant outfall 01A–001.  Outfall 13S,
the original outfall for the TA–46 SWSC
Facility, is located at the TA–46 SWSC Facility
but is not used.  However, the SWSC effluent,
prior to being pumped over to TA–3, must meet
the NPDES discharge limits for 05S
(Table 4.3.1.3–2 shows NPDES effluent
limits).  The additional 24 million gallons
(91 million liters) per year flow at TA–3
includes the increase flow projected from the
SWSC plant.  The additional outfall flow at
TA–3 will support the continuous flow in the

upper part of the canyon.  The remainin
39 million gallons (148 million liters) per yea
increase in flow is from another LANSCE
outfall, 03A–113 at TA–53, identified as 21 i
Figure 4.3.1.3–1.  The effluent water qualit
from both outfalls 01A–001 and 03A–113 i
similar to the outfalls discussed previously fo
cooling towers.  In 1996, both outfalls 01A–00
and 03A–113 were in compliance with th
NPDES permit, and the radiochemical results
runoff from Sandia Canyon were well below th
DOE-DCG for the public.  Within Sandia
Canyon, there are some relatively small are
that are being evaluated by the ER Proje
(chapter 2, section 2.1.2.5) where sedime
may contain contaminants such a
radionuclides, chemicals, and metals that are
higher levels than the LANL SALs.  The ER
Project plans to either remediate these areas
stabilize them such that potential transport 
these contaminated sediments should 
minimal.

Figure 4.3.1.3–1 in chapter 4 shows that t
flow in Sandia Canyon is ephemeral an
intermittent in the vicinity of outfall 03A–113,
and Table 4.3.1.1–1 shows that the total volum
of water at perimeter downstream station E–1
in Sandia Canyon was less than 2 millio
gallons (4 million liters) per year.  Increase
flow from outfall 03A–113 of 39 million gallons
(148 million liters) per year may be sufficient t
support a continuous flow for a short reach 
the vicinity of the outfall.  However, transport o
contaminants off the site should be negligible

For additional information on changes i
NPDES outfall flows for each outfall for all the
alternatives see volume III, appendix A.

5.2.3.2 Groundwater

Groundwater quantity and quality impacts to th
three areas of groundwater under the Pajar
Plateau (alluvial, intermediate perched, an
main aquifer) that may result from
implementing the alternatives over the ne
5–45
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10 years were evaluated.  As discussed under
section 5.1.2, Water Resources Methodology,
only the canyons with increased flows over the
index are discussed in detail.  It is assumed that
for canyons with NPDES flows that are the
same or reduced from the index flows, the
impact will be negligible. 

In order to better understand the extent of the
effects of LANL activities on groundwater,
more monitoring wells are being installed.
Once constructed, the new monitoring wells
should provide data for researchers to gain
better understanding of how contaminants are
transported from discharge sites.  Because of the
many questions concerning the hydraulic
characterization of the Pajarito Plateau, such as
recharge mechanisms for the main aquifer and
the lack of hydrogeologic detail, LANL
personnel prepared a Hydrogeologic Workplan
that was approved by NMED in 1998
(LANL 1998d).  The first of these wells to be
installed is R-9 located in lower Los Alamos
Canyon near the intersection of NM 501
and NM 4.  On December 10, 1997, LANL
personnel found preliminary indications of low
levels of tritium in two perched groundwater
zones.  The water in which the tritium
contamination was detected lies several hundred
feet above the main aquifer, and the tritium
levels were below the Safe Drinking Water
Standards established by the EPA.  LANL has
previously detected extremely low level of
tritium in the deep aquifer at several existing
wells.  Potential impacts to groundwater for the
No Action Alternative are based on the most
current information available. 

Alluvial Groundwater

Alluvial groundwater aquifers may vary in size,
dry out, or develop in locations where they
previously did not exist in response to variations
in seasonal snowmelt and thunderstorm runoff
and LANL NPDES-permitted discharges into
the canyons (LANL 1994).  Of all LANL
operational factors that may affect shallow
groundwater quality and quantity, variations in

NPDES discharges are the most significa
The canyons that may have an overall increa
in alluvial groundwater volumes as a dire
result of increased NPDES outfall volumes a
Los Alamos and Sandia Canyon
Quantification of alluvial groundwater volume
changes is not possible due to the high degree
uncertainty in many parameters (e.g., snowme
rainfall, infiltration rates, evaporation rates
canyon dimensions, storage capacity 
alluvium).  However, increases or decreases
discharges should result in similar changes
groundwater volumes.

In terms of changes in specific outfalls, th
outfalls at the TA–50 RLWFT and the TA–1
HELWTF are worthy of further discussion an
are described below.

Technical Area–50 Radioactive Liquid
Waste Treatment Facility.  The TA–50
RLWTF, which discharges into Mortanda
Canyon will have several improvements ov
the next 10 years.  Although historic discharg
have been in compliance with existing NPDE
permit requirements agreed upon by the EP
and LANL, improvements in discharge qualit
are necessary to meet more stringe
requirements coming into effect over the ne
several years.  Improvements in treatme
technology (ultrafiltration/reverse osmosis
should allow compliance with the DOE-DCG
for the public for radionuclides by early 1999
Compliance for nitrate to within the new
groundwater discharge limits established 
NMED will be operational by mid 1999.
Tritium activity in the discharge from the
RLWTF will not be affected by the improved
treatment technologies (section 5.2.3.1).

LANL projections for discharges from the
RLWTF into Mortandad Canyon under the N
Action Alternative are 6.6 million gallons
(25 million liters) per year, as compared to th
RLWTF index volume of 5.5 million gallons
(21 million liters) per year.  This flow rate is
similar to that experienced in previous year
and no substantial changes to the volume 
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groundwater stored in the alluvium are
anticipated.

Technical Area–16 S-Site Springs.  The new
HELWTF will be fully operational in mid 1998,
resulting in a reduction in NPDES discharges of
approximately 16 million gallons (61 million
liters) per year into Canyon de Valle, a tributary
to Water Canyon.  This may reduce or eliminate
flow in springs at S-Site.  

The water quality discharging from the S-Site
springs, some of which may have been
contaminated by high explosives compounds
and VOCs from past NPDES discharges, will
likely improve due to the new HELWTF.  The
new plant will reduce the amount of water used
in high explosives processing by 99 percent, and
solvents will be extracted prior to high
explosives processing rather than being
discharged into Canyon de Valle.

Perched Groundwater

The Water Canyon Gallery has not been used as
a source of potable water since 1991 and has not
been used for boiler makeup water at TA–16
since 1994.  LANL does not plan to use Water
Canyon Gallery as a potable or industrial source
over the next 10 years under any of the
alternatives.  The Water Canyon Gallery is on
USFS land, and it is expected that it would only
be used for wildlife watering.

Evaluations of impacts to intermediate perched
groundwater quantity and quality resulting from
operation changes under the alternatives are
qualitative, because groundwater flow and
contaminant pathways to the intermediate
perched groundwater bodies are not well
characterized nor understood.  Chemical
radionuclides in the vicinity of the outfalls with
increased flow under the No Action Alternative
are minimal.  The type of outfalls that have
increased flow are primarily from cooling tower
blowdown, evaporative coolers, etc.  The
impacts to perched groundwater   should be

negligible.  However, it is possible that NPDE
discharges to Los Alamos and Sandia Canyo
contribute to recharge to the intermedia
perched groundwater and contaminant transp
beneath Los Alamos and Sandia Canyons.  T
increase NPDES discharges to Los Alamos a
Sandia Canyons may contribute to the transp
of contaminants off the site.  Environmenta
monitoring of the perched groundwater wi
continue, and as new wells are installed t
information obtained will be used to bette
understand the effects of LANL on groundwat
quality.

Main Aquifer Water Quality

As mentioned at the beginning of this sectio
new wells are being installed to bette
understand recharge to the main aquife
Extremely low levels of tritium have been
detected in the main aquifer (chapter 
sections 4.3.2.2 and 4.3.2.3) and this trend w
most likely continue under the No Action
Alternative.  Environmental monitoring of the
main aquifer will continue, and as new wells a
installed the information will be used to bette
understand the effects of LANL on groundwat
quality in the main aquifer.  The impact
resulting from the increased NPDES outfa
flows, under the No Action Alternative, to th
main aquifer water quality should be negligibl

Public Water Supply

DOE has groundwater rights to abou
1,805 million gallons (6,830 million liters) per
year from the main aquifer.  These righ
provide water, including drinking water, to
LANL, Los Alamos County, and the NPS (fo
BNM).  A conservative projection of maximum
LANL water use under the No Action
Alternative is 712 million gallons (2,695 million
liters) per year.  Los Alamos County and th
NPS did not provide projections, but in 1994 th
county used about 958 million gallon
(3,626 million liters) from this water right, and
the NPS used about 5 millions gallon
5–47
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(19 million liters).  Based on this information, it
is expected that the water requirements of this
community can be met within the existing water
rights from the main aquifer.

For the purposes of modeling drawdown of the
main aquifer, water usage was projected
annually.  The total water usage from DOE
water rights was projected to average
1,593 million gallons (6,030 million liters) per
year under the No Action Alternative, with a
maximum annual use of 1,620 million gallons
(6,130 million liters) and a minimum annual use
of 1,534 million gallons (5,880 million liters).

The USGS MODFLOW model for north-central
New Mexico (Frenzel 1995) was used to predict
water level changes at the top of the main
aquifer for the alternatives.  The model includes
DOE supply wells, wells for the city of Santa Fe
public supply system, discharges from the Santa
Fe sewage treatment plant, and 200 private and
industrial wells in Santa Fe County.  Details of
the conceptual model, assumptions,
uncertainties and limitations, and input
parameters for the groundwater model are
described in volume III, appendix A.  

The model results reflect water level changes at
the top of the main aquifer across the
alternatives, given continued draw from the
aquifer by DOE, Española, and Santa Fe.
Table 5.2.3.1–3 shows predicted water level
changes at the surface of the main aquifer during
the period from 1997 through 2006 for the No
Action Alternative.  These changes are not all
due to LANL operations; the changes for the on-
site well fields and the Guaje well field are
largely attributable to LANL operations and Los
Alamos County.  Although the water use
modeled includes water use in Española and
Santa Fe, the differences between the
alternatives are due only to LANL operations.
Springs in White Rock Canyon in the vicinity of
the Buckman well field may actually increase in
flow due to rising groundwater levels (from
0.1 to 3.8 feet [.03 to 1.2 meters]).  The rising
water levels result from the continuing recovery

TABLE  5.2.3.1–3.—Maximum Water Level 
Changes at the Top of the Main Aquifer 
Under the No Action Alternative (1997 

Through 2006)

WATER LEVEL CHANGE IN FEET a,b

AREA OF CONCERN ON SITE

Pajarito Well Field -13.2

Otowi Well Field (Well 0-4) -12.9

AREA OF CONCERN OFF SITE

DOE - Guaje Well Field -8.7

Santa Fe Water Supply

Buckman Well Field +21.6

Santa Fe Well Field -20.6

San Juan Chama Diversion 0.0

Springs

White Rock Canyon Springs, Maximum 
Drop

0.0

White Rock Canyon Springs, Maximum 
Rise

+1.0

Other Springs (Sacred, Indian) +3.8

San Ildefonso Pueblo Supply Wells

West of Rio Grande:

Household, Community Wells +0.6

Los Alamos Well Field +3.8

East of Rio Grande:

Household, Community Wells 0.0

a Negative value (-) indicates water level drop; positive 
value (+) indicates water level rise.

b Also, the water level changes projected by the regional 
MODFLOW model represent average changes over a 
whole grid-cell (i.e., a square that is a mile on a side).  
They are, for the most part, not predictive of the water 
level changes at any single point within the cell (for 
example, a supply well).  Pumping wells have 
characteristic “cones of depression” where the water 
surface reflects an inverted cone, and water levels at the
well may be quite difference from levels even a few 
ten’s of feet away.  Whether any individual well would 
exhibit water level changes consistent with the predicted
grid-cell average change is a function of, for example, its 
location within the grid-cell; proximity to other pumped 
wells; and the individual well operation, construction, 
and hydraulics.  Hence, the water level changes 
predicted by the model can only be considered 
qualitatively and not be considered as finite changes.
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in the vicinity of the Los Alamos well field,
which was shut down in 1992, and recovery in
the vicinity of Santa Fe’s Buckman well field,
which will be shut down in 1999.  Operations of
both well fields are independent of the
alternatives and significantly affect water levels
in the main aquifer in the vicinity of the Rio
Grande.  Therefore, the water level changes and
the resulting impacts to White Rock Canyon
Springs are identical across the alternatives.

In comparison to the thicknesses of the eight
model layers (total = 5,600 feet [1,707 meters]),
the maximum drawdown predicted for DOE
well fields represents a reduction of main
aquifer saturated thickness of less than
1 percent.  Water use projections indicate that
the total volume of water to be withdrawn from
DOE well fields from 1997 through 2006 is less
than 0.1 percent of the main aquifer volume
(22 trillion gallons [83 trillion liters]) of water
in storage beneath the Pajarito Plateau.  In
summary, the drawdowns in DOE well fields
are minimal relative to the total thickness of the
main aquifer, and the volume of water to be used
over the period from 1997 through 2006 is
negligible relative to the volume of water in
storage.  

5.2.4 Air Quality

This section describes the estimated air quality
impacts from LANL operations under the No
Action Alternative.  The discussion includes
estimated impacts from nonradiological and
radiological air emissions.  Additional detail
and information on the material in this section is
included in volume III, appendix B.

5.2.4.1 Nonradiological Air Quality 
Impacts

The results of the Expanded Operations
Alternative analysis of criteria pollutants
demonstrate that the highest estimated
concentration of each pollutant would be below

the standards established to protect hum
health with an ample margin of safety.  Fo
criteria pollutants, the No Action Alternative
emission rates are lower than those under 
Expanded Operations Alternative.  Therefor
criteria pollutant emissions under the No Actio
Alternative are also expected to be below the
levels.

For toxic air pollutants, the bounding analyse
(based on the emission rates under t
Expanded Operations Alternative) indicate th
the only pollutant emissions with the potenti
to exceed the guideline values under a
SWEIS alternative are the emissions from Hig
Explosives Firing Site (HEFS) operations an
the additive risk from all the pollutants from a
TAs on receptor sites located near the L
Alamos Medical Center.  Emissions from th
firing site operations under the No Actio
Alternative are projected to be one-third th
emissions projected under the Expand
Operations Alternative.  Linear extrapolation o
pollutant concentrations based on th
difference in emissions results in concentratio
that are below the GVs.  Therefore, th
pollutants released from LANL firing site
operations under the No Action Alternative a
not expected to cause air quality impacts th
would affect human health.  

As discussed in section 5.3.4.1, the combin
cancer risk due to all carcinogenic pollutan
from all TAs is dominated by the chloroform
emissions from the HRL.  Under the No Actio
Alternative, chloroform use is projected to b
similar to current usage (about 55 pounds p
year [17 liters per year], or about 15 percent le
than projected under the Expanded Operatio
Alternative).  Assuming that 100 percent of th
chloroform used is emitted (and assuming 
change in other carcinogenic pollutan
emissions as compared to those under 
Expanded Operations Alternative), th
estimated combined incremental cancer risk
the Los Alamos Medical Center is slightl
above the guideline value of 1.0 x 10-6.  Because
it is known that less than 100 percent of th
5–49
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chloroform used is emitted (as much as
25 pounds per year [8 liters per year] are
disposed of as liquid chemical waste), the
incremental cancer risk under the No Action
Alternative would be less than the GV.

Based on the information discussed above,
pollutants released under the No Action
Alternative are not expected to cause air quality
impacts that would affect human health and the
environment.

5.2.4.2 Radiological Air Quality 
Impacts

Facility-Specific Maximally Exposed 
Individual

Table 5.2.4.2–1 shows the distance a
direction and estimated dose to each FS M
under the No Action Alternative.  The highes
FS MEI dose under this alternative wa
calculated to be 3.11 millirem per year, which 
31.1 percent of the regulatory limit (which i
10 millirem per year for the air pathway). 

LANL Maximally Exposed Individual

The location of the highest dose from all facilit
emissions was 2,625 feet (approximate

TABLE  5.2.4.2–1.—Facility-Specific Maximally Exposed Individual Information—No Action 
Alternative

FACILITY
MEI DISTANCE

feet (meters)
DIRECTION

DOSEa 

(mrem/yr) 

TA–3–29 (CMR Building) 3,576 (1,090) North 0.43

TA–3–66 (Sigma Building) 3,560 (1,085) North 0.43

TA–3–102 (Machine Shops) 3,379 (1,030) North 0.34

TA–11 (High Explosive Testing) 4,298 (1,310) South 0.31

TA–15/36 (Firing Sites) 7,415 (2,260) Northeast 2.26

TA–16 (WETF) 2,886 (880) South-Southeast 0.31

TA–18 (Pajarito Site: LACEF) 2,821 (860) Northeast 1.73

TA–21 (TSTA and TSFF) 1,050 (320) North 1.41

TA–48 (Radiochemistry Laboratory) 2,920 (890) North-Northeast 1.66

TA–53 (LANSCE)b 2,625 (800) North-Northeast 3.11

TA–54 (Area G)c 1,197 (365) Northeast - LANL Boundary 0.75

5,331 (1,625) Southeast - White Rock 0.43

TA–55 (Plutonium Facility) 3,691 (1,125) North 1.66

a For each FS MEI, the total dose was calculated by adding the contributions from each modeled facility.  Note that an MEI i
assumed not to leave or to take protective measures.

b This is also the location of the LANL MEI.  Five specific sources were modeled from TA–53.  These include the TA–53 ES–
ES–3, IPF, LEDA and combined diffuse emissions.

c Two FS MEI locations were considered for TA–54, because Area G borders San Ildefonso Pueblo land.  The first is an ME
location at the LANL boundary, 1,197 feet (365 meters) northeast of Area G.  No person from the Pueblo currently is known ve 
along this boundary.  The second is an actual MEI location in the town of White Rock, approximately 5,331 feet (1,625 met
southeast of Area G.
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800 meters) north-northeast of LANSCE.  This
location defines the LANL MEI.  The dose to
this location from all facility emissions was
calculated to be 3.11 millirem per year.

Population Dose

The collective dose to the population living
within a 50-mile (80-kilometer) radius from
LANL was calculated for emissions from all
facilities and found to be 13.59 person-rem per
year.  The values reported for population doses
for this alternative, as well as the other
alternatives, are higher than has been reported in
the recent annual environmental reports.  It is
important to recognize that the alternatives
analyzed represent increased operations when
compared to recent history.  (For example,
LANSCE and firing site operations currently
planned are higher than achieved in recent
years.)  The material throughput at the different
facilities under the various alternatives is
presented in chapter 3 (section 3.6).

An examination of the detailed data contained in
appendix B (volume III) reveals that most
(52 percent) of the collective population dose
comes from emissions from the TA–15/36
firing sites.  This is in contrast to the dose
delivered to the LANL MEI, most of whose
dose comes from LANSCE.  The reason is that
the firing site emits long-lived uranium
isotopes; whereas, the LANSCE facility emits
short-lived air activation products that decay
quickly.  Collectively, diffuse emissions
(including those from TA–15/36) account for
52.8 percent of the population dose under the
No Action Alternative.

Isodose Maps

Isodose maps present the estimated doses within
a 50-mile (80-kilometer) radius from LANL.
These isodose maps are shown in
Figures 5.2.4.2–1 and 5.2.4.2–2.  The isodose
lines represent the summation of all modeled
emissions and their subsequent estimated
annual doses.  Due to the summation, the

resulting lines do not necessarily matc
individual wind rose patterns.  This is due to th
multiple facilities that contribute to the summe
doses, as well as the distances displayed in 
figure.  To determine the dose at a speci
location, individuals need only find the locatio
on these maps and interpolate between 
isopleths. 

5.2.5 Ecological Resources, 
Biodiversity, and Ecological 
Risk

This section discusses potential impacts 
ecological resources (including wetlands
biodiversity, and ecological risk.  Under the N
Action Alternative, LANL operations would
continue at their currently planned leve
Construction activities would be limited largel
to those required to maintain facilities fo
currently authorized activities.  Because of th
continuation of current operational levels, the
would not be any appreciable change 
landscape features.

Ecological Resources and Biodiversity 

A continuation of the current LANL facility
operation and planned actions as reflected
DOE management plans that impleme
currently assigned programs would enhan
present biological resources (includin
protected and sensitive species), ecologic
processes, and biodiversity.  This enhancem
would result largely from ongoing actions an
plans whose objectives are to eliminate 
reduce pollutants that could potentially pose
risk to biological systems, and biologica
management plans that would be incorporat
into existing LANL operations to protect an
enhance its biological resources.  Key actio
and plans and their objectives are briefly stat
as follows:

• Environmental Restoration Project.  
Objectives are to remediate potentially 
contaminated sites resulting from historic 
5–51
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FIGURE 5.2.4.2–1.—Isodose Map Showing Doses Greater Than 1 Millirem 
per Year for the No Action Alternative.

Note:  The isodose lines are given in units of mrem.
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FIGURE 5.2.4.2–2.—Isodose Map Showing Doses Less Than 1 Millirem per 
Year for the No Action Alternative.

Note:  The isodose lines are given in units of mrem.
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treatment, storage, and disposal practices at 
LANL; meet the environmental clean-up 
requirements of the Resource Conservation 
and Recovery Act (RCRA) (42 U.S.C. 
§6901); and decontaminate and 
decommission facilities previously 
contaminated by radioactive and hazardous 
materials, such restorations can result in 
ecological disturbance during individual 
actions.

• Waste Stream Characterization Program 
and Outfall Reduction Program.  
Objectives are to reduce the possibility that 
LANL activities could produce wastewater 
discharges into the ecosystem.

• Construction of a New High Explosives 
Wastewater Treatment Facility.  Objectives 
are to further improve outfall effluent 
quality by reducing the amount of water 
used in high explosives (HE) processing, 
eliminating non-HE industrial wastewater, 
preventing contamination of stormwater, 
and treating all HE-contaminated 
wastewater.

• Completion of New Wastewater Treatment 
System at the TA–50 RWLTF.  Objective is 
to reduce radionuclide and nitrate 
concentrations in the treatment plant 
effluent.

• Threatened and Endangered Species 
Habitat Management Plan.  Objectives are 
to identify the combined effects of many 
LANL projects on threatened, endangered, 
or sensitive species; provide long-range 
planning information for all future LANL 
projects; and develop long-range 
management measures to protect habitat 
for these species (see chapter 4, 
section 4.5.1.6).

• Initiate Natural Resources Management 
Plan.  Objectives will be to determine 
conditions and to recommend management 
measures that will restore, sustain, and 
enhance the biological quality and 
ecosystem integrity at LANL within the 
context of a dynamic Pajarito Plateau 
ecosystem (see section 4.5.1.6).

In addition to these continuing actions an
plans, studies are underway to make a mo
quantitative assessment of trophic lev
transport of radionuclides of interest.  The
assessments would refine measures being ta
for protection of biological resources shou
any concerns arise.

These ongoing programs and planning actio
would not only benefit resources on LANL bu
would contribute to a more regionalize
management strategy, thereby improving t
current fragmented and compartmentaliz
management by five or more agencies.  
regionalized management strategy wou
significantly lessen the decline or los
of regional biological diversity resulting from
anthropogenic disturbances (e.g., risk 
catastrophic wildfire, erosion, elk
overpopulation, and habitat loss an
fragmentation).  The roots of thes
environmental issues predate LANL, yet a
common to (or sensitive to) all alternative
evaluated in the SWEIS.  Their resolution is 
be found through a philosophy of environment
stewardship, permanent interagenc
coordination, and development of a join
planning and management program.

The presence of LANL, with its highly
restricted access and limited planned la
disturbing activities, would continue to provid
habitat and protection for a rich diversity o
plants and animals, including an appreciab
number of threatened, endangered, and ot
sensitive species.  The presence of measure
protect threatened and endangered species (
habitat protection, access and activi
restrictions, and noise and light restrictions
combined with surveys and studies associa
with the stated Threatened and Endange
Species Management Plan, would continue
protect and conserve these protected species

Terrestrial and Wetland Habitat

Common to the No Action, Reduce
Operations, and Greener Alternatives, is t
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absence of activities that would result in the loss
of terrestrial habitat.  Further, a reduction in the
number of wetlands as a consequence of outfall
reduction would reduce wetland habitat under
all four SWEIS alternatives.

As demonstrated in Table 5.2.3.1–1 of
section 5.2.3, Water Resources, there would be
a reduction in the number of outfalls over the
index period and an increase in the volume of
effluent  discharged by some remaining outfalls.
This reduction includes many of the 27 outfalls
proposed for closure and evaluated in the
Environmental Assessment for Effluent
Reduction (DOE 1996e), as well as several
others that have been closed as part of LANL’s
Outfall Reduction Program.  While it is possible
that not all 27 closures discussed under effluent
reduction may be realized, this is the planned
reduction, as reflected in the Environmental
Assessment for Effluent Reduction.  Thus, the
elimination of 27 outfalls is used as the
bounding case for the purposes of this SWEIS.
The number of outfalls remains constant across
all four alternatives.

The elimination of industrial effluent from up to
27 outfalls could result in a decrease of
approximately 8.6 acres (3.5 hectares) of
wetlands.  Most of these are linear riparian
wetlands that vary in size from 0.001 acre
(0.0004 hectares) to 4.4 acres (1.8 hectares).
Many wetlands associated with outfalls have
other water sources that have contributed to the
establishment and maintenance of the wetlands.
Consequently, some outfalls would continue to
have the same plant species in about the same
proportions as they do now.  Other outfall
wetlands would experience a moderate amount
of replacement of vegetation with species that
require less water.  Still, many would undergo a
more pronounced change in character, with a
high degree of replacement by other species
requiring less water.  The reduction would result
in a localized die-off of aquatic invertebrates
and possibly some small numbers of small
mammals and amphibians with limited ranges.
These species would be replaced with those

characteristic of drier habitats.  There would b
very localized decrease in biodiversity
Cessation of some watering sources may ca
some localized displacement of large- an
medium-sized animals.  However, becau
larger mammals can travel to other availab
water sources, daily and seasonal movem
may only change slightly.

The possible loss of up to 8.6 acre
(3.5 hectares) of wetlands associated with t
elimination of industrial effluent from up to 27
outfalls, combined with about 5 acre
(2 hectares) from past and planned LAN
actions could result in the cumulative loss 
about 13.6 acres (5.5 hectares).  Because th
are about 161 wetlands covering about 50 ac
(20 hectares) within LANL boundaries, abou
36.4 acres (14.7 hectares) or 73 percent of 
wetlands would still remain available fo
wildlife use.  The cumulative effect of thes
actions on large mammals, such as deer and 
would be changes in animal distribution an
patterns of movement.  As industrial effluen
from outfalls continues to be eliminated over th
next 3 to 5 years, these large mammals wo
adapt and utilize other available water sourc
both natural and human caused.  An
measurable effects of a continuing reduction
outfalls could be a local reduction in elk densi
at LANL, but this would not likely alter the
overall pattern of elk movement, use, an
numbers in the Jemez Mountains.

An increase in the quantity of discharge fro
remaining outfalls under the No Action
Alternative, specifically in Sandia and Lo
Alamos Canyons, is within historic fluctuations
which are governed by project types an
operational levels.  This increase would not 
expected to significantly affect channe
morphology nor associated biological feature
An increase in flow holds the potential for th
expansion of existing wetlands.  Howeve
because of the narrow canyon floors and ste
canyon sides, this potential may be on
marginal.  There could be a small increase 
opportunity for wildlife watering.
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The biological and ecological consequences of a
wildfire on LANL are potentially significant.
LANL and surrounding lands are generally
forested areas with high fuel loading.  Although
fire is a natural part of biological systems,
anthropogenic influences such as grazing,
logging, and fire suppression have produced
conditions that can have pronouced adverse
effects on forest ecosystems.  Natural high-
frequency, low-intensity fire regimes have been
replaced with low-frequency, high-intensity
fires that consume a higher percentage of
vegetation.  As reflected in other nearby areas
that have experienced severe wildfires in the
past (e.g., the Water Canyon, La Mesa, Dome,
and Oso Complex fires), the potential for
wildfires encroaching on LANL exists.
Biological and ecological consequences of a
severe wildfire involving LANL would result
from loss of habitat soil erosion, sedimentation,
and increased risk from contaminants.  The loss
of forest or woodland habitat would result in a
temporary loss of habitat for a broad spectrum
of animals.  As vegetation is re-established, an
altered community of animal species would
follow, its composition changing with the
evolution of the plant community.  The pattern
of burned vegetation will play a significant role
in renewed wildlife use.  Early plant
communities of grasses and herbaceous growth
can have a high biomass and species diversity,
as exhibited by nearby areas affected by recent
wildfires.  This expansion of grass and
herbaceous growth could provide additional
forage for the large elk population in and around
LANL and contribute to existing management
concerns.

Impacts to threatened and endangered species
(e.g., the Mexican spotted owl) from a wildfire
would depend on several factors such as the
burn pattern, the time of day that the burn
occurs, the type of fire, topography, and if
nesting is occurring.  Threatened and
endangered species have remained or returned
to nearby areas that have experienced recent
burns.  Some species, such as the peregrine

falcon, could benefit through improved foragin
habitat.  Perhaps the most significant impact
threatened and endangered species that coul
precipitated by a wildfire is the genera
disturbance caused by the fire-fighting effo
itself (e.g., fire-fighting crews, aircraft, and
vehicular traffic).

Increased runoff resulting from the burning o
vegetation cover would result in a
commensurate increase in water chann
scouring, enlargement, and headcutting.  T
process and any accompanying sedimentat
would have the potential to degrade or remo
the limited riparian vegetation on LANL.
Wetlands associated with water courses co
also be affected, and perhaps several would
removed for a period of time because of chang
in channel morphology.  With the degradatio
of riparian vegetation and wetlands would be 
associated reduction or loss of habitat for
variety of invertebrates, small and larg
mammals, amphibians, reptiles, and a divers
of birds.  

Any impact of legacy contaminants transporte
to downstream riverine and lake ecosystems
unknown, but there could potentially be a
increase in ecological risk.  A more extensiv
discussion of the biological effects of a wildfir
at LANL can be found in volume III,
appendix G, Accident Analysis.

Ecological Risk

As stated (in sections 5.2.2.3, 5.2.3.1, 5.2.4
and 5.2.4.2), ongoing operations under the 
Action Alternative have little potential to
contribute substantially to soil, water, and a
contamination.  Contaminants such as D
beryllium, lead, copper, and others are produc
at firing sites and are of  potential concern f
conveyance in sediments.  However, th
estimated soil concentrations from future a
concentrations at the firing sites would be 
orders of magnitude less than those in t
average background or maximum legac
contamination.  Also, as more remedial actio
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projects are completed, the overall levels of soil
and water contamination would be reduced.

Because of the absence of increased levels of
contamination, there would not be an
incremental change in ecological risk.  There are
no projected differences in firing site emissions
among the No Action, Reduced Operations, and
Greener Alternatives.

5.2.6 Human Health

The consequences of implementing the No
Action Alternative on public health and worker
health are presented below.  The methodologies
used to evaluate consequences are summarized
in section 5.1.6 and detailed in appendix D,
section D.2.  Detailed discussions of the results
are presented in appendix D, sections D.3 and
D.4.  There is a discussion of the terminology
used in the human health evaluation presented
in appendix D, section D.1.  “Risk,” as used in
the Human Health Consequences section, refers
to the probability of toxic or cancer mortality
consequences under the specific exposure
scenarios analyzed.  

5.2.6.1 Public Health

The consequences of continued operations of
LANL on public health under the No Action
Alternative are presented below.  The
evaluation is presented in four topics:  (1) the
consequences of external radiation and airborne
radioactivity from LANL operations;
(2) consequences of chemical emissions from
LANL facilities;  (3) consequences of ingestion
of local foodstuffs, water, and incidental intake
of soils and sediments to residents, to
recreational users of the canyon lands on or near
LANL, and to special receptors (traditional
Native American and Hispanic life styles) and;
(4) a summary of consequences to the public
along transportation routes (summarized from
the analyses in section 5.2.10).  (Risks from
accidents are discussed in section 5.2.1.1.)

Regional Consequences of Airborne 
Radioactivity Inhalation and Immersion

As shown in section 5.2.4.2, the doses fro
airborne radioactive emissions from LANL
were estimated to a 50-mile (80-kilomete
radius from LANSCE (the central poin
assumed for LANL emissions).  Both facility
specific and site-wide doses were calculat
(volume III, appendix B). 

The location of the highest potential dose fro
all emissions, called the LANL MEI, was
estimated to be 2,625 feet (approximate
800 meters) north-northeast of LANSC
(TA–53).  This location is within the LANL
reservation, and the dose to the MEI at th
location is estimated to be 3.11 millirem pe
year, which is 0.9 percent of the backgound do
(about 360 millirem per year).  This locatio
borders the Los Alamos townsite and is 
conservative estimate for a MEI from LANL
wide emissions.

Table 5.2.6.1–1 summarizes the LANL ME
dose and presents the corresponding risk 
excess LCF to the MEI.  These risks a
presented on a lifetime basis, assuming that 
LANL MEI received the estimated dose o
3.11 millirem each year for a 72-year life.  Th
excess LCF risk was estimated to be 0.00
over a lifetime.    

The isodose maps showing both the estima
dose near LANL and to a 50-mile
(80-kilometer) radius of LANL are provided a
Figures 5.2.4.2–1 and 5.2.4.2–2.  The collecti
dose to the population that lives within th
50-mile (80-kilometer) radius is given in
Table 5.2.6.1–1, estimated to be 13.6 perso
rem per year of operation with an estimate
lifetime excess LCF risk of about 0.0068 pe
year of operation.  (As summarized i
appendix D, the lifetime risk of dying from
cancer in the U.S. is more than 23 percent 
men and more than 20 percent for wome
Based on this rate, approximately 40,000 peo
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within the 50-mile [80-kilometer] radius of
LANL would be expected to die from cancer.) 

A level of 1 millirem per year is a benchmark
used as a screen for negligible individual
consequences (NCRP 1993).  In the No Action
Alternative, there are six facilities with FS MEIs
estimated to receive at least a 1 millirem per
year dose, based on contributions from all
facilities to these locations (volume III,
appendix B):  

• LANSCE, 3.11 millirem per year to the FS 
MEI

• HE Testing Sites (TA–15 and TA–36), 
2.26 millirem 

• Pajarito Site (TA–18), 1.73 millirem 
• Radiochemistry Laboratory (TA–48), 

1.66 millirem 
• Plutonium Facility (TA–55), 1.66 millirem 
• Tritium System Test Assembly (TSTA) and 

Tritium Science and Fabrication Facility 
(TSFF) (TA–21), 1.41 millirem 

External Radiation:  Two Special Cases

One contribution to public dose results from
jogging or hiking the access road north of
TA–21 and is attributable to cesium-137 known
to be on the ground within the TA in Area F
(LANL 1997d).  The MEI dose is not expected
to change from that currently estimated as an
EDE of 2.9 millirem per year (chapter 4,
section 4.6).  For this MEI, the excess LCF risk
over a lifetime from that dose would be about
1.4 x 10-6 per year of operation, assuming that
the MEI exposure was equivalent to about 24,

4-hour days per year, a very conservati
estimate.

Another contribution to public dose would
result from TA–18 “road-open” operations (tha
is, undertaken at TA–18 for which roads are n
closed).  About four exposures per year wou
be expected for the MEI (who is assumed to 
passing TA–18 on Pajarito Road at the time 
maximum radiation flux during an experimen
out of the 100 operations per year at TA–18. T
maximum dose to the MEI per operational eve
was estimated 4.75 millirem.  Assuming that
maximum of four events would contribute to th
MEI, the annual projected MEI EDE dos
would be 19 millirem per year. This would
result in a lifetime excess LCF risk of abou
9.5 x 10-6 per year of operation.

Nonionizing Radiation

The only uncontained nonionizing radiatio
source in use or planned  for  LANL is th
microwave transmitter in TA–49.  It is
extremely unlikely that a member of th
public would be exposed to this sourc
However, the consequence of a 1-seco
exposure at the shortest distance a pers
could  get to the transmitter was examine
(volume III, appendix D, section D.2.2.2)
The consequence to a person exposed 
1,640 feet (500 meters) is negligible, elevatin
body temperature approximately 0.04°
(0.02°C) and not affecting biochemica
processes.

TABLE  5.2.6.1–1.—Estimated Public Health Consequences for LANL Maximally Exposed 
Individual and the Population Within 50-Mile (80-Kilometer) Radius of LANL for the

No Action Alternative

PARAMETER LANL MEI 50-MILE RADIUS POPULATION

Dose 3.11 millirem per year 13.59 person-rem per year

Excess LCF 0.00011 per lifetime (72 year) 0.0068 per year of operation
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Consequences of Airborne Chemical 
Emissions

For the nonradiological (chemical) air quality
analysis, a screening was conducted for each TA
within LANL to identify potential chemical
emissions under normal operations of the four
alternatives that would need to be assessed for
public health consequences.  In the analysis of
the Expanded Operations Alternative (which
had the greatest emissions out of the four
alternatives), four TAs involved in HE testing
were identified (TA–14, TA–15, TA–26, and
TA–39) for public health consequence analysis
for three specific chemicals (beryllium, lead,
and DU).  While these operations result in
emissions of other chemicals as well
(aluminum, copper, iron, tantalum, and
tungsten), the health effects of these other
emissions were not analyzed in detail because
their toxicity reference doses and estimated
concentrations in air are relatively low.  The
emissions of the three chemicals analyzed were
evaluated for potential human health effects
under each of the SWEIS alternatives.
(Sections 5.1.4 and 5.2.4, and appendix B,
section B.2.3, include additional information
regarding nonradiological air emissions
screening and analysis.)

Hazard indices (HIs) were calculated for two of
the three metals evaluated quantitatively (lead
and uranium).  An HI equal to or above 1 is
considered consequential from a human toxicity
standpoint.  For the No Action Alternative, the
worst-case HI for lead did not exceed one in a
million (10-6).  For DU, the worst-case HI did
not exceed 1 in 100,000 (10-5).  

Beryllium has no established EPA reference
concentration for inhalation from which to
calculate the HI.  Beryllium was evaluated as a
carcinogen, however.  The excess LCF rate for
beryllium under the No Action Alternative was
estimated to be  less than 3.6 x 10-7 per year; that
is, none.

Carcinogenic Risk from Air Emissions

The screening process described in volume 
appendix B, identified no individual
carcinogenic chemical air emission tha
required analysis for public health
consequences.  For carcinogens, an estim
also was made of the combined lifetim
incremental cancer risk due to all carcinogen
pollutants from all TAs (appendix B,
attachment 6).

This was found to be less than 1 in 1 million fo
the No Action Alternative because projecte
emissions for this alternative are far less th
those analyzed for the Expanded Operatio
Alternative (which was only slightly above th
screening GV of 1 x 10-6).  Thus, it is expected
that a negligible increase in increment
combined cancer risk will result from the N
Action Alternative.

Consequences of Ingestion to Residents, 
Recreational Users, and Special Pathways 
Receptors

The risk to public health from ingestion o
water, foodstuffs, and from incidental ingestio
of soils and sediments was estimated fro
environmental surveillance data within an
surrounding LANL.  The risk of toxicity and
carcinogenicity will continue to be dominate
by existing concentrations of radionuclides an
chemicals in environmental media due 
naturally occurring materials, fallout and othe
anthropogenic sources affecting the region, a
historical operations (including emissions
effluents, and accidental spills and releases).
addition, the potential for short-term exposur
to contaminated sites at LANL, identified in th
LANL ER Project, was evaluated using the E
database from LANL (appendix D
section D.3.5, Tables D.3.5–5 and D.3.5–6).

The consequences of ingestion were estima
for hypothetical individuals based on fiv
exposure scenarios (as discussed in 5.1.6).  
consequences estimated are based 
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95th percentile values of detected analytes for
the periods of environmental surveillance data
sets available for the 1990’s.  The estimates
were also made using the worst-case
(95th percentile) uptake rates for the specific
food components.

The LANL-wide maximum hypothetical risk
from ingestion is the non-Los Alamos County
resident who is also a resident recreational user
of LANL lands and is also subject to the
exposures in the special pathways analyzed.
This composite hypothetical risk was used to
represent the LANL-wide MEI dose from
ingestion because it contains the maximum
number of potential pathways for ingestion risk.

Tables 5.2.6.1–2 and 5.2.6.1–3 summarize the
total radiological annual ingestion dose and
excess LCF to members of the public.  Per
Table 5.2.6.1–3, the total worst-case ingestion
doses for the off-site resident of Los Alamos
County and non-Los Alamos County resident
are 0.011 and 0.017 rem per year, respectively.
If this person is also a recreational user of the
Los Alamos canyons, drinking canyon water
and ingesting canyon sediments, the worst-case
additional dose ranges up to 0.001 rem per year,
according to the amount of time spent in the
canyons (see footnote b in Table 5.2.6.1–3).    If
the individual has traditional Native American
or Hispanic lifestyles, the values found in the
final columns of the table should be used in
place of the values in the first columns for off-
site residents.  Per the values in the final
columns, these “special pathways receptors”
can have worst-case 3.1 millirem per year
additional dose.  The associated excess LCF
risks for the off-site residents are 8.6 x 10-6 per
year of exposure and 9.1 x 10-7 per year of
exposure for the individual who is also an avid
recreational user.  The worst-case doses are for
a 95th percentile intake of the 95th percentile
contamination level, referred to as the UCL.
Ingestion pathway calculations included all
radionuclides detected in the media.  This
includes natural background, weapons testing
fallout, and previous releases.  The actual

contribution from continued operations a
LANL is only a small fraction of this value.
These values apply to the baseline and to all fo
alternatives.  The data and analyses for the
calculations are in appendix D, section D.3.3.

Estimates were made of the potential risk fro
metals exposure to public health usin
environmental surveillance data in the m
1990’s monitoring of metals in groundwate
surface water, soils and sediments, vegetab
fruit (Los Alamos County only) and fish
(appendix D, section D.3.3 and associat
tables).  Table 5.2.6.1–4 identifies HI values 
1 for any of the MEIs, and excess LCF risk
exceeding 10-6 to these MEIs via ingestion
pathways. 

Arsenic was identified as having an HI great
than 1 in groundwater within the water supplie
of Los Alamos County and San Ildefons
Pueblo.  Excess LCF risks are elevated a
(Table 5.2.6.1–4).  Elevated excess LCF ri
from arsenic was estimated for worst-ca
consumption of incidental soils, sediment
surface water, and NPDES discharges by so
residents and recreational users of LAN
While the risk associated with arsenic ingestio
is greater than 10-6 per year in many pathways
the arsenic is not associated with LAN
discharges.  Arsenic is endemically present
the geology and soils and groundwaters a
surface waters of the region in which Ne
Mexico is located (volume III, appendix D
section D.3.4).

Beryllium has no HI for ingestion exceeding 1
However, the excess LCF rate estimated fro
worst-case ingestion of waters and soils 
elevated (Table 5.2.6.1–4).  While the ris
associated with beryllium ingestion is great
than 10-6 in several pathways, the beryllium
concentrations in waters, soils, and sedime
are typical of those in background in th
northern New Mexico region.  Based on th
environmental surveillance data from LANL
the portion of beryllium associated with LANL
operations is not a significant contributor t
5–60
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beryllium concentrations in the immediate area
of LANL (appendix D, section D.3.4).

Dose from Ingestion of Water from Supply 
Wells

The radiation doses from ingestion of water
from supply wells for off-site Los Alamos
County residents (Table D.3.3–1) and San
Ildefonso (Table D.3.3–5) run from about 1 to
7 millirem per year, mostly due to naturally
occurring uranium.  (The concentrations used in
these analyses include contribution from
background.)  

Consequences to the Public Along 
Transportation Routes

Section 5.2.10 details the analysis of
transportation consequences.  Public health
consequences include the dose and excess LCF
risk associated with routine, accident-free
transportation.  Table 5.2.10–2 shows the
population dose and excess LCF for normal
(accident-free) off-site shipments throughout
the U.S.  The population dose and excess LCF
associated with exposures occurring during
stops for transportation segments near LANL
are provided in Table 5.2.6.1–5.  Doses
associated with living along and sharing routes
with these shipments are detailed in
Table 5.2.10–2, and are less than those
associated with stops.  Risks associated with
accidents during transportation are also
discussed in section 5.2.10.   

5.2.6.2 Worker Health

Worker risks associated with continued
operations of LANL include radiological
(ionizing and nonionizing) risks, chemical
exposure risks, and risk of injury during normal
operations.  The consequences to worker health
from implementing the No Action Alternative
are given below and detailed in appendix D,
section D.2.2.   

Radiological Consequences

Ionizing Radiation Consequences.
Table 5.2.6.2–1 summarizes the project
doses and associated excess LCF risks fr
implementation of the No Action Alternative
for continued operations of LANL.

The collective worker dose under the No Actio
Alternative is conservatively projected to b
approximately twice that measured in 1993 
1995.  In terms of the average non-zero dose
an individual worker, the No Action Alternative
is conservatively projected to result in 0.14 re
per year, as compared with 0.097 rem per ye
1993 to 1995  (chapter 4, section 4.6.2.2).  T
estimated excess LCF risk over a lifetime 
0.000054 per year of operation.     

Nonionizing Radiation Consequences.  It is
expected that there will continue to b
negligible effects to LANL worker health from
nonionizing radiation sources includin
ultraviolet sources, infrared radiation from
instrumentation and welding, lasers, magne
and electromagnetic fields, and microwav
(including the large station at TA–49).  (Se
volume III, appendix D, section D.2.2.2 fo
methodology used to estimate nonionizin
radiation from LANL operations to humans an
wildlife and  for the estimated results.)

TABLE  5.2.6.1–5.—Radiation Doses and 
Excess LCF Risks Estimated to the Public at

Stops During Transportation of Materials
from LANL

ROUTE 
SEGMENT

PERSON-
REM PER 

YEAR
(AT STOPS)

EXCESS 
LCF RISK 
PER YEAR

LANL to U.S. 
84/285

3.2 0.0016

U.S. 84/285 3.3 0.0016
5–67
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Chemical Exposure Consequences   

There have been no chemical exposures
resulting in hospitalization or extended medical
care at LANL in the 1990’s (section 4.6.2.1).
This section examines the occasional
reportable, but minor, chemical exposure likely
during normal operations at LANL.  Because
beryllium operations in support of DOE
missions are being concentrated at LANL, the
consequences to workers are discussed as a
special case below.

It is anticipated that there will continue to be a
few chemical exposures annually, such as to:

• Airborne asbestos
• Lead paint particulates
• Crystalline silica
• Fuming perchloric acid, hydrofluoric acid
• Skin contact with acids or alkalis

Based on the performance for the index period
(1990 to 1996), there would be expected to be a
reportable chemical exposures of one to three
incidents per year at LANL, using the current
worker population of approximately 9,000
individuals. 

Under the No Action Alternative, it is expected
that there will be a worker population of
approximately 10,000 individuals,
approximately 10 percent higher than index
period employment levels.  For the purposes of
the SWEIS, it is assumed that there is negligible
additional benefit of the Chemical Hygiene
Program at LANL over the period analyzed, and

that the rate of chemical exposures continues
the index period rates.  Therefore, it is expect
that reportable chemical exposures fro
continued operations would continue at a rate
one to three injuries per year over the ne
10 years.

Beryllium Processing Consequences.
Beryllium exposure of workers is a potentia
risk of operating the Beryllium Technology
Center (BTC), Building 3-141, in the Sigm
Complex.  Other uses of beryllium at LANL ar
metals applications and present little risk.  Th
worker risks associated with HE testin
applications of beryllium at LANL are the sam
as that for the public MEI and are presented
section 5.2.6.1 above.  There is additional risk
BTC because of powders processing.  This r
is primarily from aerosol and small particulat
inhalation (chapter 4, section 4.6).  The BTC 
configured as a clean facility; that is, it has th
appearance and characteristics of a surgi
theater.  The consequences to the workers 
minimized by multiple and redundan
engineering controls, and workers a
monitored though LANL’s Industrial Hygiene
(IH) Program.  The engineering control
include:  (1) flexible and robust heating
ventilation, and air conditioning (HVAC)
systems supporting a variety of processi
enclosures that capture aerosols and particula
at their point of generation in the proces
(2) physical separation of higher hazar
operations; (3) in-BTC IH monitoring
laboratory allowing immediate detection o
potential exposures to aerosols and particulat
(4) access limited to beryllium workers only

TABLE  5.2.6.2–1.—Worker Ionizing Radiation Annual Doses and Associated Lifetime Excess LC
Risks Under the No Action Alternative

LANL Collective Worker Dose (person-rem per year) 446

Estimated Excess LCF Risk (across the worker population) per year of operation 0.18

Average Non-Zero Worker Dose (rem per year) 0.14

Estimated Excess LCF Risk (average worker > 0 dose) 0.000054
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.4
and (5) waste minimization and contamination
control via use of in-facility laundry and
facility-wide filtration systems.  It is not
anticipated that consequences to workers would
be measurable; that is, no sensitization to
beryllium would be detected using the LANL
IH monitoring program. 

Physical Safety Hazards

Table 5.2.6.2–2 compares the projected
reportable cases of accidents and injuries
estimated to occur during normal operations
(including from building modifications,
maintenance and construction) for the No
Action Alternative and that experienced during
the index period.  The No Action Alternative is
expected to result in an increase in reportable
accidents and injuries proportional to increases
in worker population.  These incidents are
considered to be normal consequences of
normal operations of LANL.  These estimates of
accident rate conservatively assume that the
aggressive Health and Safety Program
underway at LANL does not achieve any
reduction in the accidents and injuries rate. 

The consequences of these accidents and
injuries are expected to be similar to those
experienced in the past, and typically are those
associated with health response and recovery

from acute trauma.  Therefore, th
consequences include physical pain a
therapy/treatment for recovery such as tho
associated with bone setting, should
dislocation reset, and subsequent physi
therapy.  Some injuries may also result 
continuing consequences to the worker th
could affect productivity or lifestyle, such a
motor skill loss due to nerve damage 
cardiovascular debilitation resulting from
electrical shock.

5.2.7 Environmental Justice

As indicated in sections 5.2.1 and 5.2.2, n
substantive adverse impacts to land resource
geology and soils are anticipated for th
continued operation of LANL under the No
Action Alternative.  Thus, no disproportionatel
high or adverse impacts to minority or low
income communities are anticipated for the
impact areas.  The potential impacts to surfa
water, groundwater, and ecological resourc
associated with the No Action Alternativ
would affect all communities in the area equal
(see sections 5.2.3 and 5.2.5 for addition
information on the potential for impacts to thes
resources).   Thus, no disproportionately high
adverse impacts to minority or low-incom
communities are anticipated to be associa
with these resource areas.

Contaminants in air emissions decrease 
concentration (and thus in impact) with distan
from LANL.  This is illustrated in
Figure 5.2.7–1, which projects the dose fro
radiological air emissions within 50 miles (8
kilometers) of LANL.  Similarly, the
concentrations of chemical contaminants fro
air emissions at LANL decrease as the distan
from LANL increases.  Thus, impacts due to a
emissions are equal to or lower in the secto
with substantial minority and/or low-income
populations than they are in sectors 1–3 a
6–16, and such impacts do no
disproportionately impact the minority or low
income populations.  (See section 5.2

TABLE  5.2.6.2–2.—Projected Annual 
Reportable Worker Accidents and Injuries 
for Normal Operations in the No Action 

Alternative Compared with the Index Period

PARAMETER 
ESTIMATED

 PARAMETER 
VALUE AND 

UNITS

Projected Worker 
Population

 Approximately 
10,000

Projected Reportable 
Accidents and Injuries

460/year

Change from Index (1993 
to 1996)

 + 10%
5–69



5–70

LANL SWEIS
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regarding the impacts anticipated for air
emissions under the No Action Alternative.)

The air pathway is one example of the analysis
of potential human health impacts.  As
presented in section 5.2.6, there is minimal
potential for LANL operations to adversely
affect human health for off-site residents or
recreational users in the area around LANL
under the No Action Alternative.  The human
health analysis also includes an analysis of
exposures through special pathways, including
ingestion of game animals, fish, native
vegetation, surface waters, sediments, and local
produce, absorption of contaminants in
sediments through the skin, and inhalation of
plant materials.  The special pathways have the
potential to be important to the environmental
justice analysis, because some of these
pathways may be more important or viable for
the traditional or cultural practices of minority
populations in the area.  However, human health
effects associated with these special pathways
would not present disproportionately high or
adverse impacts under the No Action
Alternative.

As shown in section 5.2.10, impacts to public
health from transportation on the site and from
LANL to U.S. 84/285 are estimated to be 0.0016
excess LCFs per year from incident-free
transportation and 0.040 deaths or injuries per
year from transportation accidents.  Impacts
from transportation on route segments that pass
through minority or low-income communities
(particularly the segment on U.S. 84/285 to
I–25) are estimated to be 0.0016 excess LCFs
per year from incident-free transportation and
0.090 deaths or injuries per year from
transportation accidents.  Therefore, no high
and adverse impact is expected to a member of
the general public or to a member of a minority
or low-income population due to transportation
in the vicinity of LANL.

5.2.8 Cultural Resources

Impacts to prehistoric resources, histor
resources, and TCPs are summarized 
Table 5.2.8–1 and are discussed below.  A br
statement regarding impacts to spiritual aspe
follows these discussions.  Common to a
alternatives, coordination would b
accomplished with the SHPO in complianc
with Section 106 of the National Historic
Preservation Act for any individual
undertakings.

5.2.8.1 Prehistoric Resources

Impacts to prehistoric resources cou
potentially result from three general source
shrapnel (material fragments) and vibratio
caused by high explosives testing at 13 existi
firing sites, release of hazardous mater
(nonradioactive), and release of radioacti
material.

Shrapnel and vibration from high explosive
testing at 13 firing sites could potentially affec
three types of prehistoric sites:  cavate (cav
pueblos, rock shelters, and overhang
Freestanding prehistoric (or pueblo) walls a
not typically found on LANL; rather, LANL
resources include a number of stable mounds
varying heights that were formed by collapse
walls and earth.  Much of the material releas
by explosive tests is either aerosolized 
reduced to millimeter size, dust-like particle
upon detonation.  However, some larg
fragments are also released.  Studies 
hydrodynamic tests at Los Alamos have show
that fragments produced from explosive tes
are released according to a well know
fragmentation distribution.  Based o
fragmentation distributions for a series o
computer studies of the breakup of variou
weapons systems during hydrodynamic te
(tests of mock-up nuclear packages duri
which high explosives are detonated) wi
different quantities of high explosives (up t
500 pounds of explosives), almost all particl
5–71
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r
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fall within 800 feet (244 meters) of the firing
site and no particles are observed outside of
1,200 feet (366 meters).  

Of the identified 23 cavate pueblos, rock
shelters, and overhangs within the 1,200-foot
(366-meter) radius of the firing sites, eight are
within the 800-foot (244-meter) radius and 15
are within the 800- to 1,200-foot (244- to
366-meter) radius.  Probability calculations that
a fragment of firing debris would fall within
1 square foot (0.9 square meter) placed at the
center of each archeological site indicate a
likelihood of 0.07 or 7 in one hundred at
100 feet (30 meters), 0.000005 or 5 in 1 million
at 800 feet (244 meters), and 0.0000002 or 2 in
10 million at 1,200 feet (366 meters).  The
influence of topographical variations and
vegetation that may shield sites is not
considered in these probabilities.

Physical impacts to cultural resources at firing
sites from either explosion-generated fragments
or vibration have not been well studied.
However, the findings of October 1997 field
observations of eight cultural resource (cavate/
rock shelter/overhang) sites located within an
800-foot (244-meter) radius of active firing sites
did not reveal any visible effects that could be
attributable to fragments or vibration caused by
past and current firing site activities
(LANL 1997b).  Based on these qualitative
observations, the probability for cultural sites to
be affected by firing site activities is low.

Studies of firing site generated ground
vibrations conducted at LANL demonstrated
that explosive amounts as high as 500 pounds
would not induce vibrations that would affect
structures at BNM.  Any impacts caused by
higher amounts of explosives is not known and
would require further analysis.

Accumulated hazardous and radioactive
materials at firing sites, contiguous areas, and
any additive amounts resulting from No Action
operational levels have the potential to limit
access to archeological sites for future study.

The extent of this potential is not know
because of the scarcity of data.  However, 
instances of restricted access because of hea
threatening levels of hazardous or radioacti
materials are known to date.  In additio
LANL’s environmental monitoring and soil
survey program has not identified firing sites 
restricted to access because of any accumula
hazardous or radioactive materials.  Addition
data are needed for future studies regarding 
preservation of prehistoric resources becau
isolating a site from access for future stud
would be an adverse impact.

Security levels would be maintained under t
No Action Alternative.  Security levels (and
thus, levels of protection for cultural resource
vary depending on the types of activities at
particular location.  Surveillance of public
access roads within LANL has been effective 
protecting prehistoric resources, an
archaeological sites within limited public acce
areas have been fenced or gated to prev
vandalism.

5.2.8.2 Historic Resources

Impacts to historic resources could potentia
result as a consequence of addition
contributions of hazardous and radioactiv
materials to what is currently present in som
Nuclear Energy Period (1943 to 1989
buildings.  Some contamination does exist 
several buildings, a feature that was inherent
their past function and handling technique
Investigations are currently ongoing t
determine the extent of contamination an
relationship to National Register of Histori
Places (NRHP) eligibility.  In cases wher
buildings have been demolished, mitigatio
measures (e.g., photographing, recording, a
documenting of the property) have bee
accomplished in coordination with the SHPO
While the rules for implementing the National
Historic Preservation Act (16 U.S.C. §470) do
not preclude a site from being eligible for o
listed on the NRHP because of contaminatio
5–73
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additional contamination could potentially
exceed some threshold level that would impede
or slow down the process of evaluating the site
for eligibility.  However, numerous safeguards
(e.g., strict hazardous materials handling and
disposal procedures) are currently employed
that minimize or preclude contamination.
Therefore, the likelihood that additional
contamination would significantly impact
current levels of contaminants is considered
negligible.

Many historic structures, particularly Nuclear
Energy Period buildings, are not being actively
utilized and, consequently, are not being
actively maintained.  

5.2.8.3 Traditional Cultural 
Properties

The Pajarito Plateau contains a high density of
cultural resources and active traditional sites.
These resources are significant to numerous
Native American tribes and Hispanic groups,
and represent areas of spiritual importance and
traditional use.  Many of these cultural sites are
archaeological remains that are affiliated with
several contemporary Native American tribes
who consider them TCPs.  Other tangible and
intangible cultural resources in the LANL area
contain no archaeological remains, but still
retain cultural significance because of their use
in traditional beliefs and practices.  Overall, the
traditional groups consulted considered all
archaeological sites, human burials, shrines,
rivers and water sources, trails, plants, animals,
and minerals to be TCPs because these
resources are integral to their traditional and
cultural lifestyles.

Actions that may be perceived as impacting
TCPs both on and adjacent to LANL consist of
changes in hydrology features (surface and
groundwater quality and quantity, erosion and
siltation rates), explosives impacts (shrapnel,
vibration, and noise), hazardous materials
(nonradioactive), radiation hazards, and

security features.  Changes in hydrolog
features are viewed as adverse, damaging
altering features, and introducing elements th
are out of character with the setting.  Impac
resulting from explosives testing, presence 
hazardous materials, and radiation hazards 
viewed in much the same way—having th
potential for damaging or altering feature
introducing elements out of character with th
setting, and limiting access to areas f
conducting traditional or ceremonial activities
Security measures are viewed as limiting acc
to areas for conducting traditional or ceremon
activities; however, these same secur
measures may protect these TCPs fro
vandalism or other damage.

A detailed assessment of impacts to TCPs (ot
than archeological sites) is not possible beca
site-specific locations are not known.  Howeve
a continuation of activities at the No Actio
Alternative level is not anticipated to alte
existing conditions and procedures are pres
that permit some limited access to restrict
areas.

Spiritual Entities

The effect(s) that the continued presence a
operation of LANL may have on any “unseen
or “spiritual” entities is unknown.  The very
esoteric nature of this issue precludes 
assessment that would adequately refle
individual beliefs or faith.

5.2.9 Socioeconomics, 
Infrastructure, and Waste 
Management

This section describes the social, econom
infrastructure, and waste generation impacts
activities at LANL under the No Action
Alternative. 
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5.2.9.1 Socioeconomic Impacts

Employment, Salaries, and Population

The primary (direct) impacts to employment,
salaries, and population are presented in
Table 5.2.9.1–1 for the LANL workforce only.
The secondary (indirect) impacts and the total
population changes projected are presented in
Table 5.2.9.1–2 for the Tri-County area.  For the
purposes of the SWEIS, it is assumed that these
changes take place within a year of the ROD for
the SWEIS.

Housing

The population changes anticipated in the Tri-
County area, reflected in Table 5.2.9.1–2, are
projected to result in demand for 559 additional
(new) housing units.  The distribution of this
demand in the three counties is projected to be:
130 additional units in Los Alamos County; 201
additional units in Rio Arriba County; and 228
additional units in Santa Fe County.  

In Los Alamos County, the projected housing
demand can be accommodated from absorption
of apartment vacancies and the inventory of
houses for sale and new construction.  Beyond
130 units, no new housing units can be
anticipated because of the absence of buildable
land in private ownership.  This constraint upon
supply would be expected to exert an upward
pressure on rents and house prices.

The projected housing demand in Rio Arriba
and Santa Fe Counties can be accommodated
without significant pressure on rents and house
sales prices.  Both counties possess a sufficient
inventory of finished lots and parcels, have
access to adequate mortgage capital, and have
sufficient entrepreneurial developer talent to
absorb the demand.

Construction

Table 5.2.9.1–3 contains the results of the
analysis of construction spending, labor

salaries, and labor employment for the peri
fiscal year 1997 through fiscal year 200
Construction activities associated with th
alternative are expected to draw worke
already present in the Tri-County area wh
historically have worked from job to job in the
region.  Thus, this employment is not expect
to influence socioeconomic factors. 

Local Government Finance

Under this alternative, the Tri-County annu
gross receipts tax yields would be expected
increase by $1.2 million.  This increase wou
be matched by increases in service leve
adequate to meet public demand.

Services

Annual school enrollment in the Tri-Count
area would increase by 227 students.  Addition
annual funding assistance of about $910,0
from the State of New Mexico would be
required for school operations because of the
enrollment increases.  

In Los Alamos, the school district can abso
the anticipated new enrollment levels.  Th
school district has excess capacity because o
discretionary policy of accepting out-of-distric
students who are the children of LANL
employees and subcontractors.  In Rio Arrib
County and the cities of Española and Santa 
adequate classroom capacity exists because
recent school construction projects.  

The demand for police, fire, and other municip
services would be expected to increase 
proportion to the increase in gross receipts t
yields, as discussed above.  However, a
changes in local government services tend to
inelastic in the short-term and typically ar
responsive only after the completion of at lea
one full budget cycle.
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5.2.9.2 Infrastructure Impacts   

Annual electricity use projected under the No
Action Alternative is a total of
717 gigawatt-hours, 372 gigawatt-hours for
LANSCE, and 345 gigawatt-hours for the rest of
LANL.  The peak electrical demand is projected
to be 108 megawatts, 58 megawatts for
LANSCE and 50 megawatts for the rest of
LANL 1.  The supply of electricity to the Los
Alamos area (which includes LANL, the
communities of Los Alamos and White Rock,
and BNM) is provided by two 115 kilovolt
transmission lines (contractually limited to
72 megawatts during winter months when El
Vado and Abiquiu hydroelectric output is
negligible, and to about 94 megawatts during

the spring and early summer months) a
supplemented by the LANL steam/power pla
at TA–3 (with an operating capacity of abou
12 megawatts in the summer and abo
15 megawatts in the winter) (DOE 1997).  Th
existing supply of electricity to the Los Alamo
area is not sufficient year-round to meet th
projected peak electrical demand for LAN
operations under this alternative; thus, perio
of brown-outs are anticipated unless measu
are taken to increase the supply of electricity
the area.  (See sections 1.6.3.1 and 4.
regarding ongoing efforts to increase electric
power supply to this area.)  This situation 
exacerbated by the additional electrical dema
for BNM, and  the communities of Los Alamo
and White Rock.  (While these organizations d
not provide use projections, their historica
usage is reflected in chapter 4, section 4.9.2.

Natural gas use is projected to be 1,840,0
decatherms annually.  The gas delivery capac
to the Los Alamos area is betwee
approximately 9,000,000 and about 11,000,0
decatherms per year (Kumar 1997).  Althoug
electrical demand may increase natural g
demand for the generation of electricity a
TA–3, demand should continue to be dominat
by heating requirements and is not expected
exceed this projection.   

LANL water use projected under the No Actio
Alternative is a total of 712 million gallons
(2.7 billion liters) per year, 218 million gallons
(825 million liters) per year for LANSCE, and
494 million gallons (1.9 billion liters) per yea
for the rest of LANL.  This is well within DOE
water rights, about 1,806 million gallon
(6.9 billion liters) per year; however, this wate
right also provides for water used by Lo
Alamos County and BNM.  Based on existin
information regarding non-LANL water use, th
water demands of this community can be m
within the existing water rights.  (Water deman
is also discussed in section 5.1.3.)  The pe
water requirements for the area we
determined to be 7,300 gallons (27,740 liter
per minute; the firm rated capacity of th

1. These values include the proposed Strategic Computing 
Complex (SCC) Project annual electricity and peak electrical 
demand for a 50-TeraOp operation and are reflected in all the 
alternatives.  The SCC project was as an interim action to the 
SWEIS.

TABLE  5.2.9.1–3.—Construction Spending, 
Labor Salaries, and Labor Employment 

Numbers Under the No Action Alternative 
(Fiscal Year 1997 Through 2006)

YEAR
CONTRACT 

$M
LABOR 

$M
EMPLOYEES

1997 63 15 432

1998 187 45 1,282

1999 208 50 1,426

2000 219 53 1,502

2001 210 50 1,440

2002 120 29 823

2003 91 22 624

2004 90 22 617

2005 109 26 747

2006 108 26 741

$M = dollars given in millions
Sources:  DOC 1996, PC 1997a, and PC 1997b
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delivery system is 7,797 gallons (29,629 liters)
per minute  (Lundberg 1997).

The projected water use for the proposed
Strategic Computing Complex (SCC) project is
not reflected in the total number for  LANL
water use projections (for any of the
alternatives) because DOE and LANL are
committed to no net increase of water usage
when the SCC project becomes operational at a
50-TeraOp level in approximately fiscal year
2002.  The estimated water use for the SCC
without water conservation would have been
120 gallons (450 liters) per minute or 63 million
gallons (240 million liters) per year.  The SCC
project intends to make full use of the treated
sanitary wastewater effluent from the TA–46
SWSC plant to meet its goal of no net increase
of water usage (Holt 1998).

5.2.9.3 Waste Management

The annual and 10-year total generation
projections for radioactive and hazardous waste
are reflected in Table 5.2.9.3–1.  These
projections include waste from key facilities, all
other LANL facilities, waste management
facilities, the ER Project, and construction
activities.  Liquid waste is not projected by
radioactive facility because measurements of
individual contributions are not made for all
facilities.  The total amount of radioactive liquid
waste (RLW) projected for receipt at TA–50 is
6.6 million gallons (25 million liters) per year
for this alternative.

The other environmental impacts from waste
management activities are presented elsewhere
in this document.  The impacts associated with
the specific operations of the waste
management facilities are found in the various
impact areas analyzed in this document; all
other facilities and specific effluents and source
terms for the key facilities are summarized in
chapter 3 (section 3.6) for waste management
facilities (principally at TA–50 and TA–54).
Transportation of waste, for example, is

included in the analysis of transportatio
impacts of the various alternatives (volume II
appendix F, section F.6.6).  The transportati
of low-level radioactive waste (LLW) for off-
site disposal and the expansion of Area G we
the only variables identified from the review o
waste management strategies.  The differen
between these strategies are reflected in 
differences between the alternative
(Expanded Operations is the only alternati
that includes expansion of on-site disposal.)

Much of LANL TRU and chemical waste, a
well as a portion of the LLW, would be treate
and shipped off the site for disposal.  (As not
in chapter 4, section 4.9.3.3, LANL receive
small amounts of TRU waste from other site
Some of that waste is from nondefense activit
and is currently ineligible for disposal at th
Waste Isolation Pilot Plant [WIPP].  Under a
alternatives, such nondefense TRU waste wo
be stored at LANL pending the development 
disposal options.)  LANL is capable of meetin
applicable WAC, and off-site disposa
capacities are much greater than LANL’s was
volumes.

5.2.9.4 Contaminated Space

The activities reflected in the No Action
Alternative are projected to increase the to
contaminated space at LANL by 63,000 squa
feet (5,853 square meters), as compared to 
baseline established for the SWEIS as 
May 1996 (section 4.9.4).  The majority of thi
increase is due to implementation of actions th
have already received a review in accordan
with NEPA but that had not been implemente
at the time the baseline was establish
(including the Nuclear Materials Storag
Facility [NMSF] at TA–55; introduction of
tritium into TA–16 Building 450 for neutron
tube target loading; implementation of the low
energy demonstration accelerator [LEDA] an
IPF at TA–53; size-reduction at the Was
Characterization, Reduction, and Repackagi
[WCRR] Facility; and treatment research an
5–78
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TRU waste characterization at the Radioactive
Materials Research, Operations, and
Demonstration [RAMROD] Facility at TA–50).  

5.2.10 Transportation

The transportation impacts projected for the No
Action Alternative are summarized in this
section.  More detailed information regarding
these impacts is included in volume III,
appendix F.

5.2.10.1 Vehicle-Related Risks

Truck Emissions in Urban Areas

For the No Action Alternative, the projected risk
is 0.032 excess LCF over a lifetime per year of
operation.  Use of the Santa Fe Relief Route
would have a very small effect on this risk (it
would change to 0.031 excess LCF per year).
The only difference is that the Santa Fe Relief
Route would have 1.2 miles (1.9 kilometers)
less of urban highway mileage.  Approximately
65 percent of the risks are due to radioactive
material shipments and 35 percent are due to
hazardous chemical shipments.  

Truck Accident Injuries and Fatalities

The impacts projected for the No Action
Alternative are presented in Table 5.2.10.1–1

(additional information on these analyses 
provided in appendix F, section F.6.3).  Use 
the Santa Fe Relief Route would reduce the ris
of accidents, injuries, and fatalities by almo
one-half of those indicated for the segment fro
U.S. 84/285 to I–25 due to the assumption th
the accident rate on the Santa Fe Relief Ro
would be much lower than for the route throug
Santa Fe.  Use of the Santa Fe Relief Ro
would not substantially change the risks 
accidents, injuries, and fatalities on th
remainder of New Mexico segment, a
compared to the risks reflected for this segme
in Table 5.2.10.1–1.  Approximately 65 perce
of the impacts are due to radioactive mater
shipments and 35 percent are due to hazard
chemical shipments.  Again, all shipments a
assumed to result in a return by an empty truc

5.2.10.2 Cargo-Related Risks

Incident-Free Radiation Exposure

The incident-free radiation exposure impac
projected for the off-site shipments under th
No Action Alternative are presented i
Table 5.2.10.2–1; note that the total is the to
dose and risk throughout the U.S. attributable
LANL operations, and that this total is
dominated by the segments outside Ne
Mexico.  The aircraft segment is for overnigh
carrier service; the truck segment to/from th

TABLE  5.2.10.1–1.—Truck Accident Injuries and Fatalities Projected for LANL Shipments Under
the No Action Alternative

ROUTE SEGMENT
NUMBER OF 

ACCIDENTS PER 
YEAR

NUMBER OF 
INJURIES PER 

YEAR

NUMBER OF 
FATALITIES PER YEAR

On-Site 0.015 0.0031 0.00015

LANL to U.S. 84/285 0.17 0.035 0.0017

U.S. 84/285 to I–25 0.41 0.086 0.0041

Remainder of New Mexico 0.67 0.64 0.072

Outside New Mexico 3.2 3.0 0.30

Total 4.5 3.8 0.38
5–80
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airport is included in the truck results.  In
general, use of the Santa Fe Relief Route would
result in only small changes in this type of
impact.  Truck crew doses and nonoccupational
doses for people at rest stops would increase due
to the increased length of the Santa Fe Relief
Route for many of the radioactive material
shipments (those north-bound on I–25).
Nonoccupational doses for people sharing the
road would decrease due to the lower traffic
density projected for the relief route. 

The MEI dose occurs between LANL and I–25
and is 0.0003 rem.

Driver Doses from On-Site Shipments of
Radioactive Materials.  The projected
collective radiation dose for LANL drivers
under the No Action alternative is 4.184 person-
rem.  This collective dose would be expected to
result in 0.00167 excess LCF among these
drivers.

The average individual driver dose is projected
to be 0.174 rem per year, which is well below
the DOE radiation protection limit of 5 rem per
year. 

Transportation Accidents

The following discussion addresses th
potential impacts of accidents leading to th
release of either radioactive or hazardo
material being transported in support of LAN
operations under the No Action Alternative
Results are given for both off-site and on-si
shipments.

Off-Site Radioactive Materials Shipments.
The RADTRAN and ADROIT codes were use
to analyze accident impacts for the boundi
off-site radioactive material shipments.  Th
MEI doses calculated with RADTRAN do no
vary by alternative and are given i
Table 5.2.10.2–2.  The population dose a
corresponding excess LCF per year for the
shipments are presented in Table 5.2.10.2–3
these accidents.  ADROIT results that a
separated into frequency and consequen
components are not readily available.  Th
product, MEI dose risk, can be presented 
terms of excess LCF per year; for the No Actio
Alternative, the MEI dose risk due to
plutonium-238 oxide and due to pit shipmen
were each less than 1 x 10-10 excess LCF per
year.

TABLE  5.2.10.2–1.—Incident-Free Population Dose and Lifetime Excess LCFs for Off-Site 
Shipments per Year of Operation Under the No Action Alternative

ROUTE SEGMENT

TRUCK OR AIR 
CREW

NONOCCUPATIONAL (PUBLIC)

ALONG ROUTE SHARING ROUTE STOPS

person-
rem/year

excess 
LCF/year

person-
rem/year

excess 
LCF/year

person-
rem/year

excess 
LCF/year

person-
rem/year

excess 
LCF/year

LANL to U.S. 84/285 5.9 0.0024 0.032 0.000016 0.51 0.00026 3.2 0.0016

U.S. 84/285 to I–25 7.9 0.0032 0.38 0.00019 3.6 0.0018 3.3 0.0016

Remainder of New Mexico 45 0.018 0.1 0.00005 1.7 0.00085 24 0.012

Outside New Mexico 410 0.16 2.8 0.0014 24 0.012 180 0.09

Aircraft 2.4 0.0012 NA NA NA NA NA NA

Totals 470 0.19 3.3 0.0017 30 0.015 210 0.11

NA = Not applicable
5–81
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TABLE  5.2.10.2–2.—MEI Doses and Associated Frequencies for Off-Site Radioactive
Materials Accidents

ROUTE SEGMENT

SHIPMENT TYPE

AMERICIUM-241 CH TRU RH TRU

MEI DOSE 
(rem)

FREQUENCY 
PER TRIP

MEI DOSE 
(rem)

FREQUENCY 
PER TRIP

MEI DOSE 
(rem)

FREQUENCY 
PER TRIP

LANL to U.S. 84/285 59 1.8 x 10-7 21 6.4 x 10-8 0.16 6.0 x 10-9

U.S. 84/285 to I–25 59 2.5 x 10-7 21 7.4 x 10-8 0.16 5.6 x 10-9

Remainder of New Mexico 59 9.9 x 10-7 21 1.4 x 10-6 0.16 1.3 x 10-7

Rest of U.S. 59 0.000011 NA NA NA NA

NA = Not available; CH TRU = contact-handled TRU waste; RH TRU = remote-handled TRU waste

TABLE  5.2.10.2–3.—Bounding Radioactive Materials Off-Site Accident Population Risk for the No 
Action Alternative

ROUTE SEGMENT

ANNUAL POPULATION DOSE RISK AND EXCESS LCF RISK

SHIPMENT TYPE

AMERICIUM
-241

CH TRU RH TRU
PLUTONIUM

-238
PITS TOTAL

person-
rem/year

person-rem/
year

person-rem/
year

person-rem/
year

person-rem/
year

person-rem/
year

excess LCF/
year

LANL to U.S. 84/285 0.015 0.0014 3.1 x 10-6 4 x 10-7 2 x 10-6 0.016 8.0 x 10-6

U.S. 84/285 to I–25 0.24 0.019 0.000042 1 x 10-6 0.00001 0.26 0.00013

Remainder of New 
Mexico

0.031 0.012 0.000026 4 x 10-7 4 x 10-6 0.043 0.000022

Rest of U.S. 2.5 NA NA 4 x 10-6 0.00002 2.5 0.0012

NA = Not available; CH TRU = contact-handled TRU waste; RH TRU = remote-handled TRU waste
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The use of the Santa Fe Relief Route would
reduce the projected population dose (and
therefore the excess LCFs per year) by about
one-third for the U.S. 84/285 to I–25 segment,
as compared to use of the route through Santa
Fe.  This difference is primarily due to the
difference in population density along these
routes.  (The lower traffic density on the relief
route is also a factor.)  The use of the Santa Fe
Relief Route would increase the projected
population dose (and therefore the excess LCFs
per year) for the remainder of New Mexico
segment to about double that identified if the
route through Santa Fe is used.  This difference
is due to the increase (6 miles [9.7 kilometers]
more) in the distance traveled on I–25 for north-
bound shipments. 

On-Site Radioactive Materials Shipments.
The bounding on-site shipments involving
radioactive materials are the transport of
plutonium-238 solution from the CMR to
TA–55 and the transport of irradiated targets
from the LANSCE to TA–48.  Both types of
shipments are made with the roads closed to all
people except personnel directly involved in the
transport.  Therefore, no member of the public
would be expected to be involved in the
postulated truck accident or to be a bystander
after the postulated truck accident.

The MEI dose is calculated using the following
assumptions.  In the case of plutonium-238
solution, it is assumed that a person would stand
very close to the evaporating liquid for
10 minutes before being warned away.  In the

case of the irradiated target cask failure, 
narrow radiation beam would be produced th
would be lethal after 10 minutes of continuou
exposure at a distance of 6 feet (1.8 mete
from the cask, and it is assumed that a pers
would stand in this beam for 10 minutes. 

The resulting MEI doses, frequencies, and M
risks per year of operation are given 
Table 5.2.10.2–4.  The bounding Dual Ax
Radiographic Hydrodynamic Test (DARHT
Facility or Pulsed High-Energy Radiation
Machine Emitting X-Rays (PHERMEX)
shipment accidents could result in an off-si
MEI dose of 76 rem and fatalities to LANL
truck crews and other individuals within 80 fee
(24 meters) of the explosion (DOE 1995b).  Th
frequency of such shipments has been added
the frequency of irradiated target shipments. 

Hazardous Materials Shipments.  The
bounding hazardous materials shipments 
transportation accident analyses are ma
chlorine shipments (toxic), major propan
shipments (flammable), and major explosiv
shipments.  The consequences of an accid
involving a major explosives shipment i
bounded by the consequences of an accid
involving a major propane shipment, so th
frequency of explosives shipments was added
the frequency of propane shipments (rather th
analyzing them separately).

Accidental Chlorine Release.  The probability
of the bounding accidental chlorine relea
(event) was determined from event trees 

TABLE  5.2.10.2–4.—MEI Doses and Frequencies for Bounding On-Site Radioactive Materials
Accidents Under the No Action Alternative

SHIPMENT TYPE
EVENT FREQUENCY PER 

YEAR
MEI DOSE MEI RISK

Plutonium-238 Solution 8.8 x 10-8 8.7 rem 7.7 x 10-7 rem/year
(3.1 x 10-10 excess

LCF per year)

Irradiated Targets 3.1 x 10-6 acute fatality 3.1 x 10-6 fatalities per 
year
5–83
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using 1-ton (908-kilogram) container failure
thresholds (Rhyne 1994a) and force magnitude
probabilities (Dennis et al. 1978).  (Although
LANL is not expected to store or handle
chlorine containers this large, they have in the
past, and the risks associated with transport of
this size container bound the risks of toxic
material shipments.)  The ALOHA™ computer
model (NSC 1995) was used to estimate release
rates from the 1-ton (908-kilogram) container,
and the DEGADIS (Havens and Spicer 1985)
model was used to predict downwind chlorine
concentrations following the postulated release.
(A separate version of DEGADIS is used
because the version incorporated in ALOHA™
does not readily provide time variation of
downwind concentrations.)  

The number of fatalities or injuries associated
with the bounding chlorine accident would
depend on the population density and the ability
of people to avoid harmful exposure by going
indoors or leaving the affected area.  The ability
of people to avoid harmful exposure (to escape)
would depend on various factors; an escape
fraction of 0.98 is used for all route segments.
This fraction is based on analysis of a
transportation accident producing fatal releases
of ammonia (Glickman and Raj 1992) and
should be applicable to chlorine because the
same dispersion coefficients apply, resulting in
similar plume shapes and gradients of
concentration.  For both, there will be
objectionable odor a short time prior to
concentrations that have serious effects.  The
plumes tend to be visible and of modest
transverse dimension, with very objectionable
odor and strong respiratory irritation at their
edges, permitting recognition and urging
prompt escape on foot.  The projected
frequencies, consequences and risks associated
with major chlorine accidents under the No
Action Alternative are presented in
Table 5.2.10.2–5. 

The use of the Santa Fe Relief Route would
result in about one-third the risk of fatalities and
one-tenth the risk of injuries on the U.S. 84/285

to I–25 segment, as compared to the use of 
route through Santa Fe.  These differences 
due to the lower population density along th
Santa Fe Relief Route.  The use of the Santa
Relief Route would result in a slight increase 
this risk of injuries and fatalities on the
remainder of New Mexico segment because
the extra 6 miles (10 kilometers) traveled o
I–25 for northbound traffic (chlorine shipment
are all assumed to travel north on I–25). 

Accidental Propane Release.  The bounding
consequence from a propane release would
the generation of a fireball.  The fireball woul
likely occur too soon after the postulated truc
accident for evacuation to be effective.  Th
fireball would have a radius of about 148 fe
(45 meters) and would burn for about 3 secon
Many people would be protected by buildings 
automobiles for this short duration.  It i
assumed that 50 percent of the availab
population would be shielded from the fireba
10 percent would be fatalities, and th
remainder would be injured (Geffen et al. 1980
In addition, fatal second-degree burns might 
experienced out to a radius of 620 fe
(189 meters).  The percentages of availab
people that would be exposed to the radiant h
flux are assumed to be 0.16 percent, 12 perce
and 19 percent in urban, suburban, and ru
areas, respectively (Geffen et al. 1980). 

The number of people that would be affecte
depends on the population density.  Th
projected frequencies, consequences, and ri
associated with major propane accidents un
the No Action Alternative are presented i
Table 5.2.10.2–6.

The use of the Santa Fe Relief Route wou
result in about one-third the risk of fatalities an
one-fifth the risk of injuries on the U.S. 84/28
to I–25 segment, as compared to the use of 
route through Santa Fe.  These differences 
due to the lower population density along th
Santa Fe Relief Route.  The use of the Santa
Relief Route would result in a slight decrease
the risk of injuries and fatalities on th
5–84
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TABLE  5.2.10.2–5.—Frequencies, Consequences, and Risk for a Major Chlorine Accident Under 
the No Action Alternative

ROUTE 
SEGMENT

AREA
EVENT 

FREQUENCY 
PER YEAR

ESTIMATED 
NUMBER OF 

FATALITIES PER 
EVENT

ESTIMATED 
NUMBER OF 

INJURIES PER 
EVENT

RISK OF 
FATALITIES 
PER YEARa

RISK OF 
INJURIES 

PER 
YEARa

LANL to U.S. 
84/285

Rural 0.000028 0.065 0.24 8.6 x 10-6 0.000032

Suburban 4.6 x 10-6 1.5 5.6

U.S. 84/285 to 
I–25

Rural 0.000022 0.053 0.2 0.00029 0.0011

Suburban 0.000047 3.0 11

Urban 0.000014 11 40

Remainder of 
New Mexico

Rural 0.00016 0.015 0.056 0.000052 0.00019

Suburban 0.000017 1.5 5.5

Urban 2.8 x 10-6 8.4 32

Remainder of 
U.S.

Rural 0.0012 0.028 0.1 0.0012 0.0047

Suburban 0.0003 1.6 6.1

Urban 0.00007 10 39

a Because individual factors were rounded for presentation, multiplication of the factors on this table may not exactly match the results in these 
columns.

TABLE  5.2.10.2–6.—Frequencies, Consequences, and Risk for a Major Propane Accident Under 
the No Action Alternative

ROUTE 
SEGMENT

AREA
EVENT 

FREQUENCY 
PER YEAR

ESTIMATED 
NUMBER OF 

FATALITIES PER 
EVENT

ESTIMATED 
NUMBER OF 

INJURIES PER 
EVENT

RISK OF 
FATALITIES 
PER YEARa

RISK OF 
INJURIES 

PER YEARa

LANL to U.S. 
84/285

Rural 9.8 x 10-6 0.28 1.1 9.7 x 10-6 0.000039

Suburban 1.7 x 10-6 4.2 17

U.S. 84/285 to 
I–25

Rural 7.5 x 10-6 0.23 0.92 0.00015 0.0006

Suburban 0.000017 8.4 34 

Urban 5.0 x 10-6 1.8 7.3

Remainder of 
New Mexico

Rural 0.000065 0.15 0.6 0.00012 0.00048

Suburban 0.000021 5.1 20 

Urban 2.6 x 10-6 1.5 6.1

Remainder of 
U.S.

Rural 0.000083 0.09 0.36 0.000067 0.00027

Suburban 0.000011 4.8 19

Urban 5.4 x 10-6 1.9 7.5

a Because individual factors were rounded for presentation, multiplication of the factors on this table may not exactly match the results in these 
columns.
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remainder of New Mexico segment because of
the 6 miles (10 kilometers) reduction in distance
traveled on I–25 for southbound traffic (propane
shipments are all assumed to travel south on
I–25).

5.2.11 Accident Analysis

Transportation accidents for the No Action
Alternative are addressed in section 5.2.10.
High-frequency (greater than 1 in 100)
occupational accidents for the No Action
Alternative are addressed in section 5.2.6.

5.2.11.1 Multiple Source Release of 
Hazardous Material from 
Site-Wide Earthquake and 
Wildfire

Site-Wide Earthquake

Earthquakes are site-wide in nature.  They are
the only credible initiator that can release
material from multiple facilities at the same
time.  Three scenarios have been postulated for
site-wide earthquake-initiated releases.  Each of
the scenarios has a different magnitude
earthquake that results in different degrees of
damage and consequences.  In addition,
RAD–12 is a facility-specific accident scenario,
discussed in the DARHT EIS (DOE 1995a), that
is earthquake-initiated (by a very large
earthquake) but has a substantially different
probability for the scenario than is reflected in
the site-wide scenario.  The estimates for both
structural damage to LANL facilities and the
amount of material released are conservative.
Earthquakes dominate the radiological accident
risk.  

Table 5.2.11.1–1 is a summary of the annual
frequency of  earthquake and wildfire scenarios
and their consequences.  For radiological
releases, the consequences are expressed as
excess LCFs, per year,  in excess of the normal
incidence of fatal cancers.  Comparisons to the

incidence of fatal cancers in the surroundin
population can be made to evaluate the risk fro
these accidents relative to the public’s inhere
cancer risk.  Overall, it should be noted that f
the scenarios hypothesized for both SITE–
and SITE–02,  the number of excess LCFs
within the normal fluctuation in cancer fatalitie
from one year to the next.  As noted i
section 5.2.6, and in appendix D
section D.1.2.1, the lifetime risk of dying from
cancer in the U.S. is more than 23 percent 
men and more than 20 percent for women; bas
on this rate, approximately 40,000 peop
within the 50-mile (80-kilometer) radius o
LANL would be expected to die from cancer.

Table 5.2.11.1–2 is a summary of the risk fro
exposure to toxic chemicals as a result of t
site-wide accidents.  (RAD–12 is not reflecte
on this table because this scenario does 
involve the release of toxic chemicals
Chemical exposure is evaluated as the expec
number of people exposed annually 
concentrations greater than a given ERPG–2
ERPG–3.

For earthquakes, one can expect fataliti
among workers and the public caused direc
by the earthquake itself, irrespective of an
releases.  Many of the office buildings
including such facilities as the administratio
complex or off-site office buildings, etc., would
be expected to suffer substantial damage fro
higher frequency, lower magnitude
earthquakes.  Therefore, the population effe
resulting from exposures to hazardous materi
are thought to be a small or modest incremen
the human and material impacts direct
attributable to the earthquake. 

Site-Wide Wildfire 

The frequency of a large fire encroaching o
LANL is estimated as the joint probability o
ignition in the adjacent forests, high extreme fi
danger with a failure to promptly extinguish th
fire, and a 3-day period of favorabl
meteorological conditions.  (See volume II
5–86
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TABLE  5.2.11.1–1.—Summary of Radiological Risks from Earthquake-Initiated and Wildfire 
Accident Scenarios at LANL—No Action Alternative

SCENARIO DESCRIPTION
FREQUENCY (EVENT 

PER YEAR)a,e
CONSEQUENCE 
MEASURESb,c,d,f

SOCIETAL RISK 
(EXCESS LATENT 

CANCER 
FATALITIES
PER YEAR)

NATURAL  PHENOMENA

SITE–01

Moderate earthquake on the Pajarito 
Fault or a large earthquake in the Rio 
Grande Rift zone, resulting in structural 
damage and/or severe internal damage to 
comparatively low capacity facilities.

Approximately 0.0029 per 
year (i.e., one such event 

in approximately 
350 years); considered an 

unlikely event

Approximately 16 excess LCFs

Mean population dose 
approximately 27,726 person-rem

MEI doses 20 rem

0.046

SITE–02

Large earthquake on the Pajarito Fault, 
resulting in structural damage and/or 
severe internal damage to low and 
moderate capacity facilities.

Approximately 0.00044 

per year (i.e., one such 
event in approximately 

2,300 years); considered 
an unlikely event

Approximately 24 excess LCFs

Mean population dose 
approximately 41,340 person-rem

MEI dose ≤ 34 rem

0.011

SITE–03g

Very large earthquake on the Pajarito 
Fault and perhaps the Embudo Fault, 
resulting in structural damage to 
essentially all facilities.

 Approximately 0.000071 

per year (i.e., one such 
event in approximately 

14,000 years); considered 
an extremely unlikely 

event

Approximately 134 excess LCFs

Mean population dose 
approximately 210,758 person-rem

MEI dose 247 rem

0.0095

SITE–04

Large wildfire encroaching on Los 
Alamos, consuming combustible 
structures and vegetation.

 Approximately 0.1 per 
year (i.e., one such event 

in approximately 
10 years); considered a 

likely event.

Approximately 0.34 excess LCFs

Mean population dose 
approximately 675 person-rem

MEI dose < 25 rem

0.034

RAD–12h

Plutonium release from a seismically 
initiated event

Approximately 1.5 x 10-6 
per year (about one such 
event in about 1,000,000 

years); considered an 
extremely unlikely event

18 excess LCFs 

Mean population dose 
approximately 35,800 person-rem

MEI dose 138 rem

0.000027

a Accident likelihood estimates are conservative, given the information available. 
b Conservative assumptions have been employed in estimating the quantity and form of the hazardous materials available for release.
c Accident consequences are generally conservative (pessimistic), but utilize average (rather than most unfavorable) weather conditions. 
d MEIs for each location are hypothetical individuals who do not leave and do not take protective actions to avoid exposure.
e The frequency is more correctly described as the probability of occurrence in any 12-month period.  See detailed explanation under Meaning of 

Risk and Frequency in volume III, appendix G, section G.1.
f Impacts, in terms of LCFs per year of operation, are used to quantify the risks of exposure to radiation.  When the impact is applied to an individual 

(e.g., an MEI), the risk is a lifetime incremental probability of a fatal cancer per year of operation.  When applied to a population of individuals, the 
risk is the incremental number of fatal cancers anticipated in the exposed population for each year of operation.

g There is a potential for fault rupturing to occur at the CMR Building (TA–3–29) at a somewhat lower frequency than the SITE–03 earthquake 
(estimated at 1 to 3 x 10-5/year).  Should this occur in association with the SITE–03 earthquake, a conservative estimate results in an additional 
133,833 person-rem population dose (increasing excess LCFs by 99), and an increase to the MEI of 134 rem.

h This accident was analyzed in the DARHT EIS (DOE 1995a), and because it is an earthquake-initiated event, it is presented here for consistency.  
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TABLE  5.2.11.1–2.—Summary of Chemical Exposure Risks from Site-Wide Accident Scenarios  at 
LANL—No Action Alternative

SCENARIO DESCRIPTION LIKELIHOOD a,d CONSEQUENCE
MEASUREb,c

SOCIETAL RISK 
(NUMBERS AT 

OR ABOVE 
ERPG–2 PER 

YEAR)

NATURAL  PHENOMENA

SITE–01

Moderate earthquake on the Pajarito 
Fault or a large earthquake in the Rio 
Grande Rift zone, resulting in structural 
damage and/or severe internal damage 
to comparatively low capacity facilities.

Approximately 
0.0029 per year

(i.e., one such event 
in approximately 350 
years); considered an 

unlikely event.

Several tens of people exposed at or 
above ERPG–2 or –3 levels at distances 
to a substantial fraction of a mile from 

multiple sources.

0.058 

SITE–02

Large earthquake on the Pajarito Fault, 
resulting in structural damage and/or 
severe internal damage to low and 
moderate capacity facilities.

Approximately 
0.00044 per year

(i.e., one such event 
in approximately 

2,300 years); 
considered an 
unlikely event.

Approximately 100 people exposed 
above ERPG–2 or 3 levels to a distance 
of about one mile from multiple sources.

0.044

SITE–03

Very large earthquake on the Pajarito 
Fault and perhaps the Embudo Fault, 
resulting in structural damage to 
essentially all facilities.

  Approximately 
0.000071 per year

(i.e., one such event 
in approximately 
14,000 years); 
considered an 

extremely unlikely 
event.

Approximately 100 people exposed 
above ERPG–2 or –3 levels to a distance 

of about 1 mile from the sources.

0.0071

SITE–04

Wildfire consuming vegetation and 
combustible structures

Approximately 0.1 
per year.

Approximately 11 people exposed above 
the ERPG–2 level from a formaldehyde 

release.

1.1

a Accident likelihood estimates are conservative, given the information available.
b Conservative assumptions have been employed in estimating the quantity and form of the  hazardous materials available for release.
c Accident consequences are generally conservative (pessimistic), but utilize average (rather than most unfavorable) weather conditions.
d The frequency is more correctly described as the probability of occurrence in any 12-month period.  See detailed explanation under Meaning of 

Risk and Frequency in volume III, appendix G, section G.1.
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appendix G for a complete discussion of the
accident analysis.)  The postulated scenario is
quite credible in view of the present density and
structure of fuel surrounding and within LANL
and the townsite, and the historical occurrence
of three major fires in the past 21 years.

This analysis has shown that these fire-
favorable weather conditions occur on the order
of once per year; the ignition sources are
prevalent; and fire-fighting capability is
hampered by limited accessibility.  Therefore,
this site-wide accident analysis concludes that a
major fire, as described, is not only credible but
also likely.  The probability is on the order of
0.1 per year (1 every 10 years), a frequency that
is identical for all alternatives.  Although the
probability of occurrence is 0.1 per year, the
conditions for occurrence exist at least once
every year.

The analysis for the joint probability of
occurrence of weather and fire danger
conditions and the fuel loading provides a
conservative but realistic assessment of the
potential for the occurrence of a wildfire
scenario that will impact LANL facilities,
buildings, and land.

The analysis conservatively assumes that all
combustible structures and vegetation over the
western part of LANL are burned.  The public
exposures were estimated separately for
airborne radionuclides and beryllium from
burning vegetation and soils, and from
radiological and chemical releases from burning
facilities.  When available, existing analyses
from facility fires were used; otherwise, new
model calculations were run.

About 400 person-rem, or 75 percent of the total
population exposure of  675 person-rem, results
from a wildfire at TA–54.  The results from
RAD–08, an aircraft crash-initiated fire at
TA–54, were used for the wildfire.  The two
fires would be quite different; one entails
aircraft fuel that challenges waste containers.
At present, the fuel loading within the dome

structures is small, so that RAD–08 results ve
conservatively bound the consequences of
wildfire at TA–54.  This facility and the others
that contribute public exposure in the wildfir
scenario are being considered for actions 
reduce the external wildfire fuel.

Another 189 person-rem results from tot
release of the tritium inventory at the Weapo
Engineering Tritium Facility (WETF),
including 44.5 ounces (1,260 grams) in storag
which is assumed to bound an increas
administrative limit that may be establishe
The storage containers are resistant to fire, 
have been assumed to release their en
content in tritiated water form, in accord wit
the highly conservative nature of this analysis

Because the frequency of the site-wide wildfi
is 0.1 per year, the radiological risk (product 
the frequency and consequence) from th
accident is exceeded only by the site-wid
earthquake.  On the other hand, no excess LC
are expected from the event.  (Se
Table 5.2.11.1–1 for a summary of the wildfir
analysis.)  There would be unquantified hea
effects from smoke inhalation and possib
fatalities from fighting the fires.  There would
be substantial impact from impairment o
mission and from the loss of buildings at LAN
and in the townsite.  This impact is no
evaluated, just as it is not evaluated f
earthquakes.

5.2.11.2 Plutonium Releases from 
Manmade and Process 
Hazards at LANL

A summary of the frequency and consequenc
for plutonium releases is given in
Table 5.2.11.2–1.  These releases reflect
variety of initiators depending on the type o
activities or manmade hazards in the area, su
as an aircraft crash.  The consequences indic
that no excess LCFs are expected from any
the plutonium accident scenarios.
5–89
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Due to the low consequences and frequencies,
these accidents do not pose a significant risk to
the public. 

An overview of the 1969 plutonium fire at the
Rocky Flats site and a comparison of the design
and operational differences between the Rocky
Flats Plant and TA–55–4 is presented in
volume III, appendix G, section G.4.1.2.

Substantial differences exist between the
nuclear facililty and operations being conducted
in TA–55–4 today and those that were present at
the Rocky Flats Plant in 1969.  TA–55–4 was
designed to correct the deficiences detected in
older facilities such as the Rocky Flats Plant and
is being upgraded to meet the even more
stringent requirements of the 1990’s, including
enhanced seismic resistance and fire
containment.

5.2.11.3 Highly Enriched Uranium 
Release from Process 
Hazard Accident at LANL

The site has only a few accident scenarios
involving uranium among those with the highest
risks evaluated.  This is due to the difference in
specific activity between plutonium and HEU.
Of accidents releasing HEU, RAD–03 is
dominant.  The postulated source term was
16 pounds (7.2 kilograms) of uranium.  The
excess LCFs are estimated at less than 1; that is,
no cancer fatality is expected.  Details of the
accident analysis can be found in appendix G.
The results are summarized in Table 5.2.11.3–1.

5.2.11.4 Tritium Release from a 
Manmade Hazard Accident

The scenario initiated by an aircraft crash event
is the dominant accident that involves tritium.
In this scenario, the entire inventory of tritium at
TSTA or TSFF is converted by fire to tritiated

water.  This is a conservative assumptio
because water is readily absorbed by the bo
whereas, gaseous tritium is not.  Neverthele
for this accident, no excess LCFs are expec
to occur, as indicated in Table 5.2.11.4–1.   

5.2.11.5 Chemical Releases from 
Manmade and Process 
Hazard Accidents at LANL

For the chlorine releases, on-site personn
could be exposed to concentrations in excess
ERPG–2.  Chlorine has a highly objectionab
odor, which prompts sheltering and escap
however, personnel can be quickly overcom
when exposed to high concentrations.  Deta
for each accident are found in volume II
appendix G.  The results are summarized 
Tables 5.2.11.5–1 and 5.2.11.5–2.

5.2.11.6 Worker Accidents at LANL

Worker accidents are characterized by high
frequencies and potential for prompt fatalitie
Generally, the fatalities would be a consequen
of the accident itself, such as a detonation 
high explosives.  Chemical and radiologic
exposures to workers depend heavily on t
response to an event, such as putting 
protective equipment and exiting the are
Accidents that affect workers only ar
summarized in Table 5.2.11.6–1.  Tab
5.2.11.6–2 summarizes the effects to worke
from the accidents associated with publ
impacts.  Additional details can be found in th
appendix G, Accident Analysis.
5–90
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TABLE  5.2.11.2–1.—Summary of Radiological Consequences for Plutonium Release Scenarios
LANL—No Action Alternative

SCENARIO DESCRIPTION LIKELIHOOD a,e CONSEQUENCE
MEASURESb,c,d,f

SOCIETAL RISK (EXCESS 
LATENT CANCER 

FATALITIES PER YEAR)

MANMADE  HAZARDS 

RAD–01

Plutonium release from RANT 
Facility transuranic waste 
container storage area fire.

Approximately 
0.0016 per year 

(i.e., one event in 
approximately 

600 years); 
considered an 
unlikely event

Approximately 0.04 excess LCF

Mean population dose approximately 
72 person-rem

MEI at nearest public access (on 
Pajarito Road):  approximately 

46 rem, at most exposed residence:  
approximately 4 rem

0.000064

RAD–07

Plutonium release from WCRR 
Facility transuranic waste 
container storage area fire.

0.00015 per year 
(i.e., one in 

7,000 years); 
considered an 
unlikely event

Approximately 0.7 excess LCF 

Mean population dose:  
approximately 1,300 person-rem

MEI dose at closest public access 
(Pajarito Road):  approximately 

74 rem, MEI at habitation:  
approximately 4 rem

0.00011

RAD–08

Plutonium release from TWISP 
transuranic waste storage domes 
due to aircraft crash and fire.

4.3 x 10-6 per year 
(i.e., one event in 

approximately 
200,000 years); 
considered an 

extremely unlikely 
event

Approximately 0.2 excess LCF

 Mean population dose:  
approximately 400 person-rem

MEI at nearest public access (Pajarito 
Road and nearest border with White 

Rock): 22 rem

8.6 x 10-7

RAD–16

Plutonium release due to aircraft 
crash at the CMR Building.

Approximately 
3.5 x 10-6 per year 
(i.e., one event in 

approximately 
300,000 years)

Approximately 0.03 excess LCF

Mean population dose:  
approximately 56 person-rem, no 

expected excess LCFs; MEI at closest 
public access, approximately 3 rem,  
approximately 0.03 rem at nearest 

habitation

1 x 10-7
5–91
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SCENARIO DESCRIPTION LIKELIHOOD a,e CONSEQUENCE
MEASURESb,c,d,f

SOCIETAL RISK (EXCESS 
LATENT CANCER 

FATALITIES PER YEAR)

PROCESS HAZARD  ACCIDENTS

RAD–09

Plutonium release due to 
transuranic waste drum failure 
or puncture (for “high” and 
typical activity in drum).

0.0041per year 
(i.e., one  in 

approximately 
250 years for high-

activity drum)

0.4 per year 
(i.e., one in 2.5 years 

for typical drum)

0.12 excess LCF from high activity 
drum

Mean population dose for release:  
approximately 230 person-rem

MEI (high activity drum) at closest 
access (Pajarito Road) approximately 
23 rem; approximately 0.86 rem at 

closest habitation.

0.0022 excess LCF from typical 
activity drum

Mean population dose:  
approximately 4.4 person-rem

MEI (typical activity drum) at closest 
access (Pajarito Road) approximately 
0.41 rem; approximately 0.86 rem at 

closest habitation

0.00049

0.0009

RAD–13

Plutonium release from flux trap 
irradiation experiment at 
TA–18.

0.000016 per year 
(i.e., one event in 

approximately 65,000 
years)

Approximately 0.08 excess LCF

Mean population dose:  
approximately 160 person-rem

MEI at closest public access (Pajarito 
Road):  approximately 120 rem; at 
closest habitation:  approximately 

0.12 rem.

1.3 x 10-6

RAD–15 Plutonium release 
from CMR.

(1) Laboratory Fire (1) 0.000036 per year (1) Approximately 0.0023 excess 
LCF

Mean population dose:  
approximately 4.5 person-rem

MEI approximately 4.1 rem

(1) 8.3 x 10-8 

(2) Wing Fire (2) 0.000032 per year (2) Approximately 0.85 excess LCF

 Mean population dose:  
approximately 1,700 person-rem

MEI approximately 91 rem

(2)  2.7 x 10-5 

a Accident likelihood estimates are conservative, given the information available. 
b Conservative assumptions have been employed in estimating the quantity and form of the  hazardous materials available for release.
c Accident consequences are generally conservative (pessimistic), but utilize average (rather than most unfavorable) weather conditions. 
d MEIs for each location are hypothetical individuals who do not leave and do not take protective actions to avoid exposure.
e The frequency is more correctly described as the probability of occurrence in any 12-month period.  See detailed explanation under Meaning of 

Risk and Frequency in volume III, appendix G, section G.1.
f Impacts, in terms of excess LCFs per year of operation, are used to quantify the risks of exposure to radiation.  When the impact is applied to an 

individual (e.g., an MEI), the risk is a lifetime incremental probability of a fatal cancer per year of operation.  When applied to a population of 
individuals, the risk is the incremental number of fatal cancers anticipated in the exposed population for each year of operation.

TABLE  5.2.11.2–1.—Summary of Radiological Consequences for Plutonium Release Scenarios
LANL—No Action Alternative-Continued
5–92
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TABLE  5.2.11.3–1.—Summary of Radiological Consequences from Highly Enriched Uranium 
Release Scenarios at LANL—No Action Alternative

SCENARIO DESCRIPTION LIKELIHOOD a CONSEQUENCE 
MEASURESb,c,d,e

SOCIETAL RISK 
(EXCESS LATENT 

CANCER 
FATALITIES PER 

YEAR)

RAD–03

Highly enriched uranium release 
from power excursion accident with 
Godiva-IV outside Kiva #3.

3.4 x 10-6 per year  Approximately 0.06 excess 
LCF

Mean population dose:  
approximately 110 person-rem  

MEI at nearest public access 
(Pajarito Road)

 Approximately 150 rem; at 
nearest habitation 

approximately 0.5 rem

2 x 10-7

a Accident likelihood estimates are conservative, given the information available.  
b Conservative assumptions have been employed in estimating the quantity and form of the  hazardous materials available 

release.
c Accident consequences are generally conservative (pessimistic), but utilize average (rather than most unfavorable) weathe

conditions.
d MEIs for each location are hypothetical individuals who do not leave and do not take protective actions to avoid exposure. e 

MEI dose is provided for an individual located on Pajarito Road at a distance of 160 feet (50 meters) from the facility, even
through Pajarito Road would be closed to the public during outdoor operations.

e Impacts, in terms of excess LCFs per year of operation, are used to quantify the risks of exposure to radiation.  When the imact is 
applied to an individual (e.g., an MEI), the risk is a lifetime incremental probability of a fatal cancer per year of operation.  When 
applied to a population of individuals, the risk is the incremental number of fatal cancers anticipated in the exposed populaton for 
each year of operation.
5–93
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TABLE  5.2.11.4–1.—Summary of Radiological Consequences from Tritium Release Scenarios at 
LANL—No Action Alternative

SCENARIO DESCRIPTION LIKELIHOOD a CONSEQUENCE 
MEASURESb,c,d,e

SOCIETAL RISK 
(EXCESS LATENT 

CANCER 
FATALITIES PER 

YEAR)

RAD–05

Tritium oxide release due to aircraft 
crash at TSFF.

5.3 x 10-6 per year 
(i.e., one accident 
in 190,000 years).

Approximately 0.012 excess 
LCF

Mean population dose:  
24 person-rem

  MEI approximately 
0.01 remf

6.4 x 10-8

a Accident likelihood estimates are conservative, given the information available.  
b Conservative assumptions have been employed in estimating the quantity and form of the  hazardous materials available for 

release.
c Accident consequences are generally conservative (pessimistic), but utilize average (rather than most unfavorable) weather 

conditions.
d MEIs for each location are hypothetical individuals who do not leave and do not take protective actions to avoid exposure.
e Impacts, in terms of excess LCFs per year of operation, are used to quantify the risks of exposure to radiation.  When the impact is 

applied to an individual (e.g., an MEI), the risk is a lifetime incremental probability of a fatal cancer per year of operation.  When 
applied to a population of individuals, the risk is the incremental number of fatal cancers anticipated in the exposed population 
for each year of operation

f This is at 1,200 feet (360 meters) distance.  The closest public access would likely be involved in the crash.
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TABLE  5.2.11.5–1.—Summary of Chlorine Exposure Scenarios at LANL—No Action Alternative

SCENARIO DESCRIPTION LIKELIHOOD a CONSEQUENCE 
MEASURESb,c

SOCIETAL RISK 
(NUMBERS AT OR 

ABOVE ERPG–2 PER 
YEAR)

PROCESS HAZARD  ACCIDENTS

CHEM–01

Chlorine release (150 pounds 
[68 kilograms]) from potable water 
treatment station, due to human error 
during cylinder changeout or 
maintenance, or due to random 
hardware failures.

 Approximately 
0.0012 per year
(i.e., one such 

event in 
approximately 

800 years)

For the risk-dominant large 
leak scenario,  an average of 
approximately 43 persons 
exposed above ERPG–2 

levels, and approximately 
12 persons exposed above 

ERPG–3 levels, to distances 
of  up to a few tenths of a 

mile.

0.052

CHEM–02

Multiple cylinder (1,500 pounds 
[680 kilograms]) from toxic gas 
storage shed at gas plant, due to fire 
or aircraft crash.

 Approximately 
0.00013 per year

(i.e., one in 
approximately 
8,500 years)

Average of 292 people 
within LANL (ranging from 

none to 1,000 depending 
upon wind direction) 
exposed at or above 

ERPG–2 or –3 levels; town 
protected by canyon from 
highest concentrations.

0.038

CHEM–03

Chlorine release (150 pounds 
[68 kilograms]) from toxic gas 
storage shed at gas plant, due to 
random failure or human errors 
during cylinder handling.

Approximately 
0.00012 per year

(i.e., one in 
approximately 
8,000 years)

An average of 
approximately 263 exposed 
above ERPG–2 levels; or 

239 above ERPG–3 levels, 
at distances to a fraction of a 
mile, all within LANL; town 

protected by canyon from 
highest concentrations.

0.032

CHEM–06

Chlorine gas release outside 
Plutonium Facility.

Approximately 
0.063 per year 

(i.e., one event in 
approximately 

16 years)

Average number exposed at 
or above ERPG–2 doses is 

approximately 102, and 
above ERPG–3, 

approximately 7 at ranges to 
a fraction of a mile.

 6.426

a Accident likelihood estimates are conservative, given the information available.  
b Conservative assumptions have been employed in estimating the quantity and form of the  hazardous materials available for 
release.

c Accident consequences are generally conservative (pessimistic), but utilize average (rather than most unfavorable) weather 
conditions.
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TABLE  5.2.11.5–2.—Summary of Chemical Exposure Scenarios—No Action Alternative

SCENARIO DESCRIPTION  LIKELIHOOD a CONSEQUENCE 
MEASURESb,c

SOCIETAL RISK  
(NUMBERS AT OR 

ABOVE ERPG–2 PER 
YEAR)

CHEM–04 Bounding single 
container release of 
toxic gas (selenium 
hexafluoride) from 

waste cylinder storage.

Approximately 0.004 

per year 
(i.e., one in about 250 

years)

Average number of off-site 
persons exposed above 

ERPG–2 level is zero; toxic 
effects generally limited to the 

source’s TA (TA–54).

0

CHEM–05 Bounding multiple 
cylinder release of 
toxic gas (sulfur 

dioxide) from waste 
cylinder storage.

Approximately 
0.00051 per year (i.e., 

one event in 
approximately 
7,000 years)

Under conservative daytime 
conditions, no one outside the 
source area (TA–54) would 
see levels above ERPG–2.  

Under least favorable 
conditions, 13 persons could 
be exposed above ERPG–3 

levels.

0

a Accident likelihood estimates are conservative, given the information available.  
b Conservative assumptions have been employed in estimating the quantity and form of the hazardous materials available for 
release.

c Accident consequences are generally conservative (pessimistic), but utilize average (rather than most unfavorable) weather 
conditions.

TABLE  5.2.11.6–1.—Summary of Worker Accident Scenarios at LANL—No Action Alternative

SCENARIO DESCRIPTION FREQUENCY a NUMBER OF WORKER 
CASUALTIES PER ACCIDENT

WORK–01 Inadvertent detonation of high 
explosives.

0.001 to 0.01
per year (i.e., one in 

approximately 100 to 1,000 
years)

1 to 15 fatalities or injuries.

WORK–02 Biohazard contamination of a 
single worker.

0.01 to 0.1
per year (i.e., one in 

approximately 10 to 100  
years)

One diagnosed infection.

WORK–03 Inadvertent criticality at CMR 
Facility, Critical Experiments 
Facility, or Plutonium Facility.

< 0.0001 per year (i.e., one 
in more than 10,000 years)

Substantial doses to those few workers in the 
immediate vicinity, with possible fatalities 

from acute exposures.

WORK–04 Inadvertent exposure of 
workers to electromagnetic 

radiation.

0.01 to 0.1
per year (i.e., one in 
approximately 10 to 

100 years)

Typically one, rarely several, casualties.

WORK–05 Plutonium release from 
degraded storage container at 

Plutonium Facility.

0.23 per year for exposure 
to workers

Significant but nonlethal doses to one or two 
workers.

a Accident likelihood estimates are conservative, given the information available.  
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TABLE  5.2.11.6–2.—Summary of Consequences to Workers at Origination Facilities for 
Accident Scenarios

SCENARIO DESCRIPTION FACILITY WORKER CONSEQUENCES

SITE–01 Moderate earthquake on the Pajarito 
Fault or a large earthquake in the Rio 

Grande Rift zone resulting in structural 
damage and/or severe internal damage to 

comparatively low capacity facilities.

Workers in buildings that are structurally damaged or that suffer 
partial or total collapse (unusual, but possible) could be injured or

killed.  Worldwide experience with very severe earthquakes 
indicates that a priori predictions of the numbers of injuries and 
fatalities are not possible.  The experience clearly indicates that 
large numbers of fatalities (i.e., many hundreds to thousands of 

deaths) are not commonly experienced except under special 
conditions.  These special conditions include severe earthquakes
with large numbers of persons in severely substandard structures

that suffer complete collapse.  Modern structures do not often 
experience such failures, even in very severe earthquakes.  Othe

circumstances under which large numbers of fatalities could occu
include seismically induced, widespread fires.  Other impacts to 
workers could include delayed emergency response (including 

medical assistance) and indirect effects from releases of hazardou
materials (both inside facilities and to the environment).  

SITE–02 Large earthquake on the Pajarito Fault 
resulting in structural damage and/or 

severe internal damage to comparatively 
moderate capacity facilities.

See SITE–01.

SITE–03 Very large earthquake on the Pajarito 
Fault and perhaps the Embudo Fault 

resulting in structural damage to 
essentially all facilities.

See SITE–01.

SITE–04 Site-wide wildfire consuming 
combustible buildings and vegetation.

Most workers would be evacuated before the fire front arrives.  
However, there are possible fatalities from fighting the fire.  There
would be effects from smoke inhalation that are not predictable or

quantified.

CHEM–01 Chlorine release (up to 150 pounds 
[68 kilograms]) from potable water 
treatment station due to human error 

during cylinder changeout or 
maintenance, or due to random hardware 

failures.

For the cylinder rupture event, it is unlikely that workers will be 
present because the nature of the event is assumed to occur at

random rather than as a result of worker activity.  Even with very 
prompt response by workers inside the building when the release

occurs, severe injury or fatality is possible with large chlorine leak
rates.  The number of injuries and fatalities depends on the exac
number and location of workers at the facility at the time of the 

event.  For small leak rates, the likelihood of injury or death is low
due to the “self-annunciating” nature of the event.

CHEM–02 Multiple cylinder (1,500 pounds 
[680 kilograms]) from toxic gas storage 
shed at gas plant due to fire or aircraft 

crash.

Workers present at the gas plant facility (TA–3–170 and environs)
could be injured or killed, depending upon wind direction and wind
speed.  However, the chlorine gas and fire causing the release wi

be readily visible, and escape from the plume, even on foot, is 
likely.  Workers attempting to fight the fire without personal 

protective equipment could be overcome by chlorine gas.
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CHEM–03 Chlorine release (150 pounds 
[68 kilograms]) from toxic gas storage 

shed at gas plant due to random cylinder 
failure or multiple human errors during 

cylinder handling.

Gas plant workers who are directly involved in handling the 
cylinders of chlorine could be exposed to ERPG–2 or ERPG–3 

concentrations for the human error contributor to this event.  In the
case of random failures, it is unlikely that workers will be in the 
immediate vicinity of the cylinder.  Gas plant workers could be 

exposed to high concentrations of chlorine if located outdoors, bu
these employees would be able to evacuate the area rapidly whic

would tend to reduce exposure consequences.

CHEM–04 Bounding single container release of 
toxic gas (selenium hexafluoride) from 

waste cylinder storage.

There are typically four or five employees in the area during norma
work hours.  Injuries or fatalities could occur due to exposures as

well as missiles from cylinder rupture.  Workers are trained to leave
the area in the event of a gas release.  Consequences would depe

on wind speed and direction.

CHEM–05 Bounding multiple cylinder release of 
toxic gas (sulfur dioxide) from waste 

cylinder storage.

See CHEM–04.

CHEM–06 Chlorine gas release outside Plutonium 
Facility.

Air intakes at TA–55–4 are on the west end of the building about 18
feet above the ground and the chlorine release location is on the

north side of the building at ground level.  In addition, there is an 
isolation valve in the intake ductwork.  Thus, it is unlikely that 

chlorine will be drawn into the building.  Personnel located 
outdoors could be exposed to ERPG–2 and ERPG–3 concentratio
of chlorine, but these employees would be able to evacuate the are

rapidly that would tend to reduce exposure consequences.   

RAD–01 Plutonium release from RANT facility 
TRU waste container storage area fire.

There are about a dozen employees at the facility during day shif
who could be at risk of plutonium inhalation as a result of this fire. 

However, the employees would be expected to take shelter or 
evacuate the area, which would reduce exposures.  No lethal 

exposures would be expected.

RAD–03 HEU release from power excursion 
accident with Godiva-IV outside Kiva 

#3.

Personnel would not be located outdoors during an experiment 
leading to this accident.  The TA–18 control building provides 40%
attenuation of gamma radiation, and ventilation systems would be
secured in the event of an accident, minimizing the air exchange
rate with the outdoors.  No acute fatalities are expected for this 

accident.

RAD–05 Tritium oxide release due to aircraft crash 
at TSFF or TSTA.

An aircraft crash into the building could result in severe injuries or
deaths to nearly all the occupants of the building.  Nearby workers
not within the facility could also be injured or killed as a result of 

the crash dynamics, explosion, fire, missiles, etc.  Workers not 
directly affected by the aircraft crash could be exposed to tritium 

oxide, but the release plume would be elevated and may “skip over
the immediate crash site before returning to the ground at some 

distance.

RAD–07 Plutonium release from WCRRF TRU 
waste container storage area fire.

There are typically five WCRR Facility workers present during 
normal operations.  The postulated accident would not result in an

immediate release, providing time for implementation of evacuation
or other protective measures.  No fatal exposures are expected.

TABLE  5.2.11.6–2.—Summary of Consequences to Workers at Origination Facilities for 
Accident Scenarios-Continued

SCENARIO DESCRIPTION FACILITY WORKER CONSEQUENCES
5–98



Environmental Consequences

e 

 
r 

e 

.  
f 
 
 
 

 
 

 

RAD–08 Plutonium release from TWISP TRU 
waste storage domes due to aircraft crash 

and fire.

A small number of workers may be present during normal 
operations and could be directly affected by crash dynamics, 

explosion, fire, missiles, etc.  Workers not directly affected by the 
aircraft crash could be exposed to plutonium, but the release plum

would be elevated and may “skip over” the immediate crash site 
before returning to the ground at some distance.

RAD–09 Plutonium release due to TRU waste 
drum failure or puncture.

The accident would result in an immediate dispersal of plutonium to
the area where the work is being performed.  The dose to the worke

would be dependent on ambient conditions and the speed with 
which protective actions could be taken (e.g., evacuation).  No acut

fatalities are expected for this accident.

RAD–10 Plutonium release from degraded storage 
container at Plutonium Facility (same as 
WORK–05, except that RAD–10 results 

in a release to the public, which was 
determined to be incredible).

See WORK–05.

RAD–13 Plutonium release from flux trap 
irradiation experiment at TA–18.

See RAD–03.

RAD–15 Plutonium release from hydride-
dehydride glovebox fire.

From one to three workers may be present during the operations
These workers could be killed or injured due to the direct effects o
a laboratory fire, or could be exposed to plutonium particulates via
inhalation.  Other workers could be affected by smoke inhalation. 
Workers outside the facility would not be expected to be impacted
due to redundant trains of HEPA filtration between the accident 

location and the outside environment. 

RAD–16 Plutonium release due to aircraft crash at 
the CMR Building.

An aircraft crash into the building could result in severe injuries or
deaths to nearly all the occupants of the building.  Nearby workers
not within the facility could also be injured or killed as a result of 

the crash dynamics, explosion, fire, missiles, etc.  Workers not 
directly affected by the aircraft crash could be exposed to 

plutonium, but the release plume would be elevated and may “skip
over” the immediate crash site before returning to the ground at 

some distance.

TABLE  5.2.11.6–2.—Summary of Consequences to Workers at Origination Facilities for 
Accident Scenarios-Continued

SCENARIO DESCRIPTION FACILITY WORKER CONSEQUENCES
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5.3 IMPACTS OF THE EXPANDED 
OPERATIONS ALTERNATIVE

The DOE’s Preferred Alternative is the
Expanded Operations Alternative, with the
exception that pit manufacturing would not be
implemented at a 50 pits per year level, single
shifts, but only at a level of 20 pits per year in
the near term.

5.3.1 Land Resources

5.3.1.1 Land Use Impacts

Under the Expanded Operations Alternative,
changes to the current overall land use
categories are not expected from activities that
are unique to this alternative, with the exception
of a change to the land use designation at TA–67
if that site is chosen for the development of a
new LLW disposal facility, as described in
volume II, part I.  

In the case of selecting that alternative, a
roadway would be cleared and constructed from
the R-Site Road to the TA–67 site; the combined
total action would result in the clearing of about
60 acres (24 hectares) of forested land and a
change in the current designation of that area
from the Explosives land use category to a land
use category of Explosives/Waste Disposal.
The preferred alternative for the expansion of
the TA–54/Area G LLW Disposal Area,
expansion into Zones 4 and 6, would remove
about 41 acres (17 hectares) from its current use
as undeveloped wildlife habitat.  Another
alternative for the expansion of the LLW
disposal site, the development of the North Site
at TA–54, would remove about 49 acres
(20 hectares) from that site’s current use as
undeveloped wildlife habitat.  These changes at
TA–54 would not alter the designated category
of land use of Waste Disposal because the
entirety of Mesita del Buey has been
categorized for waste management and disposal
activities usage.

Construction of a road between TA–55, th
Plutonium Facility, and the TA–3, Chemistr
and Metallurgy Research (CMR) Building are
to support pit production activities under th
Expanded Operations Alternative (this applie
to all project-specific siting and constructio
[PSCC] alternatives on this subject, as describ
in volume II, part II) would remove a smal
amount of acreage (about 7 acres [3 hectare
from its current use as undeveloped, previou
disturbed vegetated wildlife habitat; howeve
this would not alter the designated land u
category of Research and Development u
Under the Preferred Alternative, at the 20 p
per year production rate, this road would not 
constructed, and the corresponding land u
impacts would not be incurred.

Other activities identified for this alternative
also would occur, primarily within existing
facilities or near to them and within the sam
type of land use category areas.

An increase in population in the Tri-County are
due to an increase in employment would res
in an increase in recreational use of surround
lands and facilities.  As shown in
Table 5.3.9.1–2, there could be an estimat
increase of about 4,230 individuals, or about 2
percent.  This population level is within
historical fluctuations due to changin
laboratory activity levels.  This increase i
recreational use would likely include hiking
fishing, hunting, picnicking, camping, and
skiing.  Many of these activities, including
visitation of archeological sites, would tak
place on adjacent lands administered by t
SFNF and the NPS.  This increase, while sma
would contribute to increased recreationa
wildlife, and cultural resource manageme
measures being taken by these agencies
balance increasing numbers of visitors a
accompanying noise and activity with natur
and cultural resource needs.
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5.3.1.2 Visual Impacts

The Expanded Operations Alternative would be
expected to include the same effects as
discussed under the No Action Alternative.
Additionally, under this alternative there would
be an expansion of the Area G LLW disposal
landfill site at TA–54 or the construction and
use of a new LLW disposal site and roadway at
TA–67, and the construction of a roadway
between TA–55 and TA–3, together with the
possible construction of an add-on to the
existing Plutonium Facility 4 at TA–55 or a new
building nearby within the security fenced area
at TA–55.  The Area G landfill expansion would
not be visible from Pajarito Road.  However, the
Area G landfill expansion would be visible from
San Ildefonso land; Zones 4 and 6 are both
farther away from the LANL boundary and
would be less visible than the existing Area G
landfill site, while the North Site is closer to the
LANL boundary and would be more visible
than the existing landfill site to people located
on San Ildefonso land.  The TA–67 landfill site
would be visible from Pajarito Road, but would
not be visible from San Ildefonso land.  

Construction at the TA–67 site would change
the view scape of the mesa top from that of
forest to industrial development.   Portions of
the TA–55 to TA–3 roadway and its security
fencing may be visible to motorists along
Pajarito Road.  The new roadway would be
constructed in an already developed area and so
would not significantly change the view scape
of that area.  Construction of an add-on to the
Plutonium Facility or construction of a new
building nearby would not alter the view scape
of the TA–55 Plutonium Facility area because
that area is already heavily developed.

Under the Expanded Operations Alternative
there would be additional perimeter security
floodlighting placed along the new roadway
leading from TA–55 to TA–3, and around the
new building within TA–55 if that alternative is
chosen.  This would result in very minor effects

at the TA–55 and TA–3 area because of t
limited area and length of the roadway.  At th
20 pits per year production rate, the Preferr
Alternative, these impacts would not b
incurred because the road would not b
constructed.  

Similarly, additional perimeter security
floodlighting would be placed around th
Area G landfill expansion area or the TA–6
landfill area, both of which would be lighted fo
nighttime security purposes.  The effect 
additional lighting at the Area G landfill would
be slightly noticeable during the night
especially to workers in the nearby area
Nighttime lighting of the TA–67 area with both
security floodlighting and parking lot safet
lighting would be noticeable to LANL workers
and potentially to off-site viewers because the
are currently no areas along the Pajarito me
that are similarly lighted.  Additionally, such
lighting might result in a short-term adjustmen
of wildlife use of the TA–67 site area.  Use o
these additional light fixtures at both the TA–5
and TA–67 locations and the TA–55 area cou
result in a slight increase in overall LANL are
levels of light pollution, but is unlikely to resul
in a significantly expanded nighttime visibility
of LANL from locations across the Rio Grand
Valley. 

Potential effects to the BNM and Dom
Wilderness viewsheds would be similar to th
of other area neighbors.  Additional ligh
sources could result in a slight increase 
overall LANL levels of light pollution.  Newly
lighted areas may be visible to viewers at high
elevations at certain vantage points, but wou
not likely result in any appreciable expansion 
the nighttime visibility of LANL as viewed
from far distances.  Expansion of the TA–5
Area G into Zones 4 and 6 would likely result i
a minimal perception of clearing enlargeme
from BNM or Dome Wilderness vantage poin
due to forest growth between the vantage po
and site location, the TA–54 site location on
mesa somewhat sloped to the southeast (aw
from these neighboring areas), and the amo
5–101
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of disturbance present in the general site area.  A
newly constructed disposal site at TA–67 would
similarly be expected to result in a minimal
perception of clearing enlargement from BNM
or Dome Wilderness vantage points due to the
forest growth between the vantage point and the
site location, the TA–67 site location on a mesa
somewhat sloped toward the southeast, and to
the elevation of the TA–67 site relative to the
neighboring vantage points in question.  The
construction of a roadway between TA–55 and
TA–3 (which would not be constructed for the
20 pits per year production rate, the Preferred
Alternative) would not likely be seen from off-
site vantage points because of its relatively
small size and the surrounding forest growth.  If
a vantage point exists from which the road can
be viewed, it would likely result in little added
viewshed impact given its location along
Pajarito Road and the general state of
development in the TA–3, TA–59, and TA–55
areas.  An increase in the frequency of
explosives should not affect the BNM and
Dome Wilderness viewsheds.

5.3.1.3 Noise

Under the Expanded Operations Alternative
there would be a slight increase in the amount of
interior and outdoor construction activities at
LANL.  These would individually be within the
level of effects described for the No Action
Alternative, but may be ongoing for a longer
total period of time.  The construction of either
the Area G landfill expansion or a new
replacement facility within TA–67 would result
in levels of sound and short-range ground
vibrations that would be no different than those
associated with current Area G landfill
activities.  Workers would be primarily affected
by these noises, although motorists may
occasionally hear low levels of equipment
noises along Pajarito Road under certain
climatic conditions.  The construction of the
roadway between TA–55 and TA–3 for pit
production implementation would be short term
and consistent with routine construction

activities associated with road constructio
Road construction would not be performed for
20 pits per year production rate, the Preferr
Alternative.  Other planned constructio
activities under this alternative are most
small-scale outdoor activities or interior t
existing buildings, or the construction of an ad
on to an existing building, or construction of 
new building within close proximity to others
Effects of these construction activities would b
primarily limited to involved workers and are
not likely to result in any adverse effect t
sensitive wildlife species or their habitat withi
the vicinity.  

The primary noise, airblast waves, and grou
vibration impacts from the implementation o
this alternative would be generated by th
increased number of HE tests, although the
explosions and the resulting noise would still b
occasional (rather than continuous) even
These would individually not result in effect
that would be different than the effects current
generated whenever there is a HE test.  T
effects of these activities on cultural resourc
in the vicinity of the tests are addressed 
section 5.3.8.  It is not expected that such te
would adversely affect off-site sensitiv
receptors (e.g., those at BNM or at White Rock
Noises heard at that distance would be similar
thunder in intensity, and airblast and groun
vibrations are not expected to be present off s
of LANL at intensities great enough to
adversely affect real properties.  It is uncertain
any sensitive wildlife species would b
adversely affected by additional numbers 
“thunder-like” explosives testing events ove
that represented by the No Action Alternativ
This is unlikely, however, given their continue
presence in areas over the country that a
known to be within higher-than-averag
lightning event areas. 

5.3.2 Geology and Soils

Potential impacts for the Expanded Operatio
Alternative on geology and soils would b
5–102
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essentially the same as those for the No Action
Alternative.  LANL historical levels of firing
site activities were 1.2 times greater than
proposed for the Expanded Operations
Alternative (LANL 1995d).  For the same
reasons as discussed under the No Action
Alternative, the Expanded Operations
Alternative should have little potential to
contribute substantially to soil or sediment
contamination.  The expansion of Area G,
TA–54, would temporarily result in slightly
more disturbed soils than the other alternatives.
This, however, would not have a significant
impact on soil erosion or geology in the area
because:  (1) only a few disposal cells are open
at any one time and (2) after a disposal cell is
filled and closed, it is then revegetated.  Because
Zone 4 is currently designated for LLW disposal
and Zone 6 is designated for solid waste
management, this land is not available to be

mined for mineral resources.  These impac
would not change for other PSSC alternatives

5.3.3 Water Resources

5.3.3.1 Surface Water

Table 5.3.3.1–1 shows the total flow from th
NPDES outfalls for each of the majo
watersheds under the Expanded Operatio
Alternative.  The estimated total gallon
discharged into all watersheds equa
278 million gallons (1,052 million liters) unde
the Expanded Operations Alternative.  This is 
increase from the index effluent volume o
233 million gallons (882 million liters). 

NPDES outfall effluent quality during the
period of the SWEIS (1997 through 2006) 

TABLE  5.3.3.1–1.—NPDES Discharges by Watershed Under the
Expanded Operations Alternativea

WATERSHED
#OUTFALLS

DISCHARGE (MGY) KEY FACILITIES

KEY FACILITIES
NON-KEY 

FACILITIES
TOTALS

INDEX EXPANDED INDEX EXPANDED INDEX EXPANDED INDEX EXPANDED

Ancho 2 0 0.1 0.0 0.0 0.0 0.1 0.0

Cañada del Buey 3 3 0.0 0.0 6.4 6.4 6.4 6.4

Chaquehui 1 0 0.0 0.0 5.8 0.0 5.8 0.0

Guaje 7 7 0.0 0.0 0.7 0.7 0.7 0.7

Los Alamos 12 8 19.2 44.6 0.5 0.2 19.7 44.8

Mortandad 12 7 42.0 32.3 10.9 5.1 52.9 37.4

Pajarito 17 11 8.4 1.8 0.8 0.8 9.2 2.6

Pueblo 1 1 0.0 0.0 1.0 1.0 1.0 1.0

Sandia 11 8 4.4 42.8 103.5 127.9 107.9 170.7

Water 21 10 29.5 14.2 0.0 0.0 29.5 14.2

Totals 87 55 103.6 135.7 129.6 142.0 233.2 277.8

MGY:  millions of gallons per year  
a NPDES Information Sources:  Index information was provided by the Surface Water Data Team Reports of August 1996 
(Bradford 1996) and as modified in 1997 (Garvey 1997).  Outfall flow projections for the alternatives were based on the ous 
remaining as of November 1997.  Additional outfalls may be eliminated in the future, as discussed in the Environmental 
Assessment for Effluent Reduction (DOE 1996e), as well as several other outfalls that may be closed as part of LANL’s ongoin
outfall reduction program.
5–103



LANL SWEIS

e
of
e
e
n.
e

o

.
o

n
e
t
lly
 or

e
e

re

e

e
)

y
F

y
al
e

e
ly
of
d

y
to
n

n
ad
s

expected to be the same under this alternative as
described for the No Action Alternative,
including the radionuclide concentrations in
effluent from TA–50, as presented in
Table 5.3.3.1–1.  In volume III, appendix A,
Table A.1–1 presents a more detailed table of
the NPDES outfalls for all four alternatives by
facility (key and non-key), watershed, and
location.  Similar to the No Action Alternative,
the canyons that have an increase in outfall flow
over the index are Los Alamos Canyon and
Sandia Canyon.  The increase in flow for Sandia
Canyon is the same as that discussed for the No
Action Alternative.  The potential impacts from
the increase in flow of 25 million gallons (95
million liters) per year in Los Alamos Canyon
should be minimal for the same reasons as
discussed in the No Action Alternative.

Under the Expanded Operations Alternative, a
dedicated transportation corridor approximately
1 mile (1.6 kilometers) in length would be
constructed between TA–55 and TA–3, parallel
to Pajarito Road.  It would occupy an area of
approximately 7 acres (2.8 kilometers).  This
nearly paved surface would result in slightly
more stormwater runoff.  Construction activities
at LANL employ engineering controls to
prevent contamination of stormwater runoff.
The effects at this slight increase in stormwater
runoff should be minimal in terms of both
erosion and sediment transport.  At the 20 pits
per year production rate (Preferred Alternative),
the road would not be constructed.

5.3.3.2 Alluvial Groundwater

The increases in NPDES outfall discharges (as
compared to the No Action Alternative) are
expected to result in proportionally greater
alluvial groundwater volumes.

The values listed above illustrate that under the
Expanded Operations Alternative, the volume
of effluent discharged into Mortandad Canyon
from RLWTF (9.3 million gallons [35 million
liters] per year) would approach double that of

the RLWTF index volume of 5.5 million gallons
(21 million liters) per year.  Such an increas
may substantially increase the volume 
groundwater stored in the alluvium, raising th
groundwater table and extending th
groundwater body farther down the canyo
Previous estimates of water stored in th
alluvium in Mortandad Canyon range from 4 t
8 million gallons (15 to 30 million liters).  The
capacity for additional storage is unknown
Also unknown are the rates of infiltration int
the tuff below and the volume lost to
evaporation.  If evaporation rates or infiltratio
rates into the underlying tuff beneath th
alluvium are sufficiently low, it is possible tha
increasing the discharge volume may eventua
result in groundwater resurfacing as seeps
springs farther down the canyon.  However, it is
important to note that this is unlikely becaus
under past conditions of maximum discharg
(up to 13 million gallons [50 million liters] per
year) at RLWTF, no springs or wetlands we
created.

Another important factor to consider is that th
overall flow from NPDES outfalls into
Mortandad Canyon will be decreased from th
baseline by 16 million gallons (61 million liters
per year.  The majority of the outfalls with
reduced flows are TA–48 and TA–35, and the
are either just upstream or close to the RLWT
outfall.

The impacts to alluvial groundwater qualit
should be minimal; however, any addition
groundwater could increase infiltration into th
tuff below the alluvium.  The potential for
groundwater migration down the Guaj
Mountain Fault zone, located approximate
one-quarter mile (0.4 kilometer) downstream 
RLWTF outfall, may also increase.  Increase
infiltration through the tuff or the fault zone ma
allow more rapid transport of contaminants 
the main aquifer.  As discussed in the No Actio
Alternative, tritium and nitrate have bee
detected in the main aquifer beneath Mortand
Canyon, indicating that migration pathway
possibly do exist (LANL 1992, LANL 1993,
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LANL 1994, and LANL 1995c).  LANL will
continue to monitor downstream of the RLWTF
the main aquifer and alluvial groundwater for
any indicators of potential problems.

As discussed for the No Action Alternative, the
new HELWTF became fully operational in
1998 and water quality will likely improve in
Canyon de Valle near TA–16.

5.3.3.3 Perched Groundwater

Groundwater flow and contaminant pathways to
the intermediate perched groundwater bodies
are not well characterized nor understood.  It is
possible that the increased NPDES discharges
to Los Alamos and Sandia Canyons under this
alternative could increase recharge of the
intermediate perched groundwater and
contaminant transport beneath these canyons.

5.3.3.4 Main Aquifer 

Recharge mechanisms to the main aquifer are
uncertain.  However, for the same reasons as
discussed under the No Action Alternative,
impacts resulting from increased NPDES outfall
flows to the main aquifer water quality should
be negligible under the Expanded Alternative.

A conservative projection of LANL water use
under the Expanded Operations Alternative is
759 million gallons (2,873 million liters) per
year.  Los Alamos County and the NPS did not
provide projections, but in 1994 the County
used about 958 million gallons (3,626 million
liters) from this water right and the NPS used
about 5 million gallons (19 million liters).
Based on this information, it is expected that the
water requirements of this community can be
met within the existing water rights from the
main aquifer; however, projected use may
approach 100 percent of the existing water
rights to the main aquifer under this alternative.

For the purposes of modeling drawdown of the
main aquifer, annual water use projections were

made.  The total water usage from DOE wa
rights was projected to average 1,724 millio
gallons (6,525 million liters) per year under th
Expanded Operations Alternative, with 
maximum annual use of 1,751 million gallon
(6,628 million liters) and a minimum annual us
of 1,665 million gallons (6,302 million liters).

The model results reflect water level changes
the top of the main aquifer across th
alternatives, given continued draw from th
aquifer by DOE, Española, and Santa F
Table 5.3.3.4–1 shows predicted water lev
changes at the surface of the main aquifer dur
the period from 1997 through 2006 for th
Expanded Operations Alternative; as noted 
section 5.2.3.1, these changes are not all du
LANL operations.  Although the water us
modeled includes water use in Española a
Santa Fe, the differences between t
alternatives are due only to LANL operation
The impacts to the volume of water in the ma
aquifer under this alternative are very similar 
those described for the No Action Alternative
the drawdowns in DOE well fields are minima
relative to the total thickness of the ma
aquifer, and the volume of water to be used ov
the period from 1997 through 2006 is negligib
relative to the volume of water in storage.

Details of the conceptual model, assumption
uncertainties and limitations, and inpu
parameters for the groundwater model a
described in volume III, appendix A.

5.3.3.5 Area G

In 1997, a draft Performance Assessment (P
and Composite Analysis (CA) were prepare
for the current solid LLW disposal facility,
Area G.  The PA was approved by DOE 
October 1998 (LANL 1998c).  The purpose o
the PA is to determine if Area G disposal o
LLW generated and projected sinc
September 26, 1988, would result in radiatio
doses to members of the public that exce
performance objectives specified by DO
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Order 5820.2A and the report, Interim Format
and Content Guide and Standard Review Pl
for U.S. Department of Energy Low-Leve
Waste Disposal Facility Performance
Assessments (DOE 1996c).  In a complementary
fashion, the CA is used to evaluate options f
ensuring that exposures from all waste dispos
of at Area G will not impart doses to futur
members of the public in excess of specifie
limits.  Together, the PA and CA provide 
comprehensive evaluation of the potenti
radiological exposures to future members of t
public from past, present, and future was
disposal at Area G.  The PA includes as part
the “future disposal of waste at Area G” th
expansion of Area G, as discussed in volume
part I of this SWEIS.  Doses are projecte
beyond 1,000 years after facility closure, whic
is assumed to occur in 2044.  These results 
compared with performance objectives.  Th
results of the PA in terms of surface water a
groundwater impact are summarized in th
following paragraphs.  While the PA and CA ar
specific to Zone 4 at Area G, the geolog
features of the entire Mesita del Buey ha
essentially identical site characteristics, and t
PA and CA results for Zone 4 would b
applicable to the Zone 6 and North Si
locations as well.  While there are som
differences between the characteristics betwe
the Zone 4 and TA–67 sites, these a
sufficiently similar that the PA and CA result
would be expected to be applicable to TA–6
the one potential exception to this statement
that the fault underlying part of TA–67 coul
introduce some additional issues regarding t
use of TA–67 for waste disposal (Newell 1998

Flooding of the disposal facility is not a majo
concern due to the natural inclination for runo
from the mesa into canyon; temporary pondin
within disposal pits, however, has occurred.  
recent field study at Area G demonstrated th
disposal cells covers are subject to she
erosion, with only small, localized rill occurring
infrequently.  The expansion of Area G woul
temporarily result in slightly more disturbe

TABLE  5.3.3.4–1.—Maximum Water Level 
Changes at the Top of the Main Aquifer 

Under the Expanded Operations Alternative 
(1997 Through 2006)

WATER LEVEL CHANGE IN FEET a,b

AREA OF CONCERN ON SITE

Pajarito Well Field -15.6

Otowi Well Field (Well 0-4) -15.2

AREA OF CONCERN OFF SITE

DOE - Guaje Well Field -9.3

Santa Fe Water Supply

Buckman Well Field +21.6

Santa Fe Well Field -20.6

San Juan Chama Diversion 0.0

Springs

White Rock Canyon Springs, Maximum 
Drop

0.0

White Rock Canyon Springs, Maximum 
Rise

+1.0

Other Springs (Sacred, Indian) +3.8

San Ildefonso Pueblo Supply Wells

West of Rio Grande

Household, Community Wells +0.6

Los Alamos Well Field +3.8

East of Rio Grande

Household, Community Wells 0.0

a Negative value (-) indicates water level drop; positive 
value (+) indicates water level rise.

b Also, the water level changes projected by the regional 
MODFLOW model represent average changes over a 
whole grid- cell (i.e., a square that is a mile on a side).  
They are, for the most part, not predictive of the water 
level changes at any single point within the cell (for 
example, a supply well).  Pumping wells have 
characteristic “cones of depression” where the water 
surface reflects an inverted cone, and water levels at the 
well may be quite different from levels even a few ten’s 
of feet away.  Whether any individual well would exhibit 
water level changes consistent with the predicted grid-
cell average change is a function of, for example, its 
location within the grid-cell; proximity to other pumped 
wells; and the individual well operation, construction, 
and hydraulics.  Hence, the water level changes predicted 
by the model can only be considered qualitatively and 
can not be considered as finite changes.
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soils.  This, in turn, would result in slightly more
stormwater runoff.

Observation wells and moisture-access holes
were drilled in Cañada del Buey and Pajarito
Canyon to determine if perched water existed
within canyon alluvium and, if present, if it
extended beneath Mesita del Buey.  Wells in
Cañada del Buey were essentially dry, and it
was concluded that perched water in Pajarito
Canyon, adjacent to Mesita del Buey, is
confined to the alluvium in the stream and does
not extend to the flank of the canyon.

It was concluded that the main aquifer is the
only source capable of serving municipal and
industrial water needs, and the PA results show
that the design of Area G takes advantage of the
natural ability of the site to contain radioactivity
(Purtyman 1995).  The very dry host rock
effectively decouples radioactivity in LLW
from the main aquifer for thousands of years.
The groundwater performance objective is a
maximum effective dose equivalent of
4 millirem per year to any member of the public
from the consumption of drinking water drawn
from wells outside of the land-use boundary.
The groundwater protection analysis from the
PA and CA resulted in peak annual doses within
1,000 years at the point of maximum exposure,
the east-southeast boundary of Area G and
Parjarito Canyon, of 7.5 x 10-8 and
0.000035 millirem, respectively.  These doses
are more than 100,000 times smaller than the
dose performance objectives.

5.3.4 Air Quality

5.3.4.1 Nonradiological Air Quality 
Impacts

Criteria Pollutants

As stated in section 5.1.4, estimates of future
emission rates were based on the operations
anticipated under the Expanded Operations
Alternative—the worst-case alternative with

respect to emission rates from the combusti
sources.  The results of the Expand
Operations Alternative analysis of criteri
pollutants demonstrate that the highe
estimated concentration of each pollutant wou
be below the standards established to prot
human health with an ample margin of safet
These results are presented in Table 5.3.4.1–

Toxic Air Pollutants

In all but two cases, the estimated polluta
concentrations were below the correspondi
GVs established for this analysis. GVs are t
levels established to screen emission rates 
further analysis.  The two cases where estima
emission rates were above GVs and we
referred to the human health and ecological r
assessment processes are:   

• Emissions from HE Firing Site operations 
at TA–14, TA–15, TA–36, TA–39, and 
TA–40 (appendix B, attachment 13); the 
estimated concentration of a pollutant is 
greater than its GV for the following 
releases:
— DU, beryllium, lead, aluminum, 

copper, tantalum, tungsten, and iron 
from TA–15

— DU, beryllium, lead, copper, and iron 
from TA–36

— Beryllium, lead, aluminum, and coppe
from TA–39

— DU and lead from TA–14
— Copper from TA–40

• The additive emissions from all of the 
pollutants from all TAs on receptor sites 
located near the Los Alamos Medical 
Center (appendix B, attachment 6)

The combined incremental cancer risk
associated with releases of all carcinogen
pollutants from all TAs at the receptor location
where these impacts actually occur are sligh
above GV of 1.0 x 10-6 only at the two locations
within the LANL medical center:  1.17 x 10-6 at
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an air intake duct, and 1.07 x 10-6 at an operable
window.

The major contributors to the estimated
combined cancer risk values are chloroform,
formaldehyde, and trichloroethylene from
TA–43, the HRL, and multiple sources for
methylene chloride.  The estimated maximum
cancer risk for each of these individual
pollutants is 9 x 10-7, 5 x 10-8, 7 x 10-8, and
7 x 10-8, respectively.  Of these, the relative
contribution of chloroform emissions alone to
the combined cancer risk value is more than
87 percent (conservatively assuming that

100 percent of the chloroform used is emitted
The impacts of TA–43 emissions are due to
combination of relatively high emission rate
close proximity between receptors and sourc
and the elevation of the receptors.

5.3.4.2 Radiological Air Quality 
Impacts

This section addresses the radiation dose to 
FS MEI, LANL MEI and the population dose
from LANL radionuclide air emissions unde
the Expanded Operations Alternative.

TABLE  5.3.4.1–1.—Results of Criteria Pollutants Analysis (Expanded Operations Alternative)

POLLUTANT
TIME 

PERIOD

MAXIMUM 
ESTIMATED 

CONCENTRATIONS 
(µg/m3)

ASSUMED 
BACKGROUND 

CONCENTRATIONS a

(µg/m3)

TOTAL 
POLLUTANT 

CONCENTRATIONS 
(µg/m3)

NEW MEXICO 
CONTROLLING 
AMBIENT AIR 

QUALITY 
STANDARDSb

(µg/m3)

Carbon 
Monoxide

1 hour

8 hours

2,712

1,436

2,350

1,560

5,062

2,996

11,750

7,800

Nitrogen 
Dioxide

24 hours

Annual

90c

9

29

15

119

24

147

74

Sulfur Dioxide 3 hours

24 hours 

Annual

254

130

18

205

41

8

459

171

26

1,025

205

41

Total 
Suspended 
Particulates

24 hours 

Annual

18

2

30

12

48

14

150

60

PM10 24 hours

 Annual

9

1

30

10

39

11

150

50

Lead 3 months 
(calendar 
quarter)

0.00007 0.30 0.30 1.5

a No data exist for background values.  It was conservatively assumed that background concentrations were 20 percent of th
corresponding standard.  As there are almost no other combustion sources in and around Los Alamos, the background 
concentrations would be much less than the 20 percent assumed concentrations.

b New Mexico Ambient Air Quality standards, for some of the pollutants, are stated in parts per million (ppm).  These values  
converted to micrograms per cubic meter (µg/m3), with appropriate corrections for temperature and pressure (elevation) followin
New Mexico Dispersion Modeling Guidelines (NM 1996).

c New Mexico Air Quality Bureau accepts Ozone Limiting Method (OLM) to more accurately determine nitrogen dioxide (NO2) 
concentrations.  The 24-hour maximum modeled concentration for nitrogen oxide was 520 µg/m3.  This concentration, when 
modeled using OLM, is only 90 µg/m3 of NO2.
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Facility-Specific Maximally Exposed 
Individual

MEI dose estimates are shown in
Table 5.3.4.2–1.  This table shows the highest
FS MEI dose is 5.44 millirems per year, which
is 54.4 percent of the regulatory limit for the air
pathway.  The EPA regulatory limit would not
be exceeded from emissions of these facilities
under the Expanded Operations Alternative. 

LANL Maximally Exposed Individual

The location of the LANL MEI (2,625 feet
[approximately 800 meters] north-northeast 
TA–53) was shown to be identical to the F
MEI with the highest dose under the Expand
Operations Alternative.  The LANL MEI dose
was also calculated to be 5.44 millirems p
year.

Population Dose.  The collective dose to the
population living within a 50-mile
(80-kilometer) radius from LANL was
calculated to be 33.09 person-rem per ye
TA–15/36 accounts for 64.1 percent of this do
(collective diffuse emissions, including thos
from these TAs, account for 64.5 percent of th
dose).  The values reported for population dos
for this alternative, as well as the othe
alternatives, is higher than has been reported
the recent annual environmental reports.  It
important to recognize that the alternative
analyzed represent increased operations wh
compared to recent history.  The materi
throughput at the different facilities under th
various alternatives is presented in chapter
(section 3.6).

Isodose Maps.  The isodose maps for the
Expanded Operations Alternative are shown
Figures 5.3.4.2–1 and 5.3.4.2–2.

Pit Production.  The impacts listed above ar
influenced only slightly by pit production
activities.  At the CMR Building, there are two
types of contributions:  (1) analytical chemistr
support and (2) activities moved from TA–55 t
the CMR Building under the “CMR Building
Use” Alternative for pit production.  At a pit
production rate of 80 pits per year, regardless
the PSSC alternative, analytical chemist
support is projected to contribute abo
13 microcuries per year to the total CMR
Building air emissions (which are projected t
be about 760 microcuries per year under t
Expanded Operations Alternative).

TABLE  5.3.4.2–1.—Facility-Specific 
Information—Expanded Operations 

Alternative

FACILITY
DOSEa 

(mrem/yr)

TA–3–29 (CMR) 1.32

TA–3–66 (Sigma Building) 1.32

TA–3–102 (Machine Shops) 1.02

TA–11 (High Explosive Testing) 0.73

TA–15/36 (Firing Sites) 4.99

TA–16 (WETF) 0.70
TA–18 (Pajarito Site: LACEF) 4.39

TA–21 (TSTA and TSFF) 2.55

TA–48 (Radiochemistry 
Laboratory)

3.67

TA–55 (Plutonium Facility) 3.67

TA–53 (LANSCE)b 5.44

TA–54 (Boundary)c 1.81

TA–54 (White Rock) 1.07

a For each FS MEI, the total dose was calculated by adding 
the contributions from each modeled facility.  An MEI 
does not leave or take protective measures.

b This is also the LANL MEI.  Five specific sources were 
modeled from TA–53.  These include the TA–53 ES-2, 
ES-3, IPF, LEDA and combined diffuse emissions.

c Two FS MEI locations were considered for TA–54 
because Area G is bordering San Ildefonso Pueblo land.  
The first is a MEI location at the LANL boundary, 
1,197 feet (365 meters) northeast of Area G.  No person 
from the Pueblo currently is known to live along this 
boundary.  The second is an actual MEI location in the 
town of White Rock, approximately 5,331 feet 
(1,625 meters) southeast of Area G.
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FIGURE 5.3.4.2–1.—Isodose Map Showing Doses Greater Than 1 Millirem 
per Year for the Expanded Operations Alternative.

Note:  The isodose lines are given in units of mrem.
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FIGURE 5.3.4.2–2.—Isodose Map Showing Doses Less Than 1 Millirem 
per Year for the Expanded Operations Alternative. 

Note:  The isodose lines are given in units of mrem.
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At a pit production rate of 20 pits per year
(Preferred Alternative), the analytical chemistry
contribution to air emissions is projected to be
about 3 microcuries per year (or about a quarter
of the 80 pits per year contribution to
emissions).

Under the Brownfield and TA–55 Add-on
Alternatives, as well as at the 20 pits per year
production rate (Preferred Alternative), the
analytical chemistry contribution to air
emissions is the only contribution directly
attributable to pit production.  However, under
the PSSC “CMR  Building Use” Alternative (at
80 pits per year), activities that contribute to air
emissions are moved from TA–55 to the CMR
Building.  The total contribution of these
activities to CMR Building emissions is
projected to be about 25 microcuries per year (as
compared to the CMR Building total emissions
of 760 microcuries).  Thus, the CMR Building
radioactive air emission rates directly
attributable to pit production work at LANL do
not substantially influence the FS MEI dose, the
LANL MEI dose, the population dose, or the
isodose maps.

At TA–55, there are two types of activity
contributions important to understanding pit
production impacts:  (1) pit production work
within TA–55 and (2) activities that would be
moved to the CMR Building under the PSSC
“CMR Building Use” Alternative.  The pit
production work at LANL contributes about
11 microcuries per year to air emissions at the
80 pits per year rate; at the 20 pits per year rate
(Preferred Alternative), the contribution would
be about 3 microcuries per year.  For the PSSC
“CMR Building Use” Alternative, activities that
contribute about 25 microcuries per year in
emissions (under the Expanded Operations
Alternative level of operations) are transferred
to the CMR Building.  Under the Brownfield
and TA–55 Add-on PSSC Alternatives, as well
as at the 20 pits per year rate (Preferred
Alternative), those activities would remain at
TA–55 (and those emissions would remain at
TA–55).

The PSSC “CMR Building Use” Alternative
results in total TA–55 particulate radioactive a
emissions of about 27 microcuries per year.  
the 20 pits per year rate (Preferred Alternativ
the total TA–55 particulate air emissions wou
be about 44 microcuries per year.  Th
radioactive particulate air emissions associat
with TA–55 operations, including those
associated with pit production activities, ar
substantially smaller than emissions througho
LANL that contribute substantially to the
LANL MEI, the population dose, and the
isodose map contours.  While the TA–55 ME
dose could change slightly depending on t
PSSC alternative selected (or as compared
that at the 20 pits per year rate, the Preferr
Alternative), such changes would not b
expected to be substantial for the followin
reasons:

• The 25 microcuries per year associated wi
activities that might move to the CMR 
Building under the PSSC “CMR Building 
Use” Alternative, is a small amount 
compared to other radioactive air emission
in the area.

• Whether those emissions (25 microcuries
per year) occur at the CMR Building or at 
TA–55, they contribute to the TA–55 MEI 
dose.  (Of course, their contribution to the
TA–55 MEI dose is greater as a TA–55 
emission than as a CMR Building 
emission.)

• The TA–55 MEI dose has substantial 
contributions from other facilities in the 
area—99 percent of the TA–55 MEI dose 
under the PSSC “CMR Building Use” 
Alternative is due to facility emissions 
other than those of TA–55.  (See volume II
appendix B, Table B.1.2.1.–2.)

In short, the TA–55 radioactive air emission
differences due to the different PSS
alternatives (or the 20 pits per year rate, t
Preferred Alternative) are not expected to res
in substantial changes in the impacts reflect
above.
5–112



Environmental Consequences

 as
L
ld
ng
cal
 a
pit
as
ds
an
e
n

e
r

 of
ed
n

ld
 no
g
are
g

o
ir
 in
n
ng
n
 a
f

of
he
s

g
al
ed
ed
5.3.4.3 Project-Specific Siting and 
Construction Analyses

As noted in volume II, part I, the expansion of
Area G into Zones 4 and 6 would generate dust
particles and vehicle exhaust during
construction, in addition to the operational
impacts discussed above.  Additionally, trees
cleared from the area may be chipped and
burned on site.  These construction impacts
would be mitigated through dust suppression
methods such as misting, and any burning
would be performed under an open burning
permit such that air quality standards would not
be violated.  These construction activities would
not be expected to degrade the quality of air in
residential areas.  The impacts would be similar
under any of the alternatives considered in this
PSSC analysis, with the potential for increased
clearing and wood burning associated with the
TA–67 alternative.

As discussed in volume II, part II, the
construction activities associated with the
enhancement of pit manufacturing would not be
expected to change radiological air emissions.
Nonradiological emissions associated with this
construction activity would be expected, but
would not exceed regulatory standards and
would not be expected to impact workers or the
public.  The impacts would be similar under any
of the alternatives considered in this PSSC
analysis.  (Note that the nonradiological
emission impacts associated with these
construction activities would not be incurred at
the 20 pits per year production rate, the
Preferred Alternative.)

5.3.5 Ecological Resources, 
Biodiversity, and Ecological 
Risk

Impacts to ecological resources and biodiversity
resulting from implementation of the Expanded
Operations Alternative would be similar to that
of the No Action Alternative, even considering

the chemical emissions that exceeded GVs,
discussed in section 5.3.4.  Ongoing LAN
facility operation and planned actions wou
enhance current biological resources (includi
protected and sensitive species), ecologi
processes, and biodiversity.  There would be
small habitat loss due to the expansions of 
manufacturing and Area G’s disposal area, 
discussed in section 5.3.5.1.  Impact to wetlan
as a consequence of outfall reduction and 
increase in effluent discharges would b
approximately the same as for the No Actio
Alternative.  While effluent quantities would b
higher than No Action, the potential fo
expansion of wetlands would remain low.

There would be an increase in the frequency
explosives testing associated with Expand
Operations.  However, the noise and vibratio
associated with individual testing events wou
be the same as currently experienced, and
adverse impacts to animals, includin
threatened and endangered species, 
anticipated from this increase in testin
frequency.

As with the No Action Alternative, Expanded
Operations would have little potential t
contribute substantially to soil, water, and a
contamination.  The projected slight increase
deposition of contaminants resulting from a
increase in the frequency of explosives testi
would be small relative to historical depositio
rates.  Consequently, there would not be
discernible change from the No Action level o
ecological risk.  Again, the continued cleanup 
legacy contamination is expected to reduce t
contribution of past (legacy) LANL operation
to ecological risk.

5.3.5.1 Project-Specific Siting and 
Construction Analyses

The proposals to expand pit manufacturin
operations and expand Area G’s LLW dispos
area are integral components of expand
operations.  These two components of expand
5–113
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operations involve removal and disturbance of
habitat as a consequence of facility
construction.  

The removal of vegetation (primarily ponderosa
pine-Gambel oak woodland) due to the
proposed road connecting TA–3 with TA–55
would remove a small amount of habitat for
small mammals and birds, and the possible
erection of a mile-long security fence could alter
large mammal movement along Pajarito Road.
This habitat loss would be small, and altered
large animal movement should not appreciably
affect animal behavior and habitat use.
Disturbance to wildlife utilizing adjacent habitat
due to construction noise and activity would be
minor and short term.  Under the Preferred
Alternative, at the 20 pits per year production
rate, this would not be built, so these impacts
would not be incurred.  

Both the peregrine falcon and the bald eagle
could utilize the area proposed for the road as
part of their overall foraging area.  A
preliminary model for Mexican spotted owl
habitat indicates that fragmented patches of
potential nesting/roosting habitat exists within
0.2 mile (0.32 kilometer) of the proposed
connector road, and the road area includes
foraging habitat.  The bald eagle is not likely to
be adversely affected by the very small loss of
low use foraging habitat, and the loss of less
than 0.05 percent of foraging habitat available
for the peregrine falcon on LANL is not likely to
result in an adverse effect.  The Mexican spotted
owl is not likely to be adversely affected
because of the fragmented nature of potential
nesting/roosting habitat, current high level of
noise and disturbance in the area, and very small
reduction (0.06 percent) of available foraging
habitat within LANL boundaries.  Because
these impacts are related to the road, if the road
is not built under any of the PSSC alternatives,
these impacts would not be incurred.  (Also,
under the Preferred Alternative at 20 pits per
year production rate, at the road would not be
built and these impacts would not be incurred.)

The phased expansion of Area G would invol
the gradual removal of approximately 41 acr
(16 hectares) of pinyon-juniper woodland.  Th
removal would change or eliminate bird an
small mammal habitat in direct proportion to th
acreage disturbed.  Because of the local a
regional abundance of this community type a
partial ground cover restoration following p
closure, wildlife habitat loss and disturbanc
would be small.  Disturbance resulting from
construction noise and activity would be mino
and short term.  No new impacts to larg
mammals are anticipated.  Area G is part of t
LANL-wide foraging habitat for the peregrine
falcon and a nest site is located more th
3 miles (4.8 kilometers) away.  Implementatio
of the proposed action would not affect nestin
habitat nor would the eventual loss of up 
41 acres (16 hectares) (0.05 percent) 
available foraging habitat on LANL adversel
affect the peregrine falcon.  The nature of the
impacts would be the same for any of the PS
alternatives considered, with the only differenc
being the acreage involved (volume II, part I).

5.3.6 Human Health

The consequences of implementation of t
Expanded Operations Alternative on publ
health and worker health are presented belo
As discussed in section 5.1.6 and in volume 
(appendix G, section G.1), “risk,” as used in th
SWEIS human health analysis, refers to t
probability of toxic or cancer mortality unde
the specific exposure scenarios analyzed.

5.3.6.1 Public Health

The consequences of continued operations
LANL on public health under the Expande
Operations Alternative are presented below f
the same topics discussed in section 5.2.6.1.
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Regional Consequences of Airborne 
Radioactivity Inhalation and Immersion

The LANL MEI was estimated to be 2,625 feet
(approximately 800 meters) north-northeast of
LANSCE (TA–53).  This location is within the
LANL reservation, and the dose to the MEI at
this location is 5.44 millirem per year
(section 5.3.4.2), corresponding to a 72-year
lifetime dose of 390 millirem.  This location
borders the Los Alamos townsite and is a
conservative estimate for a MEI from LANL
emissions.  The background total effective dose
equivalent (TEDE) dose in the Los Alamos area
is estimated to be 360 millirem per year
(section 4.6.1.1); thus, the dose to the MEI is
1.5 percent of the background dose.

Table 5.3.6.1–1 summarizes the LANL MEI
dose and presents the corresponding risk of
excess LCF to the MEI.  These risks are
presented on a lifetime basis, assuming that the
LANL MEI received the estimated dose of
5.44 millirem each year for a 72-year life.  The
excess LCF risk was estimated to be 0.0002 over
a lifetime.

The isodose maps showing both the estimated
dose near LANL and within a 50-mile
(80-kilometer) radius of LANL are given in
Figures 5.3.4.2–1 and 5.3.4.2–2.  The
population dose within the 50-mile
(80-kilometer) radius is also given in
Table 5.3.6.1–1, estimated to be 33.1 person-
rem per year.  As reflected in the table, the
annual operations excess LCF risk was
estimated to be about 0.017.

In the Expanded Operations Alternative, the
are 11 facilities with FS MEIs receiving a dos
that would exceed 1 millirem per yea
(volume III, appendix B):

• LANSCE, 5.44 millirem per year to the FS
MEI

• HE Testing Sites (TA–15 and TA–36), 4.99
millirem 

• Pajarito Site (TA–18), 4.39 millirem
• Radiochemistry Laboratory (TA–48). 3.67 

millirem
• Plutonium Facility (TA–55), 3.67 millirem
• TSTA and TSFF (TA–21), 2.55 millirem
• Area G (at LANL boundary), 1.81 millirem
• CMR Building, 1.32 millirem
• Sigma, 1.32 millirem
• Area G (at White Rock), 1.07 millirem
• Machine Shop, 1.02 millirem

External Radiation:  Two Special Cases 

As discussed in section 5.2.6.1, one contributi
to public dose results from jogging or hiking fo
96 hours on the access road north of TA–21 a
is attributable to cesium-137 known to be on t
ground within the TA.  The MEI dose is no
expected to change under the Expand
Operations Alternative from that estimate
under the No Action Alternative (an EDE o
2.9 millirem per year and an excess LCF risk 
about 1.4 x 10-6 per year).

Another contribution to public dose, a
discussed in section 5.2.6.1, would result fro
TA–18 “road-open” operations.  At the
95 percent confidence level, six exposures p

TABLE  5.3.6.1–1.—Estimated Public Health Consequences for LANL MEI and the Population
Within a 50-Mile (80-Kilometer) Radius of LANL for the Expanded Operations Alternative

PARAMETER LANL HYPOTHETICAL MEI
50-MILE (80-KILOMETER) 

RADIUS POPULATION

Dose 5.44 millirem/year 33.09 person-rem/year

Excess LCF 0.000196/lifetime (72 year) 0.017/year of operations
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year  of 4.75 millirem each  would be expected
for the MEI out of the 150 operations per year at
TA–18 under the Expanded Operations
Alternative.  This would result in an annual
projected MEI EDE of 28.5 millirem per year.
The lifetime excess LCF risk for this dose is
about 0.0000142 per year of operation.

Nonionizing Radiation

The only uncontained nonionizing radiation
source in use or planned  for  LANL is the
microwave transmitter in TA–49.  The
consequence of a public exposure to this source
under the Expanded Operations Alternative is
the same as for the No Action Alternative; as
discussed in section 5.2.6.1, this consequence is
negligible.

Consequences of Airborne Chemical 
Emissions

In the analysis of the Expanded Operations
Alternative, four technical areas involved in HE
testing were identified (TA–14, TA–15, TA–26,
and TA–39) to require public health
consequence analysis for specific chemicals
(beryllium, lead, and DU).   As discussed in
section 5.2.6.1, other chemical emissions from
HE testing operations were not analyzed in
detail because their toxicity reference values
and estimated concentrations in air were minor,
as compared to those emissions analyzed in
detail.  Hazard indices were calculated for two
of these three metals.  An HI equal to or above
1 is considered consequential from a human
toxicity standpoint. For the Expanded
Operations Alternative, the worst-case HI for
lead did not exceed 1.5 in 100,000 (0.000015).
For DU, the worst-case HI did not exceed 6.5 in
100,000 (0.000065).  

Beryllium has no established EPA reference
dose from which to calculate the HI.  Beryllium
was evaluated as a carcinogen, however.  The
excess LCF for beryllium under the Expanded
Operations Alternative was estimated to be
3.6 x 10-7 per year.

Carcinogenic Risk from Air Emissions

The screening process described in volume 
appendix B, identified no individual
carcinogenic chemical air emission tha
required analysis for public health
consequences.  For carcinogens, an estim
also was made of the combined lifetim
incremental cancer risk due to all carcinogen
pollutants from all TAs.  The risk factors use
are conservative, and represent the upper bo
of the risk.  The carcinogenic risk is als
uncertain, and could be much smaller, 
discussed in appendix D, section D.1.1.8.

This incremental combined cancer risk to th
public due to all carcinogenic pollutants from a
TAs exceeded the 1.0 x 10-6 GV level at two
locations at the Los Alamos Medical Cente
receptor site 175, the air duct 39 feet (12 mete
above grade (1.17 x 10-6), and receptor site 180
an operable window 5 yards (1.5 meters) abo
grade (1.07 x 10-6) (section 5.3.4.1 and
appendix B, attachment 6, Table D).  Th
incremental combined cancer risk estimat
under the Expanded Operations Alternative f
these two locations are dominated by th
contribution estimated for chloroform
emissions from HRL, next to the Los Alamo
Medical Center.  

The sensitivity of the incremental combine
cancer risk analysis to chloroform is so gre
that the realism of the assumptions made 
chloroform emissions estimation wer
examined.  The assumptions were found to 
unrealistic because the screening analy
assumed that 100 percent of the chlorofor
used was emitted into the air outside HR
Records at HRL indicate that at least 50 perce
of the annual usage of chloroform is disposed
liquid waste and could not be, therefor
released to the air.  Using the more realistic b
maximum concentrations of chloroform tha
could be emitted into the air, the increment
combined cancer risk at the two recept
locations at Los Alamos Medical Center wou
be 7.3 to 7.4 x 10-7.  This value is below the GV
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for human health consequences from
carcinogenic air emissions.  No further analysis
was conducted because any further analysis
would simply reduce the estimated incremental
combined cancer risk toward more realistic
levels.  It is believed that negligible increase in
incremental combined cancer risk will result
from the Expanded Operations Alternative.

Consequences of Ingestion to Residents, 
Recreational Users, and Special Pathways 
Receptors

The risk to the public from ingestion under the
Expanded Operations Alternative does not
differ from that associated with the No Action
Alternative; this is because most of the risk is
attributable to the existing levels of
contamination in water and soils in the area.
This is discussed further in sections 5.1.6 and
5.2.6.1.  Tables 5.2.6.1–2 and 5.2.6.1–3
summarize the total radiological annual
ingestion dose and excess LCF to members of
the public.  Per Table 5.2.6.1–3, the total worst-
case ingestion doses for the off-site resident of
Los Alamos County and non-Los Alamos
County resident are 0.011 and 0.017 rem per
year, respectively.  If this person is also a
recreational user of the Los Alamos canyons,
drinking canyon water and ingesting canyon
sediments, the worst-case additional dose
ranges up to 0.001 rem per year, according to
the amount of time spent in the canyons (see
footnote b in Table 5.2.6.1–3).    If the individual
has traditional Native American or Hispanic
lifestyles, the values found in the final columns
of the table should be used in place of the values
in the first columns for off-site residents.  Per
the values in the final columns, these “special
pathways receptors” can have worst-case
3.1 millirem per year additional dose.  The
associated excess LCF risks for the off-site
residents are 8.6 x 10-6 per year of exposure and
9.1 x 10-7 per year of exposure for the individual
who is also an avid recreational user.  These
worst-case doses are for a 95th percentile intake
of the 95th percentile contamination level,
referred to as the UCL.  Ingestion pathway

calculations included all radionuclides detecte
in the media.  This includes natural backgroun
weapons testing fallout, and previous releas
The actual contribution from continued
operations at LANL is only a small fraction o
this value.  These values apply to the basel
and to all four alternatives.  The data an
analyses for these calculations are 
appendix D, section D.3.3.  Table 5.2.6.1–
summarizes the risk associated with meta
ingestion to MEIs in the LANL region, which
does not vary among alternatives.  The ri
factors used are conservative and represent
upper bound of the risk.  The carcinogenic ri
also is uncertain and could be much smaller,
discussed in appendix D, section D.1.1.8. 

Consequences to the Public along 
Transportation Routes

Section 5.3.10 details the analysis 
transportation consequences.  Public hea
consequences include the dose and excess 
risk associated with routine, accident-fre
transportation.  Table 5.3.10–2 shows th
population dose and excess LCF for norm
(accident-free) off-site shipments.  Th
population dose and excess LCF associated w
exposures occurring during stops fo
transportation segments near LANL is provide
in Table 5.3.6.1–2.  Doses associated with livi
along and sharing routes with these shipme
are detailed in Table 5.3.10–2, and are less th
those associated with stops.  Risks associa
with accidents during transportation also a
discussed in section 5.3.10.  

5.3.6.2 Worker Health

Worker risks associated with continue
operations of LANL include radiological
(ionizing and nonionizing) risks, chemica
exposure risks, and risk of injury during norm
operations.  The consequences to worker hea
from implementing the Expanded Operation
Alternative are given below and detailed i
volume III, appendix D, section D.2.2.
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Radiological Consequences

Ionizing Radiation Consequences.
Table 5.3.6.2–1 summarizes the projected doses
and associated excess LCF risks from
implementation of the Expanded Operations
Alternative.  

The collective worker dose under the Expanded
Operations Alternative is conservatively
projected to be approximately four times that
measured in 1993 to 1995.  In terms of the
average non-zero dose to an individual worker,
the Expanded Operations Alternative is
expected to result in 0.24 rem per year for
Expanded Operations Alternative, as compared
with 0.097 rem per year, 1993 to 1995.  The
estimated lifetime excess LCF risk is 0.000096
per year of operation.

Of the total worker radiation dose under this
alternative (833 person-rem per year), about
220 person-rem per year is associated with pit

production activities, regardless of the PSS
alternative selected.  (This is an increase 
about 150 person-rem per year over t
exposures for such activities under the N
Action Alternative.)  Under the Preferred
Alternative, at the 20 pits per year rate, the 
production contribution would be abou
90 person-rem per year, and the total work
exposure would be about 704 person-rem p
year (with a corresponding 15 percent decrea
in the estimated excess LCF risk).

Nonionizing Radiation.  It is expected that
there will continue to be negligible effects t
LANL worker health from nonionizing
radiation sources, including ultraviolet source
infrared radiation from instrumentation an
welding, lasers, magnetic and electromagne
fields, and microwaves (including the larg
station at TA–49).  (Also see volume III
appendix D, section D.2.2 for evaluation used
estimate nonionizing radiation from LANL
operations to humans and wildlife and sectio
D.4, for estimated results.)

Chemical Exposure Consequences

It is anticipated that there will continue to be
few exposures annually, particularly exposur
to:

• Airborne asbestos
• Lead paint particulates
• Crystalline silica
• Fuming perchloric acid, hydrofluoric acid
• Skin contact with acids or alkalis

TABLE  5.3.6.1–2.—Radiation Doses and 
Excess LCF Risks Estimated to the Public at 
Stops During Transportation of Materials and 

Wastes from LANL Under the
Expanded Operations Alternative

ROUTE SEGMENT
PERSON-REM 

PER YEAR
(AT STOPS)

EXCESS 
LCF RISK 
PER YEAR

LANL to U.S. 84/285 4.0 0.0020

U.S. 84/285 4.2 0.0021

TABLE  5.3.6.2–1.—Annual Worker Doses and Associated Lifetime Excess LCF Risks Under th
Expanded Operations Alternative

LANL Collective Worker Dose (person-rem/year) 833

Estimated Excess LCF Risk (across the worker population) per year of operation 0.33

Average Non-Zero Worker Dose (rem/year) 0.24

Estimated Excess LCF Risk (average worker > 0 dose) 0.000096
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Under the Expanded Operations Alternative, it
is expected that there will be a worker
population of approximately 11,000
individuals, approximately 22 percent higher
than index period employment levels.  For the
purposes of the SWEIS, it is assumed that there
is negligible additional benefit of the chemical
hygiene  program at LANL over the period
analyzed, and that the rate of chemical
exposures continues at the index period rates.
Therefore, it is expected that reportable
chemical exposures from continued operations
would increase over the next 10 to 15 years to a
total of two to five reportable chemical
exposures per year.

Beryllium Processing Consequences.  It is
anticipated that beryllium operations under the
Expanded Operations Alternative would be 50
to 60 percent higher than in the No Action
Alternative.  However, it is not anticipated that
consequences to workers would be measurable,
that is, no sensitization to beryllium would be
detected using the LANL IH monitoring
program. 

Physical Safety Hazards

Table 5.3.6.2–2 compares the projected
reportable accidents and injuries estimated for
normal operations occurring under the
Expanded Operations Alternative and that
experienced during the index period.  The
Expanded Operations Alternative is expected to
result in an increase in reportable cases due to
increases in worker population.  These incidents
are considered within the consequences of
normal operations of LANL because of the
relatively higher frequency of occurrence than
major accidents (section 5.3.11).  These results
assume that the aggressive Health and Safety
Program underway at LANL does not achieve
any additional reduction in reportable cases.  

The consequences of these accidents and
injuries are expected to be similar to those
experienced in the past, and typically are those

associated with health response and recov
from acute trauma.  Therefore, th
consequences include physical pain a
therapy/treatment for recovery such as tho
associated with bone setting, should
dislocation reset, and subsequent physi
therapy.  Some injuries may also result 
continuing consequences to the worker th
could affect productivity or lifestyle, such a
motor skill loss due to nerve damage 
cardiovascular debilitation resulting from
electrical shock or electrocution.

Project-Specific Siting and Construction 
Analyses

As discussed in volume II, parts I and I
workers involved in the construction activitie
associated with the expansion of the LLW
disposal area and the enhancement of 
manufacturing operations would be exposed
risks typical of construction activities (e.g., bac
injuries, being crushed beneath hea
equipment, electrical hazards, etc.).  These ris
are mitigated by administrative controls an
personal protective equipment, as neede
These risks are essentially the same under e
of the alternatives considered in these PS
analyses.

As discussed in volume II, part II, worker
involved in the construction activities

TABLE  5.3.6.2–2.—Projected Annual 
Reportable Accidents and Injuries for the 

Expanded Operations Alternative Compared
with the Index Period

PARAMETER 
ESTIMATED

 PARAMETER 
VALUE AND UNITS

Projected Worker 
Population

 Approximately 11,000

Projected Reportable 
Accidents and Injuries

507/year

Change from Index (1993 
to 1996)

 +21 %
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associated with the enhancement of pit
manufacturing operations would receive about
45 person-rem due to radiation exposures
associated with work inside TA–55, PF–4, and
another 1.2 person-rem due to radiation
exposures associated with work inside the CMR
Building under the PSSC “CMR Building Use”
Alternative.  This means that 0.018 total excess
LCFs (out of the entire construction workforce
for the period of construction activity) would be
expected due to the construction activity in
these facilities.  These impacts would not be
expected for the other PSSC alternatives
because they do not involve construction within
operating nuclear facilities.  Under the Preferred
Alternative, equipment installation associated
with establishing pit production at the 20 pits
per year level would result in a small fraction of
the exposure described above.

5.3.7 Environmental Justice

As indicated in sections 5.3.1 and 5.3.2, no
substantive adverse impacts to land resources or
geology and soils are anticipated for the
continued operation of LANL under the
Expanded Operations Alternative.  Thus, no
disproportionately high and adverse impacts to
minority or low-income communities are
anticipated for these impact areas.  The potential
impacts to surface and groundwater and
ecological resources associated with the
Expanded Operations Alternative would affect
all communities in the area equally.  (See
sections 5.3.3 and 5.3.5 for additional
information on the potential for impacts to these
resources.)   Thus, no disproportionately high or
adverse impacts to minority or low-income
communities are anticipated to be associated
with these resource areas.

Figure 5.3.7–1 reflects the dose from
radiological air emissions within 50 miles
(80 kilometers) of LANL under the Expanded
Operations Alternative.  As discussed in
section 5.2.7, impacts due to air emissions are
equal to or lower in the sectors with substantial

minority and/or low-income populations tha
they are in sectors 1–3 and 6–16, and su
impacts are not disproportionately high o
adverse with respect to the minority or low
income populations.  (See section 5.3
regarding the impacts anticipated for a
emissions under the Expanded Operatio
Alternative.)

The air pathway is one example of the analy
of potential human health impacts.  A
presented in section 5.3.6, there is minim
potential for LANL operations to adversel
affect human health for off-site residents o
recreational users in the area around LAN
under the Expanded Operations Alternativ
Similarly, the special pathways have littl
potential to impact human health under th
alternative.  Thus, the Expanded Operatio
Alternative would not present
disproportionately high or adverse impacts 
human health in minority or low-income
communities (section 5.3.6.1).

As shown in section 5.3.10, impacts from
on-site transportation and from LANL to U.S
84/285 are estimated to be 0.0020 excess LC
per year from incident-free transportation an
0.082 deaths and injuries per year fro
transportation accidents.  Impacts fro
transportation on route segments that pa
through minority or low-income communities
(particularly the segment from U.S. 84/285 
I–25) are estimated to be 0.0021 excess LC
per year from incident-free transportation an
0.18 deaths and injuries per year fro
transportation accidents.  Therefore, no hi
and adverse impact is expected to either
member of the general public or to a member
a minority or low-income population due to
transportation in the vicinity of LANL
transportation routes.

As noted in volume II of the SWEIS, none of th
alternatives for the Expansion of Area G (par
of volume II) or for the Enhancement of P
Manufacturing Operations (part II of volume II
would be expected to have high and adve
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FIGURE 5.3.7–1.—Isodose Lines from Airborne Releases for the Expanded 
Operations Alternative Within 50 Miles (80 Kilometers) of LANL.
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health or environmental effects to any
populations.  Thus, no environmental justice
impacts are projected for siting and construction
activities under this alternative.  This would be
true for any of the PSSC alternatives considered.

5.3.8 Cultural Resources

Impacts to prehistoric resources, historic
resources, and TCPs are summarized in
Table 5.3.8–1 and are discussed below.  Note
that any construction impacts associated with
construction of the road between TA–55 and
TA–3 (associated with pit production activities)
would not be incurred at the 20 pits per year
production rate, the Preferred Alternative.

5.3.8.1 Prehistoric Resources

Impacts to prehistoric resources as a
consequence of implementing the Expanded
Operations Alternative would be similar to
those resulting from the No Action Alternative,
with the only differences in operational impacts
being due to frequency or intensity (e.g.,
increased radiological air emissions) of the
impacts.  However, the Expanded Operations
Alternative also includes construction measures
associated with the Expansion of Area G LLW
Disposal Area that could potentially impact 15
prehistoric sites located at Zones 4 and 6 that
have been determined eligible for inclusion
in the NRHP.  The other construction action
included in the Expanded Operations
Alternative, Enhancement of Pit Manufacturing
Operations, includes construction that is in close
proximity to one NRHP-eligible archaeological
site and one historic site that is ineligible for the
NRHP but would not affect these sites.  

A data recovery plan has been prepared for the
eight sites at Zone 4 and accepted by the SHPO.
Consultation would have to be accomplished
with the four Accord Pueblos, as well as any
culturally affiliated or interested Pueblos.  An
accompanying data recovery plan would be
prepared for the remaining seven sites at Zone 6.

The recovery plan would include concern
resulting from consultation with the Accord
Pueblos as well as any other Native American
Hispanic community with identified TCP and
Native American Graves Protection an
Repatriation Act (NAGPRA) (25 U.S.C. §3001)
concerns.  The New Mexico SHPO woul
review the data recovery plan for Zone 6 prior 
implementation of any mitigation measures a
would be requested to concur in a determinati
of no adverse effect before the start of proje
construction.

Should any historic resources (i.e., prehistor
historic, and TCPs) be inadvertently discover
during the expansion of Area G, constructio
activities in the immediate vicinity of the
property would cease until their significanc
and ultimate disposition is determined i
consultation with the New Mexico SHPO
Indian tribes with the closest known cultura
affiliation, and the Advisory Council on
Historic Preservation.  For purposes o
compliance with Section 3(d) of the NAGPRA
inadvertent discovery of human remains a
funerary objects (associated and unassociate
would result in the cessation of constructio
activities, protection of the discovered item
notice of the discovery sent to the Indian trib
with the closest known cultural affiliation, an
direction asked for treatment and disposition 
the human remains or funerary objects.  T
30-day delay period following official
certification that notification of the accidenta
discovery has been received by the agency
tribe would be followed.

An increase in the frequency of explosive
testing under the Expanded Operatio
Alternative would correspondingly increase th
potential for shrapnel impacts to those sites th
are vulnerable.  Similarly, a higher frequency 
testing could accelerate vibration damage 
susceptible sites.  There would not be 
increase in the magnitude of explosive tests w
the Expanded Operations Alternative.  As wi
the No Action Alternative, no impacts to
resources at BNM are expected due 
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explosion-generated ground vibrations from
explosives as high as 500 pounds
(227 kilograms).  As stated, further research is
necessary to quantitatively assess impacts from
higher amounts of explosives.

In the event that unforeseen circumstances arise
in the design of construction features associated
with the enhancement of pit manufacturing
operations that could affect the one
NRHP-eligible site, appropriate mitigation
measures, including data recovery, would be
designed and implemented in consultation with
the New Mexico SHPO and concerned Native
American communities.

5.3.8.2 Historic Resources

Impacts to historic resources would be
comparable to those for the No Action
Alternative.

5.3.8.3 Traditional Cultural 
Properties

Impacts would be similar to those for the No
Action Alternative (subsection 5.2.8) with the
exception of construction activities associated
with the expansion of Area G low-level waste
disposal and enhancement of pit manufacturing.
As stated, consultation would be accomplished
with the Accord Pueblos as well as any
culturally affiliated or interested Pueblos and
tribes.  Any concerns expressed would result in
actions to negate or minimize any adverse
impacts to TCPs associated with construction
related actions.  These impacts would be similar
for any of the PSSC alternatives considered.

An increased level of operation resulting in
increased production of shrapnel, vibrations,
noise, hazardous materials, and radioactive
hazardous could further increase any adverse
affect to TCPs. 

Construction and operational activities
associated with the expansion of Area G and the

enhancement of pit manufacturing is n
expected to affect surface or groundwat
quality—a traditional natural resourc
identified by some tribal groups.  The potenti
for soil erosion during construction an
operations would be avoided or minimized b
measures such as fences, mulching, berm
slope contouring, trenching, and revegetatio
Planned disposal practices at Area G (e.
isolation of the closed burial pits) would
minimize the potential for water running acros
and off the site and conveying erosion
products to water drainages.  Contamination
groundwater from the expansion of Area G 
highly unlikely because of the natural resistan
that Bandelier tuff has to fluid migration and th
distance to area aquifers.

Spiritual Entities

As with the No Action Alternative, no
assessment of impacts to “unseen” or “spiritua
entities was attempted.

5.3.9 Socioeconomics, 
Infrastructure, and Waste 
Management

This section describes the social, economic, a
infrastructure impacts of activities at LANL
under the Expanded Operations Alternative.

The socioeconomic and infrastructure aspects
all construction under the Expanded Operatio
Alternative, including the two projects
discussed in volume II of the SWEIS, ar
included in the analyses and discussions in t
section.

5.3.9.1 Socioeconomic Impacts

Employment, Salaries, and Population

The primary (direct) impacts of the Expande
Operations Alternative on employmen
salaries, and population are presented 
Table 5.3.9.1–1 for the LANL workforce only
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The secondary (indirect) impacts and the total
population changes projected are presented in
Table 5.3.9.1–2 for the Tri-County area.  These
changes are assumed to occur within a year of
the ROD for the SWEIS.  Note that about 260 of
the total LANL employment listed is for pit
production operations.  Under the Preferred
Alternative, at the 20 pits per year rate, pit
production employment is estimated to be about
100 full-time equivalent employees (FTEs).
This difference is a small fraction of total
employment under the Expanded Operations
Alternative, so impacts at the 20 pits per year
level (Preferred Alternative) would not be
substantially different than those presented in
the remainder of the socioeconomics analyses in
this section.

Housing

The population changes anticipated in the Tri-
County area, as presented in Table 5.3.9.1–2,

are projected to result in demand for 1,77
additional (new) housing units.  The distributio
of this demand in the three counties is project
to be:  130 additional units in Los Alamo
County; 739 additional units in Rio Arriba
County; and 901 additional units in Santa F
County.  

In Los Alamos County, the projected housin
demand can be accommodated from absorpt
of apartment vacancies and the inventory 
houses for sale and new construction.  Beyo
130 units, no new housing units can b
anticipated because of the absence of builda
land in private ownership.  This constraint upo
supply would be expected to exert an upwa
pressure on rents and house prices.

The projected housing demand in Rio Arrib
and Santa Fe Counties can be accommoda
without significant pressure on rents and hou
sales prices.  Both counties possess a suffici

TABLE  5.3.9.1–1.—Summary of Primary LANL Employment, Salariesa, and Procurement Under 
the Expanded Operations Alternativeb

LOS 
ALAMOS 
COUNTY

RIO 
ARRIBA 
COUNTY

SANTA FE 
COUNTY

TRI-
COUNTY
TOTAL

OTHER 
NEW 

MEXICO 
COUNTIES

NEW 
MEXICO
TOTAL

OUTSIDE
NEW 

MEXICO
TOTAL

Employees 4,995 2,604 2,657 10,256 828 11,084 267 11,351

Differencec 160 685 820 1,665 220 1,885 91 1,976 
(+21%)

Salaries 
($M)

264.4 74.7 123.2 462.3 27.8 490.1 15.6 505.6

Differencec 9.8 29.7 48.9 88.4 11.5 99.8 6.9 106.7 
(+27%)

Procurement 
($M)

221 1.9 21.9 244.8 128.3 373 253.6 626.6

Differencec 5.3 0.2 1.2 6.8 5.9 12.5 22 34.5 
(+6%)

a Salaries are for UC employees only; subcontractor salaries (Johnson Controls, Inc., Protection Technology of Los Alamos, eare 
included in the procurement dollars.

b Reflects projected locations of employee residences and LANL procurement activities.
c Difference is as compared to fiscal year 1996.  Percent difference is shown in parentheses in the far right (TOTAL) column.
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inventory of finished lots and parcels, have
access to adequate mortgage capital, and have
sufficient entrepreneurial developer talent to
absorb the demand.

Construction

Table 5.3.9.1–3 contains the results of the
analysis of construction spending, labor
salaries, and labor employment for the period
fiscal year 1997 through fiscal year 2006.  To
some extent,  construction under this alternative
would draw workers already present in the Tri-
County area who have historically worked from
job to job in the region.  To the extent that the
Expanded Operations Alternative adds
construction workers to the Tri-County area,
this would be a seasonal occurrence.  Thus,
these construction activities are expected to
only marginally affect general business activity,
personal income levels, and employment levels.

TABLE  5.3.9.1–2.—Summary of Total Tri-County Employment, Salaries, Business Activity, and
Population Changes Under the Expanded Operations Alternative

PRIMARY 
CHANGE

SECONDARY 
CHANGE

TOTAL TRI-
COUNTY 
CHANGE

TRI-
COUNTY 
PRIMARY 
WORKER 
CHANGEa

TRI-
COUNTY 

SECONDARY 
WORKER 
CHANGEb

TOTAL 
TRI-

COUNTY 
WORKER 
CHANGE

TOTAL TRI-
COUNTY 

POPULATION 
CHANGEc

Employment/ 
Population

1,665 2,847 4,512 1,332 854 2,186 4,230
(+2.5%)

Personal 
Incomes

$88 million $84 million $172 million  
(< +1%)

Annual 
Business 
Activity

$7 million $13 million $20 million 
(< +1%)

Note:  Percentages in parentheses are the percentage change that the number represents.  These are provided for total pop
change, total personal income change, and total annual business activity change.

a This is the number of direct workers moving to the Tri-County area, assuming that 80 percent of new LANL employees are
outside this area.

b This is the number of secondary workers moving to the Tri-County area, assuming that 30 percent of secondary employme
from outside this area. 

c This is the total population increase in the Tri-County area, assuming that, on average, each worker moving to the area inces 
the population by 1.935.

TABLE  5.3.9.1–3.—Construction Spending, 
Labor Salaries, and Labor Employment 

Numbers Under the Expanded Operations 
Alternative (Fiscal Year 1997 Through 2006)

YEAR
CONTRACT 

$M
LABOR

$M
EMPLOYEES

1997 63 15 432

1998 187 45 1,282

1999 224 54 1,536

2000 251 60 1,721

2001 264 63 1,810

2002 215 52 1,474

2003 216 52 1,481

2004 139 33 953

2005 109 26 747

2006 108 26 741

$M = dollars given in millions
Source:  (DOC 1996, PC 1997a, and PC 1997b)
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Local Government Finance

Under this alternative, the Tri-County annual
gross receipts tax yields would be expected to
increase by $3.7 million.  This increase would
be matched by increases in service levels
adequate to meet public demand.

Services

Annual school enrollment in the Tri-County
area would be expected to increase by 719
students.  Additional annual funding assistance
of about $2.88 million from the State of New
Mexico would be required for school operations
because of these enrollment increases.  

In Los Alamos, the school district can absorb
the anticipated new enrollment levels.  This
school district has excess capacity because of its
discretionary policy of accepting out-of-district
students who are the children of LANL
employees and subcontractors.  In Rio Arriba
County and the cities of Española and Santa Fe,
adequate classroom capacity exists because of
recent school construction projects.  

The demand for police, fire, and other municipal
services would be expected to increase in
proportion to the increase in gross receipts tax
yields, as discussed above.  However, any
changes in local government services tend to be
inelastic in the short term and typically are
responsive only after the completion of at least
one full budget cycle.

5.3.9.2 Infrastructure Impacts

Annual electricity use projected under the
Expanded Operations Alternative is a total of
782 gigawatt-hours, 437 gigawatt-hours for
LANSCE and 345 gigawatt-hours for the rest of
LANL.  The peak electrical demand is projected
to be 113 megawatts, 63 megawatts
for LANSCE and 50 megawatts  for the rest  of

LANL 1.  The existing supply of electricity to the
Los Alamos area is not sufficient year-round 
meet the projected electrical peak demand 
LANL operations under this alternative; thus
periods of brownouts are anticipated unle
measures are taken to increase the supply
electricity to the area.  (Sections 1.6.3.1 a
4.9.2 discuss ongoing efforts to increa
electrical power supply to this area.)  Th
situation is exacerbated by the addition
electrical demand for BNM and the
communities of Los Alamos and White Rock
(While these organizations did not provide u
projections, their historical usage is reflected 
section 4.9.2 of chapter 4.)

Natural gas use is projected to b
1,840,000 decatherms annually, the same 
projected under the No Action Alternative
Although electrical demand may increas
natural gas demand for the generation 
electricity at TA–3, demand should continue 
be dominated by heating requirements and is 
expected to exceed this projection.   

Water use projected under the Expand
Operations Alternative is a total of 759 millio
gallons (2.9 billion liters) per year, 265 million
gallons (1 billion liters) per year for LANSCE
and 494 million gallons (1.9 million liters) pe
year for the rest of LANL.  This is well within
DOE water rights, about 1,806 million gallon
(6.8 million liters) per year; however, this wate
right also provides for water used by Lo
Alamos County and BNM. Based on existin
information regarding non-LANL water use, th
water demands of this community can be m
within the existing water rights.  (Water deman
is also discussed in section 5.3.3.)  The pe
water requirements are the same as identif
under the No Action Alternative.

1. These values include the proposed SCC Project annu
electricity and peak electrical demand for a 50-TeraOp 
operation and are reflected in all the alternatives.  The SCC 
project was as an interim action to the SWEIS.
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These impacts have a minimal contribution
from pit production activities.  Thus, these
impacts would not be substantially different
regardless of which PSSC alternative is selected
(nor would they be substantially different for pit
production at the 20 pits per year rate, the
Preferred Alternative).

5.3.9.3 Waste Management

The annual and 10-year total generation
projections for radioactive and hazardous waste
are reflected in Table 5.3.9.3–1.  Radioactive
liquid waste is not projected by facility because
measurements of individual contributions are
not made for all facilities.  The total amount of
radioactive liquid waste projected for receipt at
TA–50 is ___ million gallons (35 million liters)
per year for this alternative.  These projections
include waste from key facilities, all other
LANL facilities, waste management facilities,
the ER Project, and construction activities.  In
addition to the volumes reflected in
Table 5.3.9.3–1, the “CMR Building Use”
Alternative, discussed in the PSSC Analysis for
Enhancement of Plutonium Pit Manufacturing
Operations (volume II, part II), would generate
an additional 427 cubic meters (559 cubic
yards) of TRU waste, 288 cubic meters
(377 cubic yards) of TRU mixed waste,
1,193 cubic meters (1,560 cubic yards) of LLW,
and 31 cubic meters (41 cubic yards) of low-
level radioactive mixed waste (LLMW) waste
during construction activity.  Neither of the
other alternatives discussed in this PSSC are
expected to generate any radioactive waste.
(Under the Preferred Alternative, at the 20 pits
per year rate, a fraction of the waste generation
projected for the PSSC “CMR Building Use”
Alternative would be incurred; this is a small
portion of the totals generated  for each of these
waste types, so impacts would not be
substantially different for construction to
achieve this lower rate.)  The PSSC analysis for
the expansion of Area G (volume II, part I)
reflects that no radioactive waste generation is
expected under any of the alternatives analyzed.

Pit production operations contribute little t
waste generation, with the exception of TR
waste generation (which would increase b
about 3,535 cubic feet [100 cubic meters] p
year).  Under the Preferred Alternative, at th
20 pits per year rate, this increase would 
about 530 cubic feet (15 cubic meters) per ye

Under this alternative, LLW would be treate
and disposed of on the site in an expand
Area G (see volume II, part I).  As discussed f
the No Action Alternative, much of LANL TRU
and chemical waste would be treated a
shipped off site for disposal; nondefense TR
waste from other sites would be stored at LAN
pending the development of disposal option
As with the No Action Alternative, LANL is
capable of meeting applicable waste accepta
criteria, and off-site disposal capacities a
much greater than LANL’s waste volumes.

5.3.9.4 Contaminated Space

The activities reflected in the Expande
Operations Alternative are projected to increa
the total contaminated space at LANL b
73,000 square feet (6,782 square meters) o
the next 10 years, as compared to the base
established for the SWEIS as of May 199
(chapter 4, section 4.9).  The majority of th
increase is due to implementation of actions th
have already been reviewed under NEPA, b
which had not been implemented at the time t
baseline was established, as discussed in the
Action Alternative (section 5.2.9).  Additiona
construction and operations in LANSCE
(TA–53) and the Machine Shops (TA–3) resu
in an additional 5,000 square feet (460 squa
meters) in each of these facilities under th
alternative.

Selection of either the Brownfield or TA–55
add-on alternatives from the PSSC Analysis 
the Enhancement of Plutonium P
Manufacturing (volume II, part II) would resul
in an additional 15,300 square fee
(1,420 square meters) of contaminated spa
5–128



Environmental Consequences
T
A

B
LE

 5
.3

.9
.3

–1
.—

P
ro

je
ct

ed
 A

nn
ua

l a
nd

 1
0-

Y
ea

r 
T

ot
al

 W
as

te
 G

en
er

at
io

n 
U

nd
er

 th
e 

E
xp

an
de

d 
O

pe
ra

tio
ns

 A
lte

rn
at

iv
e

a

F
A

C
IL

IT
Y

TE
C

H
N

IC
A

L
A

R
E

A
S

C
H

E
M

IC
A

L 
W

A
S

T
E

b 

(k
ilo

gr
am

s)

LO
W

 L
E

V
E

L 
W

A
S

T
E

 
(c

ub
ic

 m
et

er
s)

M
IX

E
D

 L
O

W
 L

E
V

E
L 

W
A

S
T

E
 

(c
ub

ic
 m

et
er

s)

T
R

A
N

S
U

R
A

N
IC

 
W

A
S

T
E

 
(c

ub
ic

 m
et

er
s)

M
IX

E
D

 
T

R
A

N
S

U
R

A
N

IC
 

W
A

S
T

E
 

(c
ub

ic
 m

et
er

s)

A
N

N
U

A
L 

A
V

E
R

A
G

E
10

-Y
E

A
R

A
N

N
U

A
L 

A
V

E
R

A
G

E
10

-Y
E

A
R

A
N

N
U

A
L 

A
V

E
R

A
G

E
10

-Y
E

A
R

A
N

N
U

A
L 

A
V

E
R

A
G

E
10

-Y
E

A
R

A
N

N
U

A
L 

A
V

E
R

A
G

E
10

-Y
E

A
R

P
lu

to
ni

u
m

 F
a

ci
lit

y 
C

o
m

pl
ex 

TA
–5

5
8,

34
0

83
,4

00
74

0
7,

40
0

1
3

13
0

31
0

3,
10

0
10

2
1,

02
0

T
ri

tiu
m

 F
a

ci
lit

ie
sc

TA
–

16
 &

 
TA

–2
1

1,
70

0
17

,0
00

48
0

4,
80

0
3

3
0

N
A

N
A

N
A

N
A

C
he

m
is

tr
y 

an
d

 M
et

al
lu

rg
y 

R
es

ea
rc

h 
B

ui
ld

in
gd

TA
–

3
11

,2
00

11
2,

00
0

1,
86

0
18

,6
00

1
9.

6
19

6
4

6.
6

46
6

2
0.

4
20

4

P
a

ja
rit

o
 S

ite
TA

–1
8

4,
00

0
40

,0
00

14
5

1,
45

0
1

.5
1

5
N

A
N

A
N

A
N

A

S
ig

m
a 

C
om

pl
ex

TA
–

3
10

,0
00

1
00

,0
00

96
0

9,
60

0
4

4
0

N
A

N
A

N
A

N
A

M
a

te
ria

ls
 S

ci
en

ce
 L

ab
or

at
or

y
TA

–
3

60
0

6,
00

0
0

0
0

0
N

A
N

A
N

A
N

A

Ta
rg

et
 F

ab
ri

ca
tio

n
 F

ac
ili

ty
TA

–3
5

3,
80

0
38

,0
00

1
0

10
0

0
.4

4
N

A
N

A
N

A
N

A

M
a

ch
in

e 
S

h
op

s
TA

–
3

4
74

,0
00

4.
74

 × 
1

06
60

6
6,

06
0

0
0

N
A

N
A

N
A

N
A

H
ig

h
 E

xp
lo

si
ve

s 
P

ro
ce

ss
in

g 
F

a
ci

lit
ie

s
TA

–8
, 9

, 1
1,

 1
6,

 
2

8 
&

 3
7

13
,0

00
1

30
,0

00
1

6
16

0
0

.2
2

N
A

N
A

N
A

N
A

H
ig

h
 E

xp
lo

si
ve

s 
Te

st
in

g 
F

a
ci

lit
ie

s
TA

–1
4,

 1
5

, 3
6

, 
3

9,
 4

0
35

,3
00

3
53

,0
00

94
0

9,
40

0
0

.9
9

0
.2

2
N

A
N

A

Lo
s 

A
la

m
o

s 
N

eu
tr

o
n 

S
ci

e
nc

e
 

C
en

te
re

TA
–5

3
16

,6
00

1
66

,6
00

1,
08

5
10

,8
50

1
1

0
N

A
N

A
N

A
N

A

H
ea

lth
 R

es
ea

rc
h

 L
ab

or
a

to
ryf

TA
–4

3
13

,2
80

1
32

,8
00

3
4

34
0

3
.4

3
4

N
A

N
A

N
A

N
A

R
ad

io
ch

e
m

is
tr

y 
La

bo
ra

to
ry

TA
–4

8
3,

30
0

33
,0

00
27

0
2,

70
0

3
.8

3
8

N
A

N
A

N
A

N
A

R
ad

io
ac

tiv
e

 L
iq

u
id

 W
a

st
e 

T
re

at
m

e
nt

 F
a

ci
lit

yg
TA

–
50

 &
 

TA
–2

1
2,

20
0

22
,0

00
16

0
1,

60
0

0
0

3
0

30
0

0
0

W
a

st
e 

T
re

at
m

e
nt

, S
to

ra
g

e,
 a

nd
 

D
is

po
sa

l F
a

ci
lit

ie
sg

TA
–

54
 &

 
TA

–5
0

92
0

9,
20

0
17

4
1,

74
0

4
4

0
2

7
27

0
0

0

N
on

-K
ey

 F
ac

ili
tie

s
6

51
,0

00
6.

51
 × 

1
06

52
0

5,
20

0
3

0
30

0
0

0
0

0

E
R

 P
ro

je
cth

2
 ×

 1
06

2
 ×

 1
07

4,
25

7
42

,5
70

54
8

5,
48

0
11

11
0

0
0

G
ra

nd
 T

o
ta

li
3.

2
49

3
 × 

1
06

3.
2

49
3

 × 
1

07
12

,2
40

1
22

,4
00

63
3

6,
33

0
42

5
4,

25
0

12
2

1,
22

0

5–129



LANL SWEIS  
N
A

 in
di

ca
te

s 
th

at
 t

hi
s 

fa
ci

lit
y 

do
e

s 
no

t 
ro

u
tin

el
y 

g
en

e
ra

te
 th

es
e

 ty
pe

s 
o

f w
a

st
e

.
a 
R

a
di

oa
ct

iv
e 

liq
ui

d
 w

a
st

e 
ge

n
er

at
io

n
 is

 n
ot

 p
ro

je
ct

ed
 b

y 
fa

ci
lit

y 
(s

ee
 t

ex
t 

in
 s

ec
tio

n 
5.

3
.9

.3
).

b 
T

h
e 

ch
em

ic
al

 w
a

st
e 

n
um

b
er

s 
re

fle
ct

 w
as

te
 th

a
t e

xh
ib

its
 a

 h
a

za
rd

ou
s 

ch
ar

ac
te

ris
tic

 (
ig

ni
ta

b
ili

ty
, c

or
ro

si
vi

ty
, r

e
ac

tiv
ity

, o
r 

to
xi

ci
ty

),
 is

 li
st

ed
 a

s 
a 

ha
za

rd
o

us
 w

as
te

 b
y 

E
P

A
, i

s 
a 

m
ix

tu
re

of
 li

st
e

d 
ha

za
rd

o
us

 w
as

te
 a

nd
 s

o
lid

 w
as

te
, o

r 
is

 a
 s

ec
on

da
ry

 w
as

te
 a

ss
oc

ia
te

d
 w

ith
 th

e 
tr

e
at

m
en

t, 
st

or
a

ge
, o

r 
di

sp
os

a
l o

f a
 h

az
a

rd
ou

s 
w

as
te

.  
T

h
is

 in
cl

ud
e

s 
w

as
te

 th
at

 is
 s

ub
je

ct
 to

 
re

gu
la

tio
n 

un
de

r 
R

C
R

A
, a

s 
w

el
l a

s 
P

C
B

 w
as

te
 a

n
d 

as
b

es
to

s 
w

a
st

e 
re

gu
la

te
d 

u
nd

e
r 

th
e 

To
xi

c 
S

u
b
st

a
n
ce

 C
o

n
tr

o
l A

ct. 
 T

h
is

 w
a

st
e 

ca
te

g
or

y 
al

so
 in

cl
ud

es
 b

io
m

ed
ic

al
 w

as
te

.
c  T

he
se

 p
ro

je
ct

io
ns

 in
cl

ud
e

 1
41

,0
00

 f
t

3  (
4,

0
00

 m
3 ) 

o
f L

LW
 d

u
e 

to
 b

ac
kl

og
ge

d
 w

as
te

.
d  T

h
es

e 
L

LW
 p

ro
je

ct
io

ns
 in

cl
u

de
 1

41
,0

00
 ft

3  (
4,

00
0 

m3 ) 
of

 L
LW

 g
en

er
at

io
n

 a
nt

ic
ip

at
ed

 d
u

e 
to

 th
e 

C
M

R
 B

ui
ld

in
g 

U
pg

ra
d

es
, P

h
as

e 
II.

 
e 
T

h
es

e 
pr

o
je

ct
io

n
s 

in
cl

ud
e 

22
8,

00
0 

ft
3  (

 6
,4

50
 m

3 ) 
o

f L
LW

 d
u

e 
to

 th
e 

co
n

st
ru

ct
io

n 
of

 t
he

 n
ew

 L
o

ng
-P

u
ls

e 
S

p
al

la
tio

n
 S

ou
rc

e 
F

ac
ili

ty
 a

nd
 8

6,
0

00
  

ft
3  (

2
,4

50
 m

3 ) 
o

f L
LW

 d
u

e 
to

 
up

g
ra

d
es

 t
o 

A
re

as
 A

5
 a

nd
 A

6
, a

s 
w

e
ll 

as
 r

ed
uc

e
d 

op
er

at
io

n
al

 w
as

te
 g

e
ne

ra
tio

n 
du

rin
g 

th
e

se
 c

on
st

ru
ct

io
n

 a
ct

iv
iti

es
.

f T
h

es
e 

p
ro

je
ct

io
ns

 in
cl

ud
e

 2
2

,0
00

 lb
s 

(1
0,

00
0 

kg
) 

o
f c

he
m

ic
al

 w
a

st
e,

 5
50

 lb
s 

(2
50

 k
g

) 
of

 b
io

m
e

di
ca

l w
a

st
e

 (
a 

sp
ec

ia
l f

o
rm

 o
f c

he
m

ic
al

 w
as

te
),

 1
,5

60
  f

t
3  (

44
 m

3 ) 
of

 L
LW

, a
n

d 
85

0
 ft3  

(2
4 

m
3 ) 

of
 L

L
M

W
 a

ss
o

ci
at

ed
 w

ith
 o

ng
o

in
g

 e
ffo

rt
s 

to
 r

em
ov

e 
ob

so
le

te
 a

n
d 

co
nt

am
in

at
ed

 e
q

ui
p

m
en

t.
g 

T
h

es
e 

fa
ci

lit
ie

s 
pr

ov
id

e 
fo

r 
st

or
a

ge
, t

re
a

tm
en

t,
 a

n
d 

d
is

po
sa

l o
f w

as
te

 g
en

e
ra

te
d 

th
ro

u
gh

ou
t L

A
N

L
.  

T
he

se
 a

ct
iv

iti
e

s 
ge

ne
ra

te
 s

e
co

nd
ar

y 
w

as
te

, t
he

 q
ua

nt
iti

e
s 

of
 w

hi
ch

 a
re

 r
e

fle
ct

ed
 in

th
is

 ta
bl

e 
fo

r 
th

es
e 

fa
ci

lit
ie

s.
h  T

h
e 

E
R

 P
ro

je
ct

 is
 p

ro
je

ct
ed

 t
o 

g
en

er
a

te
 3

90
  f

t
3  (

11
 m

3 ) 
p

er
 y

ea
r 

o
f 

T
R

U
 a

n
d 

m
ix

e
d 

T
R

U
 w

a
st

e 
to

ge
th

er
.  

A
ll 

of
 th

is
 w

as
te

 is
 p

re
se

nt
ed

 u
nd

er
 th

e 
T

R
U

 w
a

st
e 

co
lu

m
ns

.
i  

G
ra

nd
 to

ta
ls

 h
av

e
 b

ee
n

 r
ou

n
de

d.

T
A

B
LE

 5
.3

.9
.3

–1
.—

P
ro

je
ct

ed
 A

nn
ua

l a
nd

 1
0-

Y
ea

r 
T

ot
al

 W
as

te
 G

en
er

at
io

n 
U

nd
er

 th
e 

E
xp

an
de

d 
O

pe
ra

tio
ns

 A
lte

rn
at

iv
e

a -
C

on
tin

ue
d

5–130



Environmental Consequences

d
in

of
ks

st
m
at

ute
h

ute
of
e
s
nt

nt
ial
ous
re
ck.

ts
e

ted
n
ut

nts
 is
nt
k
lief
is
d
ps

the
d
l.
he
fic
The “CMR Building Use” Alternative from that
PSSC Analysis, utilizes existing unused space
in the CMR Building, would use existing
nuclear space, and thus would not incrementally
increase the contaminated space at LANL
facilities.

Although not considered “contaminated space”
for the purposes of this SWEIS, selection of the
PSSC Preferred Alternative (expansion of
Area G into Zones 4 and 6) would result in
disposal of LLW in up to 41 acres (17 hectares)
of land not previously used for disposal.
Selection of the North site alternative or the
TA–67 alternative would result in disposal of
LLW in 49 acres (20 hectares) or 50 acres
(21 hectares), respectively, of land not
previously used for disposal.

5.3.10 Transportation

The transportation impacts projected for the
Expanded Operations Alternative are
summarized in this section.  On-site and off-site
shipments under this alternative are greater than
these under the No Action Alternative (with the
exception that no LLW is shipped off the site for
disposal).  More detailed information regarding
these shipments and the impacts is included in
volume III, appendix F.

5.3.10.1 Vehicle-Related Risks

Truck Emissions in Urban Areas

For the Expanded Operations Alternative, the
projected impact from vehicle emissions is
0.066 excess LCF over a lifetime of operation
per year.  Use of the Santa Fe Relief Route
would have a very small effect on this risk (it
would change to 0.064 excess LCF per year).
The only difference is that the Santa Fe Relief
Route would have 1.2 miles (2 kilometers) less
of urban highway mileage.  Approximately
65 percent of excess LCFs are due to radioactive
material shipments and 35 percent are due to
hazardous chemical shipments.  

Truck Accident Injuries and Fatalities

The impacts projected for the Expande
Operations Alternative are presented 
Table 5.3.10.1–1.  (Additional information is
provided in appendix F, section F.6.3.)  Use 
the Santa Fe Relief Route would reduce the ris
of accidents, injuries, and fatalities by almo
one-half of those indicated for the segment fro
U.S. 84/285 to I–25 due to the assumption th
the accident rate on the Santa Fe Relief Ro
would be much lower than for the route throug
Santa Fe.  Use of the Santa Fe Relief Ro
would not substantially change the risks 
accidents, injuries, and fatalities on th
remainder of the New Mexico segment, a
compared to the risks reflected for this segme
in Table 5.3.10.1–1.   Approximately 65 perce
of the impacts are due to radioactive mater
shipments and 35 percent are due to hazard
chemical shipments.  Again, all shipments a
assumed to result in a return by an empty tru

5.3.10.2 Cargo-Related Risks

Incident-Free Radiation Exposure

The incident-free radiation exposure impac
projected for the off-site shipments under th
Expanded Operations Alternative are presen
in Table 5.3.10.2–1; as noted i
section 5.2.10.2, the total is the dose througho
the U.S., and is dominated by the segme
outside of New Mexico.  The aircraft segment
for overnight carrier service; the truck segme
to and from the airport is included in the truc
results.  In general, use of the Santa Fe Re
Route would result in only small changes in th
type of impact.  Truck crew doses an
nonoccupational doses for people at rest sto
would increase due to the increased length of 
Santa Fe Relief Route for north-boun
shipments carrying the radioactive materia
Nonoccupational doses for people sharing t
road would decrease due to the lower traf
density projected for the relief route. 
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TABLE  5.3.10.1–1.—Truck Accident Injuries and Fatalities Projected for LANL Shipments Under 
the Expanded Operations Alternative

ROUTE SEGMENT
NUMBER OF 

ACCIDENTS PER 
YEAR

NUMBER OF 
INJURIES PER 

YEAR

NUMBER OF 
FATALITIES PER 

YEAR

On Site 0.033 0.007 0.00033

LANL to U.S. 84/285 0.34 0.071 0.0034

U.S. 84/285 to I–25 0.82 0.18 0.0082

Remainder of New Mexico 1.4 1.3 0.15

Outside New Mexico 6.4 6.0 0.62

Total 9.0 7.6 0.78

TABLE  5.3.10.2–1.—Incident-Free Population Dose and Lifetime Excess LCFs for Off-Site 
Shipments per Year of Operation Under the Expanded Operations Alternative

ROUTE 
SEGMENT

TRUCK OR AIR 
CREW

NONOCCUPATIONAL

ALONG ROUTE SHARING ROUTE STOPS

person-
rem/year

excess 
LCF/
year

person-
rem/year

excess 
LCF/
year

person-
rem/year

excess 
LCF/
year

person-
rem/year

excess 
LCF/
year

LANL to U.S. 84/285 7.4 0.003 0.04 0.00002 0.65 0.00032 4.0 0.002

U.S. 84/285 to I–25 10 0.004 0.49 0.00024 4.6 0.0023 4.2 0.0021

Remainder of New 
Mexico

55 0.022 0.12 0.000062 2.1 0.001 30 0.015

Outside New Mexico 510 0.2 3.5 0.0018 30 0.015 230 0.12

Aircraft 2.4 0.0012 NA NA NA NA NA NA

Total 580 0.23 4.2 0.0021 37 0.019 270 0.14

NA = Not applicable
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MEI dose occurs between LANL and I–25 and
is 0.00038 rem per year of operation.

Driver Doses from On-Site Shipments of 
Radioactive Materials

The projected collective radiation dose for
LANL drivers under the Expanded Operations
Alternative is 10.292 person-rem.  This
collective dose would be expected to result in
0.00412 excess LCFs over a lifetime per year of
operation among these drivers.

The average individual driver dose is projected
to be 0.429 rem per year, which is well below
the DOE radiation protection limit of 5 rem per
year. 

Transportation Accidents

The following discussion addresses the
potential impacts of accidents leading to the
release of either radioactive or hazardous
material being transported in support of LANL
operations under the Expanded Operations

Alternative.  Results are given for both off-sit
and on-site shipments.

Off-Site Radioactive Materials Shipments

The MEI doses calculated with RADTRAN do
not vary by alternative and are given i
Table 5.2.10.2–2.  The population dose a
corresponding lifetime excess LCF per year 
operation for these shipments are presented
Table 5.3.10.2–2 for these accidents.  ADRO
results separated into frequency an
consequence components are not read
available.  The product, MEI dose risk, can b
presented in terms of excess LCF per year; 
the Expanded Operations Alternative, MEI do
risk due to plutonium-238 oxide and due to p
shipments were each about 1 x 10-10 excess LCF
per year.

The use of the Santa Fe Relief Route wou
reduce the projected population dose (a
therefore, the excess LCFs per year) to ab
one-third for the U.S. 84/285 to I–25 segmen
as compared to use of the route through Sa

TABLE  5.3.10.2–2.—Bounding Radioactive Materials Off-Site Accident Population Risk for the
Expanded Operations Alternative

ROUTE 
SEGMENT

ANNUAL POPULATION DOSE RISK AND EXCESS LCF RISK

SHIPMENT TYPE

AMERICIUM
-241

CH TRU RH TRU
PLUTONIUM

-238
PITS TOTAL

person-
rem/year

person-
rem/year

person-
rem/year

person-
rem/year

person-
rem/year

person-
rem/year

excess
LCF/year

LANL to U.S. 
84/285

0.016 0.0019 3.8 x 10-6 1 x 10-6 6 x 10-6 0.018 9.0 x 10-6

U.S. 84/285 to 
I–25

0.25 0.024 0.000053 2 x 10-6 0.00002 0.27 0.00014

Remainder of 
New Mexico

0.033 0.016 0.000033 1 x 10-6 8 x 10-6 0.049 0.000024

Rest of U.S. 2.7 NA NA 8 x 10-6 0.00004 2.7 0.0014

NA = Not available
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Fe.  This difference is primarily due to the
difference in population density along these
routes.  (Lower traffic density projected on the
relief route is also a factor.)  The use of the Santa
Fe Relief Route would increase the projected
population dose (and, therefore, excess LCFs
per year) for the remainder of New Mexico
segment to about double that identified if the
route through Santa Fe is used.  This difference
is due to the increase (6 miles [10 kilometers]
more) in the distance traveled on I–25 for north-
bound shipments.  

On-Site Radioactive Materials Shipments

The MEI doses, frequencies, and MEI risks due
to the bounding on-site shipments involving
radioactive materials are given in
Table 5.3.10.2–3.  As noted in section 5.2.10.2,
the frequency of the bounding DARHT and
PHERMEX shipments has been added to the
frequency of irradiated target shipments.

Hazardous Materials Shipments 

The bounding hazardous materials shipments
for accident analyses are major chlorine
shipments (toxic), major propane shipments
(flammable), and major explosives shipments.
The consequences of an accident involving a
major explosives shipment is bounded by the
consequences of an accident involving a major

propane shipment, so the frequency 
explosives shipments was added to t
frequency of propane shipments (rather th
analyzing them separately).  

Accidental Chlorine Release  

The projected frequencies, consequences, 
risks associated with major chlorine acciden
under the Expanded Operations Alternative a
presented in Table 5.3.10.2–4. 

The use of the Santa Fe Relief Route wou
result in about one-sixth the risk of fatalities an
injuries on the U.S. 84/285 to I–25 segment, 
compared to the use of the route through Sa
Fe.  These differences are due to the low
population density along the Santa Fe Rel
Route.  The use of the Santa Fe Relief Rou
would result in a slight increase in the risk o
fatalities and injuries on the remainder of Ne
Mexico segment because of the extra 6 mi
(10 kilometers) traveled on I–25 for northboun
traffic (chlorine shipments are all assumed 
travel north on I–25).

Accidental Propane Release

The projected frequencies, consequences, 
risks associated with major propane accide
under the Expanded Operations Alternative a
presented in Table 5.3.10.2–5.

The use of the Santa Fe Relief Route wou
result in slightly less risk of fatalities and abou
one-third of the risk of injuries on the U.S. 84
285 to I–25 segment, as compared to the use
the route through Santa Fe.  These differenc
are due to the lower population density along t
Santa Fe Relief Route.  The use of the Santa
Relief Route would result in about half the ris
of injuries and fatalities on the remainder o
New Mexico segment because of the 6 mil
(10 kilometers) reduction in distance travele
on I–25 for southbound traffic (propan
shipments are all assumed to travel south 
I–25).

TABLE  5.3.10.2–3.—MEI Doses and 
Frequencies for Bounding On-Site 

Radioactive Materials Accidents Under the 
Expanded Operations Alternative

SHIPMENT 
TYPE

EVENT 
FREQUENCY 

PER YEAR

MEI 
DOSE

MEI RISK

Plutonium-
238 Solution

1.7 x 10-7 8.7 rem 1.4 x 10-6 rem/
year 

(5.8 x 10-10 
excess LCF/

year)

Irradiated 
Targets

3.2 x 10-6 acute 
fatality

3.2 x 10-6 
fatalities/year
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TABLE  5.3.10.2–4.—Frequencies, Consequences, and Risk for a Major Chlorine Accident Under 
the Expanded Operations Alternative

ROUTE 
SEGMENT

AREA
EVENT 

FREQUENCY 
PER YEAR

ESTIMATED 
NUMBER OF 

FATALITIES PER 
EVENT

ESTIMATED 
NUMBER OF 

INJURIES PER 
EVENT

RISK OF 
FATALITIES 
PER YEARa

RISK OF 
INJURIES 

PER YEARa

LANL to U.S.
84/285

Rural 0.000062 0.065 0.24 
0.000019 0.000072

Suburban 0.00001 1.5 5.6

U.S. 84/285 to 
I–25

Rural 0.000048 0.053 0.2

0.00064 0.0024 Suburban 0.0001 3.0 11

Urban 0.000032 11 40

Remainder of 
New Mexico

Rural 0.00036 0.015 0.056

0.00011 0.00042Suburban 0.000038 1.5 5.5

Urban 6.2 x 10-6 8.4 32

Remainder of 
U.S.

Rural 0.0026 0.028 0.1

0.0028 0.01Suburban 0.00066 1.6 6.1

Urban 0.00016 10 39

a Because individual factors were rounded for presentation, multiplication of the factors on this table may not exactly match the 
results in these columns.

TABLE  5.3.10.2–5.—Frequencies, Consequences, and Risk for a Major Propane Accident Under 
the Expanded Operations Alternative

ROUTE SEGMENT AREA
EVENT 

FREQUENCY 
PER YEAR

ESTIMATED 
NUMBER OF 
FATALITIES 
PER EVENT

ESTIMATED 
NUMBER OF 

INJURIES PER 
EVENT

RISK OF 
FATALITIES 
PER YEARa

RISK OF 
INJURIES 

PER 
YEARa

LANL to U.S. 84/285 Rural 0.000022 0.28 1.1 0.000022 0.000086

Suburban 3.7 x 10-6 4.2 17

U.S. 84/285 to I–25 Rural 0.000017 0.23 0.92 0.00033 0.0013

Suburban 0.000037 8.4 34

Urban 0.000011 1.8 7.3

Remainder of New 
Mexico

Rural 0.00014 0.15 0.6 0.00026 0.0011

Suburban 0.000046 5.1 20

Urban 5.8 x 10-6 1.5 6.1

Remainder of U.S. Rural 0.00018 0.09 0.36 0.00015 0.00059

Suburban 0.000023 4.8 19

Urban 0.000012 1.9 7.5

a Because individual factors were rounded for presentation, multiplication of the factors on this table may not exactly match the 
results in these columns.
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Traffic Impacts from the Project-Specific 
Siting and Construction Analyses

The PSSC analyses in volume II (parts I and II)
identify relatively minor increases in on-site
traffic due to the construction associated with
these two projects (Expansion of Area G and
Enhancement of Plutonium Pit Manufacturing).
The impact analyses identified in this section
would not be expected to change due to these
types of changes; the conservatism built into
these analyses is considered adequate to address
these relatively minor and transitory changes.

The alternatives examined for the Enhancement
of Plutonium Pit Manufacturing did not reflect
any variation in construction traffic across the
alternatives.  However, much of the on-site
operational transportation examined in this
section of the SWEIS may be reduced to
approximately the No Action levels if the
Brownfield or Add-on to TA–55 alternatives
were selected.  This is because such alternatives
would not have the same level of transportation
between TA–55 and CMR Building, and this
would result in a reduction in driver doses from
on-site transportation of radioactive materials to
approximately the levels identified in the No
Action Alternative for this type of impact.  The
frequency of on-site transportation accidents
would also be reduced in this case.  Under the
Preferred Alternative, at the 20 pits per year
rate, transportation impacts for on- and off-site
transportation would be similar to, but slightly
less than, the impacts presented in this section.
(At this lower rate, there would be fewer
shipments between TA–55 and the CMR
Building, as well as fewer shipments to and
from Oak Ridge and Pantex.)  The selection of
the “CMR Building Use” Alternative from this
PSSC analysis would be expected to result in the
operational impacts described in this section.

The alternatives examined for the expansion of
Area G did not reflect any variation in
construction traffic across the alternatives,
except that a new burial site (other than at
TA–54) would be expected to require increased

construction activity and traffic, with a slightly
higher probability of a traffic accident involving
workers.  This could result in a slightly highe
probability of worker injury or death than is
presented in this section of the SWEIS.

5.3.11 Accident Analysis

Transportation accidents for the Expande
Operations Alternative are addressed 
section 5.3.10.  High-frequency (greater tha
1 in 100) occupational accidents for th
Expanded Operations Alternative are address
in section 5.3.6.

5.3.11.1 Multiple Source Release of 
Hazardous Material from 
Site-Wide Earthquake and 
Wildfire

The risks from these accidents are drive
primarily by the frequency and magnitude of a
earthquake and wildfire in the area.  Because 
same types of operations will be conducted 
the same facilities, and the inventories of MA
will be about the same; there are no substan
changes between the No Action and th
Expanded Operations Alternatives.  Therefor
there is no change in risk among the alternativ
from site-wide earthquakes.  Tables 5.2.11.1
and 5.2.11.1–2 show these results.

5.3.11.2 Plutonium Releases from 
Manmade and Process 
Hazards at LANL

A summary of the frequency and consequenc
for plutonium releases is given in
Table 5.3.11.2–1.  These releases reflect
variety of initiators depending on the type o
activities or manmade hazards in the area, su
as an aircraft crash.

For these accidents there are minor variations
such activities as the handling of drums, th
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TABLE  5.3.11.2–1.—Summary of Radiological Consequences for Plutonium Release Scenarios
LANL—Expanded Operations Alternative

SCENARIO DESCRIPTION LIKELIHOOD a,f CONSEQUENCE
MEASURESb,c,d,e,g

SOCIETAL RISK (EXCESS 
LATENT CANCER 

FATALITIES PER YEAR)

MANMADE  HAZARDS 

RAD–01

Plutonium release from RANT 
Facility transuranic waste container 
storage area fire.

Approximately 
1,600 per year (i.e., one 
event in approximately 
600 years); considered 

an unlikely event

Approximately 0.04 excess LCF

Mean population dose approximately 
72 person-rem

MEI at nearest public access (on Pajarito 
Road) approximately 46 rem, at most 

exposed residence approximately 4 rem

0.000064

No change in likelihood or severity 
among the alternatives.

RAD–07

Plutonium release from WCRRF 
transuranic waste container storage 
area fire.

0.0003 per year
(i.e., one in 3,000 years); 
considered an unlikely 

event

Approximately 0.7 excess LCF 

Mean population dose: approximately 
1,300 person-rem

MEI dose at closest public access (Pajarito 
Road) approximately 74 rem, MEI at 

habitation: approximately 4 rem

0.00021

No change in the severity of the 
accident from the No Action 

Alternative.  Likelihood increases, 
as compared to No Action.

RAD–08

Plutonium release from TWISP 
transuranic waste storage domes due 
to aircraft crash and fire.

4.3 x 10-6 per year 
(i.e., one event in 

approximately 
200,000 years); 

considered an extremely 
unlikely event

Approximately 0.2 excess LCF

 Mean population dose:  approximately 
400 person-rem

MEI at nearest public access (Pajarito 
Road and nearest boarder with White 

Rock): 22 rem

8.6 × 10-7

No change in the likelihood or 
severity of the accident from the No 

Action Alternative.

RAD–16

Plutonium release due to aircraft 
crash at the CMR Building.

Approximately 
3.5 x 10-6 per year 
(i.e., one event in 

approximately 300,000 
years)

Approximately 0.03 excess LCF

Mean population dose: approximately 
56 person-rem, no expected excess LCFs; 

MEI at closest public access, 
approximately 3 rem,  approximately 

0.03 rem at nearest habitation

1.05 × 10-7

No change in the likelihood or 
severity of the accident from the No 

Action Alternative.

PROCESS HAZARD  ACCIDENTS

RAD–09

Plutonium release due to transuranic 
waste drum failure or puncture (for 
“high” and typical activity in drum).

0.0049 per year 
(i.e., one in 

approximately 250 years 
for high-activity drum); 
0.49 per year (i.e., one in 
2 years for typical drum)

0.12 excess LCF from high activity drum

Mean population dose for release  
approximately 230 person-rem

MEI (high activity drum) at closest access 
(Pajarito Road) approximately 23 rem; 

approximately 0.86 rem at closest 
habitation

0.0022 excess LCF from typical activity 
drum

Mean population dose approximately 
4.4 person-rem

MEI (typical activity drum) at closest 
access (Pajarito Road) approximately 
0.41 rem; approximately 0.86 rem at 

closest habitation

0.00059

No change in the severity of the 
accident from the No Action 

Alternative.

0.0011

No change in the severity of the 
accident from the No Action 

Alternative.
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SCENARIO DESCRIPTION LIKELIHOOD a,f CONSEQUENCE
MEASURESb,c,d,e,g

SOCIETAL RISK (EXCESS 
LATENT CANCER 

FATALITIES PER YEAR)

RAD–13

Plutonium release from flux trap 
irradiation experiment at TA–18.

0.000016 per year
(i.e., one event in 

approximately 
65,000 years)

Approximately 0.08 excess LCF

Mean population dose approximately 
160 person-rem

MEI at closest public access (Pajarito 
Road), approximately 120 rem; at closest 

habitation approximately 0.12 rem.

0.0000013

No change in the likelihood or 
severity of the accident from the No 

Action Alternative.

RAD–15 Plutonium release from 
CMR Building.

(1) Laboratory Fire

(2) Wing Fire

(1) 0.000036 per year

(2) 0.000032 per year

(1) Approximately 0.088 excess LCF

Mean population dose approximately 
175 person-rem

MEI at nearest public access (Diamond 
Road) approximately 0.41 rem; 

approximately 0.48 rem at closest 
habitation

(2) Approximately 1.7 excess LCF

 Mean population dose:  approximately 
3,400 person-rem

MEI at nearest public access (Diamond 
Road) approximately 91 rem; 

approximately 90 rem at closest habitation

(1) 3.2 x 10-6 

Accident severity changes due to an 
increase in the amount of material.

(2)  0.000054 

Accident severity changes due to an 
increase in the amount of material.

a  Accident likelihood estimates are conservative, given the information available.  
b  Conservative assumptions have been employed in estimating the quantity and form of the  hazardous materials available for release.
c  Accident consequences are generally conservative (pessimistic), but utilize average (rather than most unfavorable) weather conditions.   
d  MEIs for each location are hypothetical individuals who do not leave and do not take protective actions to avoid exposure.
e  The symbol  ~  means approximately.
f  The frequency per year is more correctly described as the probability of occurrence in any 12-month period.  See detailed explanation under Meaning of Risk and 

Frequency in volume III, appendix G, section G.1.
g Impacts, in terms of excess LCFs per year of operation, are used to quantify the risks of exposure to radiation.  When the impact is applied to an individual (e.g., an 

MEI), the risk is a lifetime incremental probability of a fatal cancer per year of operation.  When applied to a population of individuals, the risk is the incremental 
number of fatal cancers anticipated in the exposed population for each year of operation.

TABLE  5.3.11.2–1.—Summary of Radiological Consequences for Plutonium Release Scenarios
LANL—Expanded Operations Alternative-Continued
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number of trips, and the number of experiments.
These changes tend to increase or decrease the
risk by 10 to 20 percent.  These changes do not
alter the overall risk profile for the site or
substantially alter the relative ranking of each of
these accidents. 

An overview of the 1969 plutonium fire at the
Rocky Flats site and a comparison of the design
and operational differences between the Rocky
Flats Plant and TA–55–4 are presented in
volume III, appendix G, section G.4.1.2.

Substantial differences exist between the
nuclear facility and operations being conducted
in TA–55–4 today and those that were present at
the Rocky Flats Plant in 1969.  TA–55–4 was
designed to correct the deficiencies detected in
older facilities such as the Rocky Flats Plant and
is being upgraded to meet the even more
stringent requirements of the 1990’s, including
enhanced seismic resistance and fire
containment.

5.3.11.3 Highly Enriched Uranium 
Release from Process 
Hazard Accident

As discussed in section 5.2.11.3, this accident is
the dominant accident for the release of HEU.
Because the number of pulse operations would
increase for the Expanded Operations
Alternative, the frequency of the scenario will
increase.  The associated risk is reflected in
Table 5.3.11.3–1.

5.3.11.4 Tritium Release from a 
Manmade Hazard Accident 
at LANL

As presented in section 5.2.11.4, the aircraft
crash event is the dominant accident that

involves tritium.  Because no changes 
operations or inventories from the No Actio
Alternative are expected, the frequency a
consequences of this scenario under t
Expanded Operations Alternative are the sa
as presented under the No Action Alternative
Table 5.2.11.4–1.

5.3.11.5 Chemical Releases from 
Manmade and Process 
Hazard Accidents at LANL

For the chlorine releases, on-site personn
could be exposed to concentrations in excess
ERPG–2.  Chlorine has a highly objectionab
odor, which prompts sheltering and escap
however, personnel can be quickly overcom
when exposed to high concentrations.  There
a small increase in risk for chemical acciden
over the No Action Alternative.  These resul
are shown in Tables 5.3.11.5–1 and 5.3.11.5–

5.3.11.6 Worker Accidents

Because the Expanded Operations Alternat
includes the same types of activities that we
considered for the No Action Alternative with
no changes in the frequency or amounts 
materials used in these activities, an individu
worker is subject to the same risk.  Therefor
the frequencies and consequences of wor
accidents under the Expanded Operatio
Alternative are the same as those reflected
Table 5.2.11.6–1.
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TABLE  5.3.11.3–1.—Summary of Radiological Consequences from Highly Enriched Uranium 
Release Scenarios at LANL—Expanded Operations Alternative

SCENARIO DESCRIPTION LIKELIHOOD a CONSEQUENCE 
MEASURESb,c,d,e

SOCIETAL RISK 
(EXCESS LATENT 
FATALITIES PER 

YEAR)

RAD–03

Highly enriched uranium release 
from power excursion accident with 
Godiva-IV outside Kiva #3.

4.3 x 10-6 per year  Approximately 0.06 excess 
LCF

Mean population dose:  
approximately 110 person-rem  

MEI at nearest public access 
(Pajarito Road)

 Approximately 150 rem; at 
nearest habitation 

approximately 0.5 rem

2.6 x 10-7

a Accident likelihood estimates are conservative, given the information available.  
b Conservative assumptions have been employed in estimating the quantity and form of the  hazardous materials available for 

release.
c Accident consequences are generally conservative (pessimistic), but utilize average (rather than most unfavorable) weather 

conditions.
d MEIs for each location are hypothetical individuals who do not leave and do not take protective actions to avoid exposure.  The 

MEI dose is provided for an individual located on Pajarito Road at a distance of 160 feet (50 meters) from the facility, even 
through Pajarito Road would be closed to the public during outdoor operations.

e Impacts, in terms of excess LCFs per year of operation, are used to quantify the risks of exposure to radiation.  When the impact is 
applied to an individual (e.g., an MEI), the risk is a lifetime incremental probability of a fatal cancer per year of operation.  When 
applied to a population of individuals, the risk is the incremental number of fatal cancers anticipated in the exposed population for 
each year of operation.
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TABLE  5.3.11.5–1.—Summary of Chlorine Exposure Scenarios at LANL—Expanded
Operations Alternative

SCENARIO DESCRIPTION LIKELIHOOD a CONSEQUENCE 
MEASURESb,c,d

SOCIETAL RISK 
(NUMBERS AT OR 

ABOVE ERPG–2 PER 
YEAR)

PROCESS HAZARD  ACCIDENTS

CHEM–01

Chlorine release (150 pounds 
[68 kilograms]) from potable water 
treatment station, due to human error 
during cylinder changeout or 
maintenance, or due to random 
hardware failures.

 Approximately 
0.0013 per year
(i.e., one such 

event in 
approximately 

800 years)

For the risk-dominant large 
leak scenario,  an average of 
approximately 43 persons 
exposed above ERPG–2 

levels, and approximately 
12 persons exposed above 

ERPG–3 levels, to distances 
of  up to a few tenths of a 

mile.

0.056

Small change in the 
likelihood or severity of 
the accident from the No 

Action Alternative.

CHEM–02

Multiple cylinder (1,500 pounds 
[680 kilograms]) from toxic gas 
storage shed at Gas Plant, due to fire 
or aircraft crash.

 Approximately 
0.00015 per year

(i.e., one in 
approximately 
8,000 years)

Average of 292 people 
within LANL (ranging from 

none to 1,000 depending 
upon wind direction) 
exposed at or above 

ERPG–2 or –3 levels; town 
protected by canyon from 
highest concentrations.

0.044

(Frequency increases by 
14% from the no action 
alternative; no change in 

severity)

CHEM–03

Chlorine release (150 pounds 
[68 kilograms]) from toxic gas 
storage shed at Gas Plant, due to 
random failure or human errors 
during cylinder handling.

Approximately 
0.00012 per year

(i.e., one in 
approximately 
8,000 years)

An average of  
approximately 263 exposed 
above ERPG–2 levels; or 

239 above ERPG–3 levels, 
at distances to a fraction of a 
mile, all within LANL; town 

protected by canyon from 
highest concentrations.

0.032

No change in likelihood 
or severity over the No 

Action Alternative.

CHEM–06

Chlorine gas release outside 
Plutonium Facility.

Approximately 
0.063 per year 

(i.e., one event in 
approximately 

16 years)

Average number exposed at 
or above ERPG–2 doses is 

approximately 102, and 
above ERPG–3, 

approximately 7 at ranges to 
a fraction of a mile.

 6.426

No change in likelihood 
or severity over the No 

Action Alternative.

a Accident likelihood estimates are conservative, given the information available.  
b Conservative assumptions have been employed in estimating the quantity and form of the  hazardous materials available for 

release.
c Accident consequences are generally conservative (pessimistic), but utilize average (rather than most unfavorable) weather 

conditions. 
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TABLE  5.3.11.5–2.—Summary of Chemical Exposure Scenarios—Expanded
Operations Alternative

SCENARIO DESCRIPTION  LIKELIHOOD a CONSEQUENCE 
MEASURESb,c,d

SOCIETAL RISK  
(NUMBERS AT OR 

ABOVE ERPG–2
PER YEAR)

CHEM–04 Bounding single 
container release of 
toxic gas (selenium 
hexafluoride) from 

waste cylinder 
storage.

Approximately 
0.004 per year

(i.e., one in about 
250 years)

Average number of off-site 
persons exposed above 
ERPG–2 level is zero; 
toxic effects generally 

limited to the source’s TA 
(TA–54).

0

No changes in frequency 
or severity from the No 

Action Alternative.

CHEM–05 Bounding multiple 
cylinder release of 
toxic gas (sulfur 

dioxide) from waste 
cylinder storage.

Approximately 
0.00051 per year 
(i.e., one event in 

approximately 
2,000 years)

Under conservative 
daytime conditions, no one 

outside the source area 
(TA–54) would see levels 
above ERPG–2.  Under 

least favorable conditions, 
13 persons could be 

exposed above ERPG–3 
levels.

0

No changes in frequency 
or severity from the No 

Action Alternative.

a Accident likelihood estimates are conservative, given the information available.  
b Conservative assumptions have been employed in estimating the quantity and form of the hazardous materials available for 

release.
c Accident consequences are generally conservative (pessimistic), but utilize average (rather than most unfavorable) weather 
conditions.
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5.4 IMPACTS OF THE REDUCED 
OPERATIONS ALTERNATIVE

5.4.1 Land Resources

5.4.1.1 Land Use

Changes to land use and land use categories
under the Reduced Operations Alternative
would be the same as for the No Action
Alternative. 

5.4.1.2 Visual Resources

Changes to visual resources under the Reduced
Operations Alternative would be the same as for
the No Action Alternative.

5.4.1.3 Noise

Changes to noise levels, air blasts and ground
vibrations associated with high explosives
testing under the Reduced Operations
Alternative would be the same as for the No
Action Alternative.  The total of LANL
activities would decrease with a corresponding
slight decrease in total noise producing events,
which would reduce the potential to impact
workers.

5.4.2 Geology and Soils

Potential impacts for the Reduced Operations
Alternative on geology and soils would be the
same as those for the No Action Alternative. 

5.4.3 Water Resources

5.4.3.1 Surface Water

Table 5.4.3.1–1 shows the total flow from the
NPDES outfalls for each of the major
watersheds under the Reduced Operations
Alternative.  In volume III, appendix A,

Table A.1–1 presents a more detailed table 
the NPDES outfalls for all four alternatives b
facility (key and non-key), watershed, an
location.  The estimated total gallons discharg
into all watersheds equals 218 million gallon
(825 million liters) under the Reduce
Operations Alternative.  This is a decrease fro
the index effluent volume of 233 million gallon
(882 million liters).

NPDES outfall effluent quality during the
period of the SWEIS (1997 through 2006) 
expected to be the same under this alternative
described for the No Action Alternative
including the radionuclide concentrations i
effluent from TA–50, as presented i
Table 5.2.3.2–2.  The only canyon that has 
increase in outfall flow over the baseline 
Sandia Canyon.  The projected increase in flo
to Sandia Canyon is slightly more than one-h
that projected for the No Action Alternative
The potential impacts resulting from thi
increase in flow in Sandia Canyon should be t
same as discussed under the No Acti
Alternative.  For the Reduced Operation
Alternative, there are no new activities th
would result in changes in stormwater runoff.

5.4.3.2 Alluvial Groundwater

The relative decreases in NPDES outfa
discharges (as compared to No Action) a
expected to result in proportionally lowe
alluvial groundwater volumes.

The projected discharge from RLWTF int
Mortandad Canyon under the Reduce
Operations Alternative is 5.3 million gallon
(20 million liters) per year, about the same 
the RLWTF index volume of 5.5 million gallons
(21 million liters) per year.

The new HELWTF will likely result in
improved water quality to Canyon de Valle, a
discussed in the No Action Alternative.
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5.4.3.3 Perched Groundwater

Groundwater flow and contaminant pathways to
the intermediate perched groundwater bodies
are not well characterized nor understood.  It is
possible that NPDES discharges to Los Alamos
and Sandia Canyons under the Reduced
Operations Alternative, could contribute to
recharge of the intermediate perched
groundwater and contaminant transport beneath
Los Alamos and Sandia Canyons.  However,
unlike the No Action and the other alternatives,
NPDES discharges to Los Alamos Canyon
under the Reduced Operations Alternative will
be slightly less than the index.

5.4.3.4 Main Aquifer 

Recharge mechanisms to the main aquifer are
uncertain.  However, for the same reasons as
discussed under the No Action Alternative,
impacts resulting from decreased NPDES

outfall flows under the Reduced Alternativ
should be negligible.  A conservative projectio
of LANL water use under the Reduce
Operations Alternative is 602 million gallon
(2,279 million liters) per year.  Los Alamo
County and the NPS did not provid
projections, but in 1994 the County used abo
958 million gallons (3,626 million liters) from
this water right and the NPS used abo
5 million gallons (19 million liters).  Based on
this information, it is expected that the wate
requirements of this community can be m
within the existing water rights from the mai
aquifer.

For the purposes of modeling drawdown of th
main aquifer, annual water use projections we
made.  The total water usage from DOE wa
rights was projected to average 1,451 millio
gallons (5,492 million liters) per year under th
Reduced Operations Alternative, with 
maximum annual use of 1,470 million gallon

TABLE  5.4.3.1–1.—NPDES Discharges by Watershed Under the Reduced Operations Alternativa

WATERSHED
# OUTFALLS

FLOWS (MGY)

KEY FACILITIES NON-KEY TOTALS

INDEX REDUCED INDEX REDUCED INDEX REDUCED INDEX REDUCED

Ancho 2 0 0.1 0.0 0.0 0.0 0.1 0.0

Cañada del Buey 3 3 0.0 0.0 6.4 6.4 6.4 6.4

Chaquehui 1 0 0.0 0.0 5.8 0.0 5.8 0.0

Guaje 7 7 0.0 0.0 0.7 0.7 0.7 0.7

Los Alamos 12 8 19.2 16.4 0.5 0.2 19.7 16.6

Mortandad 12 7 42.0 28.3 10.9 5.1 52.9 33.4

Pajarito 17 11 8.4 1.8 0.8 0.8 9.2 2.6

Pueblo 1 1 0.0 0.0 1.0 1.0 1.0 1.0

Sandia 11 8 4.4 15.4 103.5 127.9 107.9 143.3

Water 21 10 29.5 14.1 0.0 0.0 29.5 14.1

Totals 87 55 103.6 76.0 129.6 142.0 233.2 218.1

MGY = millions of gallons per year
a NPDES Information Sources:  Index information was provided by the Surface Water Data Team Reports of August 1996 
(Bradford 1996) and as modified in 1997 (Garvey 1997).  Outfall flow projections for the alternatives were based on the ous 
remaining as of November 1997.  Additional outfalls may be eliminated in the future (as discussed in the Environmental 
Assessment for Effluent Reduction [DOE 1996e]) as well as several other outfalls that may be closed as part of LANL’s ongoin
outfall reduction program.
5–144



Environmental Consequences

 

l 

 
n 
d 
(5,564 million liters) and a minimum annual use
of 1,444 million gallons (5,466 million liters).

The model results reflect water level changes at
the top of the main aquifer across the
alternatives, given continued draw from the
aquifer by DOE, Española, and Santa Fe.
Table 5.4.3.4–1 shows predicted water level
changes at the surface of the main aquifer during
the period from 1997 through 2006 for the
Reduced Operations Alternative; as noted in
section 5.2.3.1, these changes are not all due to
LANL operations. Although the water use
modeled includes water use in Española and
Santa Fe, the differences between the
alternatives are due only to LANL operations.
The impacts to the volume of water in the main
aquifer under this alternative are very similar to
those described for the No Action Alternative;
the drawdowns in the DOE well fields are
minimal relative to the total thickness of the
main aquifer, and the volume of water to be used
over the period from 1997 through 2006 is
negligible relative to the volume of water in
storage.  Details of the conceptual model,
assumptions, uncertainties and limitations, and
input parameters for the groundwater model are
described in volume III, appendix A.  

5.4.4 Air Quality

5.4.4.1 Nonradiological Air Quality 
Impacts

Criteria Pollutants

Criteria pollutant emissions under the Reduced
Operations Alternative are less than those under
the Expanded Operations Alternative.  Because
the bounding analysis of criteria pollutant
emissions for all alternatives (based on the
emissions under the Expanded Operations
Alternative) results in estimated concentrations
of each pollutant below the standards
established to protect human health with an
ample margin of safety, criteria pollutant

TABLE  5.4.3.4–1.—Maximum Water Level 
Changes at the Top of the Main Aquifer 

Under the Reduced Operations Alternative 
(1997 Through 2006)

WATER LEVEL CHANGE IN FEET a,b

AREA OF CONCERN ON SITE

Pajarito Well Field -10.7

Otowi Well Field (Well 0-4) -10.3

AREA OF CONCERN OFF SITE

DOE - Guaje Well Field -8.1

Santa Fe Water Supply

Buckman Well Field +21.7

Santa Fe Well Field -20.6

San Juan Chama Diversion 0.0

Springs

White Rock Canyon Springs, 
Maximum Drop

0.0

White Rock Canyon Springs, 
Maximum Rise

+1.0

Other Springs (Sacred, Indian) +3.8

San Ildefonso Pueblo Supply Wells

West of Rio Grande

Household, Community Wells +0.6

Los Alamos Well Field +3.8

East of Rio Grande

Household, Community Wells 0.0

a Negative value (-) indicates water level drop; positive 
value (+) indicates water level rise.

b Also, the water level changes projected by the regional 
MODFLOW model represent average changes over a 
whole grid- cell (i.e., a square that is a mile on a side).  
They are, for the most part, not predictive of the water 
level changes at any single point within the cell (for 
example, a supply well).  Pumping wells have 
characteristic “cones of depression” where the water 
surface reflects an inverted cone, and water levels at the 
well may be quite different from levels even a few ten’s of
feet away.  Whether any individual well would exhibit 
water level changes consistent with the predicted grid-cel
average change is a function of, for example, its location 
within the grid-cell; proximity to other pumped wells; and 
the individual well operation, construction, and hydraulics. 
Hence, the water level changes predicted by the model ca
only be considered qualitatively and can not be considere
as finite changes.
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emissions under the Reduced Operations
Alternative would also be below these levels.

Toxic Air Pollutants

As discussed in section 5.1.4, the only toxic air
emissions with the potential to impact human
health and the environment under any
alternatives are those associated with high
explosives test site operations and the additive
emissions from all the pollutants from all TAs
on receptor sites located near the Los Alamos
Medical Center.  Under the Reduced Operations
Alternative, such emissions are projected to be
similar to those addressed in the No Action
Alternative (section 5.1.4).  Therefore,
pollutants released from LANL operations
under the Reduced Operations Alternative are
not expected to cause air quality impacts that
would affect human health and the environment.

5.4.4.2 Radiological Air Quality 
Impacts

This section addresses the  radiation dose to the
FS MEI, LANL MEI and the population dose
from LANL radionuclide air emissions under
the Reduced Operations Alternative.

Facility-Specific Maximally Exposed 
Individual

Table 5.4.4.2–1 shows the FS MEI doses under
the Reduced Operations Alternative.  The
highest MEI dose was 1.88 millirem per year,
which is 18.8 percent of the regulatory limit for
the air pathway.  This table shows the EPA
regulatory limit would not be exceeded from
emissions of these facilities under the Reduced
Operations Alternative.

LANL Maximally Exposed Individual

The location of the highest dose from all facility
emissions was 2,625 feet (approximately
800 meters) north-northeast of TA–53.   LANL
MEI dose was calculated to be 1.88 mrem per
year under the Reduced Operations Alternative.

Population Dose

The collective dose to the population livin
within a 50-mile (80-kilometer) radius from
LANL was calculated to be 10.83 person-re
per year under the Reduced Operatio
Alternative.  TA–15/36 accounted fo
65.3 percent of this dose (collective diffus
emissions, including those from these TA
accounted for 66.3 percent of this dose).

The values reported for population doses for th
alternative, as well as the other alternatives,

TABLE  5.4.4.2–1.—Facility-Specific 
Information Reduced Operations Alternative

KEY FACILITY
DOSEa 

(mrem/yr)

TA–3-29 (CMR) 0.36

TA–3-66 (Sigma) 0.36

TA–3-102 (Shops) 0.29

TA–11 (HE Testing) 0.31

TA–15/36 (Firing Sites)c 1.76

TA–16 (Tritium Facility) 0.22

TA–18 (Pajarito Site) 1.51

TA–21 (Tritium Facility) 1.22

TA–48 (Radiochemistry Laboratory) 1.08

TA–55 (Plutonium Facility) 1.08

TA–53 (LANSCE)b 1.88

TA–54 (Boundary)c 0.68

TA–54 (White Rock) 0.39

a For each FS MEI, the total dose was calculated by adding
the contributions from each modeled facility.  An MEI 
does not leave or take protective measures.

b This is also the LANL MEI.  Five specific sources were 
modeled from TA–53.  These include the TA–53 ES–2, 
ES–3, IPF, LEDA, and combined diffuse emissions.

c Two FS MEI locations were considered for TA–54 
because Area G is bordering San Ildefonso Pueblo land.
The first is a MEI location at the LANL boundary, 
1,197 feet (365 meters) northeast of Area G.  No person 
from the Pueblo currently is known to live along this 
boundary.  The second is an actual MEI location in the 
town of White Rock, approximately 5,331 feet 
(1,625 meters) southeast of Area G.
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higher than has been reported in the recent
annual environmental reports.  It is important to
recognize that the alternatives analyzed
represent increased operations when compared
to recent history.  The material throughput at the
different facilities under the various alternatives
is presented in chapter 3, section 3.6.

Isodose Maps

The isodose maps for the 50-mile
(80-kilometer) region are shown on
Figures 5.4.4.2–1 and 5.4.4.2–2.

5.4.5 Ecological Resources, 
Biodiversity, and Ecological 
Risk

Impacts to ecological resources and biodiversity
resulting from reducing the scale of operations
would not vary appreciably from those of the No
Action Alternative.  An overall reduction in
outfall discharges could cause a commensurate
decrease in the extent of affected wetlands.
There would not be any incremental changes
from the No Action level of ecological risk.

5.4.6 Human Health

The consequences of implementing the
Reduced Operations Alternative on public
health and worker health are presented below.
As discussed in section 5.1.6, “risk,” as used in
the SWEIS human health analysis, refers to the
probability of toxic or cancer mortality

consequences under the specific expos
scenarios analyzed.

5.4.6.1 Public Health

The consequences of continued operations
LANL on public health under the Reduce
Operations Alternative are presented below f
the same topics discussed in section 5.2.6.1.

Regional Consequences of Airborne 
Radioactivity Inhalation and Immersion

The LANL MEI was estimated to be 2,625 fee
(800 meters) north-northeast of LANSC
(TA–53).  This location is within the LANL
reservation, and the dose at this location 
estimated to be 1.88 millirem per yea
(section 5.4.4.2), corresponding to a 72-ye
lifetime dose of 0.14 rem.  This location borde
the Los Alamos townsite and is a conservati
estimate for an MEI from LANL emissions
The background (TEDE) dose in the Lo
Alamos area is estimated to be 360 millirem p
year; thus, the dose to the MEI is 0.5 percent
the background dose.

Table 5.4.6.1–1 summarizes the LANL ME
dose and presents the corresponding risk 
excess LCF to the MEI.  The risk o
development of nonfatal cancer is als
presented.  These risks are presented on
lifetime basis, assuming that the hypothetic
LANL MEI received the estimated dose o
1.88 millirem each year for a 72-year life.  Th
excess LCF risk was estimated to be 0.0000
over a lifetime.  

TABLE  5.4.6.1–1.—Estimated Public Health Consequences for LANL MEI and the Population
Within a 50-Mile (80-Kilometer) Radius of LANL for the Reduced Operations Alternative

PARAMETER LANL MEI
50-MILE (80-KILOMETER) 

RADIUS POPULATION

Dose 1.88 millirem/year 10.83 person-rem/year

Excess LCF 0.000068/lifetime (72 year) 0.0054/year of operations
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FIGURE 5.4.4.2–1.—Isodose Map Showing Doses Greater Than 1 Millirem 
per Year for the Reduced Operations Alternative.

Note:  The isodose lines are given in units of mrem.
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FIGURE 5.4.4.2–2.—Isodose Map Showing Doses Less Than 1 Millirem 
per Year for the Reduced Operations Alternative.

Note:  The isodose lines are given in units of mrem.



LANL SWEIS

of
F

n
e

rce
he
s
e is

se
r the
r

ot
ess
n)
as

in

x B
l
ic
an

ed
ll

 1
e
ive
ed

y

The isodose maps showing both the estimated
dose near LANL and within a 50-mile
(80-kilometer) radius of LANL are given in
Figures 5.4.4.2–1 and 5.4.4.2–2.  The
population dose within the 50-mile
(80-kilometer) radius is also given in
Table 5.4.6.1–1, estimated to be 10.8 person-
rem per year.  As reflected in the table, the
annual operations excess LCF risk was
estimated to be 0.0054.

In the Reduced Operations Alternative, there are
six facilities with FS MEIs receiving a dose that
would exceed 1 millirem per year (volume III,
appendix B):

• LANSCE, 1.88 millirem per year to the 
facility MEI

• HE Testing Sites (TA–15 and TA–36), 
1.76 millirem

• Pajarito Site (TA–18), 1.51 millirem
• TSTA and TSFF (TA–21), 1.22 millirem
• Radiochemistry Laboratory (TA–48), 

1.08 millirem
• Plutonium Facility (TA–55), 1.08 millirem

External Radiation:  Two Special Cases 

As discussed in section 5.2.6.1, one contribution
to public dose results from jogging or hiking for
96 hours on the access road north of TA–21 and
is attributable to cesium-137 known to be on the
ground within the TA.  The MEI dose is not
expected to change under the Reduced
Operations Alternative from that estimated
under the No Action Alternative (an EDE of
2.9 millirem per year and an excess LCF risk of
about 1.4 x 10-6 per year). 

The other contribution to public dose, as
discussed in section 5.2.6.1,  would result from
TA–18 “road-open” operations.  At the
95 percent confidence level, four exposures per
year would be expected for the MEI out of the
100 operations per year at TA–18 under the
Reduced Operations Alternative (the same as
for the No Action Alternative).  This would

result in an annual projected MEI EDE dose 
19 millirem per year.  The lifetime excess LC
risk for this dose is about 9.5 x 10-6 per year of
operation.

Nonionizing Radiation

The only uncontained nonionizing radiatio
source in use or planned  for  LANL is th
microwave transmitter in TA–49.  The
consequence of a public exposure to this sou
under the Reduced Operations Alternative is t
same as for the No Action Alternative; a
discussed in section 5.2.6.1, this consequenc
negligible.

Consequences of Airborne Chemical 
Emissions

For the Reduced Operations Alternative, the
consequences are the same as those unde
No Action Alternative; the worst-case HI fo
lead did not exceed one in a million (10-6); for
depleted uranium, the worst-case HI did n
exceed 1 in 100,000 (0.00010); and the exc
LCF for beryllium (evaluated as a carcinoge
under the Reduced Operations Alternative w
estimated to be less than 3.6 x 10-7 per year.
These analyses are presented in detail 
volume III, appendix D.

Carcinogenic Risk from Air Emissions

The screening process described in appendi
identified no individual carcinogenic chemica
air emission that required analysis for publ
health consequences.  For carcinogens, 
estimate also was made of the combin
lifetime incremental cancer risk due to a
carcinogenic pollutants from all TAs
(appendix B, attachment 6).

This combined cancer risk is less than 1 in
million for the Reduced Operations Alternativ
because projected emissions for this alternat
are less than those analyzed for the Expand
Operations Alternative (which was just slightl
above the screening guideline value of 1 x 10-6).
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It is believed that negligible increase in
incremental combined cancer risk will result
from the Reduced Operations Alternative.

Consequences of Ingestion to Residents, 
Recreational Users, and Special Pathways 
Receptors

The risk to the public from ingestion under the
Reduced Operations Alternative does not differ
from that associated with the No Action
Alternative; this is because most of the risk is
attributable to the existing levels of
contamination in water and soils in the area.
This is discussed further in section 5.2.6.1.
Table 5.2.6.1–2 summarizes the ingestion
radiological annual dose and excess LCF per
year to the MEIs.  Tables 5.2.6.1–2 and
5.2.6.1–3 summarize the total radiological
annual ingestion dose and excess LCF to
members of the public.  Per Table 5.2.6.1–3, the
total worst-case ingestion doses for the off-site
resident of Los Alamos County and non-Los
Alamos County resident are 0.011 and
0.017 rem per year, respectively.  If this person
is also a recreational user of the Los Alamos
canyons, drinking canyon water and ingesting
canyon sediments, the worst-case additional
dose ranges up to 0.001 rem per year, according
to the amount of time spent in the canyons (see
footnote b in Table 5.2.6.1–3).    If the individual
has traditional Native American or Hispanic
lifestyles, the values found in the final columns
of the table should be used in place of the values
in the first columns for off-site residents.  Per
the values in the final columns, these “special
pathways receptors” can have worst-case
3.1 millirem per year additional dose.  The
associated excess LCF risks for the off-site
residents are 8.6 x 10-6 per year of exposure and
9.1 x 10-7 per year of exposure for the individual
who is also an avid recreational user.  These
worst-case doses are for a 95th percentile intake
of the 95th percentile contamination level,
referred to as the UCL.  Ingestion pathway
calculations included all radionuclides detected
in the media.  This includes natural background,
weapons testing fallout, and previous releases.

The actual contribution from continued
operations at LANL is only a small fraction o
this value.  These values apply to the basel
and to all four alternatives.  The data an
analyses for these calculations are in volume
appendix D, section D.3.3.  Table 5.2.6.1–
summarizes the risk associated with meta
ingestion to MEIs in the LANL region.

Consequences to the Public Along 
Transportation Routes

Section 5.4.10 details the analysis 
transportation consequences under th
alternative.  Public health consequences inclu
the dose and excess LCF risk associated w
routine, accident-free transportation
Table 5.4.10–2 shows the population dose a
excess LCF for normal (accident-free) off-si
shipments.  The population dose and exce
LCFs associated with exposures occurrin
during stops for transportation segments ne
LANL are provided in Table 5.4.6.1–2.  Dose
associated with living along route and sharin
routes with these shipments are detailed 
Table 5.4.10–2, and are less than tho
associated with stops.  Risks associated w
accidents during transportation also a
discussed in section 5.4.10. 

5.4.6.2 Worker Health

Worker risks associated with continue
operations of LANL include radiological

TABLE  5.4.6.1–2.—Radiation Doses and 
Excess LCF Risks Estimated to the Public at
Stops During Transportation of Materials and 

Wastes from LANL

ROUTE 
SEGMENT

PERSON-REM 
PER YEAR
(AT STOPS)

EXCESS LCF 
RISK PER 

YEAR

LANL to 
U.S. 84/285

3.4 0.0017

U.S. 84/285 3.6 0.0018
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(ionizing and nonionizing) risks, chemical
exposure risks, and risk of injury during normal
operations.  The consequences to worker health
from implementing the Reduced Operations
Alternative are given below and detailed in
appendix D, section D.2.2.

Radiological Consequences

Ionizing Radiation Consequences.
Table 5.4.6.2–1 summarizes the projected doses
and associated excess LCF risks from
implementation of the Reduced Operations
Alternative.

The collective worker dose under the Reduced
Operations Alternative is conservatively
projected to be 18 percent less than that
measured in 1993 to 1995.  In terms of the
average non-zero dose, the Reduced Operations
Alternative is expected to result in less than that
experienced in recent years (0.08 rem per year
for Reduced Operations compared with
0.097 rem per year, 1993 to 1995).  The
estimated lifetime excess LCF risk is 0.000033
per year of operation.

Nonionizing Radiation.  It is expected that
there will continue to be negligible effects to
LANL worker health from nonionizing
radiation sources including ultraviolet sources,
infrared radiation from instrumentation and
welding, lasers, magnetic and electromagnetic
fields, and microwaves (including the large
station at TA–49).  (Also see appendix D,
section D.2.2.2 for evaluation used to estimate
nonionizing radiation from LANL operations to

humans and wildlife, and for the estimate
results.) 

Chemical Exposure Consequences

It is anticipated that there will continue to be
few exposures annually, particularly exposur
to:

• Airborne asbestos
• Lead paint particulates
• Crystalline silica
• Fuming perchloric acid, hydrofluoric acid
• Skin contact with acids or alkalis

Under the Reduced Operations Alternative, it
expected that there will be a worker populatio
of approximately 9,300 individuals
approximately equal to the index perio
employment levels.  For the purposes of t
SWEIS, it is assumed that there is negligib
additional benefit of the chemical hygien
program at LANL over the period analyzed
and that the rate of chemical exposur
continues at the index period rates.  Therefore
is expected that reportable chemical exposu
would not change from the index period
approximately one to three reportable chemic
exposures per year.

Beryllium Processing Consequences.  It is
anticipated that beryllium operations in th
Reduced Operations Alternative would be th
same as in the No Action Alternative.  It is no
anticipated that consequences to workers wo
be measurable; that is, no sensitization 
beryllium would be detected using the LANL
industrial hygiene monitoring program. 

TABLE  5.4.6.2–1.—Annual Worker Doses and Associated Lifetime Excess LCF Risks Under th
Reduced Operations Alternative

LANL Collective Worker Dose (person-rem/yr) 170

Estimated Excess LCF Risk (across the worker population) per year of operation 0.07

Average Non-Zero Worker Dose (rem/yr) 0.08

Estimated Excess LCF Risk (average worker > 0 dose) 0.000033
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Physical Safety Hazards

Table 5.4.6.2–2 compares the projected
reportable accidents and injuries estimated for
normal operations occurring under the Reduced
Operations Alternative and that experienced
during the index period.  The Reduced
Operations Alternative is expected to result in
no change in reportable accidents or injuries due
to increases in worker population.  These
accidents and injuries are considered as
consequences of normal operations because of
their frequency.  These results assume that the
aggressive Health and Safety Program
underway at LANL does not achieve any
additional reduction in reportable cases. 

The consequences of these accidents and
injuries are expected to be similar to those
experienced in the past, and typically are those
associated with health response and recovery
from acute trauma.  Therefore, the
consequences include physical pain and
therapy/treatment for recovery such as those
associated with bone setting, shoulder
dislocation reset, and subsequent physical
therapy.  Some injuries may also result in
continuing consequences to the worker that
could affect productivity or lifestyle, such as
motor skill loss due to nerve damage or
cardiovascular debilitation resulting from
electrical shock or electrocution. 

5.4.7 Environmental Justice

As indicated in sections 5.4.1 and 5.4.2, n
substantive adverse impacts to land resource
geology and soils are anticipated for th
continued operation of LANL under the
Reduced Operations Alternative.  Thus, n
disproportionately high and adverse impacts
minority or low-income communities are
anticipated for these impact areas.  The poten
impacts to surface and groundwater a
ecological resources associated with t
Reduced Operations Alternative would affe
all communities in the area equally (se
sections 5.4.3 and 5.4.5 for additiona
information on the potential for impacts to thes
resources).  Thus, no disproportionately high 
adverse impacts to minority or low-incom
communities are anticipated to be associa
with these resource areas.

Figure 5.4.7–1 reflects the dose from
radiological air emissions within 50 mile
(80 kilometers) of LANL under the Expande
Operations Alternative.  As discussed 
section 5.2.7, impacts due to air emissions a
equal to lower in the sectors with substant
minority and/or low-income populations tha
they are in sectors 1–3 and 6–16, and su
impacts are not disproportionately high o
adverse with respect to the minority or low
income populations (see section 5.4.4 regard
the impacts anticipated for air emissions und
the Reduced Operations Alternative).

The air pathway is one example of the analy
of potential human health impacts.  A
presented in section 5.4.6, there is minim
potential for LANL operations to adversel
affect human health for off-site residents o
recreational users in the area around LAN
under the Reduced Operations Alternativ
Similarly, the special pathways have littl
potential to impact human health under th
alternative.  Thus, the Reduced Operatio
Alternative would not present
disproportionately high or adverse impacts 

TABLE  5.4.6.2–2.—Projected Annual 
Reportable Accidents and Injuries for the 

Reduced Operations Alternative Compared 
with the Index Period

PARAMETER 
ESTIMATED

 PARAMETER 
VALUE AND 

UNITS

Projected Worker Population  Approximately 
9,300

Projected Reportable Accidents 
and Injuries

417/year

Change from Index
(1993 to 1996)

 Negligible 
Change
5–153



5–154

LANL SWEIS

FIGURE 5.4.7–1.—Isodose Lines from Airborne Releases for the Reduced 
Operations Alternative Within 50 Miles (80 Kilometers) of LANL.



Environmental Consequences

nd

e
L
)
es
for
re
or

ri-
nt
sult
s.
e
s

Fe

 is
 on
 to
ds
.

he
r

od
6.
is
rs
o

human health in minority or low-income
communities (section 5.4.6.1).

As shown in section 5.4.10, impacts from
on-site transportation and from LANL to U.S.
84/285 are estimated to be 0.0017 excess LCFs
per year from incident-free transportation and
0.042 deaths and injuries per year from
transportation accidents.  Impacts from
transportation on route segments that pass
through minority or low-income communities
(particularly the segment from U.S. 84/285 to
I–25) are estimated to be 0.0018 excess LCFs
per year from incident-free transportation and
0.095 deaths or injuries per year from
transportation accidents.  Therefore, no high
and adverse impact is expected to either a
member of the general public or to a member of
a minority or low-income population due to
transportation in the vicinity of LANL
transportation routes.

5.4.8 Cultural Resources

Construction activities and explosive test
activities under this alternative are essentially
the same as those under the No Action
Alternative.  Because these are the activities
with the most potential for impacts to cultural
resources, impacts to prehistoric resources,
historic resources, and TCPs under the Reduced
Operations Alternative would be similar to
those stated for the No Action Alternative in
subsection 5.2.8, including the associated table.
DOE would continue to manage and protect the
1,295 inventoried archaeological resources in
compliance with the Archaeological Resources
Protection Act (16 U.S.C. §470aa), Sections 3,
4, 6, and 7, and related legislation (see
chapter 4).  Management and protection of
historic structures would be similar to that of the
No Action Alternative (section 5.2.8).

Spiritual Entities

As with the No Action Alternative, no
assessment of impacts to “unseen” or “spiritual”
entities was attempted.

5.4.9 Socioeconomics, 
Infrastructure, and Waste 
Management

This section describes the social, economic, a
infrastructure impacts of activities at LANL
under the Reduced Operations Alternative.

5.4.9.1 Socioeconomic Impacts

Employment, Salaries, and Population

The primary (direct) impacts of this type ar
presented in Table 5.4.9.1–1 for the LAN
workforce only.  The secondary (indirect
impacts and the total population chang
projected are presented in Table 5.4.9.1–2 
the Tri-County area.  These changes a
assumed to occur within a year of the ROD f
the SWEIS.

Housing

The population changes anticipated in the T
County area, based on the total employme
changes described above, are projected to re
in a reduction in demand of 27 housing unit
The distribution of this reduction in the thre
counties is:  a reduction of 6 units in Los Alamo
County; a reduction of 10 units in Rio Arriba
County; and a reduction of 11 units in Santa 
County.  

A reduction in housing demand at these levels
not expected to exert any significant pressure
rents and house prices, and is not expected
effect apartment vacancies or turnover perio
for house sales in any of these three counties

Construction

Table 5.4.9.1–3 contains the results of t
analysis of construction spending, labo
salaries, and labor employment for the peri
fiscal year 1997 through fiscal year 200
Construction activities associated with th
alternative are expected to draw worke
already present in the Tri-County area wh
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TABLE  5.4.9.1–1.—Summary of Primary LANL Employment, Salariesa, and Procurement Under 
the Reduced Operations Alternativeb

LOS 
ALAMOS 
COUNTY

RIO 
ARRIBA 
COUNTY

SANTA FE 
COUNTY

TRI-
COUNTY 
TOTAL

OTHER 
NEW 

MEXICO 
COUNTIES

NEW 
MEXICO 
TOTAL

OUTSIDE 
NEW 

MEXICO
TOTAL

Employees 4,821 1,913 1,832 8,566 607 9,173 174 9,347

Differencec (14) (6) (5) (25) (1) (26) (2) (28)
(-< 1%)

Salaries ($M) 252.4 44.6 73.7 370.7 16.3 387 8.5 395.4

Differencec (2.9) (0.4) (0.6) (3.2) 0 (3.3) (0.2) (3.5)
(- 1%)

Procurement 
($M)

215.4 1.7 20.6 237.7 121.8 359.5 228.8 588.4

Differencec (0.3) 0.0 (0.1) (0.3) (0.6) (1.0) (2.8) (3.7)
(- 1%)

( ) indicates a decrease as compared to baseline.
a Salaries are for UC employees only; subcontractor salaries (Johnson Controls, Inc.; Protection Technology of Los Alamos, etc.) are 
included in the procurement dollars.

b Reflects projected locations of employee residences and LANL procurement activities.
c Difference is as compared to fiscal year 1996.  Percentage difference is shown in parentheses in the far right (TOTAL) column.

TABLE  5.4.9.1–2.—Summary of Total Tri-County Employment, Salaries, Business Activity, and 
Population Changes Under the Reduced Operations Alternative

PRIMARY 
CHANGE

SECONDARY 
CHANGE

TOTAL
TRI-COUNTY 

CHANGE

TRI-
COUNTY 
PRIMARY 
WORKER 
CHANGEa

TRI-COUNTY 
SECONDARY 

WORKER 
CHANGEb

TOTAL 
TRI-

COUNTY 
WORKER 
CHANGE

TOTAL TRI-
COUNTY 

POPULATION 
CHANGEc

Employment/ 
Population

(25) (43) (68) (20) (13) (33) (64) (-< 1%)

Personal 
Incomes

($3 million) ($3 million) ($6 million)
(-< 1%)

Annual 
Business 
Activity

($0.3 million) ($0.7 million) ($1 million)
(-< 1%)

( ) indicates a decrease as compared to baseline.  Percentages in parentheses are the percentage change that the number represents.  These are 
provided for total population change, total person income change, and total annual business activity change.

a This is the number of direct workers moving to the Tri-County area, assuming that 80 percent of new LANL employees are from outside this area.
b This is the number of secondary workers moving to the Tri-County area, assuming that 30 percent of secondary employment is from outside this 

area. 
c This is the total population increase in the Tri-County area, assuming that, on average, each worker moving to the area increases the population by 

1.935 (and each worker leaving the area decreases the population by 1.935).
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historically have worked from job to job in the
region.  Thus, this employment is not expected
to influence socioeconomic factors.  

Local Government Finance

Under this alternative, the Tri-County gross
receipts tax yields would not be expected to
change substantially (about a $100,000 decrease
from the baseline yield).

Services

Annual school enrollment in the Tri-County
area would decrease by 11 students.  This
enrollment change would have no discernible
effect on classroom capacity.  Annual funding
assistance from the State of New Mexico could
be reduced by about $44,000 because of these
enrollment decreases.  

The demand for police, fire, and other municipal
services would not be expected to change
substantially.

5.4.9.2 Infrastructure Impacts

Annual electricity use projected under th
Reduced Operations Alternative is a total 
508 gigawatt-hours, 163 gigawatt-hours fo
LANSCE, and 345 gigawatt-hours for the rest 
LANL.  The peak electrical demand is projecte
to be 88 megawatts, 38 megawatts f
LANSCE, and 50 megawatts for the rest 
LANL 1.  The existing supply of electricity to the
Los Alamos area is not sufficient year-round 
meet the projected electrical peak demand 
LANL operations under this alternative; thus
periods of brownouts are anticipated unle
measures are taken to increase the supply
electricity to the area.  (Sections 1.6.3.1 a
4.9.2 discuss ongoing efforts to increa
electrical power supply to this area.)  Th
situation is exacerbated by the addition
electrical demand for BNM and the
communities of Los Alamos and White Rock
(While these organizations did not provide u
projections, their historical usage is reflected 
section 4.9.2 of chapter 4.) 

Natural gas use is projected to b
1,840,000 decatherms annually, the same 
projected under the No Action Alternative
Demand should continue to be dominated 
heating requirements.

Water use projected under the Reduc
Operations Alternative is a total of 602 millio
gallons (2,279 million liters) per year
108 million gallons (409 million liters) per yea
for LANSCE, and 494 million gallons
(1,870 million liters) per year  for the rest o
LANL.  This is well within DOE water rights,
about 1,806 million gallons (6,836 million
liters) per year; however, this water right als
provides for water used by Los Alamos Coun
and BNM.  Based on existing informatio
regarding non-LANL water use, the wate

TABLE  5.4.9.1–3.—Construction Spending, 
Labor Salaries, and Labor Employment 
Numbers Under the Reduced Operations 

Alternative (Fiscal Year 1997 Through 2006)

YEAR
CONTRACT 

$M
LABOR 

$M
EMPLOYEES

1997 63 15 432

1998 187 45 1,282

1999 208 50 1,426

2000 219 53 1,502

2001 210 50 1,440

2002 120 29 823

2003 91 22 624

2004 90 22 617

2005 109 26 747

2006 108 26 741

$M = dollars given in millions
Sources:  DOC 1996, PC 1997a, and PC 1997b

1. These values include the proposed SCC Project annu
electricity and peak electrical demand for a 50-TeraOp 
operation and are reflected in all the alternatives.  The SCC 
project was as an interim action to the SWEIS.
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demands of this community can be met within
the existing water rights (water demand is also
discussed in section 5.4.3).  The peak water
requirements are the same as identified under
the No Action Alternative.

5.4.9.3 Waste Management

The annual and 10-year total generation
projections for radioactive and hazardous waste
are reflected in Table 5.4.9.3–1.  Radioactive
liquid waste is not projected by facility because
measurements of individual contributions are
not made for all facilities.  The total amount of
radioactive liquid waste projected for receipt at
TA–50 is 53 million gallons (200 million liters)
over 10 years (or an average of 5.3 million
gallons [20 million liters] per year) for this
alternative.  These projections include waste
from key facilities, all other LANL facilities,
waste management facilities, the ER Project,
and construction activities.

Due to the reduced level of operations under this
alternative, this alternative generates less waste
than is generated under the No Action
Alternative.  As with the No Action Alternative,
much of LANL’s LLW, TRU, and chemical
waste would be treated and packaged to meet
waste acceptance criteria and shipped off the
site for disposal; nondefense TRU waste from
other sites would be stored at LANL pending the
development of disposal options.  Off-site
disposal capabilities are much greater than the
waste volumes generated at LANL.

5.4.9.4 Contaminated Space

The activities reflected in the Reduced
Operations Alternative are projected to increase
the total contaminated space at LANL by
63,000 square feet (5,853 square meters) over
the next 10 years (the same as the No Action
Alternative), as compared to the baseline
established for this SWEIS as of May 1996
(chapter 4, section 4.9).  The majority of this
increase is due to implementation of actions that

have already been reviewed under NEPA, b
which had not been implemented at the time t
baseline was established (the same on
discussed in the No Action Alternative).

5.4.10 Transportation

The transportation impacts projected for th
Reduced Operations Alternative ar
summarized in this section.  More detaile
information regarding these impacts is include
in volume III, appendix F.  Although the numbe
of many types of operational shipmen
associated with the Reduced Operatio
Alternative are lower than in the othe
alternatives, the number of LLW shipments fo
off-site disposal increases substantially 
compared to the number of LLW shipmen
under the No Action Alternative (because th
Reduced Operations Alternative reflects off-si
disposal of most LLW).  Due to the large
number of LLW shipments under this
alternative, the total number of shipments 
radioactive materials under the Reduce
Operations Alternative is actually larger tha
the number of such shipments under the N
Action Alternative (although this is still fewer
shipments than are associated with t
Expanded Operations or Greener Alternative
For this reason, the transportation impac
associated with off-site radioactive shipmen
under the Reduced Operations Alternative a
actually greater than the impacts associated w
such shipments under the No Action Alternativ
(this is not true for off-site radioactive materia
accidents because LLW transportatio
accidents are not among the boundin
accidents).

5.4.10.1 Vehicle-Related Risks

Truck Emissions in Urban Areas

For the Reduced Operations Alternative, th
projected risk is 0.034 excess LCF per yea
Use of the Santa Fe Relief Route would have
very small effect on this risk (it would change t
5–158
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0.033 excess LCF per year).  The only
difference is that the Santa Fe Relief Route
would have 1.2 miles (1.9 kilometers) less of
urban highway mileage.  Approximately
65 percent of the excess LCFs are due to
radioactive material shipments and 35 percent
are due to hazardous chemical shipments.  All
shipments are conservatively assumed to result
in an empty truck making the return trip.  This is
appropriate for WIPP and LLW shipments and
for many SST shipments; however, most
shipments are in general commerce and would
not include the return of an empty truck.

Truck Accident Injuries and Fatalities

The impacts projected for the Reduced
Operations Alternative are presented in
Table 5.4.10.1–1.  (Additional information is
provided in volume III, appendix F,
section F.6.3.)  Use of the Santa Fe Relief Route
would reduce the risks of accidents, injuries,
and fatalities by almost one-half of those
indicated for the segment from U.S. 84/285 to
I–25 due to the assumption that the accident rate
on the Santa Fe Relief Route would be much
lower than for the route through Santa Fe.
Approximately 65 percent of the impacts are
due to radioactive material shipments and 35
percent are due to hazardous chemical
shipments.  Again, all shipments are assumed to
result in a return by an empty truck. 

5.4.10.2 Cargo-Related Risks

Incident-free Radiation Exposure

The incident-free radiation exposure impacts
projected for the off-site shipments under the
Reduced Operations Alternative are presented
in Table 5.4.10.2–1; as noted in
section 5.2.10.2, the total is the dose throughout
the U.S. and is dominated by the segments
outside of New Mexico.  The aircraft segment is
for overnight carrier service; the truck segment
to and from the airport is included in the truck
results.  In general, use of the Santa Fe Relief

Route would result in only small changes in th
type of impact.  Truck crew doses an
nonoccupational doses for people at rest sto
would increase due to the increased length of 
Santa Fe Relief Route for north-boun
shipments carrying the radioactive materia
Nonoccupational doses for people sharing t
road would decrease due to the lower traf
density projected for the relief route.  

MEI dose occurs between LANL and I–25 an
is 0.00032 rem.

Driver Doses from On-Site Shipments of 
Radioactive Materials

The projected collective radiation dose fo
LANL drivers under the Reduced Operation
Alternative is 4.262 person-rem.  This collectiv
dose would be expected to result 
0.0017 excess LCFs among these drivers.

The average individual driver dose is projecte
to be 0.178 rem per year, which is well belo
the DOE radiation protection limit of 5 rem pe
year.

Transportation Accidents

The following discussion addresses th
potential impacts of accidents leading to th
release of either radioactive or hazardo
material being transported in support of LAN
operations under the Reduced Operatio
Alternative.  Results are given for both off-sit
and on-site shipments.

Off-Site Radioactive Materials Shipments

MEI doses calculated with RADTRAN do no
vary by alternative and are given i
Table 5.2.10.2–2.  The population dose a
corresponding excess LCF per year for the
shipments are presented in Table 5.4.10.2–2
these accidents.  ADROIT results that a
separated into frequency and consequen
components are not readily available.  Th
product, MEI dose risk, can be presented 
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TABLE  5.4.10.1–1.—Truck Accident Injuries and Fatalities Projected for LANL Shipments Under 
the Reduced Operations Alternative

ROUTE SEGMENT
NUMBER OF ACCIDENTS 

PER YEAR
NUMBER OF INJURIES 

PER YEAR
NUMBER OF FATALITIES 

PER YEAR

On-Site 0.014 0.0029 0.00014

LANL to U.S. 84/285 0.18 0.037 0.0018

U.S. 84/285 to I–25 0.43 0.091 0.0043

Remainder of New Mexico 0.70 0.68 0.075

Outside New Mexico 3.6 3.3 0.33

Total 4.9 4.1 0.41

TABLE  5.4.10.2–1.—Incident-Free Population Dose and Lifetime Excess LCFs for Off-Site 
Shipments per Year of Operation Under the Reduced Operations Alternative

ROUTE SEGMENT

TRUCK DRIVER 
OR AIRCREW

NONOCCUPATIONAL

ALONG ROUTE SHARING ROUTE STOPS

person-
rem/year

excess 
LCF/year

person-
rem/year

excess 
LCF/year

person-
rem/year

excess 
LCF/year

person-
rem/year

excess 
LCF/year

LANL to U.S. 84/285 6.4 0.0026 0.034 0.000017 0.56 0.00028 3.4 0.0017

U.S. 84/285 to I–25 8.7 0.0035 0.42 0.00021 3.4 0.0017 3.6 0.0018

Remainder of New Mexico 50 0.02 0.12 0.00006 1.9 0.00095 27 0.014

Outside New Mexico 440 0.18 2.9 0.0014 0.25 0.012 200 0.1

Aircraft 2.4 0.0012 NA NA NA NA NA NA

Total 510 0.21 3.5 0.0017 31 0.015 230 0.12

NA = Not applicable, rem = roentgen equivalent man
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terms of excess LCF per year; for the Reduced
Operations Alternative, MEI dose risk due to
plutonium-238 oxide and due to pit shipments
were each less than 1 x 10-10 excess LCF per
year.  

The use of the Santa Fe Relief Route would
reduce the projected population dose (and
therefore the excess LCFs per year) to about
one-third for the U.S. 84/285 to I–25 segment,
as compared to use of the route through Santa
Fe.  This difference is primarily due to the
difference in population density along these
routes.  (The lower traffic density along the
relief route is also a factor.)  The use of the Santa
Fe Relief Route would increase the projected
population dose (and therefore excess LCFs per
year) for the remainder of New Mexico segment
to about double that identified if the route
through Santa Fe is used.  This difference is due
to the increase (6 miles [9.6 kilometers] more)
in the distance traveled on I–25 for north-bound
shipments.  

On-Site Radioactive Materials Shipments

The MEI doses, frequencies, and MEI risks d
to the bounding on-site shipments involvin
radioactive materials are given in
Table 5.4.10.2–3.  As noted in section 5.2.10
the frequency of the bounding DARHT an
PHERMEX shipments has been added to t
frequency of irradiated target shipments.

TABLE  5.4.10.2–2.—Bounding Radioactive Materials Off-Site Accident Population Risk for the
Reduced Operations Alternative

ROUTE SEGMENT

ANNUAL POPULATION DOSE RISK AND EXCESS LCF RISK

SHIPMENT TYPE

AMERICIUM 
-241

CH-TRU RH-TRU
PLUTONIUM

-238
PITS TOTAL

person-
rem/year

person-
rem/year

person-
rem/year

person-
rem/year

person-
rem/year

person-
rem/year

excess 
LCF/year

LANL to U.S. 84/285 0.015 0.0014 2.9 x 10-6 4 x 10-7 2 x 10-6 0.016 8.0 x 10-6

U.S. 84/285 to I–25 0.24 0.019 0.00004 1 x 10-6 8 x 10-6 0.26 0.00013

Remainder of New 
Mexico

0.031 0.012 0.000025 4 x 10-7 4 x 10-6 0.043 0.000022

Rest of U.S. 2.5 NA NA 4 x 10-6 0.00001 2.5 0.0012

NA = Not applicable

TABLE  5.4.10.2–3.—MEI Doses and 
Frequencies for Bounding On-Site 

Radioactive Materials Accidents Under the 
Reduced Operations Alternative

SHIPMENT 
TYPE

EVENT 
FREQUENCY 

PER YEAR

MEI 
DOSE

MEI RISK

Plutonium-
238 Solution

8.8 x 10-8 8.7 rem 7.7 x 10-7 

rem/year 
(3.1 x 10-10 

excess 
LCF/year)

Irradiated 
Targets

2.9 x 10-6 acute 
fatality

2.9 x 10-6 
fatalities/

year
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Hazardous Materials Shipments 

The bounding hazardous materials shipments
for accident analyses are major chlorine
shipments (toxic), major propane shipments
(flammable), and major explosive shipments.
The consequences of an accident involving a
major explosive shipment is bounded by the
consequences of an accident involving a major
propane shipment, so the frequency of
explosives shipments was added to the
frequency of propane shipments (rather than
analyzing them separately). 

Accidental Chlorine Release

The projected frequencies, consequences, and
risks associated with major chlorine accidents
under the Reduced Operations Alternative are
presented in Table 5.4.10.2–4. 

The use of the Santa Fe Relief Route would
result in about one-tenth the risk of fatalities and
injuries on the U.S. 84/285 to I–25 segment, as
compared to the use of the route through Santa
Fe.  These differences are due to the lower
population density along the Santa Fe Relief
Route.  The use of the Santa Fe Relief Route
would result in a slight increase in the risk of
fatalities and injuries on the remainder of New
Mexico segment because of the extra 6 miles
(9.6 kilometers) traveled on I–25 for
northbound traffic (chlorine shipments are all
assumed to travel north on I–25). 

Accidental Propane Release

The projected frequencies, consequences, and
risks associated with major propane accidents
under the Reduced Operations Alternative are
presented in Table 5.4.10.2–5.

The use of the Santa Fe Relief Route would
result in about one-third the risk of fatalities and
one-fourth the risk of injuries on the U.S. 84/285
to I–25 segment, as compared to the use of the
route through Santa Fe.  These differences are
due to the lower population density along the

Santa Fe Relief Route.  The use of the Santa
Relief Route would result in a slight decrease
the risk of injuries and fatalities on th
Remainder of New Mexico segment because
the 6-mile (9.6-kilometer) reduction in distanc
traveled on I–25 for southbound traffic (propan
shipments are all assumed to travel south 
I–25).

5.4.11 Accident Analysis

Transportation accidents for the Reduce
Operations Alternative are addressed 
section 5.4.10.  High-frequency (greater than
in 100) occupational accidents for the Reduc
Operations Alternative are addressed 
section 5.4.6.

5.4.11.1 Multiple Source Release of 
Hazardous Material from 
Site-Wide Earthquake and 
Wildfire

The risks from these accidents are drive
primarily by the frequency and magnitude of th
earthquakes and wildfires in the area.  Becau
the same types of operations will be conduct
in the same facilities and the inventories 
MAR will be about the same, there are n
substantial changes in risk from earthquak
between the No Action and the Reduce
Operations Alternatives.  

For the wildfire scenario, the frequency wi
remain the same, but the MAR will be reduce
by about 25 percent at TSTA, reducing th
consequences by approximately 1 perce
(6 person-rem) compared to the No Actio
Alternative.  Table 5.2.11.1–1 and 5.2.11.1–
can be referenced for the results of the N
Action Alternative.  
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TABLE  5.4.10.2–4.—Frequencies, Consequences, and Risk for a Major Chlorine Accident Under 
the Reduced Operations Alternative

ROUTE 
SEGMENT

AREA
EVENT 

FREQUENCY 
PER YEAR

ESTIMATED 
NUMBER OF 

FATALITIES PER 
EVENT

ESTIMATED 
NUMBER OF 

INJURIES PER 
EVENT

RISK OF 
FATALITIES 
PER YEARa

RISK OF 
INJURIES 

PER 
YEARa

LANL to U.S. 
84/285

Rural 0.000026 0.065 0.24 8.0 x 10-6 0.00003

Suburban 4.3 x 10-6 1.5 5.6

U.S. 84/285 to 
I–25

Rural 0.00002 0.053 0.20 0.00027 0.001

Suburban 0.000044 3.0 11

Urban 0.000013 11 40

Remainder of 
New Mexico

Rural 0.00015 0.015 0.056 0.000048 0.00018

Suburban 0.000016 1.5 5.5

Urban 2.6 x 10-6 8.4 32

Remainder of 
U.S.

Rural 0.0011 0.028 0.10 0.0012 0.0044

Suburban 0.00028 1.6 6.1

Urban 0.000066 10 39

a Because individual factors were rounded for presentation, multiplication of the factors on this table may not exactly match the results in these 
columns.

TABLE  5.4.10.2–5.—Frequencies, Consequences, and Risk for a Major Propane Accident Under 
the Reduced Operations Alternative

ROUTE 
SEGMENT

AREA
EVENT 

FREQUENCY 
PER TRIP

ESTIMATED 
NUMBER OF 
FATALITIES 
PER EVENT

ESTIMATED 
NUMBER OF 

INJURIES PER 
EVENT

RISK OF 
FATALITIES 
PER YEARa

RISK OF 
INJURIES 

PER YEARa

LANL to U.S.
84/285

Rural 9.2 x 10-6 0.28 1.1 9.2 x 10-6 0.000037

Suburban 1.6 x 10-6 4.2 17

U.S. 84/285 to 
I–25

Rural 7.1 x 10-6 0.23 0.92 0.00014 0.0006

Suburban 0.000016 8.4 34

Urban 4.8 x 10-6 1.8 7.3

Remainder of 
New Mexico

Rural 0.000062 0.15 0.6 0.00011 0.00048

Suburban 0.00002 5.1 20

Urban 2.5 x 10-6 1.5 6.1

Remainder of U.S. Rural 0.000078 0.09 0.36 0.000063 0.00027

Suburban 9.9 x 10-6 4.8 19

Urban 5.1 x 10-6 1.9 7.5

a Because individual factors were rounded for presentation, multiplication of the factors on this table may not exactly match the results in these 
columns.
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5.4.11.2 Plutonium Releases from 
Manmade and Process 
Hazards at LANL

For the Reduced Operations Alternative, the
frequencies and consequences of these
accidents are the same as under the No Action
Alternative.  These are presented in
Table 5.2.11.2–1.

An overview of the 1969 plutonium fire at the
Rocky Flats site and a comparison of the design
and operational differences between Rocky
Flats and TA–55–4 are presented in volume III,
appendix G, section G.4.1.2.

Substantial differences exist between the
nuclear facility and operations being conducted
in TA–55–4 today and those that were present at
the Rocky Flats Plant in 1969.  TA–55–4 was
designed to correct the deficiencies detected in
older facilities such as the Rocky Flats Plant and
is being upgraded to meet the even more
stringent requirements of the 1990’s, including
enhanced seismic resistance and fire
containment.

5.4.11.3 Highly Enriched Uranium 
Release from Process 
Hazard Accident

As discussed in section 5.2.11.3, this accident is
the dominant accident for release of HEU.
Because there are no planned changes in the
number of experiments or the inventories
associated with this activity, the frequency and
consequences of this scenario under the
Reduced Operations Alternative are the same as
presented under the No Action Alternative.
These are reflected in Table 5.2.11.3–1.

5.4.11.4 Tritium Release from a 
Manmade Hazard Accident 
at LANL

As presented in section 5.2.11.4, the aircr
crash event is the dominant accident th
involves tritium.  Because no changes 
operations or inventories from the No Actio
Alternative are made, the consequences a
frequencies associated with these scenarios
the same as those presented in Table 5.2.11.4

5.4.11.5 Chemical Releases from 
Manmade and Process 
Hazard Accidents at LANL

For the chlorine releases, on-site personn
could be exposed to concentrations in excess
ERPG–2.  Chlorine has a highly objectionab
odor, which prompts sheltering and escap
however, personnel can be quickly overcom
when exposed to high concentrations.  

The number of accidental releases of chlori
depends upon the number of times the mate
is handled.  The minor changes in activity leve
cause the risk to decrease by about 5 
10 percent.  The incremental risk for th
alternative over the No Action Alternative i
essentially zero.  These changes do not alter
overall risk profile for the site or substantiall
alter the relative ranking of each of thes
accidents.  These results are provided 
Tables 5.4.11.5–1 and 5.4.11.5–2.

5.4.11.6 Worker Accidents

Because there are no changes in the types
activities, frequencies, or inventories from th
No Action Alternative, an individual worker is
subject to the same risk, as presented 
Table 5.2.11.6–1.
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TABLE  5.4.11.5–1.—Summary of Chlorine Exposure Scenarios at LANL—Reduced

Operations Alternative

SCENARIO DESCRIPTION LIKELIHOOD a CONSEQUENCE 
MEASURESb,c

SOCIETAL RISK 
(NUMBERS AT OR ABOVE 

ERPG–2 PER YEAR)

PROCESS HAZARD  ACCIDENTS

CHEM–01

Chlorine release (150 pounds 
[68 kilograms]) from potable water 
treatment station, due to human error 
during cylinder changeout or 
maintenance, or due to random 
hardware failures.

Approximately
0.0011 per year 
(i.e., one such 

event in 
approximately 

900 years)

For the risk-dominant 
large leak scenario, an 

average of approximately 
43 persons exposed above 

ERPG–2 levels, and 
approximately 12 persons 
exposed above ERPG–3 
levels, to distances of  up 
to a few tenths of a mile.

0.047

The Reduced Operations 
Alternative is 5% less likely 
than the No Action due to the 
handling of one less chlorine 

cylinder; no change in severity.

CHEM–02

Multiple cylinder (1,500 pounds 
[680 kilograms]) from toxic gas 
storage shed at Gas Plant, due to fire 
or aircraft crash.

Approximately
0.00012 per year 

(i.e., one in 
approximately 
8,500 years)

Average of 292 people 
within LANL (ranging 

from none to 1,000 
depending upon wind 

direction) exposed at or 
above ERPG–2 or –3 

levels; town protected by 
canyon from highest 

concentrations.

0.035

Frequency increases by 8% 
from the No Action 

Alternative; no change in 
severity.

CHEM–03

Chlorine release (150 pounds 
[68 kilograms]) from toxic gas 
storage shed at Gas Plant, due to 
random failure or human errors during 
cylinder handling.

Approximately
0.00012 per year 

(i.e., one in 
approximately 
8,000 years)

An average of  
approximately 263 

exposed above ERPG–2 
levels; or 239 above 
ERPG–3 levels, at 

distances to a fraction of a 
mile, all within LANL; 

town protected by canyon 
from highest 

concentrations.

0.032

No change in likelihood or 
severity over the No Action 

Alternative.

CHEM–06

Chlorine gas release outside 
Plutonium Facility.

Approximately
0.063 per year 

(i.e., one event in 
approximately 

16 years)

Average number exposed 
at or above ERPG–2 

doses is approximately 
102, and above ERPG–3, 
approximately 7 at ranges 

to a fraction of a mile.

 6.426

No change in likelihood or 
severity over the No Action 

Alternative.

a  Accident likelihood estimates are conservative, given the information available.  However, for the particularly unlikely accidents, it 
is possible that there are causal mechanisms that were missed, so the possibility of a more probable scenario cannot be rigorously 
ruled out.

b  Conservative assumptions have been employed in estimating the quantity and form of the hazardous materials available for release.
c  Accident consequences are generally conservative (pessimistic), but do not bound the effects of accidents occurring under unusually 

unfavorable weather conditions.   The results quoted are weather averaged.
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TABLE  5.4.11.5–2.—Summary of Chemical Exposure Scenarios—Reduced Operations Alternative

SCENARIO DESCRIPTION LIKELIHOOD a CONSEQUENCE 
MEASURESb,c

SOCIETAL RISK  
(NUMBERS AT OR 

ABOVE ERPG–2 
PER YEAR)

CHEM–04 Bounding single 
container release of 
toxic gas (selenium 
hexafluoride) from 

waste cylinder 
storage.

Approximately
0.004 per year 

(i.e., one in about 
250 years)

Average number of off-site 
persons exposed above 
ERPG–2 level is zero; 
toxic effects generally 

limited to the source’s TA 
(TA–54).

0

No changes in frequency 
or severity from the No 

Action Alternative.

CHEM–05 Bounding multiple 
cylinder release of 
toxic gas (sulfur 

dioxide) from waste 
cylinder storage.

Approximately
0.00014 per year 
(i.e., one event in 

approximately 
7,000 years)

Under conservative 
daytime conditions, no one 

outside the source area 
(TA–54) would see levels 
above ERPG–2.  Under 

least favorable conditions, 
13 persons could be 

exposed above ERPG–3 
levels.

0

No changes in frequency 
or severity from the No 

Action Alternative.

a  Accident likelihood estimates are conservative, given the information available.  However, for the particularly unlikely accidents, 
it is possible that there are causal mechanisms that were missed, so the possibility of a more probable scenario cannot be 
rigorously ruled out.

b  Conservative assumptions have been employed in estimating the quantity and form of the hazardous materials available for 
release.

c  Accident consequences are generally conservative (pessimistic), but do not bound the effects of accidents occurring under 
unusually unfavorable weather conditions.   The results quoted are weather averaged.
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5.5 IMPACTS OF THE GREENER 
ALTERNATIVE

5.5.1 Land Resources

5.5.1.1 Land Use

Changes to land use under the Greener
Alternative would be the same as for the No
Action Alternative.

5.5.1.2 Visual Resources

Changes to visual resources under the Greener
Alternative would be the same as for the No
Action Alternative.  

5.5.1.3 Noise

Changes to noise levels and air blasts associated
with high explosives testing under the Greener
Alternative would be the same as for the No
Action Alternative.  The overall LANL on-site
activities (due to the increased operational
levels in activities not related to weapons)
would increase under implementation of the
Greener Alternative resulting in an overall
greater total number of noise producing events
for workers.  This could be a slight negative
impact to the worker noise environment, as
compared to the No Action Alternative. 

5.5.2 Geology and Soils

Potential impacts for the Greener Alternative on
geology and soils would be the same as those for
the No Action Alternative.

5.5.3 Water Resources

5.5.3.1 Surface Water

Table 5.5.3.1–1 shows the total flow from the
NPDES outfalls for each of the major

watersheds under the Greener Alternative. 
volume III, appendix A, Table A.1–1 present
more detailed information on the NPDE
outfalls for all four alternatives by facility (key
and non-key), watershed, and location.  T
estimated total gallons discharged into a
watersheds totals 275 million gallon
(1,041 million liters) under the Greene
Alternative.  This is an increase from the inde
effluent volume of 233 million gallons
(882 million liters).

NPDES outfall effluent quality during the
period of the SWEIS (1997 through 2006) 
expected to be the same under this alternative
described for the No Action Alternative
including the radionuclide concentrations i
effluent from TA–50, as presented i
Table 5.2.3–2.  The canyons with increas
NPDES outfall flows (Los Alamos and Sandia
are the same as the No Action and the Expan
Operations Alternatives.  The increased flo
volumes in these two canyons are the same
the Expanded Operations Alternative, and t
potential impacts should be minimal for th
same reasons as discussed in the No Action 
the Expanded Operations Alternatives.  For t
Greener Alternative, there are no new activiti
that will result in changes to stormwater runof

5.5.3.2 Alluvial Groundwater

The NPDES outfall discharges are similar 
those under Expanded Operations and 
expected to result in similar alluvia
groundwater volumes.

The projected discharge from the RLWTF int
Mortandad Canyon under the Green
Alternative is 6.6 million gallons (25 million
liters) per year, as compared to the RLWT
index volume of 5.5 millions gallons (21 million
liters) per year.

The new HELWTF will result in improved
water quality to Canyon de Valle as discuss
under the No Action Alternative.
5–169



LANL SWEIS

s
e
ut

ut

r
et
n
ch
e

e
re

ter
n
e

al

f

fall

 

5.5.3.3 Perched Groundwater

Groundwater flow and contaminant pathways to
the intermediate perched groundwater bodies
are not well characterized nor understood.  It is
possible that the increased NPDES discharges
to Los Alamos and Sandia Canyons under this
alternative could increase recharge of the
intermediate perched groundwater and
contaminant transport beneath these canyons.  

5.5.3.4 Main Aquifer 

Recharge mechanisms to the main aquifer are
uncertain.  However, for the same reasons as
discussed under the No Action Alternative,
impacts resulting from increased NPDES outfall
flows under the Greener Alternative should be
negligible.

A conservative projection of LANL water use
under the Greener Alternative is 759 million

gallons (2,873 million liters) per year.  Lo
Alamos County and the NPS did not provid
projections, but in 1994 the County used abo
958 million gallons (3,626 million liters) from
this water right and the NPS used abo
5 million gallons (19 million liters).  Based on
this information, it is expected that the wate
requirements of this community can be m
within the existing water rights from the mai
aquifer; however, projected use may approa
100 percent of the existing water rights to th
main aquifer under this alternative.

For the purposes of modeling drawdown of th
main aquifer, annual water use projections we
made.  The total water usage from DOE wa
rights was projected to average 1,670 millio
gallons (6,321 million liters) per year under th
Greener Alternative, with a maximum annu
use of 1,697 million gallons (6,423 million
liters) and a minimum annual use o
1,611 million gallons (6,098 million liters).

TABLE  5.5.3.1–1.—NPDES Discharges by Watershed Under the Greener Alternativea

WATERSHED
#OUTFALLS

DISCHARGES (MGY)

KEY FACILITIES NON-KEY TOTALS

INDEX GREENER INDEX GREENER INDEX GREENER INDEX GREENER

Ancho 2 0 0.1 0.0 0.0 0.0 0.1 0.0

Cañada del Buey 3 3 0.0 0.0 6.4 6.4 6.4 6.4

Chaquehui 1 0 0.0 0.0 5.8 0.0 5.8 0.0

Guaje 7 7 0.0 0.0 0.7 0.7 0.7 0.7

Los Alamos 12 8 19.2 44.5 0.5 0.2 19.7 44.7

Mortandad 12 7 42.0 29.6 10.9 5.1 52.9 34.7

Pajarito 17 11 8.4 1.8 0.8 0.8 9.2 2.6

Pueblo 1 1 0.0 0.0 1.0 1.0 1.0 1.0

Sandia 11 8 4.4 42.8 103.5 127.9 107.9 170.7

Water 21 10 29.5 14.1 0.0 0.0 29.5 14.1

Totals 87 55 103.6 132.3 129.6 142.0 233.2 274.9

MGY:  millions of gallons per year
a NPDES Information Sources:  Index information was provided by the Surface Water Data Team Reports of August 1996 
(Bradford 1996) and as modified in 1997 (Garvey 1997).  Outfall flow projections for the alternatives were based on the outs 
remaining as of November 1997.  Additional outfalls may be eliminated in the future, as discussed in the Environmental 
Assessment for Effluent Reduction (DOE 1996e), as well as several other outfalls that may be closed as part of LANL’s ongoing
outfall reduction program.
5–170



Environmental Consequences

l 

 
n 

d 
The model results reflect water level changes at
the top of the main aquifer across the
alternatives, given continued draw from the
aquifer by DOE, Española, and Santa Fe.
Table 5.5.3.4–1 shows predicted water level
changes at the surface of the main aquifer during
the period from 1997 through 2006 for the
Greener Alternative; as noted in section 5.2.3.1,
these changes are not all due to LANL
operations.  Although the water use modeled
includes water use in Española and Santa Fe, the
differences between the alternatives are due
only to LANL operations.  The impacts to the
volume of water in the main aquifer under this
alternative are very similar to those described
for the No Action Alternative; the drawdowns in
DOE well fields are minimal relative to the total
thickness of the main aquifer, and the volume of
water to be used over the period from 1997
through 2006 is negligible relative to the
volume of water in storage.  Details of the
conceptual model, assumptions, uncertainties
and limitations, and input parameters for the
groundwater model are described in volume III,
appendix A.  

5.5.4 Air Quality

5.5.4.1 Nonradiological Air Quality 
Impacts

Criteria pollutant emissions under the Greener
Alternative are less than those under the
Expanded Operations Alternative.  Because the
bounding analysis of criteria pollutant
emissions for all alternatives (based on the
emissions under the Expanded Operations
Alternative) results in estimated concentrations
of each pollutant below the standards
established to protect human health with an
ample margin of safety, criteria pollutant
emissions under the Greener Alternative would
also be below these levels.

As discussed in section 5.1.4, the only toxic air
emissions with the potential to impact human

TABLE  5.5.3.4–1.—Maximum Water Level 
Changes at the Top of the Main Aquifer 

Under the Greener Alternative (1997 
Through 2006)

WATER LEVEL CHANGE IN FEET a,b

AREA OF CONCERN ON SITE

Pajarito Well Field -14.5

Otowi Well Field (Well 0-4) -14.2

AREA OF CONCERN OFF SITE

DOE - Guaje Well Field -9.0

Santa Fe Water Supply

Buckman Well Field +21.6

Santa Fe Well Field -20.6

San Juan Chama Diversion 0.0

Springs

White Rock Canyon Springs, Maximum 
Drop

0.0

White Rock Canyon Springs, Maximum 
Rise

+1.0

Other Springs (Sacred, Indian) +3.8

San Ildefonso Pueblo Supply Wells

West of Rio Grande

Household, Community Wells +0.6

Los Alamos Well Field +3.8

East of Rio Grande

Household, Community Wells 0.0

a Negative value (-) indicates water level drop; positive 
value (+)  indicates water level rise.

b Also, the water level changes projected by the regional 
MODFLOW model represent average changes over a 
whole grid-cell (i.e., a square that is a mile on a side).  
They are, for the most part, not predictive of the water 
level changes at any single point within the cell (for 
example, a supply well).  Pumping wells have 
characteristic “cones of depression” where the water 
surface reflects an inverted cone, and water levels at the 
well may be quite different from levels even a few ten’s of 
feet away.  Whether any individual well would exhibit 
water level changes consistent with the predicted grid-cel
average change is a function of, for example, its location 
within the grid-cell; proximity to other pumped wells; and 
the individual well operation, construction, and hydraulics. 
Hence, the water level changes predicted by the model ca
only be considered qualitatively and cannot be considere
as finite changes.
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health and the environment under any
alternatives are those associated with HEFS
operations and the additive emissions from all
the pollutants from all TAs on receptor sites
located near the Los Alamos Medical Center.
Under the Greener Alternative, such emissions
are projected to be similar to those addressed in
the No Action Alternative (section 5.1.4).
Therefore, pollutants released from LANL
operations under the Greener Alternative are not
expected to cause air quality impacts that would
affect human health and the environment.

5.5.4.2 Radiological Air Quality 
Impacts

This section addresses the radiation dose to the
FS MEI, LANL MEI, and the population dose
from LANL radionuclide air emissions under
the Greener Alternative.

Facility-Specific Maximally Exposed 
Individual

Table 5.5.4.2–1 shows the FS MEI for each
facility analyzed under the Greener Alternative.
The highest MEI dose was 4.52 millirems per
year, which is 45.2 percent of the regulatory
limit for the air pathway.  The EPA regulatory
limit would not be exceeded from emissions of
these facilities under the Greener Alternative.

LANL Maximally Exposed Individual

The location of the LANL MEI (2,625 feet
[approximately 800 meters] north-northeast of
TA–53) was shown to be identical to the FS
MEI with the highest dose under this
alternative.  The LANL MEI dose was
calculated to be 4.52 millirems per year under
the Greener Alternative. 

Population Dose

The collective dose to the population living
within a 50-mile (80-kilometer) radius from
LANL was calculated for emissions from all
key facilities and found to be 13.79 person-rem

per year.  TA–15/36 account for 51.3 percent
this dose, and collectively, collective diffus
emissions, including those from these TA
account for 52.1 percent of this dose.  Th
values reported for population doses for th
alternative, as well as the other alternatives,
higher than has been reported in the rec
annual environmental reports.  It is important 
recognize that the alternatives analyze
represent increased operations when compa
to recent history.  The material throughput at t
different facilities under the various alternative
is presented in chapter 3, section 3.6.

TABLE  5.5.4.2–1.—Facility-Specific 
Information—Greener Alternative

FACILITY
DOSEa 

(MREM/YR)

TA–3–29 (CMR) 0.35

TA–3–66 (Sigma) 0.35

TA–3–102 (Shops) 0.28

TA–11 (High Explosive Testing) 0.31

TA–15/36 (Firing Sites) 2.17

TA–16 (Tritium Facility) 0.31

TA–18 (Pajarito Site) 1.93

TA–21 (Tritium Facility) 1.54

TA–48 (Radiochemistry 
Laboratory)

1.64

TA–55 (Plutonium Facility) 1.64

TA–53 (LANSCE)b 4.52

TA–54 (Boundary)c 0.79

TA–54 (White Rock) 0.45

a For each FS MEI, the total dose was calculated by adding
the contributions from each modeled facility.  An MEI 
does not leave or take protective measures.

b This is also the LANL MEI.  Five specific sources were 
modeled from TA–53.  These include the TA–53 ES–2, 
ES–3, IPF, LEDA and combined diffuse emissions.

c Two FS MEI locations were considered for TA–54 because
Area G is bordering San Ildefonso Pueblo land.  The first is
a MEI location at the LANL boundary, 1,197 feet 
(365 meters) northeast of Area G.  No person from the 
Pueblo currently is known to live along this boundary.  The
second is an actual MEI location in the town of White 
Rock, approximately 5,331 feet (1,625 meters) southeast
of Area G.
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Isodose Maps

The isodose maps for the 50-mile
(80-kilometer) region are shown on the isodose
maps in Figures 5.5.4.2–1 and 5.5.4.2–2.

5.5.5 Ecological Resources, 
Biodiversity, and Ecological 
Risk

Impacts to ecological resources and biodiversity
resulting from the Greener Alternative would
not vary appreciably from those of the No
Action alternative.  There would not be any
incremental changes from the No Action level
of ecological risk.

5.5.6 Human Health

The consequences of implementing the Greener
Alternative on public health and worker health
are presented below.  As discussed in
section 5.1.6, “risk,” as used in the SWEIS
human health analysis, refers to the probability
of toxic or cancer mortality under the specific
exposure scenarios analyzed.

5.5.6.1 Public Health

The consequences of continued operations of
LANL on public health under the Greener
Alternative are presented below for the same
topics discussed in section 5.2.6.1.

Regional Consequences of Airborne 
Radioactivity Inhalation and Immersion

The LANL MEI was estimated to be 2,625 feet
(approximately 800 meters) north-northeast of
LANSCE (TA–53).  This location is within the
LANL reservation, and the dose at this location
is estimated to be 4.5 millirem per year
(section 5.5.4.2), corresponding to a 72-year
lifetime dose of 320 millirem.  This location
borders the Los Alamos townsite and is a
conservative estimate for an MEI from LANL

emissions.  The background (TEDE) dose in t
Los Alamos area is estimated to be 360 millire
per year; thus, the dose is 1.3 percent of 
background dose.

Table 5.5.6.1–1 summarizes the LANL ME
dose and presents the corresponding excess
of excess LCF to the MEI.  These risks a
presented on a lifetime basis, assuming that 
hypothetical LANL MEI received the estimate
dose of 4.5 millirem each year for a 72-year lif
The excess LCF risk was estimated to be 0.00
over a lifetime.  

The isodose maps showing both the estima
dose near LANL and within a 50-mile
(80-kilometer) radius of LANL are given in
Figures 5.5.4.2–1 and 5.5.4.2–2.  Th
population dose within the 50-mile
(80-kilometer) radius is also given in
Table 5.5.6.1–1, estimated to be 13.8 perso
rem per year.  As reflected in the table, th
annual operations excess LCF risk w
estimated to be 0.0069.

In the Greener Alternative, there are s
facilities with FS MEIs receiving a dose tha
would exceed 1 millirem per year (volume III
appendix B):

• LANSCE, 4.52 millirem per year to the 
facility MEI

• HE Testing Sites (TA–15 and TA–36), 
2.17 millirem  

• Pajarito Site (TA–18), 1.93 millirem  
• Radiochemistry Laboratory (TA–48), 

1.64 millirem 
• Plutonium Facility, 1.64 millirem 
• TSTA and TSFF (TA–21), 1.54 millirem 

External Radiation:  Two Special Cases 

As discussed in section 5.2.6.1, one contributi
to public dose results from jogging or hiking th
access road north of TA–21 and is attributable
cesium-137 known to be on the ground with
the TA.  The MEI dose is not expected to chan
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FIGURE 5.5.4.2–1.—Isodose Map Showing Doses Greater Than 1 Millirem 
per Year for the Greener Alternative.

Note:  The isodose lines are given in units of mrem.
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FIGURE 5.5.4.2–2.—Isodose Map Showing Doses Less Than 1 Millirem 
per Year for the Greener Alternative.

Note:  The isodose lines are given in units of mrem.
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under the Greener Alternative from that
estimated under the No Action Alternative (an
EDE of 2.9 millirem per year and a lifetime
excess LCF risk of  about 1 x 10-6 per year of
operation).  

The other contribution to public dose, as
discussed in section 5.2.6.1,  would result from
TA–18 “road-open” operations.  At the
95 percent confidence level, four exposures per
year would be expected for the MEI out of the
100 operations per year at TA–18 under the
Greener Alternative (the same as for the No
Action Alternative).  This would result in an
annual projected MEI EDE dose of 19 millirem
per year.  The lifetime excess LCF risk for this
dose is about 9.5 x 10-6 per year of operation. 

Nonionizing Radiation

The only uncontained nonionizing radiation
source in use or planned  for  LANL is the
microwave transmitter in TA–49.  The
consequence of a public exposure to this source
under the Greener Alternative is the same as for
the No Action Alternative; as discussed in
section 5.2.6.1, this consequence is negligible.

Consequences of Airborne Chemical 
Emissions

For the Greener Alternative, these
consequences are the same as those under the
No Action Alternative; the worst case HI for
lead did not exceed one in a million (10-6); for
DU, the worst case HI did not exceed 1 in
100,000 (0.00010); and the excess LCF for
beryllium (evaluated as a carcinogen) under the

Greener Alternative was estimated to be le
than 3.6 x 10-7 per year.  These analyses a
presented in detail in volume III, appendix D.

Consequences of Ingestion and Dermal 
Exposures to Residents, Recreational Users,
and Special Pathways Receptors

The risk to the public from ingestion under th
Greener Alternative does not differ from tha
associated with the No Action Alternative; thi
is because most of the risk is attributable to t
existing levels of contamination in water an
soils in the area.  This is discussed further 
section 5.2.6.1.  Table 5.2.6.1–2 summarizes 
ingestion radiological annual dose and exce
LCF per year to the MEIs.  Tables 5.2.6.1–2 a
5.2.6.1–3 summarize the total radiologic
annual ingestion dose and excess LCF 
members of the public.  Per Table 5.2.6.1–3, t
total worst-case ingestion doses for the off-s
resident of Los Alamos County and non-Lo
Alamos County resident are 0.011 an
0.017 rem per year, respectively.  If this pers
is also a recreational user of the Los Alam
canyons, drinking canyon water and ingestin
canyon sediments, the worst-case addition
dose ranges up to 0.001 rem per year, accord
to the amount of time spent in the canyons (s
footnote b in Table 5.2.6.1–3).    If the individua
has traditional Native American or Hispani
lifestyles, the values found in the final column
of the table should be used in place of the valu
in the first columns for off-site residents.  Pe
the values in the final columns, these “spec
pathways receptors” can have worst-ca
3.1 millirem per year additional dose.  Th
associated excess LCF risks for the off-s

TABLE  5.5.6.1–1.—Estimated Public Health Consequences for LANL MEI and the Population
Within 50-Mile (80-Kilometer) Radius of LANL for the Greener Alternative

PARAMETER LANL HYPOTHETICAL MEI
50-MILE (80-KILOMETER) 

RADIUS POPULATION

Dose (Committed Effective Dose 
Equivalent) 

4.52 millirem/year 13.79 person-rem/year

Excess LCF 0.0002/lifetime (72 year) 0.0069/year of operations
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residents are 8.6 x 10-6 per year of exposure and
9.1 x 10-7 per year of exposure for the individual
who is also an avid recreational user.  These
worst-case doses are for a 95th percentile intake
of the 95th percentile contamination level,
referred to as the UCL.  Ingestion pathway
calculations included all radionuclides detected
in the media.  This includes natural background,
weapons testing fallout, and previous releases.
The actual contribution from continued
operations at LANL is only a small fraction of
this value.  These values apply to the baseline
and to all four alternatives.  The data and
analyses for these calculations are in
appendix D, section 3.3.  Table 5.2.6.1–3
summarizes the risk associated with metals
ingestion to MEIs in the LANL region.

Consequences to the Public along 
Transportation Routes

Section 5.5.10 details the analysis of
transportation consequences.  Public health
consequences include the dose and excess LCF
risk associated with routine, accident-free,
transportation.  Table 5.5.10–2 shows the
population dose and excess LCF for normal
(accident-free) off-site shipments.  The
population dose and excess LCF that are
associated with exposures occurring during
stops for transportation segments near LANL
are provided in Table 5.5.6.1–2.  Doses
associated with living along route and sharing
routes with these shipments are detailed in
Table 5.5.10–2, and are less than those
associated with stops.  Risks associated with
accidents during transportation also are
discussed in section 5.5.10. 

5.5.6.2 Worker Health

Worker risks associated with continue
operations of LANL include radiological
(ionizing and nonionizing) risks, chemica
exposure risks, and risk of injury during norm
operations.  The consequences to worker hea
from implementing the Greener Alternative a
given below and detailed in volume III
appendix D, section D.2.2.

Radiological Consequences

Ionizing Radiation Consequences.
Table 5.5.6.2–1 summarizes the projected do
and associated excess LCF risks fro
implementation of the Greener Alternative. 

The collective worker dose under the Green
Alternative is conservatively projected to b
approximately 2.3 times that measured in 19
to 1995.  In terms of the average non-zero do
the Greener Alternative is expected to result

TABLE  5.5.6.1–2.—Radiation Doses and 
Excess LCF Risks Estimated to the Public at
Stops During Transportation of Materials and 

Wastes from LANL

ROUTE 
SEGMENT

PERSON-REM 
PER YEAR
(AT STOPS)

EXCESS 
LCF RISK 
PER YEAR

LANL to U.S. 
84/285

3.6 0.0018

U.S. 84/285 3.8 0.0019

TABLE  5.5.6.2–1.—Annual Worker Doses and Associated Lifetime Excess LCF Risks Under th
Greener Alternative

LANL Collective Worker Dose (person-rem/year) 472

Estimated Excess LCF Risk (across the worker population) per year of operation 0.19

Average Non-Zero Worker Dose (rem/year) 0.14

Estimated Excess LCF Risk (average worker > 0 dose) 0.000056
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0.14 rem per year for Greener, compared with
0.097 rem per year, 1993 to 1995.  The
estimated lifetime excess LCF risk is
0.000056 per year of operation.

Nonionizing Radiation.  It is expected that
there will continue to be negligible effects to
LANL worker health from nonionizing
radiation sources including ultraviolet sources,
infrared radiation from instrumentation and
welding, lasers, magnetic and electromagnetic
fields, and microwaves (including the large
station at TA–49).  (Also see volume III,
appendix D, section D.2.2.2 for evaluation used
to estimate nonionizing radiation from LANL
operations to humans and wildlife and for the
estimated results.)

Carcinogenic Risk from Air Emissions

The screening process described in appendix B
identified no individual carcinogenic chemical
air emission that required analysis for public
health consequences.  For carcinogens, an
estimate also was made of the combined
lifetime incremental cancer risk due to all
carcinogenic pollutants from all TAs
(appendix B, attachment 6).

This incremental combined cancer risk is less
than 1 in 1 million for the Greener Alternative
because the projected emissions for this
alternative are less than for the Expanded
Operations Alternative (which was slightly
above the screening guideline value of 1 x 10-6).
It is believed that negligible increase in
incremental combined cancer risk will result
from the Greener Alternative.

Chemical Exposure Consequences

It is anticipated that there will continue to be a
few chemical exposures annually, particularly
exposures to:

• Airborne asbestos
• Lead paint particulates
• Crystalline silica

• Fuming perchloric acid, hydrofluoric acid
• Skin contact with acids or alkalis

Under the Greener Alternative, it is expecte
that there will be a worker population o
approximately 10,000 individuals
approximately 10 percent higher than the ind
period employment levels.  For the purposes
the SWEIS, it is assumed that there is negligib
additional benefit of the Chemical Hygien
Program at LANL over the period analyzed
and that the rate of chemical exposur
continues at the index period rates.  Therefore
is expected that reportable chemical exposu
would not change appreciably from the inde
period, approximately one to three reportab
chemical exposures per year. 

Beryllium Processing Consequences.  It is
anticipated that beryllium operations in th
Reduced Operations Alternative would be th
same as  in the No Action Alternative.  It is no
anticipated that consequences to workers wo
be measurable; that is, no sensitization 
beryllium would be detected using the LANL
IH monitoring program.

Physical Safety Hazards

Table 5.5.6.2–2 compares the project
reportable cases of accidents and injuri
estimated for normal operations occurring und
the Greener Alternative and that experienc
during the index period.  The Greene
Alternative is expected to result in a sligh
increase in reportable cases due to increase
worker population.  These accidents and injuri
are considered as consequences of norm
operations because of their frequency.  The
results assume that the aggressive Health 
Safety Program underway at LANL does n
achieve any additional reduction in reportab
cases.  

The consequences of these accidents a
injuries are expected to be similar to tho
experienced in the past, and typically are tho
5–178



Environmental Consequences

e
ted

s
r
7,
or
y
in
 not
ct
e
ed
d

sis
s
al

y
r
L
e
ct
he
t
to

n-
/

 per
0
n
te
-

nt
e

ee
er

re,
her
er

o

associated with health response and recovery
from acute trauma.  Therefore, the
consequences include physical pain and
therapy/treatment for recovery such as those
associated with bone setting, shoulder
dislocation reset and subsequent physical
therapy.  Some injuries also may result in
continuing consequences to the worker that
could affect productivity or lifestyle, such as
motor skill loss due to nerve damage or
cardiovascular debilitation resulting from
electrical shock or electrocution.

5.5.7 Environmental Justice

As indicated in sections 5.5.1 and 5.5.2, no
substantive adverse impacts to land resources or
geology and soils are anticipated for the
continued operation of LANL under the
Greener Alternative.  Thus, no
disproportionately high and adverse impacts to
minority or low-income communities are
anticipated for these impact areas.  The potential
impacts to surface and groundwater and
ecological resources associated with the
Greener Alternative would affect all
communities in the area equally (see
sections 5.5.3 and 5.5.5 for additional
information on the potential for impacts to these
resources).   Thus, no disproportionately high or

adverse impacts to minority or low-incom
communities are anticipated to be associa
with these resource areas.

Figure 5.5.7–1 reflects the dose from
radiological air emissions within 50 mile
(80 kilometers) of LANL under the Greene
Alternative.  As discussed in section 5.2.
impacts due to air emissions are equal to 
lower in the sectors with substantial minorit
and/or low-income populations than they are 
sectors 1–3 and 6–16, and such impacts are
disproportionately high or adverse with respe
to the minority or low-income populations (se
section 5.5.4 regarding the impacts anticipat
for air emissions under the Expande
Operations Alternative).

The air pathway is one example of the analy
of potential human health impacts.  A
presented in section 5.5.6, there is minim
potential for LANL operations to adversel
affect human health for off-site residents o
recreational users in the area around LAN
under the Greener Alternative.  Similarly, th
special pathways have little potential to impa
human health under this Alternative.  Thus, t
Greener Alternative would not presen
disproportionately high or adverse impacts 
human health in minority or low-income
communities (section 5.4.6.1).

As shown in section 5.5.10, impacts from o
site transportation and from LANL to U.S. 84
285 are estimated to be 0.0018 excess LCFs
year from incident-free transportation and 0.04
deaths or injuries per year from transportatio
accidents.  Impacts from transportation on rou
segments that pass through minority or low
income communities (particularly the segme
from U.S. 84/285 to I–25) are estimated to b
0.0019 excess LCFs per year from incident-fr
transportation and 0.091 deaths or injuries p
year from transportation accidents.  Therefo
no high and adverse impact is expected to eit
a member of the general public or to a memb
of a minority or low-income population due t

TABLE  5.5.6.2–2.—Projected Reportable 
Annual Accidents and Injuries for the 

Greener Alternative Compared with the
Index Period

PARAMETER 
ESTIMATED

 PARAMETER 
VALUE AND 

UNITS

Projected Worker Population  Approximately 
10,000

Projected Reportable 
Accidents and Injuries

460/year

Change from Index 
(1993 to 1996)

 + 10%
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FIGURE 5.5.7–1.—Isodose Lines from Airborne Releases for the Greener 
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transportation in the vicinity of LANL
transportation routes.

5.5.8 Cultural Resources

Construction activities and explosive test
activities under this alternative are essentially
the same as those under the No Action
alternative.  Because these are the activities with
the most potential for impacts to cultural
resources, impacts to prehistoric resources,
historic resources, and TCPs under the Greener
Alternative would be similar to those stated for
the No Action Alternative in section 5.2.8.
Management and protection of prehistoric and
historic resources also would be similar to that
of the No Action Alternative.

Spiritual Entities

As with the No Action Alternative, no
assessment of impacts to “unseen” or “spiritual”
entities was attempted.

5.5.9 Socioeconomics, 
Infrastructure, and Waste 
Management

This section describes the social, economic, and
infrastructure impacts of activities at LANL
under the Greener Alternative.

5.5.9.1 Socioeconomic Impacts

Employment, Salaries, and Population

The primary (direct) impacts of this type are
presented in Table 5.5.9.1–1 for the LANL
workforce only.  The secondary (indirect)
impacts and the total population changes
projected are presented in Table 5.5.9.1–2 for
the Tri-County area.  These changes are
assumed to occur within a year of the ROD for
the SWEIS.

Housing

The population changes anticipated in the T
County area, based on the total employme
changes described above, are projected to re
in 551 additional (new) demand for housin
units.  The distribution of this demand in th
three counties is projected to be:  130 addition
units in Los Alamos County, 197 additiona
units in Rio Arriba County, and 224 additiona
units in Santa Fe County. 

In Los Alamos County, the projected housin
demand can be accommodated from absorpt
of apartment vacancies and the inventory 
houses for sale and new construction.  Beyo
130 units, no new housing units can b
anticipated because of the absence of builda
land in private ownership.  This constraint upo
supply would be expected to exert an upwa
pressure on rents and house prices.

The projected housing demand in Rio Arrib
and Santa Fe counties can be accommoda
without significant pressure on rents and hou
sales prices.  Both counties possess a suffici
inventory of finished lots and parcels, hav
access to adequate mortgage capital, and h
sufficient entrepreneurial developer talent 
absorb the demand.

Construction

Table 5.5.9.1–3 contains the results of t
analysis of construction spending, labo
salaries, and labor employment for the peri
fiscal year 1997 through fiscal year 200
Construction activities associated with th
alternative are expected to draw worke
already present in the Tri-County area wh
historically have worked from job to job in the
region.  Thus, this employment is not expect
to influence socioeconomic factors such as loc
government finance.

Under this alternative, the Tri-County annu
gross receipts tax yields would be expected
increase by $1.1 million.  This increase wou
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TABLE  5.5.9.1–1.—Summary of Primary LANL Employment, Salariesa, and Procurement Under 
the Greener Alternativeb

LOS 
ALAMOS 
COUNTY

RIO 
ARRIBA 
COUNTY

SANTA FE 
COUNTY

TRI-
COUNTY 
TOTAL

OTHER 
NEW 

MEXICO 
COUNTIES

NEW 
MEXICO 
TOTAL

OUTSIDE 
NEW 

MEXICO
TOTAL

Employees 4,995 2,082 2,032 9,109 661 9,770 198 9,968

Differencec 160 163 195 518 53 571 22 593 
(+6%)

Salaries 
($M)

264.4 51.5 85.5 401.4 19 420.4 10.3 430.7

Differencec 9.8 6.5 11.2 27.5 2.7 30.1 1.6 31.8 
(+8%)

Procurement
($M)

217.3 1.8 21 240.1 124.2 364.3 237.5 601.8

Differencec 1.6 0.1 0.3 2.1 1.8 3.8 5.9 9.7

(+2%)

a Salaries are for UC employees only; subcontractor salaries (Johnson Controls, Inc.; Protection Technology of Los Alamos, etc.)  
are included in the procurement dollars.

b Reflects projected locations of employee residences and LANL procurement activities.
c Difference is as compared to baseline (fiscal year 1996).  Percent difference is shown in parentheses in the far right (TOTAL) 
column.

TABLE  5.5.9.1–2.—Summary of Total Tri-County Employment, Salaries, Business Activity, and 
Population Changes Under the Greener Alternative

PRIMARY 
CHANGE

SECONDARY 
CHANGE

TOTAL
TRI-COUNTY 

CHANGE

TRI-
COUNTY 
PRIMARY 
WORKER 
CHANGEa

TRI-COUNTY 
SECONDARY 

WORKER 
CHANGEb

TOTAL TRI-
COUNTY 
WORKER 
CHANGE

TOTAL TRI-
COUNTY 

POPULATION 
CHANGEc

Employment/ 
Population

518 886 1,404 414 266 680 1,316 (+1%)

Personal 
Incomes

$28 million $27 million $55 million         
(+ < 1%)

Annual 
Business 
Activity

$2 million $4 million $6 million
(+ < 1%)

Note:  Percentages in parentheses are the percentage change that the number represents.  These are provided for total population change, total personal 
income change, and total business activity change.

a This is the number of direct workers moving to the Tri-County area, assuming that 80 percent of new LANL employees are from outside this area.
b This is the number of secondary workers moving to the Tri-County area, assuming that 30 percent of secondary employment is from outside this area. 
c This is the total population increase in the Tri-County area, assuming that, on average, each worker moving to the area increases the population by 

1.935.
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be matched by increases in service levels
adequate to meet public demand.

Services

Annual school enrollment in the Tri-County
area would increase by 224 students.  Additional
annual funding assistance of about $898,000
from the State of New Mexico would be
required for school operations because of these
enrollment increases.   

In Los Alamos, the school district can absorb
the anticipated new enrollment levels.  This
school district has excess capacity because of its
discretionary policy of accepting out-of-district
students who are the children of LANL
employees and subcontractors.  In Rio Arriba
County and the cities of Española and Santa Fe,
adequate classroom capacity exists because of
recent school construction projects.  

The demands for police, fire, and other
municipal services would be expected to
increase in proportion to the increase in gross

receipts tax yields, as discussed abov
However, any changes in local governme
services tend to be inelastic in the short term a
typically are responsive only after th
completion of at least one full budget cycle.  

5.5.9.2 Infrastructure Impacts

Annual electricity use projected under th
Greener Alternative is a total of 782 gigawat
hours, 437 gigawatt-hours for LANSCE, an
345 gigawatt-hours for the rest of LANL.  Th
peak electrical demand is projected to b
113 megawatts, 63 megawatts for LANSCE a
50 megawatts for the rest of LANL1.  The
existing supply of electricity to the Los Alamo
area is not sufficient year-round to meet th
projected electrical peak demand for LAN
operations under this alternative; thus, perio
of brown-outs are anticipated unless measu
are taken to increase the supply of electricity
the area.  (In chapter 1, sections 1.6.3.1 a
4.9.2 discuss ongoing efforts to increa
electrical power supply to this area.)  Th
situation is exacerbated by the addition
electrical demand for BNM, and the
communities of Los Alamos and White Rock
(While these organizations did not provide u
projections, their historical usage is reflected 
chapter 4, section 4.9.2.)

Natural gas use is projected to be 1.84 x 16

decatherms annually, the same as projec
under the No Action Alternative.  Although
electrical demand may increase natural g
demand for the generation of electricity a
TA–3, demand should continue to be dominat
by heating requirements and is not expected
exceed this projection.

Water use projected under the Green
Alternative is a total of 759 million gallons

TABLE  5.5.9.1–3.—Construction Spending, 
Labor Salaries, and Labor Employment 
Numbers Under the Greener Alternative

(Fiscal Year 1997 Through 2006)

YEAR
CONTRACT 

($M)
LABOR

($M)
EMPLOYEES

1997 63 15 432

1998 187 45 1,282

1999 208 50 1,426

2000 219 53 1,502

2001 210 50 1,440

2002 120 29 823

2003 91 22 624

2004 90 22 617

2005 109 26 747

2006 108 26 741

$M = dollars given in millions
Source:  (DOC 1996, PC 1997a, and PC 1997b)

1. These values include the proposed SCC Project annu
electricity and peak electrical demand for a 50-TeraOp 
operation and are reflected in all the alternatives.  The SCC 
project was as an interim action to the SWEIS.
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(2,873 million liters) per year, 265 million
gallons (1,003 million liters) per year for
LANSCE and 494 million gallons
(1,869 million liters) per year for the rest of
LANL.  This is well within DOE water rights,
about 1,806 million gallons (6,836 million
liters) per year; however, this water right also
provides for water used by Los Alamos County
and BNM.  Based on existing information
regarding non-LANL water use, the water
demands of this community can be met within
the existing water rights (water demand is also
discussed in section 5.5.3).  The peak water
requirements are the same as identified under
the No Action Alternative.

5.5.9.3 Waste Management

The annual and 10-year total generation
projections for radioactive and hazardous waste
are reflected in Table 5.5.9.3–1.   Radioactive
liquid is not projected by facility because
measurements of individual contributions are
not made for all facilities.  The total amount of
radioactive liquid waste projected for receipt at
TA–50 is 66 million gallons (250 million liters)
over 10 years (or an average of 6.6 million
gallons [25 million liters] per year) for this
alternative.  These projections include waste
from key facilities, all other LANL facilities,
waste management facilities, the ER Project,
and construction activities.

The waste volumes generated under this
alternative are very similar to those under the
No Action Alternative; TRU and mixed TRU
wastes under this alternative are lower (due to
the reduced weapon-related activities), while
the other categories are slightly higher (due to
the increased nonweapons work).  As with the
No Action Alternative, much of LANL’s LLW,
TRU, and chemical waste would be treated and
packaged to meet WAC and shipped off the site
for disposal; nondefense TRU waste from other
sites would be stored at LANL pending the
development of disposal options.  Off-site
disposal capabilities are much greater than the
waste volumes generated at LANL.

5.5.9.4 Contaminated Space

The activities reflected in the Greene
Alternative are projected to increase the to
contaminated space at LANL by 63,000 squa
feet (5,853 square meters) over the next 10 ye
(the same as for the No Action Alternative), a
compared to the baseline established for 
SWEIS as of May 1996 (chapter 4, section 4.
The majority of this increase is due t
implementation of actions that have alread
been reviewed under NEPA, but which had n
been implemented at the time the baseline w
established (the same ones discussed in the
Action Alternative).

5.5.10 Transportation

5.5.10.1 Vehicle-Related Risks

The transportation impacts projected for th
Greener Alternative are summarized in th
section.  As with the Reduced Operation
Alternative, most of the LLW generated i
shipped off the site for disposal under th
Greener Alternative.  While most othe
shipments are similar to those under the N
Action Alternative, these LLW shipments
increase the total number of shipments and to
shipment miles enough that the transportati
impacts under the Greener Alternative approa
(but are less than) those of Expanded Operati
for off-site radioactive material shipments
More detailed information regarding thes
impacts is included in volume III, appendix F.

Truck Emissions in Urban Areas

For the Greener Alternative, the projected risk
0.036 excess LCF per year.  Use of the Santa
Relief Route would have a very small effect o
this risk (it would change to 0.035 excess LC
per year).  The only difference is that the San
Fe Relief Route would have 1.2 mile
(1.93 kilometers) less of urban highwa
mileage.  Approximately 65 percent of th
excess LCFs are due to radioactive mater
5–184
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shipments and 35 percent are due to hazardous
chemical shipments.  All shipments are
conservatively assumed to result in an empty
truck making the return trip.  This is appropriate
for WIPP and LLW shipments and for many
SST shipments; however, most shipments are in
general commerce and would not include the
return of an empty truck.

Truck Accident Injuries and Fatalities

The impacts projected for the Greener
Alternative are presented in Table 5.5.10.1–1
(additional information is provided in
volume III, appendix F, section F.6.3).  Use of
the Santa Fe Relief Route would reduce the risks
of accidents, injuries, and fatalities by almost
one-half of those indicated for the segment from
U.S. 84/285 to I–25 due to the assumption that
the accident rate on the Santa Fe Relief Route
would be much lower than for the route through
Santa Fe.  Use of the Santa Fe Relief Route
would not substantially change the risks of
accidents, injuries, and fatalities on the
remainder of New Mexico segment, as
compared to the risks reflected for this segment
in Table 5.5.10.1–1.  Approximately 65 percent
of the impacts are due to radioactive material
shipments and 35 percent are due to hazardous
chemical shipments.  Again, all shipments are
assumed to result in a return by an empty truck.  

5.5.10.2 Cargo-Related Risks

Incident-Free Radiation Exposure

The incident-free radiation exposure impacts
projected for the off-site shipments under the
Greener Alternative are presented in
Table 5.5.10.2–1; as noted in section 5.2.10.2,
the total is the dose throughout the U.S. and is
dominated by the segments outside of New
Mexico.  The aircraft segment is for overnight
carrier service; the truck segment to and from
the airport is included in the truck results.  In
general, use of the Santa Fe Relief Route would
result in only small changes in this type of

impact.  Truck crew doses and nonoccupation
doses for people at rest stops would increase 
to the increased length of the Santa Fe Re
Route for north-bound shipments carrying th
radioactive material.  Nonoccupational dos
for people sharing the road would decrease d
to the lower traffic density projected for th
relief route.  The MEI dose occurs betwee
LANL and I–25 and is 0.00034 rem.

Driver Doses from On-Site Shipments of 
Radioactive Materials

The projected collective radiation dose for o
site shipments of radioactive materials 
4.5 person-rem.  This collective dose would b
expected to result in 0.00181 excess LC
among these drivers.

The average individual driver dose is projecte
to be 0.189 rem, which is well below the DO
radiation protection limit of 5 rem per year. 

Transportation Accidents

The following discussion addresses th
potential impacts of accidents leading to th
release of either radioactive or hazardo
material being transported in support of LAN
operations under the Greener Alternativ
Results are given for both off-site and on-si
shipments. 

Off-Site Radioactive Materials Shipments.
The MEI doses calculated with RADTRAN do
not vary by alternative and are given i
Table 5.2.10.2–2.  The population dose a
corresponding excess LCF per year for the
shipments are presented in Table 5.5.10.2–2
these accidents.  ADROIT results that a
separated into frequency and consequen
components are not readily available.  Th
product, MEI dose risk, can be presented 
terms of excess LCF per year; for the Green
Alternative, the MEI dose risk due to
plutonium-238 oxide and due to pit shipmen
were each less than 1 x 10-10 excess LCF per
year.  
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TABLE  5.5.10.1–1.—Truck Accident Injuries and Fatalities Projected for LANL Shipments Under 
the Greener Alternative

ROUTE SEGMENT
NUMBER OF 

ACCIDENTS PER 
YEAR

NUMBER OF 
INJURIES PER YEAR

NUMBER OF 
FATALITIES PER YEAR

On-Site 0.015 0.0031 0.00015

LANL to U.S. 84/285 0.17 0.035 0.0019

U.S. 84/285 to I–25 0.41 0.086 0.0046

Remainder of New Mexico 0.67 0.64 0.08

Outside New Mexico 3.2 3.0 0.35

Total 4.5 3.8 0.44

TABLE  5.5.10.2–1.—Incident-Free Population Dose and Lifetime Excess LCFs for Off-Site 
Shipments per Year of Operation Under the Greener Alternative

ROUTE SEGMENT

TRUCK OR AIR 
CREW

NONOCCUPATIONAL

ALONG ROUTE SHARING ROUTE STOPS

person-
rem/year

excess 
LCF/ 
year

person-
rem/year

excess 
LCF/ 
year

person-
rem/year

excess 
LCF/ 
year

person-
rem/year

excess 
LCF/ 
year

LANL to U.S. 84/285 6.8 0.0027 0.036 0.000018 0.59 0.0003 3.6 0.0018

U.S. 84/285 to I–25 9.2 0.0037 0.44 0.00022 4.2 0.0021 3.8 0.0019

Remainder of New Mexico 52 0.021 0.13 0.000065 2.0 0.001 28 0.014

Outside New Mexico 460 0.18 3.0 0.0015 26 0.013 210 0.1

Aircraft 2.4 0.0012 NA NA NA NA NA NA

TOTAL 530 0.21 3.6 0.0018 33 0.015 250 0.12

NA = Not applicable
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The use of the Santa Fe Relief Route would
reduce the projected population dose (and
therefore, the excess LCFs per year) by about
one-third for the U.S. 84/285 to I–25 segment,
as compared to use of the route through Santa
Fe.  This difference is primarily due to the
difference in population density along these
routes.  (The lower traffic density along the
relief route is also a factor.)  The use of the Santa
Fe Relief Route would increase the projected
population dose (and therefore the excess LCFs
per year) for the remainder of New Mexico
segment to about double that identified if the
route through Santa Fe is used.  This difference
is due to the increase (6 miles [9.65 kilometers]
more) in the distance traveled on I–25 for north-
bound shipments.  

On-Site Radioactive Materials Shipments.
The MEI doses, frequencies, and MEI risks due
to the bounding on-site shipments involving
radioactive materials are given in
Table 5.5.10.2–3.  As noted in section 5.2.10.2,
the frequency of the bounding DARHT and
PHERMEX shipments has been added to the
frequency of irradiated target shipments.

Hazardous Materials Shipments.  The
bounding hazardous materials shipments 
accident analyses are major chlorine shipme
(toxic), major propane shipments (flammable
and major explosive shipments.  Th
consequences of an accident involving a ma
explosive shipment is bounded by th
consequences of an accident involving a ma
propane shipment, so the frequency 

TABLE  5.5.10.2–2.—Bounding Radioactive Materials Off-Site Accident Population Risk for the
Greener Alternative

ROUTE SEGMENT

ANNUAL POPULATION DOSE RISK AND EXCESS LCF RISK

SHIPMENT TYPE

AMERICIUM-
241

CH TRU RH TRU
PLUTONIUM-

238
PITS TOTAL

person-rem/
year

person-
rem/year

person-
rem/year

person-rem/
year

person-
rem/year

person-
rem/year

excess 
LCF/
year

LANL to U.S. 84/285 0.016 0.0015 3.2 x 10-6 4 x 10-7 2 x 10-6 0.018 9.0 x 10-6

U.S. 84/285 to I–25 0.25 0.02 0.000044 1 x 10-6 8 x 10-6 0.27 0.00014

Remainder of New Mexico 0.033 0.013 0.000027 4 x 10-7 4 x 10-6 0.046 0.000023

Rest of U.S. 2.7 NA NA 4 x 10-6 0.00001 2.7 0.0014

NA = Not available; CH TRU = contact-handled TRU waste; RH TRU = remote-handled TRU waste

TABLE  5.5.10.2–3.—MEI Doses and 
Frequencies for Bounding On-Site 

Radioactive Materials Accidents Under the 
Greener Alternative

SHIPMENT 
TYPE

EVENT 
FREQUENCY 

PER YEAR

MEI 
DOSE

MEI RISK

Plutonium-
238 Solution

8.8 x 10-8 8.7 rem 7.7 x 10-7 
rem/year

(3.1 x 10-10 
excess LCF/

year)

Irradiated 
Targets

3.2 x 10-6 acute 
fatality

3.2 x 10-6 
fatalities/year
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explosives shipments was added to the
frequency of propane shipments (rather than
analyzing them separately).

Accidental Chlorine Release.  The projected
frequencies, consequences, and risks associated
with major chlorine accidents under the Greener
Alternative are presented in Table 5.5.10.2–4. 

The use of the Santa Fe Relief Route would
result in about one-sixth the risk of fatalities and
one-tenth the risk of injuries on the U.S. 84/285
to I–25 segment, as compared to the use of the
route through Santa Fe.  These differences are
due to the lower population density along the
Santa Fe Relief Route.  The use of the Santa Fe
Relief Route would result in a slight increase in
injuries and fatalities on the remainder of New
Mexico segment because of the extra 6 miles
(9.65 kilometers) traveled on I–25 for
northbound traffic (chlorine shipments are all
assumed to travel north on I–25).

Accidental Propane Release.  The projected
frequencies, consequences, and risks associated
with major propane accidents under the Greener
Alternative are presented in Table 5.5.10.2–5. 

The use of the Santa Fe Relief Route would
result in about one-third the risk of fatalities and
one-fourth the risk of injuries on the U.S. 84/285
to I–25 segment, as compared to the use of the
route through Santa Fe.  These differences are
due to the lower population density along the
Santa Fe Relief Route.  The use of the Santa Fe
Relief Route would result in a slight decrease in
injuries and fatalities on the remainder of New
Mexico segment because of the 6 miles
(9.5 kilometers) reduction in distance traveled
on I–25 for southbound traffic (propane
shipments are all assumed to travel south on
I–25).

5.5.11 Accident Analysis

Transportation accidents for the Greener
Alternative are addressed in section 5.5.10.

High-frequency (greater than 1 in 100
occupational accidents for the Green
Alternative are addressed in section 5.5.6.

5.5.11.1 Multiple Source Release of 
Hazardous Material from 
Site-Wide Earthquake and 
Wildfire

The risks from these accidents are drive
primarily by the frequency and magnitude of a
earthquake and wildfire in the area.  Because 
same types of operations will be conducted 
the same facilities and the inventories of MA
will be about the same, there are no substan
changes between the No Action and the Gree
Alternatives.  Tables 5.2.11.1–1 and 5.2.11.1
show these results.

5.5.11.2 Plutonium Releases from 
Manmade and Process 
Hazards at LANL

For  the Greener Alternative, the activities an
conditions that determine the material relea
and accident progressions do not chang
Therefore, the frequencies and consequence
these scenarios under the Greener Alternat
are the same as those presented for the 
Action Alternative in Table 5.2.11.2–1.

An overview of the 1969 plutonium fire at th
Rocky Flats site and a comparison of the des
and operational differences between the Roc
Flats Plant and TA–55–4 are presented 
volume III, appendix G, section G.4.1.2.

Substantial differences exist between th
nuclear facility and operations being conduct
at TA–55–4 today and those that were presen
the Rocky Flats Plant in 1969.  TA–55–4 wa
designed to correct the deficiencies detected
older facilities such as the Rocky Flats Plant a
is being upgraded to meet the even mo
stringent requirements of the 1990’s, includin
5–190
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TABLE  5.5.10.2–4.—Frequencies, Consequences, and Risk for a Major Chlorine Accident Under 
the Greener Alternative

ROUTE 
SEGMENT

AREA
EVENT 

FREQUENCY 
PER YEAR

ESTIMATED NUMBER 
OF FATALITIES PER 

EVENT

ESTIMATED NUMBER 
OF INJURIES PER 

EVENT

RISK OF 
FATALITIES 
PER YEARa

RISK OF 
INJURIES 

PER YEARa

LANL to 
U.S. 84/285

Rural 0.000028 0.065 0.24 8.6 x 10-6 0.000032

Suburban 4.6 x 10-6 1.5 5.6

U.S. 84/285 
to I–25

Rural 0.000022 0.053 0.2 0.00029 0.0011

Suburban 0.000047 3.0 11

Urban 0.000014 11 40

Remainder of 
New Mexico

Rural 0.00016 0.015 0.056 0.000052 0.00019

Suburban 0.000017 1.5 5.5

Urban 2.8 x 10-6 8.4 32

Remainder of 
U.S.

Rural 0.0012 0.028 0.1 0.0012 0.0047

Suburban 0.0003 1.6 6.1

Urban 0.00007 10 39

a Because individual factors were rounded for presentation, multiplication of the factors on this table may not exactly match the results in these 
columns.

TABLE  5.5.10.2–5.—Frequencies, Consequences, and Risk for a Major Propane Accident Under 
the Greener Alternative

ROUTE 
SEGMENT

AREA
EVENT 

FREQUENCY 
PER YEAR

ESTIMATED 
NUMBER OF 

FATALITIES PER 
EVENT

ESTIMATED 
NUMBER OF 

INJURIES PER 
EVENT

RISK OF 
FATALITIES 
PER YEARa

RISK OF 
INJURIES 

PER YEARa

LANL to U.S. 
84/285

Rural 9.6 x 10-6 0.28 1.1 9.7 x 10-6 0.000039

Suburban 1.6 x 10-6 4.2 17

U.S. 84/285 to  
I–25

Rural 7.4 x 10-6 0.23 0.92 0.00015 0.0006

Suburban 0.000016 8.4 34

Urban 5.0 x 10-6 1.8 7.3

Remainder of 
New Mexico

Rural 0.000064 0.15 0.6 0.00012 0.00048

Suburban 0.000021 5.1 20

Urban 2.6 x 10-6 1.5 6.1

Remainder of 
U.S.

Rural 0.000081 0.09 0.36 0.000067 0.00027

Suburban 0.00001 4.8 19

Urban 5.3 x 10-6 1.9 7.5

a Because individual factors were rounded for presentation, multiplication of the factors on this table may not exactly match the results in these 
columns.
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5.5.11.3 Highly Enriched Uranium 
Release from Process 
Hazard Accident at LANL

As discussed in section 5.2.11.3, this accident is
the dominant accident for the release of HEU.
Because there are no planned changes in the
number of experiments or the inventories
associated with this activity, the frequency and
consequences of this scenario under the Greener
Alternative are the same as presented under the
No Action Alternative in Table 5.2.11.3–1.

5.5.11.4 Tritium Release from a 
Manmade Hazard 

As presented in section 5.2.11.4, the aircraft
crash event is the dominant accident that
involves tritium.  Because no changes in
operations or inventories from the No Action
Alternative are made, the consequences and
frequencies associated with these scenarios are
the same as those presented for the No Action
Alternative in Table 5.2.11.4–1.

5.5.11.5 Chemical Releases from 
Manmade and Process 
Hazard Accidents at LANL

For the chlorine releases, on-site personn
could be exposed to concentrations in excess
ERPG–2.  Chlorine has a highly objectionab
odor, which prompts sheltering and escap
however, personnel can be quickly overcom
when exposed to high concentrations.

Because no changes in operations or inventor
from the No Action Alternative are made, th
frequencies and consequences of the
scenarios are the same as those under the
Action Alternative, as presented in
Tables 5.2.11.5–1 and 5.2.11.5–2.

5.5.11.6 Worker Accidents at LANL

Although there are some planned decrea
under this alternative in the handling of hig
explosives, the accident frequencies rema
within same range of values as for the N
Action Alternative.  Therefore, the frequencie
and consequences of these scenarios under
Greener Alternative are the same as tho
presented for the No Action Alternative in
Table 5.2.11.6–1.  
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5.6 CUMULATIVE  AND 
UNAVOIDABLE  IMPACTS

5.6.1 Cumulative Impacts

Cumulative impact is defined by the CEQ
NEPA regulations as “the impact on the
environment which results from the incremental
impact of the action when added to other past,
present, and reasonably foreseeable future
actions regardless of which agency (federal or
not federal) or person undertakes such other
actions.”  This discussion of cumulative impacts
deals with the effect of LANL operations when
added to similar effects from the actions of other
entities within the same region of influence.
Effects are discussed by impact or resource area,
and as can be seen from the discussions of each
environmental impact area of analysis in
chapter 5, the region of influence can vary.
Some effects of LANL operations are not
detectable beyond the facility or site boundary,
while others involve effects with the potential to
extend beyond site boundaries, interact with
other sources of the same impact, and so may be
managed under a regional regulatory authority
(such as for criteria pollutants under the Clean
Air Act).  Other effects, such as fire control or
the movement of grazing animals, are best
viewed within a common habitat or natural
resource area.

This site-wide analysis in large measure is, by
its scope, an analysis of cumulative impacts.  To
analyze the effects of LANL operations, regions
of influence were selected to identify the
maximum extent of impacts while still
providing a discussion of effects that can be
evaluated meaningfully.  These impacts
represent the effects from all operations at the
site, and some effects do not have contributors
from sources other than LANL.  The following
discussion represents all operational
alternatives.  The nature of the impacts from
LANL operations and those of the surrounding
area are such that the analyses presented in the
previous sections of chapter 5 are, in fact, most

of the relevant materials on this subject.  T
discussion that follows is not greatly influence
by the variation in impacts from the alternative
because most of these impacts are n
significant and/or there is little contribution to
impacts from other sources that are in the sa
region of influence as LANL.  Information was
gathered from city, county, state, tribal, an
other federal organizations concerning futu
plans for development and to get information o
any regional planning efforts.  Following is 
summary of the effects from LANL operation
presented in this regional context and in 
cumulative sense where such addition
information was not already used in th
previous section of the impact analysis.

5.6.1.1 Land Use

Much of the area around LANL is undevelope
USFS and NPS land, and is projected to rem
undeveloped.   Future land use patterns 
projected to remain the same within the LAN
site, and trends in population growth for th
region immediately surrounding Los Alamo
are likely to continue to increase the urba
nature of development.  Sections on land use
chapters 4 and 5 of this document provide mo
detail on these subjects and the cumulati
impacts for this aspect of the analysis.

There is a potential for a change in the
projections in land use for some parcels on t
LANL site that have been identified for possib
conveyance and transfer as part of PL 105-1
(also see chapter 4, section 4.1.1.4).   The D
has submitted the first required deliverable 
Congress that gives a preliminary identificatio
of 10 parcels that could be considered f
transfer, comprising a total of approximate
4,600 acres (1,860 hectares).  Those parcels
being evaluated further in the LANL
Conveyance and Transfer (CT) EI
(DOE 1998a) (see chapter 1, section 1.5.10) 
possible restrictions that may limit their us
because of cultural and ecological resour
impacts.  These parcels also will be evaluated
5–193
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the ER Project to determine whether any needed
remedial actions to allow unrestricted use are
practical and could be completed in a 10-year
time frame.  Transferred lands are available for
historic, cultural, or environmental preservation
purposes; economic diversification purposes; or
community  self-sufficiency purposes, as stated
in the law.  A maximum of 1,158 acres
(468 hectares) of the total acreage proposed to
be transferred and conveyed would be
developed or the land use otherwise changed
(DOE 1998a).

5.6.1.2 Water Resources

Direct wastewater discharges to the canyons
were evaluated in previous sections of this
chapter, and no impacts were identified from the
quality of current discharges.  Soil contaminants
from past operations can be affected by surface
water flows within the canyons and potentially
be carried further down the canyons and into the
perched water zones or the underlying deep
aquifer.  The potential for this type of transport
from stormwater runoff as well as transport
caused by potential variation in future industrial
discharges are discussed in this document.
These also are factors in mitigative actions and
specific risk analyses for each of the units to be
evaluated under the ER Project.  No other major
water discharge to upper and middle reaches of
these canyons occurs from human activity other
than from LANL operations and the sanitary
wastewater treatment that is performed for these
operations as well as for the county, and no
other planned discharges were evident.  The Los
Alamos County sewage treatment plant that
discharges into the lower portions of Cañada del
Buey is not likely to be a factor of concern for
contaminant transport because no
contamination above regional background
reference levels is found in sediments in that
portion of Cañada del Buey or in the lower
portion of Mortandad Canyon, which receives
the waters from Cañada del Buey.  LANL
operations are therefore the only activities of
interest from the standpoint of cumulative

impacts.  The Los Alamos County sewag
treatment plant in Bayo Canyon does dischar
into an area of measurable radioactiv
contamination from past operations.  Levels 
contaminants have remained relatively consta
in recent years and are slightly abov
background levels in the vicinity of the plan
While stormwater events are the primary forc
for movement of sediments, there is th
potential for this discharge to contribute to th
movement of sediments contaminated wi
radionuclides in the lower portions of Pueb
Canyon and Los Alamos Canyon.  More deta
on these subjects may be found in the wa
resource sections of this document.

New development under the CT EI
(DOE 1998a) proposed action could degra
the surface water quality, increasing th
pollutant loads and surface runoff volumes fro
construction activity and the increase 
impermeable areas.  Increases in discharge
wastewater treatment plants could b
132 million gallons (500 million liters) per yea
for the Bayo plant and 41 million gallon
(155 million liters) per year for the White Rock
plant.

5.6.1.3 Air Quality

No sources of air pollutants, other than tho
from LANL operations, were identified tha
would be of relevance for an evaluation o
cumulative impacts; therefore, to giv
perspective on this situation, a brief descriptio
is provided below of the region that could b
influenced by LANL operations.  Except fo
Bernalillo County (greater Albuquerque area
the State of New Mexico manages the ent
state as one air quality district.  This distri
includes several wilderness areas, nation
parks, and national monuments and mu
consider the special status of these areas un
the regulations for the prevention of significan
deterioration (PSD).  The proximity of BNM’s
wilderness area to LANL is of special note.  Th
largest sources in the state for criteria pollutan
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are in the Four Corners area, about 200 miles
(320 kilometers) to the northwest, and the
Bernalillo County area about 50 miles (80
kilometers) to the southwest; but neither areas
exhibit major influence in the proximity of the
LANL site.  Sources in the immediate area are
relatively small and separated from one another.
Past ambient air quality monitoring by LANL
and the State of New Mexico in the vicinity of
BNM showed values well below standards
developed to protect human health with an
ample margin of safety, and monitoring was
discontinued in 1994.  No future development at
LANL is proposed that would require
evaluation under PSD regulations.  Industrial
development in the general area puts little
pressure on ambient air quality concerns, and
complex permitting or monitoring strategies are
not necessary in this area to prevent degradation
of air quality.  

Only very minor effects from LANL operations
could be identified from emissions of toxic air
pollutants.  No other sources of pollutants
having the same potential effect at these
receptors of concern for LANL operations were
identified.  Although some of the impact
analyses considered receptors within a 50-mile
(80-kilometer) radius of the site, impacts are
primarily associated with areas close to the site.

There would be increases in criteria pollutants
from mobile sources and homes using natural
gas or propane from implementing the CT EIS
proposed action.  Slight increases in emissions
of hazardous air pollutants would be expected
from the development of new industrial
facilities.

Implementation of the draft Surplus Plutonium
Disposition (SPD) EIS Lead Assembly
Alternative (DOE 1998b) at LANL would
increase the radiological emissions to the MEI
by no more than 0.01 millirem per year.
Overall, LANL would be expected to remain
within the 10 millirem per year NESHAP limit.

5.6.1.4 Ecological Resources

The analysis of direct effects on ecologic
resources from LANL operations in previou
sections of this chapter shows that these effe
do not, in most cases, extend beyond t
perimeter of the site.  Where contaminants fro
LANL are found off the site, contributions from
sources other than worldwide fallout were n
identified.  Analysis of these effects are found 
previous sections of this chapter.  Additionall
potential effects on biota and ecosystem
discussed in those sections are presented wi
the context of the larger regional ecosystem
which the LANL site is immersed.  Potentia
effects from existing soil contaminants wer
identified, some dominated by naturall
occurring metals, some dominated by lega
contamination from LANL operations.  No
current or planned additions of contaminants 
concern by LANL or any other entity were
identified.

The LANL site is relatively large and
undeveloped, and serves as a reservation fo
wide diversity of plants and animals.  Althoug
the impacts to biota and ecosystems a
beneficial in this aspect, the site is affected 
land uses predating LANL and influenced b
fragmented management strategies.  Resolut
of problems such as risk of catastroph
wildfire, erosion, elk overpopulation, and
habitat loss and fragmentation, will benefit from
permanent interagency coordination and t
development of a joint planning an
management program with the other lan
management agencies.  The continuation of a
implementation of ongoing site programs an
planning actions such as the ER Project, t
Threatened and Endangered Species Hab
Management Plan, and the Natural Resourc
Management Plan will place site managers in
position to contribute in a meaningful way t
regionalized strategies as they develo
Discussions in previous sections of this chap
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present this regional context in the evaluation of
impacts.

Implementation of the CT EIS proposed action
would cause approximately 1,230 acres
(498 hectares) of ponderosa pine forest and
pinyon-juniper woodland habitat to be heavily
modified or lost.  Also, approximately
3.8 percent of American peregrine falcon and
Mexican spotted owl preferred habitat available
at DOE/LANL would be affected.

5.6.1.5 Cultural Resources

The presence of federal lands adjacent to LANL
and the highly restricted nature of the LANL site
tends to prevent impacts to these resources from
activities other than those directly attributable to
LANL operations, and therefore, the discussion
of impacts in previous sections of the chapter
represents the analysis of cumulative impacts
for this aspect of the analysis.  Impacts from
LANL operations extending beyond the site
boundaries were not noted.  The analysis in
previous sections noted the potential for on-site
impacts to TCPs from explosives, residual
contamination, and restriction of access; but
insufficient information on locations of these
sites limits this area of analysis.  More
information may be found in chapter 4,
(section 4.8), chapter 5, and appendix E.

The proposed action under the CT EIS would
cause the development of approximately
1,020 acres (413 hectares) and use of tracts for
recreation that could result in physical
destruction, damage, or alteration of cultural
resources on the subject tracts and in adjacent
areas.

5.6.1.6 Socioeconomics

Government operations (federal, state, local,
tribal) and service-sector businesses dominate
the economics of the region influenced by
LANL by a very large margin.  Activities at

LANL itself are estimated to directly and
indirectly account for more than a third o
employment, wage and salary, and busine
activity in the Tri-County region.  The servic
sector aspect of the economy has experien
little growth in recent years, although
projections of population growth, particularly i
Santa Fe County, can reasonably be expecte
result in the continued major influence of th
economic sector.  No major fluctuation in othe
aspects of the economy or introductions 
significant new activities were identified.  Th
discussion of impacts in previous sections 
this chapter evaluates impacts in the ar
influenced by LANL (the Tri-County region)
and in the context of identified growth pattern
Those sections may therefore be referred to 
details on cumulative impacts for this aspect 
the analysis.

Short-term economic gains would be expect
from employment due to construction activitie
for new development under the CT EI
proposed action.  The long-term gains would 
dependent on the intensity and success of 
development.

5.6.1.7 Infrastructure

LANL is a significant user of electric power in
the region, but is not the dominant user 
northern New Mexico.  Within the electric
power pool that serves LANL, direct use b
LANL is about 80 percent of the total.  Th
system serving LANL is near capacity, an
future projections on electric power use fro
LANL under all alternatives, except Reduce
Operations, indicate that demand will excee
capacity.  Consideration of options to increa
system capacity is complicated by the fact th
the systems for other major power users in t
region (the cities in northern New Mexico) ar
also nearing capacity, and demand from the
users is also projected to exceed capac
While the regional system capacity proble
will exist regardless of the alternative select
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for LANL operations, selection of an option to
deal with LANL alone is strongly influenced by
these regional considerations.  No specific
proposals have been fully developed to remedy
this situation (although, as noted in chapter 1,
section 1.6.3.1, some specific solutions are
being evaluated), and further analysis of
environmental impacts will be necessary as
future options are developed sufficiently to
analyze them.  Previous sections of this chapter
discuss these electric power issues in the context
of regional problems and may therefore be
referred to for details on cumulative impacts for
this aspect of the analysis.

Natural gas use is projected to remain within the
capacity of the current system to provide it.
Even if electricity demand increases natural gas
demand for the generation of electricity at the
LANL main power plant, demand for natural
gas should continue to be dominated by heating
requirements, and increase in demand sufficient
to exceed capacity is not expected.  Currently,
there are no projections from other consumers in
the region using the same natural gas supply
lines that show demand potentially exceeding
capacity.  The evaluation of impacts in this
resource area in previous sections of this chapter
discuss natural gas use in this regional user
context, and may therefore be referred to for
details on this aspect of the cumulative impact
analysis.

Potable water use was analyzed in previous
sections of this chapter in the context of multiple
users of a common aquifer and projected future
use patterns of these users.  The potential
drawdown associated with LANL activities as
well as services provided to other entities under
the DOE water rights were modeled along with
the other users in the region.  All the users of the
aquifer in the Española Basin are assumed to
influence one another, but the exact
relationships are unknown.  Effects such as
reduction in the height of the water table at a
particular location are primarily influenced by
major pumping operations in the immediate

area.  As pumping by DOE or by the City o
Santa Fe shifts from one well field to anothe
water table height increases in the abandon
area and reduces in the new area.  Therefo
even though Santa Fe may be the major wa
user in the area, total water use in the region s
comprises a small fraction of the total volum
within the main aquifer, and overall effects
while measurable, are not pronounced.  Wa
use is projected to remain within existing wat
rights (which cumulatively constitute less tha
1 percent of the estimated volume of the aquif
as discussed in volume III, appendix A
section A.5), and no reduction in the dischar
volume from springs in the area is foreseen.

The only aspects of solid waste manageme
that have considerations of cumulative impa
are those associated with the multiple users
the Los Alamos County landfill, and the
potential for use of the LANL LLW disposa
area by other DOE generators.  Sufficie
capacity in the county solid waste landfill wil
remain for the foreseeable future, and a decis
on expansion of the LLW disposal area is like
to be driven by needs at LANL and no
elsewhere.  Sections of this document deali
with waste management activities contain mo
information on this aspect of cumulativ
impacts.

The total increases in utility usage for the C
EIS proposed action would be as follows:

• Electric use, 31 gigawatt-hours
• Peak power, 5 megawatts
• Natural Gas, 459 million cubic feet
• Water, 382 million gallons per year
• Solid Waste, 2,385 tons per year 

Land development under the proposed CT E
could result in an increased use of 382 millio
gallons (1,450 million liters) per year o
groundwater, a significant increase over th
water rights allocation of 1,805 million gallon
(6,830 million liters) per year.  Under th
Expanded Operations and Preferre
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Alternatives, the estimated water rights use
would be 1,724 million gallons (6,525 million
liters) per year.  Implementation of the CT EIS
proposed action would exceed the water rights
allocation.  Implementation of the Special
Neutron Source (SNS) EIS proposed action of
the 1-megawatt beam would use 42 million
gallons (160 million liters) per year of
groundwater, which could not be met with the
current water infrastructure and water rights.

The Spallation Neutron Source (SNS) EIS
proposed 1-megawatt beam would use
62 megawatts of peak power.  LANL’s existing
electrical infrastructure is not adequate to
support the additional power demand.  The
increase in peak power demand would
exacerbate the power supply-demand problems
in the Los Alamos region.

The additional impacts from implementing the
draft SPD EIS, Lead Assembly Alternative at
LANL would include a total of 4,840 cubic feet
(137 cubic meters) of TRU waste, 24,900 cubic
feet (705 cubic meters) of LLW, and relatively
small quantities of other hazardous and
nonhazardous wastes.  These impacts are not a
significant contributor to the waste management
activities at LANL.  The annual electricity
requirements would increase by 0.72 gigawatt-
hours, with an increase peak power demand of
0.3 megawatts.  The annual process water usage
would increase by 20,000 gallons (76,000 liters)
per year.  Both the electrical power and water
usages are minor in the context of LANL’s
overall requirements and, thus, are not
significant contributors to the power and water
concerns at LANL.

5.6.1.8 Transportation

The future population of Los Alamos is not
projected to increase significantly, although
future land transfers may increase local traffic.
As discussed in other sections, no other major
cause for growth in the region has been
identified, although some communities are

expected to increase in size just as other area
the state.  Impacts associated with traff
congestion and vehicle emissions discussed
previous sections of this chapter consider t
effects attributable to LANL operations in th
context of effects that may be present from oth
sources, as well as the effect of future growth
the area.  More detail on cumulative impac
may be found in those sections.  Hazardo
chemical and radioactive materials shipmen
comprise about 1 percent of the off-site truc
shipments for LANL.  The number of these typ
of shipments may increase above the No Acti
levels for the Expanded Operations, Reduc
Operations (driven by waste shipments) a
Greener Alternatives, but the percentage 
likely to remain about the same.  For perspect
on the regional context for these types 
shipments, the percentage of truck shipme
that carry hazardous chemicals or radioacti
materials in the State of New Mexico has be
estimated by state transportation officials to 
about 10 percent, although some segments
highway, such as I–40, may be much higher.

Under the CT EIS proposed action, the pe
traffic entering or exiting all 10 tracts could
increase by a range of approximately 751 
3,775 trips per day.  Many of the current roa
and intersections would have to be upgraded
accommodate the new traffic levels.

The draft SPD EIS (DOE 1998b), Lea
Assembly Alternative, documents the addition
transportation impacts should LANL, b
selected for this activity.  Plutonium dioxid
would already be at LANL, so no shippin
would be required for this material.  LANL
would receive uranium dioxide and othe
material needed to assemble mixed oxi
(MOX) fuel bundles from a nuclear fue
fabricator and would ship MOX fuel assemblie
to a reactor site.  Approximately 20 shipmen
of radiative materials would be carried out b
DOE.  The total distance traveled on publ
roads by trucks carrying radioactive materia
would be about 34,000 miles
(55,000 kilometers).  The dose to transportati
5–198
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workers from all transportation activities under
this lead assembly alternative has been
estimated at 1.5 person-rem; the dose to the
public has been estimated at 10.3 person-rem.
Accordingly, the incident-free transportation of
radioactive material would result in 5.9 x 10-4

excess LCFs; among transportation workers and
5.1 x 10-3 excess LCFs in the total affected
population over the duration of the
transportation activities.  The estimated number
of nonradiological fatalities from vehicular
emissions would be 1.5 x 10-4.  Estimates of the
total ground transportation accident risks
indicate a radiological dose to the population of
6.2 person-rem, resulting in a total population
risk of 3.1 x 10-3 excess LCFs and traffic
accidents resulting in 6.7 x 10-4 traffic fatality.

5.6.1.9 Human Health

The development of the CT EIS proposed action
could bring as many as 900 new residents into
closer proximity to LANL facilities at the DOE
Los Alamos Area Office and DP Road Tracts,
and another 2,200 residents and lodgers at the
White Rock Tract.  Commercial development
could bring as many as 6,000 private-sector
employees into existing radiation buffer zones
at the DP Road, TA–21, and Airport Tracts.
These developments would mean increased
public exposures to radiological and chemical
emissions from LANL, from normal operations
and hypothetical accidents.  A substantial
increase in the public collective radiation dose
would result.

Implementation of the Lead Assembly
Alternative, analyzed in the draft SPD EIS
(DOE 1998b), at LANL would contribute the
following impacts.  The expected number of
excess LCFs as a result of the radiation released
from these activities in the general population
residing within 50 miles (80 kilometers) of
LANL would be 1.2 x 10-5.  The expected
number of excess LCFs to involved workers
would be 0.011.  The expected annual dose to
the MEI is 9.0 x 10-3 millirem per year, which

corresponds to an associated excess LCF ris
4.5 x 10-9.  Transportation related to thes
activities would not be expected to result in an
excess LCFs either.  Thus, implementation 
the lead assembly fabrication activities 
LANL would pose no significant health risks t
the public.

5.6.2 Unavoidable Adverse Impacts

Operating LANL under any alternative involve
the release of small quantities of radioactive a
hazardous materials via routinely monitored a
and water effluent discharges.  Analysis h
shown these discharges to be of minim
consequence; nonetheless, they represent
impact that is unavoidable.  Control measur
commensurate with potential risk are in plac
and in an evolutionary manner, seek to redu
these discharges to the lowest practical leve
Solid radioactive and hazardous waste, a
sanitary wastes also result from routin
operations, and must be treated and dispos
The active recycle, waste minimization, an
waste avoidance programs at LAN
continuously work to reduce the volume an
types of these wastes.  Potential disturbance
biological and cultural resources can result fro
operations, and restricted access to so
traditional cultural properties might be viewe
as adverse.  

5.6.3 Irreversible and Irretrievable 
Commitments of Resources

Operations at LANL under the variou
alternatives require the consumption of 
number of resources.  Table 3.6.2–1 in chapte
shows the projected usage of water, natural g
and electricity across the SWEIS alternative
(These resources are also discussed 
alternative in sections 5.2.9.2, 5.3.9.2, 5.4.9
and 5.5.9.2.)  While deficiencies in some of th
local distribution systems for gas and electrici
were discussed in this analysis, no shortages
total regional supplies were noted.  There a
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are many materials requirements for
maintenance of facilities, and operations require
the consumption of the entire range of expected
products and materials, such as chemicals.
There is an active recycling program at LANL;
most products are expended or disposed.
Approximately 43 square miles (111 square
kilometers) are reserved for laboratory
operations.  A large amount of that area remains
undisturbed, and development has been, and
will continue to be, concentrated in areas of like
operations.  While it is theoretically possible to
consider that the entire facility could be
decommissioned and removed, operations,
including waste disposal, are expected to
continue into the foreseeable future.  These
lands are therefore removed from use for other
purposes.  An active environmental restoration
program seeks to reduce the risk from past
discharges of radioactive and hazardous
materials; but, not all areas are expected to be
restored to their original condition.  LLW
disposal at LANL places strict limitations on
alternative or future uses of the disposal areas.
The disposal sites would require monitoring and
various forms of protective actions, including
administrative access control, for an extended
period of time.

5.6.4 Relationship Between Local 
Short-Term Uses of the 
Environment and the 
Maintenance and 
Enhancement of Long-Term 
Productivity

A decision to operate LANL under any
alternative requires the commitment o
resources that cannot be recovered, 
acceptance of impacts from normal operatio
that release pollutants and cause disturbanc
The national resource embodied in LANL
which is continually tapped by different entitie
throughout the U.S. as well as abroad, is used
work on problems involving national security
energy resources, environmental quality, and
science.  

A large portion of the knowledge and capabili
necessary to support the nuclear weapo
program resides at LANL.  The program
implemented by DOE, and as discussed in t
SSM PEIS (DOE 1996d), has been reduced
size, refocused, and operations consolidated 
fewer number of sites.  
5–200



Environmental Consequences

os 

w 

co

ico

ton, 

and 

 
 

r 
f 
REFERENCES

BH&A 1995 Needs Assessment for Fire Department Services and Resources, Los Alam
National Laboratory, Los Alamos, New Mexico.  Beatty, Harvey & Associates.  
New York, New York.  November 15, 1995.

Bradford 1996 W. Bradford, ESH-EIS.  Memorandum to Doris Garvey, ESH/M889, on NPDES 
Outfalls and Annual Volume Discharges for Other than Key Facilities.  
August 28, 1996.

CEQ 1993 Incorporating Bidodiversity Considerations into Environmental Impact 
Analysis Under the National Environmental Policy Act.  Council on 
Environmental Quality.  Washington, D.C.  1993.

Dennis et al. 1978 Severities of Transportation Accidents Involving Large Packages.  SAND-77-
0001.  A. W. Dennis et al.  Sandia National Laboratories.  Albuquerque, Ne
Mexico.  1978.

DOC 1992 1990 Census of Population, General Population Characteristics, New Mexi.  
1990 CP-1-33. U.S. Department of Commerce, Bureau of the Census.  
Washington, D.C.  1992.

DOC 1993a 1990 Census of Population, Social and Economic Characteristics, New Mex.  
1990 CP-2-33.  U.S. Department of Commerce, Bureau of the Census.  
Washington, D.C.  1993.

DOC 1993b 1990 Census of Housing, Detailed Housing Characteristics, New Mexico.  1990 
CH-2-33.  U.S. Department of Commerce, Bureau of the Census.  Washing
D.C.  1993.

DOC 1996 Personal Income by Major Source and Earnings by Industry, New Mexico 
Los Alamos, Rio Arriba, and Santa Fe Counties, 1989 through 1994.  U.S. 
Department of Commerce, Bureau of Economic Analysis, Economic 
Information System.  Washington, D.C.  June 1996.

DOE 1993 Recommendations for the Preparation of Environmental Assessments and
Environmental Impact Statements.  U.S. Department of Energy, Office of NEPA
Oversight.  May 1993.

DOE 1994 Airborne Release Fractions/Rates and Respirable Fractions for Nonreacto
Nuclear Facilities.  DOE Handbook 3010-94, Vols. I & II.  U.S. Department o
Energy.  December 1994.
5–201



LANL SWEIS

e 
.  

.  

.

 

.  

s, 
der 

f 
d at 
 

ea 
DOE 1995a Dual Axis Radiographic Hydrodynamic Test Facility Final Environmental 
Impact Statement.  DOE/EIS-0228.  U.S. Department of Energy, Albuquerqu
Operations Office and Los Alamos Area Office, Albuquerque, New Mexico
August 1995.

DOE 1995b Environmental Assessment, High Explosive Wastewater Treatment Facility.  
DOE/EA-1100.  Los Alamos National Laboratory, Los Alamos, New Mexico
August 1995.

DOE 1996b Accident Analysis for Aircraft Crash Into Hazardous Facilities.  DOE Standard 
3014-96.  U.S. Department of Energy.  October 1996.

DOE 1996c Interim Format and Content Guide and Standard Review Plan for U.S. 
Department of Energy Low-Level Waste Disposal Facility Performance 
Assessments.  U.S. Department of Energy.  Washington, D.C.  October 1996

DOE 1996d Final Programmatic Environmental Impact Statement for Stockpile 
Stewardship and Management.  DOE/EIS-0236.  U.S. Department of Energy,
Office of Defense Programs, Washington, D.C.  1996.

DOE 1996e Environmental Assessment for Effluent Reduction.  DOE/EA-1156.  U.S. 
Department of Energy, Los Alamos Area Office.  Los Alamos, New Mexico
September 11, 1996.

DOE 1997 Approaches for Upgrading Electrical Power System Reliability and Import 
Capability.  LA-UR-96-3882.  Prepared by Lundberg, Marshall & Associate
Ltd., for the U.S. Department of Energy, Albuquerque Operations Office, un
Contract Number DE-ACOA-93AL82990.  Albuquerque, New Mexico.  
August 28, 1997.

DOE 1998a Draft Environmental Impact Statement for the Conveyance and Transfer o
Certain Land Tracts Administered by the Department of Energy and Locate
Los Alamos National Laboratory, Los Alamos and Santa Fe Counties, New
Mexico.  (Predecisional Draft).  U.S. Department of Energy, Los Alamos Ar
Office.  Los Alamos, New Mexico.  December 14, 1998.

DOE 1998b Surplus Plutonium Disposition Environmental Impact Statement.  U.S. 
Department of Energy, Office of Fissile Materials Disposition.  DOE/Draft 
EIS-0283.  Washington, D.C.  July 1998.

DOT 1992 FAA Statistical Handbook of Aviation: Calendar Year 1992.  FAA APO-94-5.  
U.S. Department of Transportation, Federal Aviation Administration.  
Washington, D.C.  1992.
5–202



Environmental Consequences

, 

h-
ort 

n.  

onia 
 
 for 

s 
  

d 

on

on

  
nal 
EPA 1987 Radiation Protection Guidance to the Federal Agencies for Occupational 
Exposure.  Federal Register, Vol. 52, No. 17 (52 FR 2822-2834).  January 27
1987.

EPA 1992 Framework for Ecological Risk Assessment.  U.S. Environmental Protection 
Agency.  Report No. EPA/630/R-92/001.  Washington, D.C.  1992.

Frenzel 1995 Geohydrology and Simulation of Groundwater Flow near Los Alamos, Nort
Central New Mexico.  P. Frenzel.  USGS Water Resources Investigations Rep
95-4091.  1995.

Garvey 1997 D. Garvey, ESH-EIS.  Memorandum to Corey Cruz, DOE Albuquerque 
Operations, regarding NPDES outfalls.  December 19, 1997.

Geffen et al. 1980 An Assessment of the Risk of Transporting Propane by Truck and Train.  C. A. 
Geffen et al.  PNL-3308.  Pacific Northwest Laboratory, Richland, Washingto
1980.

Glickman and Raj 
1992

A Comparison of Theoretical and Actual Consequences in Two Fatal Amm
Accidents.  T. A. Glickman and P. K. Raj.  Transportation of Dangerous Goods:
Assessing the Risks.  F. Frank Saccomanno and Keith Cassidy, eds.  Institute
Risk Research, University of Waterloo.  Ontario, Canada.  1992.

Havens and Spicer 
1985

Development of an Atmospheric Dispersion Model for Heavier-than-Air Ga
Mixtures.  CG-D-22-85.  J. A. Havens and T. O. Spicer.  U.S. Coast Guard.
Washington, D.C.  1985.

Holt 1998 Memorandum from James Holt, Program Director, Institutional Facilities an
Construction, Los Alamos National Laboratory, to Herman LeDoux, U.S. 
Department of Energy.  October 22, 1998.

ICRP 1977 Recommendations of the International Commission on Radiological Protecti.  
International Commission on Radiological Protection.  ICRP Publication 
No. 26, Annals of the ICRP 1, (3).  Pergamon Press.  New York.  1977.

ICRP 1991 Recommendations of the International Commission on Radiological Protecti.  
International Commission on Radiological Protection.  ICRP Publication 
No. 60.  Pergamon Press.  New York.  1991.

Johnson et al. 1993HIGHWAY 3.1 + An Enhanced Highway Routing Model: Program 
Description, Methodology, and Revised User’s Manual.  ORNL/TM-12124.
P. E. Johnson, D. S. Joy, D. B. Clarke, and J. M. Jacobi.  Oak Ridge Natio
Laboratory.  Oak Ridge, Tennessee.  March 1993.
5–203



LANL SWEIS

s 

4.

ss 

 

Kumar 1997 J. Kumar, Lundberg, Marshall & Associates, Ltd., Letter to D. Agar, U.S. 
Department of Energy, regarding the capacity gas line that supplies the Lo
Alamos area.  Prepared under Contract Number DE-ACOA-93AL82990.  
August 27, 1997.

LANL 1992 Environmental Surveillance at Los Alamos During 1990.  Los Alamos National 
Laboratory.  LA-12271-M8.  UC-1990.  Los Alamos, New Mexico.  
March 1992.

LANL 1993 Environmental Surveillance at Los Alamos During 1991.  Los Alamos National 
Laboratory.  LA-12572-ENV.  UC-902.  Los Alamos, New Mexico.  
August 1993.

LANL 1994 Environmental Surveillance at Los Alamos During 1992.  Los Alamos National 
Laboratory.  LA-12764-MS.  UC-902.  Los Alamos, New Mexico.  July 199

LANL 1995b Information on historical LANL procurement received from the LANL Busine
Operations Division.  Los Alamos National Laboratory.  Los Alamos, New 
Mexico.  November 13, 1995; October 17, 1996; and January 3, 1997.

LANL 1995c Environmental Surveillance at Los Alamos During 1993.  Los Alamos National 
Laboratory.  LA-12973-ENV.  UC-902.  Los Alamos, New Mexico.  
October 1995.

LANL 1995d Materials Expended Report for PHERMEX.  Los Alamos National Laboratory.  
DX-11-95-109.  Los Alamos, New Mexico.  March 16, 1995.

LANL 1996a Information on LANL salaries received from the University of California 
Payroll Department.  Los Alamos National Laboratory.  Los Alamos, New 
Mexico.  November 21, 1996, and December 12, 1996.

LANL 1996b Environmental Surveillance at Los Alamos During 1994.  Los Alamos National 
Laboratory.  LA-13047-ENV.  UC-902.  Los Alamos, New Mexico.  July 1996.

LANL 1996c Environmental Surveillance at Los Alamos During 1995.  Los Alamos National 
Laboratory.  LA-13210-ENV, UC-902.  Los Alamos, New Mexico.  
October 1996.

LANL 1996d Evaluation of Aircraft Crash Hazard at Los Alamos National Laboratory 
Facilities.  Los Alamos National Laboratory.  LA-13105.  Los Alamos, New 
Mexico.  July 1996.

LANL 1997a SH-EIS:97-159:  Kenneth Rea to Corey Cruz, subject: socioeconomic data
corrections.  June 18, 1997.
5–204



Environmental Consequences

 

ional 

S. 

l 

y, 

 

., 
and 
a.  
7.

ncy 
LANL 1997b Field Observations of Eight Cultural Resource Sites in the Vicinity of LANL
Firing Sites.  Report transmitted from T. Ladino, Los Alamos National 
Laboratory, ESH-20/Ecol-98-0084.  Los Alamos, New Mexico.  
October 29, 1997.

LANL 1997c Capital Asset Management Process, Fiscal Year 1997.  Los Alamos National 
Laboratory.  LA-UR-95-1187.   Los Alamos, New Mexico.  1997.

LANL 1997d Environmental Surveillance and Compliance at Los Alamos during 1996.  Los 
Alamos National Laboratory, Environmental Assessments and Resource 
Evaluations Group.  LA-13343-ENV.  Los Alamos, New Mexico.  1997.

LANL 1998a Waste Management Strategies for LANL.  Los Alamos National Laboratory.  
LA-UR-97-4764.  Los Alamos, New Mexico.  April 1998.

LANL 1998b Description of Technical Areas and Facilities at LANL.  Los Alamos National 
Laboratory.  LA-UR-97-4275.  Los Alamos, New Mexico.  March 1998.

LANL 1998c Performance Assessment and Composite Analysis for the Los Alamos Nat
Laboratory Low-Level Waste Material Disposal Area G.  Los Alamos National 
Laboratory.  LA-UR-97-85.  Los Alamos, New Mexico.  Submitted to the U.
Department of Energy March 1997.  Approved October 1998.

LANL 1998d Los Alamos National Laboratory Hydrogeologic Workplan.  Los Alamos 
National Laboratory.  Los Alamos, New Mexico.  May 1998.

Lansford et al. 
1996

The Economic Impact of Los Alamos National Laboratory on North-Centra
New Mexico and the State of New Mexico, Fiscal Year 1995.  R. R. Lansford, 
L.  D. Adcock, L. M. Gentry, and S. Ben-David.  U.S. Department of Energ
Albuquerque Operations Office, in cooperation with the University of New 
Mexico, Albuquerque, New Mexico, and New Mexico State University, Las
Cruces, New Mexico.  August 1996.

Lundberg 1997 Information provided by J. Lundberg, Lundberg, Marshall & Associates, Ltd
to D. Agar, U.S. Department of Energy, regarding the peak water demand 
the capacity of the water delivery system that supplies the Los Alamos are
Prepared under Contract Number DE-ACOA-93AL82990.  August 28, 199

NCRP 1993 A Practical Guide to the Determination of Human Exposure to Radiofreque
Fields.  National Council on Radiation Protection.  NCRP Report No. 119.  
Bethesda, Maryland.  December 31, 1993.
5–205



LANL SWEIS

 
.  

  

nt, 
 

s, 

 

Newell 1998 Application of the TA–54, Area G Radiological Performance Assessment to
Alternatives Considered in the LANL SWEIS for Low-Level Waste DisposalD. 
Newell.  Los Alamos National Laboratory.  Los Alamos, New Mexico.  
January 7, 1998.

NM 1996 New Mexico Dispersion Modeling Guidelines (Revised).  January 1996.

NMDE 1995 New Mexico Public Schools Financial Statistics, Fiscal Years 1993-1994, 
Actual: 1994–1995, Estimated.  New Mexico State Department of Education.
Santa Fe, New Mexico.  1995.

NMDFA 1996 Financial and Property Tax Data by County and Municipality, Fiscal Year 
1995.  New Mexico Department of Finance and Administration, Local 
Government Division.  Santa Fe, New Mexico.  1996.

NMDL 1996 “Table C.  Civilian Labor Force, Employment, and Unemployment, 
1990–1995.”  New Mexico Department of Labor, Economic Research and 
Analysis Unit.  Santa Fe, New Mexico.  April 1966.

NMTR 1995 Information on local government finance, as reported in Economic Review, 
1994.  New Mexico Taxation and Revenue Department.  Sunwest Bank.  
Albuquerque, New Mexico.  1995.

NMTR 1996 Information on local government finance, as reported in Economic Review, 
1995.  New Mexico Taxation and Revenue Department.  Sunwest Bank.  
Albuquerque, New Mexico.  1996.

NSC 1995 ALOHATM + Areal Locations of Hazardous Atmospheres, User’s Manual.  
National Safety Council.  Itasca, Illinois.  1995.

PC 1996a C. Ball, GRAM Team, Personal communications with Kevin Fenner, Los 
Alamos County Community Development Director; John Valentine, Preside
Sunwest Bank of Rio Arriba County; and Ivan Guillan, City Planner, City of
Española; regarding community services and housing.  October 2, 1996. 

PC 1996b C. Ball, GRAM Team, Personal communication with Fred Brueggmann, 
Assistant Los Alamos County Administrator for Intergovernmental Relation
regarding community services, local government finance, and DOE local 
government assistance payments.  October 2, 1996. 

PC 1997a C. Ball, GRAM Team, Personal communication with Radon Tolman, LANL
SWEIS Project Office, Los Alamos, New Mexico, regarding construction 
algorithms.  February 20, 1997.
5–206



Environmental Consequences

w 

nt, 
 
 

nnel 

.  

ells, 

s.  

es 

8.
ge, 

020.

 
 al.  
PC 1997b C. Ball, GRAM Team, Personal communication with Robert Turner, Vice 
President, Bradbury and Stamm Construction Company, Albuquerque, Ne
Mexico, regarding construction algorithms.  February 20, 1997.

PC 1997c C. Ball, GRAM Team, Personal communications with Kevin Fenner, Los 
Alamos County Community Development Director; John Valentine, Preside
Sunwest Bank of Rio Arriba County; and Ivan Guillan, City Planner, City of
Española; regarding community services and housing.  January 16, 1997. 

PC 1997d C. Pazera and C. Ball, GRAM Team, Personal communications with perso
from the Los Alamos Police Department.  Los Alamos, New Mexico.  
January 23, 1997, and January 27, 1997.

Phillips et al. 1994 Determination of Influence Factors and Accident Rates for the Armored 
Tractor/Safe Secure Trailer.  J. S. Phillips, D. B. Clauss, and D. F. Blower.  
SAND93-0111.  Sandia National Laboratories.  Albuquerque, New Mexico
1994.

Purtymun 1995 Geologic and Hydrologic Records of Observation Wells, Test Holes, Test W
Supply Wells, Springs and Surface Water Stations in the Los Alamos Area.  
W. D. Purtymun.  Los Alamos National Laboratory.  LA-12883-MS.  Los 
Alamos, New Mexico.  1995.

Rao et al. 1982 Non-Radiological Impacts of Transporting Radioactive Material.  R. K. Rao, 
E. L. Wilmot, and R. E. Luna.  DE8-2012844.  Sandia National Laboratorie
Albuquerque, New Mexico.  February 1982.

Rhyne 1994a Hazardous Materials Transportation Risk Analysis:  Quantitative Approach
for Truck and Train.  W. R. Rhyne.  Van Nostrand Reinhold.  New York, 
New York.  1994.

Rhyne 1994b Risk Management of the Transport of Irradiated Targets from LAMPF to TA-4  
W. R. Rhyne.  SM-BUS-6-TQC-53.0.  H&R Technical Associates.  Oak Rid
Tennessee.  July 1994.

UNM 1994 Population Projections for the State of New Mexico by Age and Sex, 1990–2  
University of New Mexico, Bureau of Economic Research.  Albuquerque, 
New Mexico.  May 1994.

Vance et al. 1996 “An Evaluation of Options for Implementing New Radioactive Liquid Waste
Treatment Processes at Los Alamos National Laboratory.”  Jane Vance et
Vance and Associates, Inc.  July 1996.

Wong et al. 1995 Seismic Hazards Evaluation of the Los Alamos National Laboratory, Final 
Report.  Volume III.  I. Wong, et al.  Woodward-Clyde Federal Services.  
Oakland, California.  1995.
5–207



(This Page Intentionally Left Blank)



Mitigation Measures

he

te

d
 in
he
ter
ke
nts
n

in

le
al

nd
s
in
re
n
at

n
ns,
l
he
he

ect
CHAPTER 6.0
MITIGATION MEASURES

The regulations promulgated by the Council on
Environmental Quality (CEQ) to implement the
procedural provisions of NEPA (42 United
States Code [U.S.C.] §4321) require that an EIS
include a discussion of appropriate mitigation
measures (40 Code of Federal Regulations
[CFR] 1502.14[f]; 40 CFR 1502.16[h]).  The
term “mitigation” includes the following:

• Avoiding an impact by not taking an action 
or parts of an action

• Minimizing impacts by limiting the degree 
of magnitude of an action and its 
implementation

• Rectifying an impact by repairing, 
rehabilitating, or restoring the affected 
environment

• Reducing or eliminating the impact by 
preservation and maintenance operations 
during the life of the action

• Compensating for the impact by replacing 
or providing substitute resources or 
environments (40 CFR 1508.20)

This chapter describes mitigation measures that
are built into the alternatives analyzed and those
additional measures that will be considered by
DOE to further mitigate the adverse impacts
identified in chapter 5.  These measures address
the range of potential impacts of continuing to
operate LANL (including those areas where the
lack of information regarding resources or
mechanisms for impact to resources results in
substantial uncertainty in impact analyses).  The
mitigation measures built into the alternatives
analyzed (section 6.1) are of two types:
(1) existing programs and controls (including
regulations, policies, contractual requirements,
and administrative procedures); and (2) specific
measures built into the alternatives that serve to
minimize the effects of activities under the
alternatives.  The existing programs and
controls are too numerous to list here; but a

general description is provided, as well as t
role of existing programs in operating LANL
and pertinent examples of how these mitiga
adverse impacts.

Additional mitigation measures that coul
further reduce the adverse impacts identified
chapter 5 are discussed in section 6.2.  T
description of these measures in this chap
does not constitute a commitment to underta
any of these measures.  Any such commitme
would be reflected in the Record of Decisio
(ROD) following this SWEIS, with a more
detailed description and implementation plan 
a Mitigation Action Plan following the ROD.

6.1 MITIGATION  MEASURES 
INCLUDED IN THE SWEIS 
ALTERNATIVES

6.1.1 Existing Programs and 
Controls

The activities undertaken at LANL are
performed within the constraints of applicab
regulations, applicable DOE orders, contractu
requirements, and approved policies a
procedures.  The laws and regulation
applicable to federal facilities are discussed 
chapter 7; many of these requirements a
established with the intent of protecting huma
health and the environment.  It is assumed th
these or similar regulatory controls will be i
place for the next 10 years.  These regulatio
when complied with, mitigate the potentia
adverse impacts of operations to the public, t
worker, and the environment.  For example, t
Clean Air Act (CAA) (42 U.S.C. §7401)
regulates air emissions and the Clean Water Act
(33 U.S.C. §1251) regulates liquid effluent
discharges in a manner designed to prot
6–1



LANL SWEIS

r 
 

 

y
e
or
th
e,
g

te
al
h
n

is
nd
ts
e
For
ld
l

r
g
he
he
ct
s
eal
s),
ne
human health and reduce the adverse
environmental effects of routine operations.

In addition to the regulations applicable to
LANL, chapter 7 also discusses other
requirements (including DOE orders and
external standards and regulations that would
not otherwise apply to federal facilities) that
apply to operations at LANL through the
contract between DOE and the University of
California (UC).  As discussed in chapter 7,
these requirements are established and enforced
through contractual mechanisms.  As with the
regulations that apply to LANL, it is assumed
that these or similar controls will be in place for
the next 10 years.  These requirements also
mitigate the potential for adverse impacts.  For
example, the application of DOE design
standards results in more robust facility designs
for modern nuclear facilities, which reduces the
potential for catastrophic releases from such
facilities in the event of earthquakes, high
winds, or other natural phenomena.  Similarly,
the application of occupational safety and health
regulations in 29 CFR 1900, and other standards
promulgated by the American National
Standards Institute (ANSI), the U.S.
Department of Defense (DoD), and DOE, as
well as the use of  other life safety and fire safety
codes and manuals, limit worker exposures to
workplace hazards, which reduces the potential
for adverse worker health effects. 

DOE and LANL also have instituted policies
and procedures that apply to work conducted at
LANL that mitigate the potential adverse effects
of operations; it is assumed that these or similar
policies and procedures will continue over the
next 10 years.  These are numerous and include,
but are not limited to:

• Procedures that control work conducted at 
LANL (to ensure that work conducted is 
planned and reviewed, funded, within the 
applicable regulations and requirements, 
within the range of risks accepted by DOE 
and UC, and is otherwise authorized)

• Policies regarding the knowledge, skills, 
and abilities of personnel assigned to 
perform hazardous work (including 
required training)

• Policies reflected in agreements with othe
entities (such as the Accords with the four
Pueblos located nearest to LANL) that 
establish policies and protocols regarding
consultations and other discussions 
regarding LANL activities

• Policies and procedures regarding the 
stoppage and restart of work where 
unexpected hazards or resources are 
identified (for example, the policies 
regarding recovery of information from 
archaeological sites uncovered by 
excavation)

Work controls reduce potential impacts b
ensuring that work conducted is within th
range of activities that have been studied f
potential environmental and human heal
effects.  Policies regarding the knowledg
skills, and abilities of personnel conductin
work at LANL reduce potential impacts by
ensuring that only personnel with an appropria
understanding of the work and its potenti
hazards may undertake that work (whic
minimizes the potential for adverse huma
health and environmental effects from
inadvertent actions due to a lack of th
understanding).  Policies for consultations a
discussions with other entities mitigate effec
by providing an opportunity to avoid or chang
actions that could cause an adverse impact.  
example, consultation with Pueblos cou
identify the potential to impact traditiona
cultural properties (TCPs) prior to
implementing a construction project o
operations and could identify alternative sitin
or operational approaches that would avoid t
impact.  Policies and procedures regarding t
stoppage and restart of work are similar in effe
to work controls; when unexpected situation
occur that impose unexpected hazards or rev
unexpected resources (e.g., cultural resource
work is stopped (as soon as this can be do
6–2
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safely) until work plans and authorizations can
be modified in consideration of the newly
uncovered information.  This reduces potential
impacts in a manner similar to work controls, as
discussed above.

DOE also has established programs and projects
at LANL to increase the level of knowledge
regarding the environment around LANL,
health of LANL workers, health of the public
around LANL, and the effects of LANL
operations on these, as well as to avoid or reduce
impacts and remediate contamination from
previous LANL activities.  These programs and
projects reduce potential adverse impacts by
providing for heightened understanding of the
resources that could be impacted; avoidance of
some impacts (where mechanisms for impact to
specific resources are known and avoidable);
early identification of impacts (which can
enable stoppage or mitigation of the impacts);
reduction of ongoing impacts; or providing for
beneficial management opportunities for
natural, cultural, and sensitive resources, where
appropriate.  It is assumed that such activities
will continue for the next 10 years.  Examples of
these programs and projects are:

• The Environmental Surveillance and 
Compliance Program at LANL monitors 
LANL for permit and environmental 
management requirements.  This program 
also includes evaluation of samples from 
various environmental media for 
radioactive materials and other hazardous 
materials locally and regionally (chapter 4, 
page 4–1).  The data generated under this 
program are collected routinely and 
publicly reported at least annually, and 
these data are analyzed to determine 
regulatory compliance and to determine 
environmental trends over long periods of 
time.  

• The Threatened and Endangered Species 
Habitat Management Plan is intended to 
provide long-range planning information 
for future LANL projects, and protect 

habitat at LANL for these species 
(section 4.5.1.6).  

• A Natural Resource Management Plan is 
being developed (in various stages) at 
LANL to determine existing conditions of 
natural resources in the area (including 
expanded biomonitoring) and to 
recommend management measures that w
restore, sustain, and enhance the biologic
quality and ecosystem integrity at LANL 
(section 4.5.1.6).  

• Studies of public and worker health in and
around LANL have been conducted (some
by DOE and some by other agencies) to 
assess human health in the region and to 
assess the potential for adverse human 
health effects due to LANL operations 
(section 4.6).  

• LANL is also implementing a Groundwater
Protection Management Program Plan 
(GWPMPP) to assess current groundwate
conditions and monitor and protect 
groundwater.  A Resource Conservation 
and Recovery Act (RCRA) Hydrogeologic 
Workplan is also being implemented to 
supplement and verify existing information
on the environmental setting at LANL and
to collect analytical data on groundwater 
contamination (sections 4.3.2.1 and 
4.3.2.2).  

• The Safeguards and Security Program 
restricts unauthorized access to areas of 
LANL with high potential for impact to 
human health and the environment.  Such
access restrictions aid in limiting the 
potential for intentional or inadvertent 
actions that could result in environmental o
human health effects (section 4.9.2.2).

• Emergency management and response 
capabilities at LANL provide for planning, 
preparedness, and response capabilities t
can aid in containing and remediating the 
effects of accidents or adverse operationa
impacts (section 4.6.3.1).

• LANL’s Fire Protection Program ensures 
that personnel and property are adequate
6–3
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protected against fire or related incidents, 
including fire protection and life safety 
(section 4.6.3.3).

• Pollution Prevention and Waste 
Minimization Programs at LANL reduce 
the wastes generated and to some extent the 
effluents and emissions from facilities 
(section 2.1.2.1).

• Water and Energy Conservation Programs 
at LANL are intended to reduce use of these 
resources, which should assist in mitigating 
the effects of water withdrawal and 
electrical consumption that occasionally 
exceed supply. 

• The Environmental Restoration (ER) 
Project at LANL (which includes 
decontamination and decommissioning 
[D&D]) was established to assess and 
remediate contaminated sites that either 
were or still are under LANL control 
(section 2.1.2.5).  The ER Project serves an 
important role in reducing the potential for 
future impacts to human health and the 
environment due to legacy contaminants in 
the environment.  It is assumed that the 
current mitigation practices used in 
remediation actions will continue to be used 
(section 2.1.2.5).

• Electric power reliability is an issue under 
all alternatives due to the limited supply 
lines and the age of the distribution system 
equipment, as well as the limits of the 
on-site supplemental power supply 
(section 4.9.2.1).   DOE is evaluating a 
proposed  action that would bring a third 
power line (from the Norton substation) to 
LANL (chapter 1, section 1.6.3.1).

While this list is not all-inclusive, it does reflect
the importance of these programs in mitigating
the potential adverse impacts of operating
LANL.

6.1.2 Specific Mitigation Measures 
Incorporated in the SWEIS 
Alternatives

Several specific mitigation measures a
included in the SWEIS alternatives.  Unles
otherwise noted below, the analyses in chapte
assume that these measures are implemen
These specific measures are:

• Development and Use of a Dedicated 
Transportation Corridor Between TA–55 
and TA–3 (TA–55 and TA–3, Expanded 
Operations Alternative, section 3.2.1, 
section 5.3.10, and volume II, part II).  The 
proposed transportation corridor is include
in the Expanded Operations Alternative to
mitigate the on-site transportation risk and
inconvenience to the public (due to road 
closures) that would be attributed to the 
increase in transportation between TA–55
and the Chemistry and Metallurgy Researc
(CMR) Building under this alternative.  The
analysis in the Expanded Operations 
Alternative is very conservative because i
includes the impacts of constructing the 
road and impacts of transport on existing 
roads.  If the road is not constructed, the 
transportation risk would be that analyzed
in section 5.3.10 for on-site shipments.  Th
impacts attributable to constructing the roa
(see volume II, part II and section 5.3.5) 
would not be incurred.  If the road is built 
and used, the impacts due to road 
construction would be the same as those 
analyzed, and the on-site transportation ris
would be reduced because shipments 
between TA–55 and the CMR Building 
would no longer routinely use public roads
This measure would not be implemented 
under the Preferred Alternative.

• The Santa Fe Relief Route (All LANL 
Facilities, All Alternatives, sections 5.1.10
5.2.10, 5.3.10, 5.4.10, 5.5.10, and 
appendix F).  DOE has made the agreed 
upon contributions to construction of this 
route and continues to work with state and
6–4
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local governments to ensure its completion.  
This route is expected to be available for 
use in 1998.  The transportation impact 
analyses in this SWEIS address impacts for 
use of existing routes as well as use of the 
relief route.

• CMR Building Upgrades (CMR Building at 
TA–3, All Alternatives, section 3.1.3).  DOE 
is working to upgrade the CMR Building to 
maintain existing capabilities and improve 
safety features, and completion of these 
upgrades is presumed in the impact 
analyses. 

• Planned Maintenance and Refurbishment 
Activities (e.g., Plutonium Facility at TA–55 
and Sigma at TA–3, All Alternatives, 
sections 2.1.2.3, 3.1.1, and 3.1.5).  It is 
assumed that DOE maintenance of existing 
facilities in use at LANL will continue in a 
manner that maintains or improves 
(reduces) the level of risk associated with 
facility operations.

• Radioactive Liquid Waste Treatment 
Upgrades (TA–50, All Alternatives, sections 
3.1.14, 4.3, 5.1.3, 5.2.3, 5.3.3, 5.4.3, and 
5.5.3).  It is assumed that the planned 
treatment upgrades to TA–50 will proceed, 
resulting in improved quality of effluent 
from this facility.

• Effluent Reduction Activities (All LANL 
Facilities, All Alternatives, sections 4.3, 
5.1.3, 5.2.3, 5.3.3, 5.4.3, and 5.5.3).  It is 
expected that activities to reduce the 
number of outfalls and the total effluent 
from these outfalls will continue, as 
presented in section 4.3.

• Phased Containment for Dual Axis 
Radiographic Hydrodynamic Test (DARHT) 
Facility (One of the High Explosives [HE] 
Firing Sites, All Alternatives, 
section 3.1.10).  Implementation of the 
phased containment approach, as described 
in the DARHT Final EIS (DOE 1995) and 
ROD (60 Federal Register [FR] 53588) is 
assumed in the SWEIS impact analyses.

• Design of the Long-Pulse Spallation Sourc
(LPSS) (TA–53, Expanded Operations an
Greener Alternatives, section 3.2.11).  The 
air emissions associated with operations i
this proposed experimental facility are 
dominated by the “activation” of air in the 
path of the proton beam.  The design of th
facility is to include evacuation (removal) 
of much of the air in the beam path as we
as a short enough beam path to limit the 
emissions from this operation so that it 
contributes, at most, 1 millirem per year to
the facility and site-wide maximally 
exposed individual (MEI). 

6.2 OTHER MITIGATION  MEASURES 
CONSIDERED

In addition to those mitigation measure
described in section 6.1, other feasib
mitigation measures considered in th
preparation of this SWEIS are presented in th
section.  Those specific measures are:

• Eliminate Public Access to Part or All of 
LANL.  At various times DOE has 
considered the possibility of closing public
access to part or all of the LANL site.  
While this is typically suggested for 
security reasons, such an action would als
tend to reduce public health risk by 
removing access to on-site locations that 
contribute most to public health risk.  While
such an action could potentially reduce 
public health consequences, it could also 
substantially alter traffic patterns and 
loadings on the remaining public roads in 
the area and could have other positive an
negative effects.  A more detailed NEPA 
analysis of the potential effects of this type
of action would be necessary before it cou
be implemented.

• Land Transfers and Financial Assistance. 
Transfers of portions of LANL land are 
being examined, as discussed in 
section 4.1.1.4.  Such action would provid
land resources that could be used to redu
6–5
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economic dependence on LANL and/or 
provide the means for growth in housing, 
parks, and recreational space.  Thus, land 
transfers could mitigate the effect of 
changes in LANL employment and 
spending on the area’s economy.  At times, 
financial assistance has been provided to 
communities near LANL for similar 
reasons (community development, funding 
for community services, etc.).  While land 
transfers are neither proposed or analyzed 
in this SWEIS, such actions could mitigate 
the socioeconomic impacts presented in 
chapter 5.  On May 6, 1998, DOE published 
a Notice of Intent (NOI) to prepare an EIS 
for the Proposed Conveyance and Transfer 
of Certain Land Tracts in the Federal 
Register (63 FR 25022).

• Extensive Ethnographic Study.  An 
extensive ethnographic study regarding the 
traditional and cultural practices and 
resources in the LANL area could increase 
knowledge of specific TCPs at LANL and 
could provide opportunities for mitigation 
of impacts to specific TCPs.  Attempts to 
identify specific TCPs at LANL have 
encountered concerns from traditional 
groups because of the potential for 
increased risk to these resources if they are 
identified. 

• Develop a Cultural Resources Management 
Plan.  Such a plan would include studies to 
increase the level of knowledge regarding 
potential shrapnel and vibration damage to 
prehistoric and historic resources near 
firing sites, existing levels of contamination 
for prehistoric and historic resources and 
plans to avoid levels that would limit data 
recovery, plans for management of former 
nuclear weapons complex properties, and 
implementation of programmatic 
agreements with the State Historic 
Preservation Office(r) (SHPO).

• Develop a Wildfire Management Plan for 
the LANL Site.  Such a plan would reduce 
the fuel loading surrounding the site and 
around individual facilities that have 

moderate or higher vulnerability to burning
as a result of wildfire.  The probability of an
approaching wildfire encroaching upon the
site can be reduced by removing and 
thinning vegetation on the site boundary 
and within the site.  Ongoing efforts to 
reduce the vegetation at the site boundary
exist that would be accelerated.  The 
vulnerability of individual facilities 
depends upon the amount and height of th
exterior fuel loading and its proximity to 
the facility (see “Evaluation of Building 
Fires” in volume III, appendix G, 
section G.5.4.4).  Consideration is being 
given to reducing the vulnerability of 
individual facilities that contribute to 
potential public exposure.  Long-term 
actions would be taken to reduce the fuel 
loads in the forested areas surrounding 
LANL, and a forest and land management
program would be undertaken to prevent o
mitigate the potential for large wildfires to 
occur.  In the near term, mitigation actions
such as for TA–54, will be taken to ensure
that the wildfire risk to this facility is 
reduced to low or extremely low prior to the
start of the 1999 fire season.

• Limited Power Supply.  DOE and other 
regional electric power users continue to 
work with suppliers to remedy foreseeable
power supply and reliability issues.  The 
impact analyses in this SWEIS emphasize
the severity of these issues and the 
consequences if they are not resolved. 
Solutions to power supply issues are 
essential to mitigate the effects of power 
demand under all alternatives.  DOE is 
committed to measures that will conserve
energy and avoid, or at least minimize, 
periods of brownouts.  Some of the 
measures being contemplated by DOE 
include:  (1) limiting operation of large 
users of electricity to periods of low 
demand, (2) reduced operation of low-
energy demonstration accelerator (LEDA)
(not implement all phases of this project), 
and (3) contractual mechanisms to bring 
additional electric power to the region.
6–6
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CHAPTER 7.0
APPLICABLE LAWS, REGULATIONS, AND OTHER 

REQUIREMENTS

7.0 INTRODUCTION

As part of the NEPA process, the SWEIS must
consider if actions described under its
alternatives would result in a violation of any
federal, state, or local laws or requirements
(40 Code of Federal Regulations [CFR]
1508.27) or require a federal permit, license, or
other entitlement (40 CFR 1502.25).  This
chapter provides a baseline summary
assessment of the major existing environmental
requirements, agreements, and permits that
relate to continuing operations at LANL.  

Requirements governing operations at LANL
arise primarily from six sources:  Congress,
federal agencies, executive orders, the New
Mexico State Legislature, state agencies, and
local governments.  In general, the federal
statutes establish national policies, create broad
legal requirements, and authorize federal
agencies to create regulations that conform to
the statute.  Detailed implementation of these
statutes is delegated to various federal agencies,
such as DOE, the U.S. Department of
Transportation (DOT), and the EPA.  For many
environmental laws under the jurisdiction of
EPA, state agencies may be delegated
responsibility for the majority of program
implementation activities, such as permitting
and enforcement, but EPA usually retains
oversight of the delegated program.

In addition to implementing some federal
programs, state legislatures develop their own
laws.  In New Mexico, the statutes passed by the
New Mexico State Legislature are found in the
New Mexico Statutes Annotated, and
regulations are found in the New Mexico
Administrative Code (NMAC).   State statutes,
much like federal statutes, establish broad

policies and legal requirements.   Sta
regulations, developed by state agenci
establish specific legal requirements a
authorized by the statutes.

Executive orders establish policies an
requirements for federal agencies.  Executi
orders are applicable to executive bran
agencies, but do not have the force of law 
regulation.

Regulatory agreements and compliance ord
may also be initiated to establish responsibiliti
and time frames for federal facilities to com
into compliance with provisions of applicabl
federal and state laws.  There are also ot
agreements, memorandums of understandi
or formalized arrangements that establi
cooperative relationships and requirements.

DOE has authority to regulate som
environmental activities, as well as the hea
and safety aspects of operation of its nucle
facilities.  The Atomic Energy Act of 1954
(AEA), as amended (40 United States Co
[U.S.C.] §2011), is the principal authority fo
DOE regulatory activities not externally
regulated by other federal or state agenci
Regulation of DOE activities is primarily
established through the use of DOE orders a
regulations.  External environmental law
regulations, and executive orders can 
categorized as applicable to broa
environmental planning and consultatio
requirements, or as applicable to regulato
environmental protection and complianc
activities, although some requirements a
applicable to both planning and operation
compliance.
7–1
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7.1 DOE REGULATORY  
AUTHORITIES  FOR 
ENVIRONMENT , SAFETY  AND 
HEALTH

7.1.1 Atomic Energy Act of 1954

The AEA (42 U.S.C. §2011 et seq.) makes the
federal government responsible for regulatory
control of the disposal of radioactive waste, as
well as production, possession, and use of three
types of radioactive material:  source, special
nuclear, and byproduct material.  Regulations
promulgated by the U.S. Nuclear Regulatory
Commission (NRC) under the AEA establish
standards for the management of these
radioactive materials, licensing of nuclear
facilities, and the protection of the public and
property against radiation.  The AEA authorizes
DOE to set radiation protection standards for
itself and its contractors for DOE nuclear
facilities, and provides exclusions from NRC
licensing for defense production facilities.
NRC regulates private and commercial nuclear
activities, but currently has no regulating
authority at most DOE facilities.  In December
1996, DOE announced that it would begin a
process of transferring oversight of nuclear
safety to the NRC for all DOE nuclear facilities
(DOE 1996).  The transfer will require
legislative action.

The AEA authorizes DOE to establish standards
that protect health and minimize danger to life
or property from activities under DOE’s
jurisdiction.  The mechanisms through which
DOE manages its facilities are the promulgation
of regulations and issuance of DOE orders and
associated standards and guidance.
Requirements for environmental protection,
safety and health are implemented at DOE sites,
primarily through contractual mechanisms that
establish the applicable DOE requirements for
management and operating contractors.  

DOE orders apply to LANL through the
management and operating contract with t
University of California (UC) (DOE 1997b).
The applicable DOE orders or parts thereof, a
applicable external and internal standards, a
listed and maintained current in Appendix G 
the contract and are enforced and modifi
through contractual mechanisms.  Appendix 
of the contract establishes a wide range 
internal requirements for business systems a
reporting, safeguards and security, an
environment, safety, and health.  In the curre
contract (effective October 1, 1997), a
applicable environment, safety, and hea
protection standards (including both extern
and DOE requirements) are found in a set 
Work Smart Standards in Appendix G of th
contract.  

The U.S. Department of Labor Occupation
Safety and Health Administration (OSHA
regulations generally do not directly apply t
DOE nuclear facilities and management a
operating contractors.  However, for protectio
of worker safety and health, the Work Sma
Standards adopted in Appendix G of th
contract include the applicable occupation
safety and health regulations (29 CFR 1900
American National Standards Institute (ANS
standards; National Fire Protection Associatio
(NFPA) standards; U.S. Department of Defen
(DoD) standards (for explosives operations
DOE orders (for firearms safety, explosive
safety, nuclear facilities safety, pressure safe
construction safety, packaging an
transportation, and emergency managemen
various other codes, manuals, and standards
safety; and various LANL internal standard
This set of Work Smart Standards contractua
establishes worker safety and health protect
requirements for LANL, as well as emergenc
response and public protection requiremen
where there is no external regulatory authorit

Nuclear safety regulations are found in Title 1
of the CFR.  Several nuclear safety rules a
environmental procedural rules are in effect (f
example, 10 CFR 835, Occupational Radiation
7–2
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Protection), and more are in final stages of
promulgation.  Nuclear safety regulations are
effective under the schedule and implementing
requirements in each rule, regardless of whether
they are included in the contract.  DOE
contractors are also required to comply with all
applicable external laws and regulations,
regardless of contract language.

The principal DOE orders having a direct
impact on environmental protection and
compliance activities at LANL are summarized
in the following sections.

7.1.1.1 DOE Order 451.1A, 
National Environmental 
Policy Act Compliance 
Program

This order establishes DOE internal
requirements and responsibilities for
implementing NEPA, the Council on
Environmental Quality (CEQ) Regulations
Implementing the Procedural Provisions of
NEPA  (40 CFR 1500 through 1508), and the
DOE NEPA Implementing Procedures
(10 CFR 1021).

7.1.1.2 DOE Order 5400.1, General 
Environmental Protection 
Program

This order establishes the environmental
protection program requirements, authorities,
and responsibilities for DOE operations for
ensuring compliance with applicable federal,
state, and local environmental protection laws
and regulations, executive orders, and internal
DOE policies.  This order provides for
environmental protection standards, notification
of and reporting requirements for discharges
and unplanned releases, environmental
protection and program plans, and
environmental monitoring and surveillance
requirements.  It establishes formal recognition
that DOE’s environmental management

activities are extensively, but not entirely
regulated by EPA, state, and loca
environmental agencies, and it provide
requirements for satisfying these external
imposed regulations.  In addition, it establish
requirements for those environment
protection programs that are not externa
regulated.

7.1.1.3 DOE Order 5400.5, 
Radiation Protection of the 
Public and Environment

This order establishes standards a
requirements for operations of DOE and i
contractors with respect to protection o
members of the public and the environme
against undue risk from ionizing radiation.  Th
order provides for general standard
requirements for radiation protection of th
public and the environment; derive
concentration guides (DCGs) for air and wate
and guidelines, limits, and controls for residu
radioactive materials.  The order als
establishes DOE’s objective to operate 
facilities and conduct its activities so tha
radiation exposures to members of the pub
are maintained within the limits established b
this order, and to control radioactiv
contamination through the management 
DOE’s real and personal property.  Th
requirements of this order are incorporated in
the proposed 10 CFR 834, which is bein
promulgated as a nuclear safety regulation.

7.1.1.4 DOE Order 5820.2A, 
Radioactive Waste 
Management

DOE Order 5820.2A establishes the policie
guidelines, and minimum requirements b
which DOE and its contractors manag
radioactive waste, mixed waste, an
contaminated facilities.  This order establish
the DOE policy that radioactive and mixe
wastes be managed in a manner that ensu
7–3
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protection of the health and safety of the public,
DOE, contractor employees, and the
environment.  In addition, the generation,
treatment, storage, transportation, and/or
disposal of radioactive wastes, and the other
pollutants or hazardous substances they contain,
must be accomplished in a manner that
minimizes the generation of such wastes across
program office functions and complies with all
applicable federal, state, and local
environmental, safety, and health laws and
regulations and DOE requirements.

These DOE orders are implemented by DOE,
and by UC/LANL (through contractual
direction).  With the exception of radioactive
materials, all  environmental protection and
compliance activities at LANL are externally
regulated by other federal and state agencies.
Environmental planning and consultation
requirements are applicable to DOE and LANL
in accordance with the specific language in each
law, regulation, or executive order.  The above-
listed DOE orders and any applicable nuclear
safety regulations are discussed in the following
sections as they relate to external
environmental planning and consultation
requirements, or as applicable to regulatory
environmental protection and compliance
activities.

7.2 LAWS, REGULATIONS  AND 
EXECUTIVE  ORDERS RELATED  
TO ENVIRONMENTAL  PLANNING  
AND CONSULTATION

7.2.1 National Environmental Policy 
Act of 1969, as Amended and 
Executive Order 11514, as 
Amended by Executive Order 
11991

The NEPA of 1969, as amended (42 U.S.C.
§4321 et seq.), requires federal agencies to
evaluate the effect proposed actions would have

on the quality of the human environment and 
document this evaluation with a detaile
statement.  NEPA requires consideration 
environmental impacts of an action during th
planning and decision-making stages of 
project. 

Implementing regulations for NEPA have bee
developed by the CEQ, which oversees t
NEPA process for the Executive Branch of th
federal government.  These regulation
(40 CFR 1500 through 1508) set forth th
general requirements that federal agencies m
follow.  DOE also has issued agency NEP
implementing procedures that are codified 
10 CFR 1021.  

There are other environmental and cultur
resource consultation requirements that must
complied with to ensure NEPA compliance
Each of these other laws or executive orders h
unique review and compliance procedur
established that are independent of NEP
Accordingly, although compliance with thes
statutes comprises an important subset of 
NEPA process, compliance with applicab
requirements is mandatory for all project
independent of NEPA.  For example, und
NEPA review, proposed actions are evaluat
for possible effects on cultural resource
(archaeological sites or historic buildings) i
accordance with the National Historic
Preservation Act of 1966 (16 U.S.C. §470); for
their potential impact on floodplains o
wetlands in accordance with relevant executi
orders; and for effects on threatene
endangered, or sensitive species in accorda
with the Endangered Species Ac
(16 U.S.C. §1531).  A discussion of th
planning and consultation requirements f
these types of resources is found in t
following sections. 

Executive Order 11514, Protection and
Enhancement of Environmental Quality,  as
amended by Executive Order 11991, requir
federal agencies to monitor and control the
activities continually to protect and enhance t
7–4
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quality of the environment.  The executive order
contains requirements to ensure that federal
agencies include the public in the
decision-making process.  The DOE NEPA
implementing regulations (10 CFR  1021) and
DOE Order 451.1A address this executive order
through implementation of 40 CFR 1500–1508.

7.2.2 Endangered Species Act, as 
Amended, and Related 
Requirements  

This act requires that federal agencies ensure
that any actions authorized, funded, or carried
out by federal agency are not likely to
jeopardize the continued existence of any
threatened or endangered species or destroy or
adversely modify critical habitat.  The act is
jointly administered by the U.S. Department of
Commerce and the U.S. Department of the
Interior (DOI).  The Endangered Species Act
(16 U.S.C. §1531 et seq.) requires federal
agencies to consult with the U.S. Fish and
Wildlife Service (FWS).  While biological
assessment procedures may be integrated into
the NEPA process, the consultation
requirements with FWS must still be followed
for any LANL activity with the potential to
affect threatened or endangered species.
Implementing regulations are delineated in
Endangered and Threatened Wildlife and
Plants (50 CFR 17) and Interagency
Cooperation (50 CFR 402).  The state has also
issued regulations pertaining to plants specific
to the state entitled, Endangered Plants (75-6-1,
NMSA 1978). 

There are several additional federal statutes that
provide protection to sensitive or otherwise
regulated wildlife species, two of which are the
Migratory Bird Treaty Act, as amended
(16 U.S.C. §703), and the Bald Eagle
Protection Act, as amended (16 U.S.C. §668).
The first act protects migratory birds by
specifying mode of harvest, hunting seasons,
and bag limits.  The act is intended to protect
birds that have common migratory patterns

within the U.S., Canada, Mexico, Japan, a
Russia.  Implementing regulations are found 
Taking, Possession, Transportation, Sa
Purchase, Barter, Exportation, and Importatio
of Wildlife and Plants (50 CFR 10) and
Migratory Bird Hunting (50 CFR 20).  The
second act makes it unlawful to take (captu
kill, or destroy), molest, or disturb bald
(American) and golden eagles, their nests, 
their eggs anywhere in the U.S.  A permit mu
be obtained from the DOI to relocate a nest th
interferes with resource development o
recovery operations.  Implementing regulatio
are delineated in Eagle Permits (50 CFR 22). 

The New Mexico Wildlife Conservation Act
(17-2-37 et seq., NMSA 1978) also establishes
requirements for protecting wildlife, primarily
related to taking for sport purposes and perm
for collecting and use. 

DOE meets the requirements of these laws 
contacting and consulting with federal and sta
agencies responsible for protecting animal a
plant species within the State of New Mexic
FWS, the U.S. Forest Service (USFS), th
National Park Service (NPS), the Bureau 
Indian Affairs (BIA), the National Biological
Service, New Mexico Environment Departme
(NMED), and the New Mexico Department o
Game and Fish (NMDGF), are contacte
regarding concerns each agency may have ab
LANL activities.

In accordance with Section 7 of the Endangered
Species Act, a biological assessment an
Section 7 Endangered Species Consultation 
activities included in the SWEIS are bein
conducted with the FWS.

7.2.3 National Historic Preservation 
Act, as Amended

This act provides that sites with significan
national historic value be placed on the Nation
Register of Historic Places (NRHP)
Government agencies must locate and invent
7–5
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historic properties and cultural resources under
their jurisdiction prior to undertaking an activity
that might harm them, with the intent of
minimizing such harm through appropriate
mitigation actions.  As required by Section 106
of the National Historic Preservation Act
(16 U.S.C. §470), proposed LANL activities are
evaluated in consultation with the State Historic
Preservation Office(r) (SHPO) for possible
effects on cultural resources.  Most surveys are
conducted on  DOE property; however, when
appropriate, surveys are conducted on land
owned by other federal agencies, state-owned
land, tribal lands, or other private holdings, and
LANL holds discussions, as appropriate, with
various Indian tribes to determine how new
LANL activities might affect cultural resources.
The tribes are also requested to provide input on
what mitigation measures they want
implemented before LANL begins an activity.
DOE must also obtain comments from the
Advisory Council on Historic Preservation prior
to undertaking a potentially damaging activity
at LANL.  Implementing regulations include
Protection of Historic and Cultural Properties
(36 CFR 800).  Consultation requirements are
applicable to actions discussed in the SWEIS, as
well as any future activities at LANL.

7.2.4 National Historic Preservation, 
Executive Order 11593

This executive order requires federal agencies,
including DOE, to locate, inventory, and
nominate properties under their jurisdiction or
control to the NRHP if those properties qualify.
DOE is required to provide the Advisory
Council on Historic Preservation the
opportunity to comment on possible impacts of
a proposed activity on any potentially eligible or
listed resources.

7.2.5 American Indian Religious 
Freedom Act of 1978

This act establishes that it is U.S. policy 
protect and preserve for American Indians the
inherent right of freedom to believe, expres
and exercise their traditional religions
including access to sites, uses and possessio
sacred objects, and the freedom to worsh
through ceremonies and traditional rites.  
accordance with the American Indian Religious
Freedom Act (42 U.S.C. §1996), LANL
activities are planned so that they do n
adversely affect the practice of traditiona
religions.  Tribal groups are notified o
projected construction activities and ar
requested to inform DOE if any activity wil
affect a traditional cultural property.

7.2.6 Native American Graves 
Protection and Repatriation 
Act of 1990

This act states that tribal descendants shall o
American Indian human remains and cultur
items discovered on federal lands aft
November 16, 1990.  When items ar
discovered during an activity on federal land
the activity is to cease and appropriate trib
governments are to be notified.  Work on th
activity can resume 30 days after the receipt
certification that notice has been received by t
tribal governments.  As required by the Native
American Graves Protection and Repatriatio
Act (NAGPRA) (25 U.S.C. §3001), LANL has
completed a summary list of cultural item
excavated in the past from archaeological si
on LANL property, including prior to 1990.
Copies of this summary were sent to loc
Pueblos having ancestral ties to the Pajar
Plateau.  This summary provides a basis 
future repatriation of cultural items to triba
governments.
7–6
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7.2.7 Archaeological Resource 
Protection Act, as Amended

The Archaeological Resource Protection Act
(16 U.S.C. §470aa) requires the preservation
and management of archaeological resources on
lands administered by federal agencies.  LANL
maintains a cultural resources management
database, and this information continues to be
used in planning remediation and other
construction activities to prevent damage to or
destruction of archaeological resources at
LANL.  Archaeological survey reports are
prepared by LANL cultural resource specialists
and are submitted to Native American
communities for review and concurrence.

7.2.8 Indian Sacred Sites, Executive 
Order 13007

Executive Order 13007 requires:  “In managing
federal lands, each executive branch agency
with statutory or administrative responsibility
for the management of federal lands shall, to the
extent practicable, permitted by law, and not
clearly inconsistent with essential agency
functions, (1) accommodate access to and
ceremonial use of Indian sacred sites by Indian
religious practitioners and (2) avoid adversely
affecting the physical integrity of such sacred
sites.  Where appropriate, agencies shall
maintain the confidentiality of sites.”  Requests
by the Pueblos to use sacred sites on LANL are
accommodated to the extent practicable, and
consultation regarding  potential impacts to
sacred sites is conducted through the NEPA
review process and through ongoing processes
established in the Pueblo Accords and
Cooperative Agreements, which are discussed
below. 

7.2.9 Pueblo Accords

Four federally recognized Indian tribes, the
Pueblos of Cochiti, Jemez, Santa Clara, and San
Ildefonso, have special relationships with the

land now occupied by LANL.  Federal laws an
executive orders guarantee tribal membe
access to religious sites and recognize trib
rights to cultural properties, burial material
and other articles of antiquity.  Howeve
Congress has assigned responsibilities to D
that preclude open access to LANL land.  Thu
some of the tribes’ interests in, and uses f
LANL land are difficult to reconcile. 

To achieve mutual goals of improve
understanding and cooperation, the fo
Pueblos and DOE are recognized as sovere
entities that will interact with one another on 
government-to-government basis.  DOE a
each of these four Pueblos have executed form
accord documents setting forth thes
relationships (DOE 1992a, DOE 1992b
DOE 1992c, and DOE 1992d).  The govern
of each Pueblo signed an accord on behalf of 
Pueblo.  Each accord was also signed by 
Assistant Secretary for Defense Programs 
behalf of DOE and was approved as to form 
the Area Director of the BIA, DOI.

The accords provide a framework fo
government-to-government relationship
between each of the Pueblos and DOE.  Furth
the accords identify general procedures 
which the sovereign entities will interact.  B
signing the accords, DOE has made 
commitment to provide information and involv
the Pueblos in long-range planning an
decisions.  The accords state DOE
commitment to working with its contractors an
subcontractors and with other federal, state, a
local agencies to clarify the roles an
responsibilities of these entities that appear
conflict or overlap as they relate to the Pueblo

DOE has also executed Cooperativ
Agreements with each of the four Pueblos th
provide funding to the tribes for cooperativ
activities (DOE 1993, DOE 1994a, DOE 1994
and DOE 1997a).  UC, which operates LAN
for DOE, also signed Cooperative Agreemen
with the Pueblos of Jemez, Cochiti, Sa
Ildefonso, and Santa Clara  (UC 1994
7–7
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UC 1994b, UC 1994c, and UC 1996).  The
agreements address Pueblo participation in
health and safety matters; in LANL activities
concerning the SWEIS and other NEPA
activities; in environmental restoration, waste
and environmental planning and management;
and in other cooperative and collaborative
efforts.

7.2.10 Protection of Wetlands, 
Executive Order 11990, and 
Floodplain Management, 
Executive Order 11988

Executive Order 11990 requires government
agencies to avoid short- and long-term adverse
impacts to wetlands whenever a practicable
alternative exists.  Executive Order 11988
directs federal agencies to establish procedures
to ensure that the potential effects of flood
hazards and floodplain management are
considered for any action undertaken.  Impacts
to floodplains are to be avoided to the extent
practicable.  DOE issued regulations
(10 CFR 1022) that establish procedures for
compliance with these executive orders.  DOE
follows these regulations in evaluating proposed
actions for wetlands and floodplain impacts.  No
floodplain/wetlands impacts were identified for
the SWEIS that require coordination under
these executive orders.

7.2.11 Environmental Justice, 
Executive Order 12898

This order directs each federal agency to
identify and address disproportionately high
adverse human health or environmental impacts
on minority and low-income populations
resulting from an agency’s programs, policies,
or activities.  The order further directs each
federal agency to collect, maintain, analyze, and
make information publicly available on the race,
national origin, and income level of populations
in areas surrounding facilities or sites expected
to have a substantial environmental, human

health, or economic effect on these populatio
This requirement applies when such facilities 
sites become the subject of a substantial fede
environmental administrative or judicial action
Environmental justice impacts are bein
identified and addressed through the SWE
and the policies and data analysis requireme
of this executive order remain applicable 
future actions at LANL. 

7.2.12 New Mexico Environmental 
Oversight and Monitoring 
Agreement

The Environmental Oversight and Monitorin
Agreement, known as the Agreement 
Principle (AIP), between DOE and the State 
New Mexico, provides for technical and
financial support by DOE for state activities i
environmental oversight, monitoring, acces
and emergency response.  The agreeme
which was initially signed in October 1990
covers Los Alamos and Sandia Nation
Laboratories, the Waste Isolation Pilot Pla
(WIPP), and the Inhalation Toxicology
Research Institute.  Under the agreeme
NMED is the lead state agency and provid
independent environmental monitoring an
emergency planning review services related
all DOE activities at these sites in New Mexic
On October 2, 1995, DOE and NMED extende
the AIP for an additional 5 years (DOE 1995)

7.2.13  Recreational Fisheries, 
Executive Order 12962

This order directs federal agencies to impro
the quantity, function, sustainable productivit
and distribution of U.S. aquatic resources f
increased recreation fishing opportunitie
establishes a National Recreational Fisher
Coordination Council and mandates th
preparation of a comprehensive Recreation
Fishery Resources Conservation Plan; requi
federal agencies to aggressively work 
identify and minimize conflicts between
7–8
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recreational fisheries and their respective
responsibilities under the Endangered Species
Act of 1973; and expands the role to the Sport
Fishing and Boating  Partnership Council.

7.2.14 Migratory Bird Treaty Act

This act (16 U.S.C. §703) makes it unlawful to
pursue, hunt, take, capture, kill (or attempt any
of the preceding) any migratory bird or nest or
eggs of such bird.

7.3 LAWS, REGULATIONS , AND 
EXECUTIVE  ORDERS RELATED  
TO REGULATORY  
ENVIRONMENTAL  PROTECTION  
AND COMPLIANCE

Regulatory environmental protection
requirements are designed to protect human
health and the environment, including the air,
water, and land.  Environmental protection
statutes and regulations derived from authorities
in statutes:  (1) create procedures for examining
actions that may harm the environment before
carrying out that action; (2) establish standards
that protect human health and the environment;
(3) provide limits for releases into the
environment; and (4) create management
requirements for specific substances (e.g.,
asbestos and pesticides).

Federal Compliance with Pollution Control
Standards, Executive Order 12088, amended by
Executive Order 12580, requires federal
agencies, including DOE, to comply with
applicable administrative and procedural
pollution control standards established by, but
not limited to, the Clean Air Act (CAA), Noise
Control Act, Clean Water Act, Safe Drinking
Water Act, Toxic Substance Control Act, and the
Resource Conservation and Recovery Act
(RCRA).  In general, DOE and LANL must
comply with applicable federal and state
requirements to the same extent as any other

entity.  Noncompliance with these requiremen
can lead to enforcement actions. 

Since LANL was constructed and bega
operations in the 1940’s, before the advent 
current environmental requirements
operational nuclear safety and national secur
were the dominant factors in the early desi
and operation of facilities.  With the enactme
of environmental laws and regulations from th
1960’s to the present, resources a
philosophies have changed to shift to a grea
emphasis on environmental protection an
achieving compliance with all applicable
environmental requirements.  Due to its lon
history, LANL has had difficulty in achieving
compliance with some regulatory requiremen
and has a legacy of environmental clean-
requirements from past management practic
for waste, spills, and releases.  Seve
compliance orders and agreements are also
effect with regulatory agencies to bring LANL
into full compliance with specific regulatory
requirements. 

Depending on the regulatory background a
framework of each federal and state law, the
may be a primary regulatory enforceme
authority at the federal level or at the state lev
For some environmental resources, there m
be both federal and state laws with applicab
requirements, or DOE orders and regulatio
may be the primary considerations.  Permittin
for emissions and/or effluent discharges m
also be at the federal level, state level, or bo
levels.

Applicable regulatory environmental laws an
regulations can be categorized by media into a
water, land (which includes waste manageme
toxic substances, pollution prevention, an
environmental restoration), and communi
right-to-know and emergency planning.  Fo
each resource category, there is a framew
consisting of federal, state, local or DOE ord
requirements, which together regula
operations at LANL.
7–9
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7.4 AIR RESOURCES

7.4.1 Clean Air Act, as Amended

The CAA (42 U.S.C. §7401 et seq.) establishes
air quality standards to protect public health and
the environment from the harmful effects of air
pollution.  The act requires establishment of
national standards of performance for new
stationary sources of emissions limitations for
any new or modified structure that emits or may
emit an air pollutant, and standards for emission
of hazardous air pollutants (HAPs).  In addition,
the CAA requires that specific emission
increases be evaluated to prevent a significant
deterioration in air quality. 

The Clean Air Act Amendments of 1990, signed
into law on November 15, 1990, both enhanced
and expanded existing authorities and created
new programs in the areas of permitting,
enforcement, operations in nonattainment areas
(areas not meeting air quality standards), control
of acid rain, regulation of air toxins, mobile
sources, and protection of the ozone layer.
Section 118 of the act and Executive Order
12088 require that each federal agency, such as
DOE, with jurisdiction over any property or
facility that might result in the discharge of air
pollutants, comply with “all federal, state,
interstate, and local requirements” with regard
to the control and abatement of air pollution to
the same extent as any nongovernmental entity.

EPA is the regulating authority for the CAA.
However, EPA has granted the State of New
Mexico primacy for regulating air quality under
an approved State Implementation Plan (SIP).
Authority for implementing the regulations
promulgated for stratospheric ozone protection
and the accidental release provisions of the act
have not yet been delegated to the state.   EPA
also administers the National Emission
Standards for Hazardous Air Pollutants
(NESHAP) for radioactive emissions, including
radon (subparts B, H, I, K, Q, R, T, and W).  In
New Mexico, all of the CAA regulations, with

these exceptions, have been adopted by the s
as part of the SIP, and are regulated under 
New Mexico Air Quality Control Act (74-6-1,
NMSA 1978).

NESHAP limits the radiation dose to the publ
from airborne radionuclide emissions from
DOE facilities to 10 millirem per year effective
dose equivalent (40 CFR 61.92).  The standa
also prescribe emission monitoring and te
procedures for determining compliance with th
10 millirem per year standard, and reporting a
permit provisions.  EPA issued Notices o
Noncompliance to DOE in 1991 and 1992 fo
not meeting all the provisions of 40 CFR 6
Subpart H.  A Federal Facilities Complianc
Agreement signed June 13, 1996, with EP
Region 6, provided an enforceable mechanis
for bringing LANL into compliance
(EPA 1996a).  The compliance agreeme
required full compliance for all sources b
March 1997, and LANL achieved full
compliance in June 1996.  In November 199
Concerned Citizens for Nuclear Safety (CCN
filed a CAA citizens’ suit against DOE and UC
alleging LANL was not in compliance with
Subpart H.  In January 1997, DOE and U
entered into both a settlement agreement a
consent decree.  Highlights of the settleme
agreement and consent decree inclu
DOE-funded independent technical audits 
LANL’s radionuclide air emissions complianc
program, the addition of some environment
monitoring stations, and quarterly publi
meetings conducted by UC on the environmen

DOE Order 5400.5, Radiation Protection of the
Public and the Environment, also incorporates
the EPA NESHAP standard for public dose
from air emissions and provides for addition
monitoring and evaluation of total public
radiation dose from other pathways.  Unplann
releases of radioactive effluents to the air a
also reported and analyzed under provisions
DOE Order 5400.5.  LANL has reported 13 a
releases of radioactive materials throug
effluent stacks in the period 1991 through 199
These reported releases usually involved
7–10
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higher than normal operational limit
radionuclide measurement determined through
stack monitoring processes in place, or an
unplanned release.  These have usually included
small quantities of tritium, and also occasionally
very small quantities of other radionuclides.
Only one release of tritium, in January 1994,
exceeded the Comprehensive Environmental
Response, Compensation, and Liability Act
(CERCLA) (42 U.S.C. §9601) reportable
quantity.  All air releases were analyzed for
impact on the environment and the public both
in terms of dose and need for corrective action
in accordance with DOE requirements in DOE
Order 5400.5, DOE Order 232.1, and 40 CFR,
Subpart H.

The federal regulations promulgated to
implement the requirements of CAA Title VI,
“Stratospheric Ozone Protection,” are codified
in Protection of Stratospheric Ozone
(40 CFR 82).  The primary purpose of these
regulations is to eliminate the production of
certain ozone-depleting substances and require
users of the substances to reduce emissions to
the atmosphere through recycling and
mandatory use of certified maintenance
technicians.  These requirements are applicable
to LANL, and are implemented accordingly.

On June 20, 1996, EPA promulgated Accidental
Release Prevention Requirements:  Risk
Management Programs under CAA,
Section 112 (r)(7), which amended
40 CFR 68.  The intent of this regulation is to
prevent accidental releases to the air and
mitigate the consequences of such releases by
focusing prevention measures on chemicals that
pose the greatest risk to the public and the
environment.  This regulation will require the
preparation of risk management plans for listed
regulated chemicals at LANL by June 1999, and
within 3 years after listing any new regulated
chemical.

On July 18, 1997, the EPA adopted a new
National Ambient Air Quality Standard
(NAAQS) for particulate matter (PM) with a

diameter less than or equal to 2.5 micromete
(PM2.5), and reference methods for determinin
attainment with the standard.  Also on July 1
1997, EPA revised the NAAQS and associat
reference method for determining ozon
attainment.  Both standards will be incorporat
into the SIP for New Mexico and be applicab
to LANL.  Determination of attainment of both
standards is based on a reference meth
utilizing 3-year averaging. 

In addition to the existing federal programs, th
Clean Air Act Amendments of 1990 mandate
new programs that may affect future LANL
programs.  These programs require technolo
for controlling hazardous air pollutants an
replacing chlorofluorocarbons.  Regulations a
still being developed to implement these aspe
of the act.

7.4.2 New Mexico Air Quality 
Control Act

Nonradioactive air emissions from LANL
facilities are subject to the regulator
requirements established under the New Mexico
Air Quality Control Act (sections 74-2-1 et seq.,
NMSA 1978).  The New Mexico Environmenta
Improvement Board, as provided by the New
Mexico Air Quality Control Act, regulates air
quality through a series of air quality contro
regulations in NMAC.  These regulations ar
administered by NMED.  NMAC provides
emission standards for emission sources a
processes such as open burning, boilers, a
asphalt plants.  Some of the main regulatio
relevant to LANL operations are discusse
below.

7.4.2.1 Construction Permits

Provisions of 20 NMAC 2.72 require
construction permits for any new or modifie
source of any regulated air contaminant if th
exceed threshold emission rates.  More than 5
toxic air pollutants are regulated, and ea
7–11
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chemical’s threshold hourly rate is based on its
toxicity.  Each new or modified air emission
source is reviewed, and conservative estimates
are made of maximum hourly chemical use and
emissions.  These estimates are compared with
the applicable 20 NMAC 2.72 limits to
determine whether additional permits are
required.

7.4.2.2 Operating Permits

On July 21, 1992, EPA promulgated 40 CFR
70, Operating Permit Program, which
implements Title V of the CAA.  The purpose of
this program is to:  (1) identify all the air quality
regulations and emission limitations applicable
to an air pollution source; and (2) establish
monitoring, record keeping, and reporting
requirements necessary to demonstrate
continued compliance with these requirements.
This regulation required each state to develop an
operating permit program meeting the minimum
requirements set forth in 40 CFR  70 and submit
their program to EPA for review by November
1993.  The NMED Operating Permit Program
established under 20 NMAC 2.70 was approved
by EPA in December 1994.  It requires that all
major producers of air pollution obtain an
operating permit from NMED.  Due to LANL’s
potential to emit large quantities of regulated air
pollutants (nitrogen oxides and carbon
monoxide—primarily from steam plants),
LANL is considered a major source. 

In accordance with 20 NMAC 2.70, LANL
submitted an operating permit application to
NMED in December 1995.  NMED has issued a
Notice of Completeness for the application but
has not yet issued an operating permit.

7.4.2.3 Prevention of Significant 
Deterioration

This regulation (20 NMAC 2.74) has stringent
requirements that must be addressed before
construction of any new, large stationary source

can begin.  Under 20 NMAC 2.74, wildernes
areas, national parks, and national monume
receive special protection; thus, the proximity 
Bandelier National Monument’s (BNM)
Wilderness Area could have an impact on a
proposed new construction at LANL.  All of th
new or modified air emission sources at LAN
are reviewed for compliance with th
requirements of 20 NMAC 2.74.  Because th
total emissions of any criteria pollutant from
LANL are below the regulation’s threshold o
250 tons a year, currently this regulation do
not apply to LANL.

7.4.2.4 Emission Standards for 
Hazardous Air Pollutants

In its regulation governing emission standar
for HAPs (20 NMAC 2.78), NMED has adopte
by reference all of the federal NESHAP
provisions, except those for radionuclides.  T
only two nonradionuclide NESHAP provision
applicable to LANL are those for asbestos a
beryllium.

Under NESHAP for asbestos, LANL is require
to notify NMED of asbestos removal operation
and disposal quantities and to ensure that th
operations produce no visible emission
Asbestos removal activities involving less tha
160 square feet (15 square meters) are cove
by an annual small-job notification to NMED
Projects involving greater amounts of asbes
require separate advance notification to NME
Quantities of asbestos wastes for both small a
large jobs are reported to NMED on a quarter
basis.  These reports include any asbes
contaminated, or potentially contaminate
materials with radionuclides.  Radioactivit
contaminated material is disposed of in 
designated radioactive asbestos burial ar
Nonradioactive asbestos is transported off t
site to designated commercial asbestos dispo
areas.

The beryllium NESHAP includes requiremen
for preconstruction and preoperation approv
7–12
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of beryllium machining operations and for start-
up testing of stack emissions from these
operations.  Before the beryllium NESHAP
became applicable for DOE operations in the
mid 1980’s, NMED, DOE, and LANL agreed to
follow the NMED new-source preconstruction/
preoperation approval process for large,
existing beryllium-machining operations at
LANL.  Since then, several very small
beryllium machining operations that were
already in existence have been registered with
NMED.

7.4.3 Noise Control Act of 1972

By the Noise Control Act of 1972
(42 U.S.C. §4901), Congress directed all
federal agencies to carry out the programs under
their control to promote an environment free
from noise that jeopardizes public health or
welfare. Furthermore, it requires any federal
agency engaged in any activity resulting, or
which may result, in the emission of noise, to
comply with federal, state, interstate, and local
requirements respecting control and abatement
of environmental noise to the same extent that
any person is subject to such requirements.
Beyond the general obligation in the act and
implementing regulations, there are no specific
federal requirements regulating environmental
noise, nor are there state requirements.  Noise
exposures to occupational workers are regulated
under OSHA, and for DOE contractors through
an equivalent program implemented by DOE
orders.  The Los Alamos County Code
(Chapter 8.28) does have noise restrictions,
with identified permissible noise levels for
residential areas during specified times.  Permits
can be requested for exceedances for noise
generating activities of a temporary nature. 

7.5 WATER RESOURCES

7.5.1 Clean Water Act, as Amended

The Clean Water Act (33 U.S.C.  §1251) has a
goal to “restore and maintain the chemica
physical and biological integrity of the nation’
waters,” including to “provide for the protection
and propagation of fish, shellfish, and wildlife.
The regulations that implement the Clean Water
Act contain limitations and permitting
requirements for  discharges of pollutants fro
point sources; disposal of dredged or f
material at wetlands and other waters of t
U.S.; stormwater discharges from constructio
and industrial runoff; and oil discharges.  Ke
elements of the act include:  (1) national
applicable, technology-based effluen
limitations set by EPA for specific industry
categories; and (2) water quality standards 
by states.

EPA is the regulating authority for point sourc
and stormwater discharge permits in Ne
Mexico.  Permits are issued and enforced 
EPA Region 6 in Dallas, Texas.  New Mexic
does not have a state point source discha
permit program.  However, NMED perform
some compliance evaluation inspections a
monitoring for EPA through a water quality
grant issued under Section 106 of the act.  T
U.S. Army Corps of Engineers administers th
dredged or fill material permit program (Sectio
404) of the Clean Water Act.  LANL submits
applications as necessary for disposal 
dredged and fill material under Section 404  f
construction activities.  The New Mexico
Groundwater Protection Act (74-6B-1 et seq.,
NMSA 1978), Water Quality Act (74-6-1 et
seq., NMSA 1978) and implementing
regulations establish state standards 
protection of surface and groundwater resourc
that are also applicable to LANL activities.
7–13
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7.5.1.1 National Pollutant 
Discharge Elimination 
System Permit Program/
Liquid Radioactive 
Discharges

The Clean Water Act contains provisions for the
National Pollutant Discharge Elimination
System (NPDES), a permitting program for the
discharge of pollutants from any point source
into waters of the U.S.  Individual NPDES
permits set limitations for specified pollutants at
specific outfalls.

LANL has operated under three primary
NPDES permits.  UC and DOE are co-operators
on a site-wide NPDES permit (EPA 1994)
issued by EPA Region 6 and effective August 1,
1994, covering the industrial and sanitary
effluent discharges at Los Alamos.  Industrial
discharges from the hot dry rock geothermal
facility, Fenton Hill (Technical Area [TA]–57),
are permitted separately (EPA 1979).  This
permit was canceled as of December 1997.  A
General Permit for storm water associated with
industrial activity (EPA 1992) was also issued
in September 1992.  These permits regulate all
routine effluent discharges at LANL.  Storm
water discharges associated with facility
construction or environmental restoration
activities are also authorized through the
applicable NPDES program.  Then they are
included in the General Industrial Storm Water
Permit or terminated as applicable.  The number
of NPDES General Permits for construction
storm water discharges varies, with usually five
to eight in effect at one time.

During the early 1990’s, LANL was listed as a
“Significant Non-Compliant Federal Facility”
by EPA Region 6 for NPDES violations.  DOE
and LANL have had several Federal Facility
Compliance Agreements and parallel
administrative orders in effect to correct
NPDES deficiencies.  The current DOE
compliance agreement (Docket No.
VI–96–1237, December 12, 1996) (EPA 1996b)

and the current LANL administrative orde
(AO Docket No. VI–96–1236, December 10
1996) (EPA 1996c) include schedules fo
coming into full compliance with the Clean
Water Act by completing the High Explosives
Wastewater Treatment Facility (HEWTF) an
Waste Stream Characterization projects.  The
corrective actions required by the complian
agreement and the administrative order a
continuing.

Although maintaining a 98 to 99 percen
compliance rate with required perm
limitations, LANL has had, and continues t
have, chronic problems meeting NPDE
industrial/sanitary permit conditions
Exceedances are self reported under 
conditions of the permit, and have consisted
occasional exceedances at some outfalls 
arsenic, chlorine, total suspended solid
hydrogen-ion concentration, chemical oxyge
demand, biological oxygen demand, cyanid
vanadium, copper, iron, oil and grease, silve
phosphorus, and radium.  The total number 
exceedances for calendar years 1991 throu
1996 are shown in Figure 7.5.1.1–1.

LANL actions to improve compliance
with permit conditions are continually being
taken including, elimination of outfalls,
improvements and corrective actions at speci
outfalls, and implementation of the Wast
Stream Characterization Program an
Corrections Project.

Radioactive liquid effluent discharges ar
regulated by DOE Order 5400.5.  One NPDE
permitted outfall at TA–50, the Radioactiv
Liquid Waste Treatment Facility, bega
operations in 1963.  This outfall has continue
to discharge residual radionuclides t
Mortandad Canyon in liquid effluents to th
present time.  DOE Order 5400.5 specifie
DCGs for liquid radioactive effluents, which
provide a reference for determining dose 
various exposure pathways.  For liqui
radioactive effluents, the “as low as reasonab
achievable” (ALARA) and “best available
7–14



Applicable Laws,
Regulations, and Other Requirements

ed
ce
o

ed
or
ate
al
il,
e
of
se
nd
ith
L
s

 as
of

n

,
of
1
ned
E

technology” (BAT) processes are adopted to
determine the appropriate level of treatment.  If
discharges are below the DCG reference values
at the point of discharge to a surface waterway,
generally no further treatment is required due to
cost/benefit considerations.  Historic discharges
to Mortandad Canyon have resulted in above
background residual radionuclide
concentrations in alluvial groundwater and
sediments.  For calendar year 1996, two DCGs
were exceeded in TA–50 effluents (for
americium-241 and plutonium-238).  The
TA–50 discharge also contains nitrates that
have caused the alluvial groundwater to exceed
the state groundwater standard of 10 milligrams
per liter.  LANL is working to continue to
upgrade the treatment process at TA–50 to
correct these problems.  Investigation and
cleanup, if required, are conducted through the
Environmental Restoration Project, and interim
controls (sediment traps) have been
implemented to control movement of
contaminants off the site. 

7.5.1.2 Unplanned Discharges, 
Spills, and Releases

LANL also has had continuing problems with
unplanned liquid discharges, or spills of water

contaminants, which are required to be report
to NMED as unpermitted discharges to surfa
water or groundwater under the New Mexic
Water Quality Control Commission
(NMWQCC) regulations.   Primarily, these
have consisted of unpermitted or unplann
releases of potable water, wastewater 
sewage, cooling water, and steam condens
from line breaks and overflows,  with occasion
reportable small quantity releases of mineral o
gasoline, diesel oil, hydraulic oil, ethylen
glycol, and other liquids.   Some discharges 
oil are also reportable to the National Respon
Center pursuant to 40 CFR 110.6.  Spills a
releases are reported in accordance w
regulations, and cleanup is conducted by LAN
as necessary.  NMED administratively review
and closes actions taken on reported spills
staff and time permits.  The total number 
liquid spills reportable to NMED for the period
1991 through 1996 are shown i
Figure 7.5.1.1–2.

LANL has had six releases involving spills
leaks, or seepage of water with low levels 
radioactive contamination in the period 199
through 1996.  These are evaluated and clea
up if necessary in accordance with DO
Order 5400.5 criteria.

FIGURE 7.5.1.1–1.—National Pollutant Discharge 
Elimination System Permit Exceedances.
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7.5.1.3 Spill Prevention Control and 
Countermeasure Plan

LANL has a spill control and countermeasure
plan for oil spills (LANL 1997), as required by
40 CFR 112 under the Clean Water Act.  This
plan requires that secondary containment be
provided for all aboveground storage tanks
containing oil.  The plan also provides for spill
control at oil storage sites at LANL.  This plan
meets requirements of both EPA and NMED for
control of spills to surface areas and below the
ground surface.

7.5.1.4 Sanitary Sewage Sludge 
Management Program

In December 1992, EPA promulgated 40 CFR
503, Standards for Use or Disposal of Sewage
Sludge.  The purpose of these regulations is to
establish numerical, management, and
operational standards for the beneficial use or
disposal of sewage sludge through land
application or surface disposal. Under the
Part 503 regulations, LANL is required to
collect representative samples of sewage sludge
to demonstrate that it is not a hazardous waste
and that it meets the minimum federal standards
for pollutant concentrations.  In 1996, analytical

sampling demonstrated 100 percent complian
with land application standards.  However, lo
levels of polychlorinated biphenyls (PCBs
detected in the sludge have caused LANL 
suspend land application of sludge, 
preference to other disposal options.  All sewa
sludge generated at the TA–46 Sewa
Treatment Plant is now handled as PC
contaminated waste and disposed of off the s
rather than by land application.

7.5.1.5 Safe Drinking Water Act, as 
Amended

The Safe Drinking Water Act (SDWA)
(42 U.S.C. §300f) sets national standards f
contaminant levels in public drinking wate
systems, regulates the use of undergrou
injection wells, and prescribes standards f
groundwater aquifers that are a sole source
drinking water.  Primary enforcemen
responsibility for the act is by the states.  EP
has given NMED authority to administer an
enforce federal drinking water regulations an
standards in New Mexico.  This act authoriz
regulations that establish national drinkin
water standards for contaminants in pub
drinking water systems.  The implementin
regulations are found in National Interim

FIGURE 7.5.1.1–2.—Liquid Release Notifications.
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Primary Drinking Water Regulations.  The
regulations also set maximum contaminant level
goals (40 CFR 142) and secondary standards to
control contaminants in drinking water that
primarily affect aesthetic qualities related to
public acceptance of drinking water (40 CFR
143).  These standards have been adopted by
New Mexico and are included in the New
Mexico Drinking Water Regulations.  The state
has issued regulations containing maximum
contaminant levels (MCLs) and standards for
radioactive contamination (20 NMAC 7.1).
EPA maintains oversight responsibilities over
the states, sets new contaminant standards as
appropriate, and maintains separate
enforcement responsibility for the Underground
Injection Control Program.  

The SDWA applies to federal facilities that own
or operate a public water system.  A “public
water system” means a system for the provision
of piped water for human consumption that has
at least 15 service connections or regularly
serves at least 25 individuals.  DOE provides
drinking water to LANL, Los Alamos County,
and BNM.  LANL, as operator of the water
system, is required to monitor drinking water
quality for organic and inorganic compounds,
radionuclides, metals, and coliforms.  LANL
has established a sampling program for ensuring
SDWA compliance.

7.5.1.6 Groundwater Protection 
Requirements

There are numerous federal, state, and DOE
requirements related to groundwater protection
and management.  The State of New Mexico
protects groundwater via the NMWQCC
regulations, which control discharges of water
contaminants onto or below the ground surface
to protect all groundwater of the State of New
Mexico.  Under these regulations, a
groundwater discharge plan may be required to
be submitted to and approved by NMED for a
discharging facility (or by the Oil Conservation
Division for energy/mineral extraction

activities).  Subsequent discharges must com
with the terms and conditions of the dischar
plan.  In 1997, LANL had three Groundwate
Discharge Plans in effect.  The NMWQCC
regulations were significantly expanded in 199
with the adoption of comprehensive abateme
regulations.  The purpose of these regulations
to abate both surface and subsurfa
contamination for designated or future uses.  
particular importance to DOE and LANL is th
contamination that may be present in alluvi
groundwater.

Groundwater monitoring and protectio
requirements are also included in DO
Order 5400.1, General Environmental
Protection Program.  The order requires LANL
to prepare a Groundwater Protectio
Management Program Plan (GWPMPP) and
implement the program outlined by that pla
The GWPMPP also fulfills the requirements o
Chapter IV, Section 9, of DOE Order 5400.
which requires development of a groundwat
monitoring plan.  The groundwater monitorin
plan identifies all DOE requirements an
regulations applicable to groundwate
protection and includes strategies for samplin
analysis, and data management.  LANL
GWPMPP was most recently approved by DO
on March 15, 1996 (LANL 1996).

Section 9c of Chapter IV of DOE Order 5400
requires that groundwater monitoring needs 
determined by site-specific characteristics an
where appropriate, that groundwater monitorin
programs be designed and implemented 
accordance with RCRA regulation
40 CFR 264, Subpart F, or 40 CFR 26
Subpart F.  The section also requires th
monitoring for radionuclides be in accordanc
with DOE Order 5400.5, Radiation Protection
of the Public and the Environment.

In addition to DOE Order 5400.1, Module VII
of the LANL RCRA permit requires LANL to
collect information to supplement and verif
existing information on the environmenta
setting at the facility and collect analytical da
7–17
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on groundwater contamination.  Under Task III,
Section A.1, LANL is required to conduct a
program to evaluate hydrogeological
conditions.  Under Task III, Section C.1, LANL
is required to conduct a groundwater
investigation to characterize any plumes of
contamination at the facility.

Historically, the groundwater monitoring
requirements of RCRA (40 CFR 264 Subpart F)
have not been applied to LANL’s regulated
hazardous waste management units (treatment,
storage, and disposal) because DOE and LANL
had submitted groundwater monitoring waiver
demonstrations based on the depth to
groundwater and lack of physical evidence of
contaminant migration to these depths.
However, on May 30, 1995, NMED denied
DOE/LANL groundwater monitoring waiver
demonstrations, and groundwater monitoring
program plans were requested for DOE/LANL
to bring the laboratory into compliance with
RCRA.  In the denial letter, NMED
recommended the development of a
comprehensive groundwater monitoring
program plan that addresses both site-specific
and LANL-wide groundwater monitoring
objectives.  This was in part satisfied with
submittal of a revised GWPMPP in 1995.  In an
August 17, 1995, letter, NMED again expressed
concerns over groundwater protection, listed
four unresolved issues, and requested a RCRA
Hydrogeologic Workplan.  On December 6,
1996, a draft Hydrogeologic Workplan was
submitted to NMED addressing these
unresolved issues.  LANL is currently
implementing actions defined in the
Hydrogeologic Workplan.  The Hydrogeologic
Workplan was approved by NMED March 1998
and revised by LANL May 1998 (LANL 1998).

7.6 LAND RESOURCES (WASTE 
MANAGEMENT , TOXIC  
SUBSTANCES, POLLUTION  
PREVENTION , AND 
ENVIRONMENTAL   
RESTORATION )

Federal facilities are subject to a variety 
federal and state environmental statutes a
implementing regulations related to was
management, prevention of pollution, an
environmental cleanup.  These requirements 
primarily oriented toward prevention o
pollution of land resources, and cleanup of pa
spills and releases.  These include the RCR
the Federal Facility Compliance Act; the Toxic
Substances Control Act (TSCA); the Federal
Insecticide, Fungicide, and Rodenticide A
(FIFRA); and the CERCLA.  These acts addre
the management of waste and hazardo
substances, and the release or threat of releas
hazardous substances, primarily to soil a
groundwater.   The Hazardous Material
Transportation Act is also included, which
governs the transportation of hazardo
materials and waste.

7.6.1 Resource Conservation and 
Recovery Act

The RCRA (42 U.S.C. §6901 et seq.) regulates
the management of solid waste.  Solid waste
broadly defined to include any garbage, refus
sludge, or other discarded material includin
solid, liquid, semisolid, or contained gaseou
materials resulting from industrial, commercia
mining, or agricultural activities.  Specifically
excluded as solid waste  is source, spec
nuclear, or byproduct material as defined b
AEA.  Nonhazardous solid waste is regulate
under subtitle D of RCRA, the New Mexico
Solid Waste Act (NMSWA) (74-9-1 et seq.,
NMSA 1978), and its implementing regulation
the New Mexico Solid Waste Manageme
Regulations (20 NMAC 9).  New Mexico ha
primary regulatory authority.  The state does n
7–18
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have authority to regulate the management and
disposal of radioactive waste from DOE
facilities operated under AEA.

LANL maintains an industrial solid waste
landfill at Area J of TA–54 (on Mesita del
Buey), which is subject to and operates under
New Mexico’s Solid Waste Management
Regulations (20 NMAC 9.1).  The landfill is
used as a disposal site for solid wastes (such as
classified wastes, other nonhazardous waste
materials, and “special solid waste” as defined
by the State of New Mexico) and as a staging
area for nonradioactive asbestos waste, which is
later shipped off the site to an approved
commercial disposal facility.  Radioactive
asbestos waste and asbestos waste suspected of
being contaminated with radioactive material
(excluded as solid wastes under the New
Mexico regulations) are disposed in a dedicated
cell constructed at TA–54, Area G. 

LANL disposes of most sanitary solid waste and
rubble at the Los Alamos County Landfill and
an adjacent rubble pile on East Jemez Road.
This landfill lies on DOE property, but is owned
and operated by Los Alamos County under a
special-use permit (an agreement between
DOE’s Los Alamos Area Office and the county
specifies the types of wastes that may  be
disposed of in the landfill).  LANL contributes
about one-third of the total volume of wastes
entering this landfill.  As the owner and
operator, Los Alamos County is responsible for
day-to-day operational compliance and
obtaining necessary permits from the state
under 20 NMAC 9.1.   

In 1976, RCRA established requirements and
procedures for the management of hazardous
wastes.  As amended by the Hazardous and
Solid Waste Amendments of 1984 (HSWA),
RCRA Subtitle C defines hazardous wastes that
are subject to regulation and sets standards for
generation of waste and for treatment, storage,
and disposal facilities.  The HSWA emphasizes
reducing the volume and toxicity of hazardous
waste.  The RCRA and HSWA also establish

permitting and corrective action (i.e., cleanu
requirements for RCRA-regulated hazardo
waste facilities.

Original jurisdiction for implementing
hazardous waste management aspects of 
RCRA was with the EPA; however, the RCR
authorizes EPA to delegate responsibility 
individual states as they develop satisfacto
implementation programs.  EPA granted ba
RCRA authorization to New Mexico on Januar
25, 1985, transferring regulatory authority ov
hazardous wastes under the RCRA to NME
State authority for hazardous waste regulation
set forth in the New Mexico Hazardous Wast
Act and Hazardous Waste Manageme
Regulations (20 NMAC 4.1), which adopt, wit
a few minor exceptions, all of the federa
regulations in effect.  On July 25, 1990, the Sta
of New Mexico’s Hazardous Waste Progra
was authorized by EPA to regulate mixed was
in lieu of the federal program.

On November 8, 1989, DOE and UC, a
co-operators of LANL, were granted a RCR
operating permit, which establishe
requirements for hazardous waste managem
units.  A Part A application for mixed wast
storage and treatment units throughout LAN
was submitted on January 25, 1991.  Perm
modifications and additional revised Part A an
Part B applications have been submitted sin
1991 for mixed waste units.  All existing mixe
waste units are operating either under permit
interim status pending permit issuance.

DOE and EPA signed a Federal Facilit
Compliance Agreement on March 15, 199
addressing identified noncompliances wi
stored mixed waste treatment requiremen
under the land disposal restrictions (LDRs
This compliance agreement was terminat
with issuance by the State of New Mexico of
Federal Facility Compliance Order in October
1995 under the Federal Facility Compliance
Act, which addresses treatment schedules 
mixed waste to meet LDR standards. 
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LANL has received a number of compliance
orders issued by NMED for noncompliances
with hazardous waste management
requirements. DOE and LANL are subject to a
three-party consent agreement for compliance
orders issued by NMED in 1993 regarding
corrective actions that resolved the Transuranic
Waste Inspectable Storage Project (TWISP) at
TA–54, Area G (NMED 1993).  This project
involves the recovery of transuranic (TRU) and
TRU-mixed waste containers stored on earthen
covered pads at TA–54, Area G, and placement
of that waste into compliant inspectable storage.
The deadline for completion of this project is
September 2003.   

LANL also is currently subject to an Amended
Stipulations, dated May 23, 1995, that is part of
a settlement reached in response to Compliance
Order NMHWA 94-09 (NMED 1995a).  The
Amended Stipulation requires LANL to
exercise due diligence in addressing and
working off 644 gas cylinders that had exceeded
the allowable 1-year storage limit for land
disposal restriction.  All but four of the gas
cylinders have been dealt with under the terms
of the Amended Stipulation.  Until these four
cylinders meet the terms of the Amended
Stipulation, LANL will continue to submit
quarterly progress reports, as required by the
Amended Stipulation, to demonstrate due
diligence in working off the cylinders.  All other
compliance orders relating to hazardous waste
activities have been closed.

The HSWA (1984) modified the hazardous
waste permitting sections of the RCRA
(Sections 3004 and 3005).  In accordance with
these provisions, LANL’s permit to operate
includes a section (HSWA Module VIII) that
prescribes a specific corrective action program
for LANL, the primary focus of which is the
investigation and cleanup, if required, of
inactive sites called solid waste management
units (SWMUs).  The HSWA Module specifies
the corrective action process, which is being
implemented at LANL by the Environmental
Restoration Project. 

The corrective action process at LANL consis
of:  (1) preparing RCRA facility investigations
to identify the extent of contamination in th
environment and the pathways along whic
these contaminants could travel to human a
environmental receptors; (2) preparin
corrective measures studies if needed 
evaluate alternative remedies for reducing ris
to human and environmental health and safe
in a cost-effective manner; and (3) correctiv
measures implementation—the remedy chos
is implemented, its effectiveness is verified, an
ongoing control and monitoring requiremen
are established.

7.6.2 Radioactive Waste 
Management Requirements

Low-level radioactive waste (LLW) is a wast
that contains radioactivity and is not classifie
as high-level radioactive waste, TRU waste, 
spent nuclear fuel.  Solid LLW usually consis
of clothing, tools, and glassware.  Low-leve
radioactive liquid waste consists primarily o
water circulated as cooling water.  Radioacti
waste management at LANL is regulated und
the AEA, through applicable DOE order
(primarily DOE Order 5820.2A, Radioactive
Waste Management, and DOE Order 5400.5
Radiation Protection of the Public and th
Environment).  DOE Order 5400.5 also
provides criteria and processes for the release
materials (through sale or disposal) to assu
that released materials do not constitute a haz
to the public and the environment due to the
radioactive content.  This includes materials th
are not waste.  LANL has reported and tak
corrective action for a number of incident
involving the inadvertent release o
contaminated materials not releasable under 
criteria in DOE Order 5400.5.  During th
period 1991 through 1996, these incidents ha
usually consisted of the discovery o
contaminated equipment at salvage yards or
other uncontrolled locations, and in tw
reported incidents at the Los Alamos Coun
Landfill.  When incidents are discovered
7–20
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actions are taken to immediately control the
material as radioactive contaminated, and it is
removed to a controlled area or decontaminated
in accordance with  DOE radiation control
requirements.

Low-level radioactive mixed waste (LLMW)
is waste containing both hazardous and low-
level radioactive components.  As a hazardous
waste, mixed waste is regulated under the
RCRA and New Mexico hazardous waste
management regulations.  Because it is
radioactive, the radioactive component is also
regulated under the AEA through applicable
DOE orders.  LLMW is disposed of at off-site
facilities.

Due to the nationwide lack of DOE treatment
capacity and capability for mixed waste, LANL
has continued to store many mixed wastes on
the site.  On March 15, 1994, DOE and EPA
signed a Federal Facility Compliance
Agreement to address compliance with the
storage prohibitions for mixed waste at LANL.
This agreement was terminated with the
issuance of the Federal Facility Compliance
Order in October 1995 with NMED
implementing the Site Treatment Plan for
LANL, under provisions of the Federal Facility
Compliance Act.

TRU waste, regardless of form or source, is
contaminated with alpha-emitting transuranium
radionuclides with half-lives greater than
20 years and concentrations greater than or
equal to 100 nanocuries per gram at the time of
assay.  TRU waste at LANL is scheduled to be
sent to the WIPP when that facility opens.  TRU
waste is subject to the waste acceptance criteria
(WAC) for WIPP, DOT shipping requirements,
and applicable DOE orders dealing with its safe
handling and management.

7.6.3 Federal Facility Compliance 
Act

The Federal Facility Compliance Act (Public
Law [PL] 102–386, 106 Stat. 1505), enacted 
1992, amended RCRA and waives soverei
immunity from fines and penalties for RCRA
violations at federal facilities.  However, the a
postponed the waiver for 3 years for stora
prohibition violations with regard to land
disposal restrictions for DOE’s mixed wastes. 
also required DOE to prepare plans fo
developing the required treatment capacity f
its mixed waste for each site at which it stores
generates mixed waste.  Each plan (referred
as a site treatment plan) must be approved by
state or EPA after consultation with othe
affected states, consideration of publ
comments, and issuance of an order by 
regulatory agency requiring compliance wit
the plan.  The act further provides that DOE w
not be subject to fines and penalties for stora
prohibition violations for mixed waste as lon
as it is in compliance with an existing
agreement, order, or permit.

The Federal Facility Compliance Act requires
that site treatment plans contain schedules 
developing treatment capacity for mixed was
for which identified technologies exist.  Fo
mixed waste without an identified existin
treatment technology, DOE must provid
schedules for identifying and developin
technologies.

LANL has submitted site treatment plans 
NMED to address the development of ne
treatment capabilities in compliance with th
act.  A Federal Facility Compliance Order wa
issued on October 4, 1995, to address treatm
schedules for mixed waste (NMED 1995b).  Th
Mixed Waste Land Disposal Restriction Feder
Facility Compliance Agreement with EPA o
March 15, 1994, was terminated with this ne
agreement.  
7–21
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7.6.4 Underground Storage Tanks, 
RCRA Subtitle I

Underground storage tanks (USTs) containing
petroleum or hazardous substances are
regulated as a separate program under Subtitle I
of the RCRA, which establishes regulatory
requirements for USTs containing hazardous or
petroleum materials.  NMED has been
delegated authority for regulating USTs under
the New Mexico Underground Storage Tank
Regulations, which implement the New Mexico
Hazardous Waste Act and the New Mexico
Groundwater Protection Act.  These regulations
include requirements for:  (1) design,
construction, and installation of new tanks;
(2) maintenance of a leak detection system and
associated record keeping; (3) reporting of
hazardous or petroleum releases; (4) corrective
action in the event of a release; and (5) closure
of UST  systems.  All existing tank systems
must either meet new tank performance
standards or undergo closure by December 22,
1998.  All LANL USTs will be upgraded or
undergo closure by the December 22, 1998
deadline.  LANL complied with the deadline for
upgrading, replacing, or properly closing all
USTs at LANL.

7.6.5 Comprehensive Environmental 
Response, Compensation, and 
Liability Act, as Amended

CERCLA (PL 96-510) (42 U.S.C. §9601
et seq.), as amended by Superfund Amendments
and Reauthorization Act (SARA) of 1986
(PL 99-499), provides for liability,
compensation, cleanup, and emergency
response for hazardous substances released into
the environment and cleanup of inactive
hazardous substances disposal sites.  The
CERCLA also established a fund that is
financed by hazardous waste generators and is
used to financially support clean-up and
response actions of abandoned hazardous waste
sites when no financially responsible party(ies)

can be found.  Parties responsible for t
contamination of sites are liable for all cos
incurred in the clean-up and remediatio
process.  EPA is the regulating authority for th
act.  Some applicable implementing regulatio
are contained in the National Oil and
Hazardous Substances Pollution Contingen
Plan (40 CFR 300), and Designation,
Reportable Quantities, and Notification
(40 CFR 302). 

LANL has been evaluated and did not sco
high enough to be placed on the Nation
Priority List for past releases into th
environment.  Therefore, all legac
contamination found in the environment a
LANL is primarily cleaned up under RCRA
corrective action authority (HSWA Permi
Module VIII).  Executive Order 12580, which
applies to facilities that are not on the Nation
Priorities List, delegates responsibility to th
heads of executive departments and agencie
those facilities for undertaking remedial an
removal actions for releases or threaten
releases.  This authority applies to any clean-
actions not included as a RCRA correctiv
action.

The CERCLA was amended by the SARA 
1986.  The SARA Title III establishes additiona
requirements for emergency planning an
reporting of hazardous substance releases.  
SARA Title III is also known as the Emergency
Planning and Community Right-to-Know Ac
(EPCRA), which, due to its unique
requirements, is discussed separately belo
The SARA also created liability for damages 
or loss of natural resources resulting fro
releases into the environment, and required 
designation of federal and state officials to act
public trustees for natural resources.  The  New
Mexico Natural Resources Trustee Act (75-7-1
et seq., NMSA 1978) is the state statut
designed to protect state natural resourc
DOE, as the federal trustee, and the State
New Mexico have authority to act as trustees f
most resources at LANL.  The DOI retain
authority for certain designated sensitive natu
7–22
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resources.  Other natural resource trustees act
for lands surrounding LANL, including the
Pueblo tribes.  Procedures for conducting
natural resource damage assessments are
codified at 43 CFR 11.  A strategy and plan for
integrating the natural resource damage
assessment requirements into the HSWA
corrective action (environmental restoration)
process at LANL is being developed.

LANL is subject to and required to report
releases to the environment under the
notification requirements in 40 CFR 302.  In the
period 1991 through 1996, LANL has had four
releases to the environment exceeding a
reportable quantity in 40 CFR 302.4.  One was
a planned release by remote detonation of an
overpacked chlorine cylinder on May 18, 1993,
resulting in the release of a maximum of
100 pounds of chlorine under controlled
conditions.  Another was a stack release of
tritium exceeding 100 curies on January 25,
1994, at TA–33.  Two additional reportable
releases involved the release of a water/ethylene
glycol mixture (coolant) in excess of 1 pound on
June 18, 1993 and June 22, 1993.

7.6.6 Toxic Substances Control Act

The TSCA (15 U.S.C. §2601 et seq.) is
administered by EPA.  Unlike other statutes that
regulate chemicals and their risk after they have
been introduced into the environment, the
TSCA was intended to require testing and risk
assessment before a chemical is introduced into
commerce.  The TSCA also establishes record-
keeping and reporting requirements for new
information regarding adverse health and
environmental effects of chemicals.  The TSCA
also governs the manufacture, use, storage,
handling, and disposal of PCBs; sets standards
for cleaning up PCB spills; and establishes
standards and requirements for asbestos
identification and abatement in schools. 

Because LANL’s research and development
activities are not usually related to the

manufacture of new chemicals, PCB regulatio
(40 CFR 761) are LANL’s main concern unde
the TSCA.  Activities at LANL that are
governed by PCB regulations include, but a
not limited to, management and use 
authorized PCB-containing equipment, such 
transformers and capacitors; management a
disposal of substances containing PCB
(dielectric fluids, contaminated solvents, oil
waste oils, heat transfer fluids, hydraulic fluid
paints, slurries, dredge spoils, and soils); a
management and disposal of materials 
equipment contaminated with PCBs as a res
of spills. 

The TSCA regulates PCB items and materia
having concentrations exceeding 50 parts p
million.  The regulations contain an antidilutio
clause that requires waste to be managed ba
on the PCB concentration of the sourc
(transformer, capacitor, PCB equipment, etc
regardless of the actual concentration in t
waste.  If the concentration at the source 
unknown, the waste must be managed as tho
it were a spill of mineral oil with an assume
PCB concentration of 50 to 500 parts p
million.  At LANL, PCB-contaminated wastes
are transported off the site for treatment a
disposal unless they also have a radioact
component. Wastes in solid form containin
both radionuclides and PCBs are disposed
Area G (TA–54), which has been approved b
EPA for such disposal (provided that stric
requirements are met with respect 
notification, reporting, record keeping
operating conditions, environmenta
monitoring, packaging, and types of wast
disposed). 

LANL has reported four small spills (0.34 fluid
ounces [10 milliliters] to 0.5 gallons [1.9 liters]
involving PCB-contaminated materials durin
the period 1991 through 1996.  None of the
spills exceeded CERCLA reportable quantitie
and they were cleaned up using the policy a
guidelines in 40 CFR 761.
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LANL currently has no treatment or disposal
facilities for liquid wastes that contain both
radionuclides and PCBs.  Such wastes have
been stored at Area L at TA–54 for longer than
1 year (in violation of TSCA regulations that
stipulate a maximum of 1 year for “storage for
disposal” of PCBs).  However, commercial
facilities do not exist to accept these wastes
because of the radionuclide component.  In
August 1996, EPA and DOE signed a national
Federal Facility Compliance Agreement
allowing long-term storage of these radioactive
liquid wastes containing PCBs, and establishing
requirements for DOE to meet in the interim
(EPA 1996d).

The asbestos abatement regulations of the
TSCA (40 CFR 763) relate primarily to the
identification and abatement of asbestos
containing materials in schools.  LANL
conducts asbestos abatement projects in
accordance with OSHA requirements
(29 CFR 1926), and applicable requirements
of the CAA NESHAP 40 CFR 61, Subpart M for
notification and waste management/disposal,
and the New Mexico Solid Waste Management
Regulations. 

7.6.7 Hazardous Materials 
Transportation Act

This act defines the requirements of DOT
applicable to the packaging and transportation
of hazardous materials.  The regulations list and
classify the materials that DOT (the regulating
authority) has designated as “hazardous.”

Implementing regulations include General
Information, Regulations, and Definitions
(49 CFR 171); Hazardous Materials Tables,
Special Provisions, Hazardous Materials
Communications, Emergency Response
Information, and Training Requirements
(49 CFR 172); General Requirements for
Shipments and Packagings (49 CFR 173);
Carriage by Rail (49 CFR 174); Carriage by
Public Highway (49 CFR 177); and

Specifications for Packagings (49 CFR 178).
Specific packaging requirements for radioacti
materials are in 49 CFR 173, Subpart I.  T
requirements prescribed in Subpart I are 
addition to, not in place of, requirements of th
NRC set forth in 10 CFR 71.

DOE must comply with the Hazardous
Materials Transportation Act (49 U.S.C.  §801
et seq.) and implementing regulations, and wit
specific facility WAC when packaging and
transporting waste destined for WIPP and oth
off-site federal or commercial facilities.  LANL
must also meet applicable manifestin
requirements for shipping hazardous materia
such as preparing shipping papers, marking a
labeling packages, and placarding transp
vehicles as outlined in the act and implementi
regulations.  Because LANL consists of man
separate TAs connected in many instances
public roads, inter-TA transportation
requirements must consider applicab
packaging and transportation requirements 
the movement of hazardous materials with
LANL as well.  This may include meeting th
transportation requirements fully, or utilizing
road closures or other means to mainta
compliance with the regulations.  The sta
agency regulating transportation of hazardo
materials is the Motor Transportation Divisio
of the New Mexico Tax and Revenu
Department (65-3-13, NMSA 1978).  New
Mexico has adopted by reference the hazard
materials transportation regulation
promulgated by DOT.

7.6.8 Federal Insecticide, Fungicide, 
and Rodenticide Act

This act regulates the use, registration, a
disposal of several classes of pesticides.  
order to ensure that pesticides are applied in
manner that protects the applicators, worke
and the environment, LANL must mee
requirements of the FIFRA (7 U.S.C. §13
et seq.).  Implementing regulations include
7–24
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recommended procedures for the disposal and
storage of pesticides (40 CFR 165 [proposed
regulation]) and worker protection standards
(40 CFR 170).  EPA is the regulating authority
for LANL.  LANL is also regulated by the New
Mexico Pest Control Act, administered by the
Board of Regents of New Mexico State
University.  The LANL Pest Control
Management Plan, which includes programs for
vegetation, insects, and small animals, was
established in 1984 and is revised as necessary.

7.6.9 Pollution Prevention Act of 
1990

The Pollution Prevention Act of 1990
(42 U.S.C. §13101 et seq.) sets the national
policy for waste management and pollution
control that focuses first on source reduction,
followed sequentially by environmentally safe
recycling, treatment, and disposal.  In response
to this act, DOE committed to voluntary
participation in EPA’s 33/50 Pollution
Prevention Program, as set forth in Section 313
of SARA.  The goal, for facilities already
involved in Section 313 compliance, was to
achieve a 33 percent reduction in release of 17
priority chemicals by 1997 from a 1993
baseline.  LANL did not have releases that
exceeded reportable thresholds for any of the 17
priority chemicals listed.  In August 1993,
Executive Order 12856 was issued, expanding
the 33/50 program and requiring DOE to reduce
its total release of all toxic chemicals by 50
percent by December 31, 1999.  In response,
DOE has developed Departmental Pollution
Prevention Goals and Pollution Prevention
Program Plans to meet these goals.  Each DOE
site, including LANL, develops its own site
goals contributing to the DOE-wide goals and
implements actions to achieve those goals.  For
Fiscal Year 1996, LANL met or exceeded all
waste pollution prevention commitments.

7.7 COMMUNITY  RIGHT -TO-KNOW 
AND EMERGENCY  PLANNING

7.7.1 Emergency Planning and 
Community Right-to-Know Act 
and Executive Order 12856

This act is also known as SARA Title III
Section 313 of the EPCRA (42 U.S.C. §1100
et seq.) requires facilities meeting certain
standard industrial classification code criteria 
submit an annual toxic chemical releas
inventory report (Toxic Chemical Release
Reporting: Community-Right-to-Know [40 CFR
372]).   For facilities subject to the EPCRA
requirements, a report describing the use of, a
emissions from, Section 313 chemicals stored
used on site and meeting threshold planni
quantities, must be submitted to EPA and t
New Mexico Emergency Management Burea
every July for the preceding calendar year. 

Other provisions of the EPCRA requir
planning notifications (Section 302–303
extremely hazardous substance relea
notifications (Section 304), and annua
chemical inventory/Material Safety Data She
reporting (Section 311–312).  Implementin
regulations include but are not limited t
Emergency Planning and Notification
(40 CFR 355), Material Safety Data Shee
Reporting (40 CFR 370.21), and Inventory
Reporting (40 CFR 370.28). 

On August 3, 1993, Executive Order 1285
Right-to-Know Laws and Pollution Preventio
Requirements directed all federal agencies t
reduce and report toxic chemicals entering a
waste stream; improve emergency plannin
response, and accident notification; an
encourage clean technologies and testing 
innovative prevention technologies.  Feder
agencies were also defined as persons for 
purposes of the EPCRA, requiring all feder
facilities, regardless of standard industri
7–25
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the act.

LANL does not meet standard industrial
classification code criteria for Section 313
reporting but has voluntarily submitted annual
toxic chemical release inventory reports since
1987.  All research operations are exempt under
provisions of the regulation, and only pilot
plants, production, or manufacturing operations
at LANL are reported.

The New Mexico Hazardous Chemical
Information  Act (74-4E-1 to 74-4E-9,
NMSA 1978) implements the hazardou
chemical information and toxic releas
reporting requirements of SARA Title III for
covered facilities in New Mexico.  Applicable
reporting requirements under the provisions 
the EPCRA and the state law are met by DO
and LANL in accordance with the executiv
order.
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APPENDIX 7.A
CONSULTATIONS

In the process of preparing this SWEIS, DOE
has had discussions with numerous
organizations (including the New Mexico
Department of Game and Fish, the BIA, the
USFS, the NPS, and counties and municipalities
near LANL) regarding issues, concerns, and
interests associated with the operation of LANL
and with the preparation of the SWEIS.  Of
these discussions, a few of them are considered

to be consultations for the purposes of th
SWEIS, where DOE specifically requeste
positions, advice, or input from organization
The subjects of these consultations and t
agencies or organizations consulted were:

SUBJECT OF CONSULTATIONS AGENCIES OR ORGANIZATIONS CONSULTED

Threatened and Endangered Species U.S. Fish and Wildlife Service

Environmental Monitoring Data New Mexico Environment Department

Cultural Resources New Mexico State Historic Preservation Office(r)

Traditional Cultural Propertiesa Pueblo of Acoma
Pueblo de Cochiti
Pueblo of Jemez
Pueblo of Laguna
Pueblo of Nambe

Jicarilla Apache Tribe
Mescalero Apache Tribe

Navajo Nation
Hopi Tribe

Pueblo of Picuris
Pueblo of Pojoaque
Pueblo of Sandia

Pueblo of San Ildefonso
Pueblo of Santa Clara

Pueblo of Santa Domingo
Pueblo of Taos

Pueblo of Tesuque
Pueblo of Zia

Pueblo of Zuni
Pueblo of San Juan
Western Network

New Mexico Acequia Association

a Many tribal governments and other organizations were contacted.  Those listed here are the ones that agreed to a 
consultation relationship with DOE for the purposes of the SWEIS.
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Water Act at Los Alamos National Laboratory.  U.S. Environmental Protectio
Agency, Region 6.  December 12, 1996. 

EPA 1996c Administrative Order Regarding Compliance with the Clean Water Act at Los 
Alamos National Laboratory.  U.S. Environmental Protection Agency, 
Region 6.  December 10, 1996. 

EPA 1996d Federal Facility Compliance Agreement on Storage of Polychlorinated 
Biphenyls.  U.S. Environmental Protection Agency.  August 8, 1996. 

LANL 1996 Groundwater Protection Management Program Plan for Los Alamos Nation
Laboratory, Revision 0.0.  Los Alamos National Laboratory.  Los Alamos, Ne
Mexico.  Approved March 15, 1996 and January 31, 1996.

LANL 1997 Spill Prevention Control and Countermeasures Plan for the Los Alamos 
National Laboratory, Revision 4.  Los Alamos National Laboratory.  Los 
Alamos, New Mexico.  March 1997.  

LANL 1998 Hydrogeologic Workplan for Los Alamos National Laboratory.  Los Alamos 
National Laboratory.  Los Alamos, New Mexico.  May 1998.

NMED 1993 Consent Agreement for Compliance Orders 93-01, 93-02, 93-03, and 93-0
between the University of California, U.S. Department of Energy, New Mexi
Environment Department, and Los Alamos National Laboratory.  December
1993. 

NMED 1995a Amended Stipulation for Compliance Order NMHWA 94-09, by and among t
New Mexico Environment Department, the University of California, U.S. 
Department of Energy, and Los Alamos National Laboratory.  May 24, 199

NMED 1995b Federal Facility Compliance Order, Compliance with the Site Treatment Pla
for the Treatment of Mixed Waste at the Los Alamos National Laboratory.  N
Mexico Environment Department.  Santa Fe, New Mexico.  October 4, 199
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UC 1994a Cooperative Agreement between the Pueblo of Jemez, a Federally Recogn
Indian Tribe and the University of California as Operator of the Los Alamos
National Laboratory.  University of California.  November 14, 1994.

UC 1994b Cooperative Agreement between the Pueblo of Cochiti, a Federally Recogn
Indian Tribe and the University of California as Operator of the Los Alamos
National Laboratory.  University of California.  November 14, 1994.

UC 1994c Cooperative Agreement between the Pueblo of San Ildefonso, a Federally 
Recognized Indian Tribe and the University of California as Operator of the L
Alamos National Laboratory.  University of California.  November 14, 1994

UC 1996 Cooperative Agreement between the Pueblo of  Santa Clara, a Federally 
Recognized Indian Tribe and the University of California as Operator of the L
Alamos National Laboratory.  University of California.  December 12, 1996
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CHAPTER 8
LIST OF PREPARERS

Name: Mohammed Abu-Shehadeh

Affiliation: Parsons Brinckerhoff

Education: Ph.D., Nuclear Engineering, University of Tennessee

Technical Experience: 6 years of experience in health physics

SWEIS Responsibility: Radiological air quality impacts, radiological human health risk, 
radiological doses to workers, radioactive waste management 
impacts, radiological unusual occurrence reporting, and driver 
doses calculations for the transportation risk impacts

Name: Karen Agogino

Affiliation: U.S. Department of Energy

Education: B.S., Civil Engineering, University of New Mexico

Technical Experience: 18 years of work experience, including 14 years in environmental
and water resources

SWEIS Responsibility: Lead Preparer for:  water resources, geology and soils, 
environmental restoration, and project-specific analysis of the 
expansion of TA–54/Area G low-level waste disposal area

Name: Tom Anderson

Affiliation: Dames & Moore, Inc.

Education: B.S., Botany, Ohio State University

Technical Experience: 24 years in preparation of NEPA documents for state and federal
agencies

SWEIS Responsibility: Technical Advisor (1996 to 1997)
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Name: Randy Balice

Affiliation: Parsons Brinckerhoff

Education: B.S., Biology, University of Utah
M.S., Geography, University of Utah
M.S., Statistics, University of Idaho
Ph.D., Forestry, University of Idaho

Technical Experience: 24 years in biological and ecological sciences

SWEIS Responsibility: Biological resources

Name: Dave Ball

Affiliation: GRAM, Inc.

Education: B.S., Mechanical Engineering, University of New Mexico
M.S., Civil/Environmental Engineering, New Mexico State 
University

Technical Experience: 25 years in engineering and management

SWEIS Responsibility: Contractor (GRAM, Inc.) Project Manager (1995 to 1996)

Name: Michael J. Barr

Affiliation: Parsons Brinckerhoff

Education: B.S., Ceramic Engineering, State University of New York at Alfred
M.B.A., Business, University of New Mexico
W.E.R.C., Certification, University of New Mexico

Technical Experience: 34 years of experience including:
• 12 years in materials processing and development
• 12 years in nuclear materials processing
• 10 years in environmental engineering and waste manageme

SWEIS Responsibility: Contaminated space estimation

Name: Rex Borders

Affiliation: U.S. Department of Energy

Education: B.S., Health Physics, Elizabethtown College
M.S., Nuclear Engineering, University of New Mexico

Technical Experience: • 26 years of experience in health physics and nuclear 
engineering

• Certified Health Physicist

SWEIS Responsibility: Lead Preparer for radiological air quality;  also participated in 
human health analysis
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Name: Barry D. Boughton

Affiliation: Sandia National Laboratories

Education: B.S., Mechanical Engineering
M.S., Mechanical Engineering

Technical Experience: 1 year of experience in risk analysis

SWEIS Responsibility: Transportation risk analysis

Name: Casey Brennan

Affiliation: Tetra Tech, Inc.

Education: B.S., Civil Engineering, Brown University, Providence, Rhode 
Island

Technical Experience: 2 years of experience in NEPA analysis

SWEIS Responsibility: Geology and soils and aircraft crash accident analyses

Name: Dana Nunez Brown

Affiliation: Parsons Brinckerhoff

Education: M.L.A., Landscape Architecture, Harvard University
B.L.A., Landscape Architecture, Louisiana State University, 1979

Technical Experience: 16 years of experience preparing environmental documents, visu
assessments, landscape architecture, and geographic information
systems

SWEIS Responsibility: Land use

Name: Patricia Coffin

Affiliation: Systematic Management Services, Inc.

Education: B.A., History, State University of New York at Binghamton

Technical Experience: 10 years of experience, including over 4 years in NEPA complian

SWEIS Responsibility: Comment Response Document (volume IV)
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Name: Catherine Coghill

Affiliation: Parsons Brinckerhoff

Education: B.A., Political Science & Sociology, St. Lawrence University
M.S., Environmental Policy & Management, University of Denver

Technical Experience: 4 years of experience in public affairs associated with DOE NEPA
projects

SWEIS Responsibility: Community relations and cultural resources

Name: Ervin R. Copus

Affiliation: Sandia National Laboratories

Education: B.S., Nuclear Engineering
M.S., Nuclear Engineering

Technical Experience: 2 years of experience in risk assessment

SWEIS Responsibility: Transportation risk analysis

Name: Corey Cruz

Affiliation: U.S. Department of Energy

Education: B.S., Chemical Engineering, University of California, Berkeley
M.S., Industrial Engineering, New Mexico State University

Technical Experience: Over 13 years of experience in DOE program and project 
management

SWEIS Responsibility: DOE Document Manager;  also, Lead Preparer for:  
socioeconomics, infrastructure and waste management, 
environmental justice, transportation, and project-specific analysi
of enhancement of plutonium pit manufacturing
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Name: Rudolf Engelmann

Affiliation: Science Applications International Incorporated

Education: B.A., Mathematics, Augsburg College
Ph.D., Atmospheric Sciences, University of Washington

Technical Experience: • 38 years of experience in environmental assessment and 
atmospheric sciences

• Certified Consulting Meteorologist

SWEIS Responsibility: Technical Advisor on human health, transportation, air quality, an
accident analysis

Name: Ronald G. Faich

Affiliation: GRAM, Inc.

Education: B.S., Math major, Physics minor, University of Wisconsin
M.S., Sociology and Quantitative Research Methods, University o
Wisconsin 
Ph.D., Sociology and Quantitative Research Methods, University o
Wisconsin

Technical Experience: 35 years of experience in socioeconomic, demographic, 
cartographic and survey research

SWEIS Responsibility: Socioeconomics and environmental justice

Name: Stephen Fong

Affiliation: U.S. Department of Energy

Education: B.S., Mechanical Engineering, University of New Mexico

Technical Experience: 9 years of oversight of environmental compliance and monitoring
programs at LANL, primarily in the area of ambient air quality

SWEIS Responsibility: Air quality
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Name: Nanette D. Founds

Affiliation: U.S. Department of Energy

Education: Graduate Studies, Mechanical Engineering, University of New 
Mexico
B.S., Aeronautical Engineering, Air Force Institute of Technology
B.S., Chemistry, University of Nebraska, Lincoln

Technical Experience: • Project Manager, Site-Wide Environmental Impact Statement 
for the Continued Operations of the Pantex Plant and 
Associated Storage of Nuclear Weapon Components

• Project Manager, Operational Readiness Reviews, Albuquerqu
Operations Office

• Branch Chief, Fluid Mechanics Branch, U.S. Air Force 
Weapons Laboratory

SWEIS Responsibility: Lead Preparer for accident analysis

Name: F. David Freytag, AICP

Affiliation: Parsons Brinckerhoff

Education: M.U.P., Urban and Regional Planning, College of Architecture, 
Texas A&M University
B.E.D., Environmental Design, Texas A&M University

Technical Experience: 8 years of experience preparing environmental documents, 
transportation planning, and geographic information systems

SWEIS Responsibility: Land use

Name: Joe Fritts

Affiliation: GRAM, Inc.

Education: B.S., Geology, University of New Mexico

Technical Experience: 11 years of experience performing hydrogeologic site 
characterizations (includes work at environmental restoration and
uranium tailings sites)

SWEIS Responsibility: Geology and water resources
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Name: Helen Ginzburg

Affiliation: Parsons Brinckerhoff

Education: M.S., Air Quality, Leningrad Hydro Meteorological Institute

Technical Experience: 16 years in air quality meteorology and mathematical modeling

SWEIS Responsibility: Nonradiological air quality

Name: Shiv N. Goel

Affiliation: U.S. Department of Energy

Education: M.S., Environmental Engineering, University of New Mexico
B.S., Mining Engineering, Indian School of Mines
Registered Professional Engineer in the states of New Mexico an
California

Technical Experience: 29 years of Environmental Engineering experience including:
• 7 years as an Environmental Engineer responsible for DOE 

Albuquerque Operations Office
• 2 years as a Supervisor of the Engineering Section for the Cit

of Albuquerque Environmental Health Division
• 4.5 years as a Supervisory Engineer/Environmental Engineer

with the State of New Mexico, Environmental Improvement 
Division

SWEIS Responsibility: Lead Preparer for nonradiological air analysis

Name: Timothy J. Goering

Affiliation: GRAM, Inc.

Education: B.A., Environmental Science, University of Virginia
M.S., Hydrology, University of Arizona

Technical Experience: 12 years of experience in environmental analysis and remediation

SWEIS Responsibility: Environmental restoration
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Name: Kathleen Gorman-Bates

Affiliation: GRAM, Inc.

Education: B.S., Biology, St. Mary’s College, Dodge City Kansas

Technical Experience: 9 years in radiochemistry, biology, microbiology, and health and 
safety

SWEIS Responsibility: Nonradiological air quality

Name: Davin G. Greenly

Affiliation: Tetra Tech, Inc.

Education: B.S., Environmental Engineering, California Polytechnic State 
University

Technical Experience: 2 years of experience in NEPA analysis

SWEIS Responsibility: Aircraft crash accident analysis, transportation, and biological 
resources

Name: William L. Harrell

Affiliation: U.S. Department of Energy

Education: B.S., Wildlife Science, Texas A&M University (with Honors)
Graduate studies (20 hours), Environmental Science, Texas 
Christian University

Technical Experience: 27 years of experience in Environmental Protection and 
Compliance Programs, including planning and operations of feder
water resource projects and DOE plants and laboratories; wildlife
and ecological effects analysis and resource management; 
environmental restoration program and environmental compliance
management; and NEPA compliance for federal projects

SWEIS Responsibility: Lead Preparer for regulatory background and compliance 
(chapter 7)

Name: John Hogan

Affiliation: GRAM, Inc.

Education: B.S., Biology, University of New Mexico

Technical Experience: 11 years of experience in field biology and ecology

SWEIS Responsibility: Ecological risk and biodiversity
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Name: William R. James

Affiliation: GRAM, Inc.

Education: B.S., Biological Sciences, Wright State University
M.S., Health Physics, University of Cincinnati

Technical Experience: • 6 years in Occupational and Environment Health Physics
• 1 year in Emergency Preparedness
• 1 year in Occupational Health and Safety

SWEIS Responsibility: Radiological risk assessment for workers and on-site transportati

Name: Kevin Keller

Affiliation: Parsons Brinckerhoff

Education: B.A., Geography, California State University, Fullerton

Technical Experience: 8 years of experience preparing environmental documents, 
computer-aided drafting and design, and geographic information 
systems

SWEIS Responsibility: Land use

Name: Jeffrey Kimball

Affiliation: U.S. Department of Energy

Education: B.S., Oceanography, University of Michigan 
M.S., Geology (Seismology), University of Michigan

Technical Experience: 17 years of experience, primarily in siting and design of critical 
facilities to resist the loads from natural phenomena

SWEIS Responsibility: Technical Advisor on geology (seismic) and accident analysis

Name: J. Randall Kirchner

Affiliation: H&R Technical Associates, Inc.

Education: B.S., Nuclear Engineering, University of Tennessee

Technical Experience: Over 13 years of experience in probabilistic risk assessment, 
nuclear facility safety analysis, and transportation risk analysis

SWEIS Responsibility: Transportation risk analysis
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Name: Vadim Kogan

Affiliation: Parsons Brinckerhoff

Education: Ph.D., Chemical Engineering, Moscow Institute of Chemical 
Technology

Technical Experience: 22 years in environmental engineering field

SWEIS Responsibility: Nonradiological air quality

Name: John Lambright

Affiliation: BETA Corporation, International, and Self-Employed Consultant

Education: B.S., Nuclear Engineering
M.S., Nuclear Engineering
Ph.D., Nuclear Engineering

Technical Experience: More than 20 years in risk assessment, safety analysis, and haza
analysis

SWEIS Responsibility: Accident analysis

Name: Alice Lovegrove

Affiliation: Parsons Brinckerhoff

Education: B.E., State University of New York at Stony Brook
M.S., State University of New York at Stony Brook

Technical Experience: 10 years in air quality

SWEIS Responsibility: Nonradiological air quality

Name: Beth Medina

Affiliation: Parsons Brinckerhoff

Education: B.A., Art, California State University, Long Beach

Technical Experience: 11 years of experience preparing environmental documents and 
graphics

SWEIS Responsibility: Land use
8–10
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Name: Paul E. McCluer

Affiliation: H&R Technical Associates, Inc.

Education: B.S., Chemical Engineering, Tennessee Technological University

Technical Experience: 8 years of experience in DOE nuclear facility safety analysis and 
process hazards analysis in the refining and chemical processing
industries and author or co-author of more than 30 reports and 
publications in the areas of DOE nuclear facility safety analysis an
process hazards analysis

SWEIS Responsibility: Transportation risk analysis

Name: Donna McCormick

Affiliation: Parsons Brinckerhoff

Education: B.L.A., Landscape Architecture, California Polytechnic University

Technical Experience: 11 years of experience preparing environmental documents, visu
assessments, and landscape architecture

SWEIS Responsibility: Land use

Name: Jere Millard

Affiliation: Dames & Moore, Inc.

Education: B.A., Biology & Psychology, Colorado State University
M.S., Radiobiology, Colorado State University
M.S., Health Physics, Colorado State University
Ph.D., Health Physics, Colorado State University

Technical Experience: 18 years in radiation physics/radiation ecology

SWEIS Responsibility: Human health and ecological risk
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Name: Douglas Minnema

Affiliation: U.S. Department of Energy

Education: B.S., Nuclear Engineering, University of Michigan
M.S., Nuclear Engineering, University of Michigan
M.S., Radiological Health, University of Michigan
Ph.D. Candidate, Nuclear Engineering, University of New Mexico
(in progress)

Technical Experience: • 18 years in nuclear engineering, health physics, and radiologic
control

• Certified Health Physicist

SWEIS Responsibility: Lead Preparer for human health risk;  Technical Advisor on 
transportation, and accident analysis

Name: Robert A. Monsalve-Jones

Affiliation: GRAM, Inc.

Education: A.S., Nuclear Engineering, Pennsylvania State University
B.S., Radiation Protection, Thomas Edison State College

Technical Experience: 24 years as a Radiation Protection Specialist and Health Physicist
nuclear powerplants and at decontamination and decommissionin
projects, and performing environmental investigations, risk 
analysis, and dose assessments for DOE and private clients, 
nationally and internationally

SWEIS Responsibility: Radioactive air quality and human health

Name: Elizabeth Mooney

Affiliation: Dames & Moore, Inc.

Education: B.S., Zoology and Wildlife Ecology, Michigan State University
M.A., Environmental Toxicology, The American University

Technical Experience: • 10 years in toxicology
• 5 years in risk assessment
• 10 years in ecology

SWEIS Responsibility: Ecological risk
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Name: Abby Nagy

Affiliation: Dames & Moore, Inc.

Education: B.S., Chemical Engineering, Ohio State University

Technical Experience: 7 years in chemical engineering process and environmental analy

SWEIS Responsibility: Transportation and environmental restoration

Name: Marilyn Norcini

Affiliation: GRAM, Inc.

Education: M.A., History, Museum Studies, Cooperstown Graduate Program
State University of New York, Oneonta
M.A., Anthropology, University of Arizona
Ph.D., Anthropology, University of Arizona

Technical Experience: 22 years of experience in cultural resources interpretation

SWEIS Responsibility: Cultural resources

Name: Claudia Oakes

Affiliation: Parsons Brinckerhoff

Education: Ph.D. (ABD), Geography, University of Texas at Austin

Technical Experience: 5 years as an environmental specialist in biogeographic studies a
geophysical and cultural applications

SWEIS Responsibility: Cultural resources

Name: John Ordaz

Affiliation: U.S. Department of Energy

Education: B.S., Chemical Engineering, New Jersey Institute of Technology

Technical Experience: 20 years of experience, including over 7 years in DOE program 
management and NEPA compliance

SWEIS Responsibility: DOE/HQ Program Manager;  also, Lead Preparer for the Comme
Response Document (volume IV)
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Name: Carol S. Pazera

Affiliation: Parsons Brinckerhoff

Education: B.A., Secondary Education, University of Illinois
M.A., Latin American Studies, University of Texas at Austin
M.S., Community and Regional Planning, University of Texas at 
Austin

Technical Experience: 3 years in socioeconomics

SWEIS Responsibility: Socioeconomics

Name: Chuck Pergler

Affiliation: GRAM, Inc.

Education: B.S., Range and Wildlands Science, University of California
M.S., Range Management, University of California

Technical Experience: 14 years developing and implementing natural resource range 
plans, biological assessments, NEPA manager, and technical aut

SWEIS Responsibility: Biodiversity and ecological risk

Name: Susan Perlman

Affiliation: SWCA Environmental Consultants

Education: B.S., Environmental Forestry, Colorado State University
M.A., History, New Mexico State University

Technical Experience: 8 years of historical research in ethnography

SWEIS Responsibility: Cultural resources

Name: Jeffrey P. Petraglia

Affiliation: Tetra Tech, Inc.

Education: B.A., Nuclear Engineering, Pennsylvania State University

Technical Experience: 14 years of experience in safety and accident analyses

SWEIS Responsibility: Aircraft crash accident analysis
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Name: Beverly Ausmus Ramsey

Affiliation: Enterprise Advisory Services, Inc.

Education: B.S., Chemistry/Biology
M.S., Systems Ecology
Ph.D., Systems Ecology

Technical Experience: 29 years of experience in environmental management and facility
operations, especially radiological, hazardous and mixed waste 
management, facilities licensing, and regulatory compliance.  
Experience includes more than 25 years of experience in NEPA 
analysis and documentation, including human health impacts, 
ecological impacts, and cumulative impacts analysis

SWEIS Responsibility: Technical Advisor on human health

Name: William R. Rhyne

Affiliation: H&R Technical Associates

Education: B.S., Nuclear Engineering, University of Tennessee
M.S., Nuclear Engineering, University of Virginia
D.Sc., Nuclear Engineering, University of Virginia

Technical Experience: • Over 30 years of experience in transportation risk analysis, 
DOE nuclear facility safety analysis, and commercial nuclear 
reactor safety analysis

• Author or co-author of more than 50 reports and publications i
the areas of transportation risk analysis and nuclear facility 
safety analysis

• Author of Hazardous Materials Transportation Risk Analysis: 
Quantitative Approaches for Truck and Train

SWEIS Responsibility: Transportation risk analysis

Name: Eric Rogoff

Affiliation: GRAM, Inc.

Education: B.S., Geology, with Distinction, University of Kansas
M.S., Hydrology, University of Arizona
M.Phil., Geology, Yale University

Technical Experience: 7 years of experience in environmental consulting

SWEIS Responsibility: Water resources, geology, and soils
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Name: Francis Rowsome

Affiliation: U.S. Department of Energy

Education: B.A., Physics (cum laude), Harvard University
Graduate studies in theoretical physics, Cornell University

Technical Experience: 24 years of experience in nuclear safety engineering

SWEIS Responsibility: Technical Advisor for accident analysis

Name: Noel Savignac

Affiliation: Self-employed Consultant

Education: B.A., Biology, Lake Forest College
M.S., Physiology, University of New Mexico
Ph.D., Health Physics, Colorado State University

Technical Experience: 27 years in radiation protection, environmental assessment, and 
impact analyses

SWEIS Responsibility: Human health

Name: Steve Sholly

Affiliation: BETA Corporation, International

Education: B.S., Shippensburg State College

Technical Experience: 15 years in risk assessment, safety analysis, and hazards analys

SWEIS Responsibility: Accident analysis

Name: Mark Sifuentes

Affiliation: U.S. Department of Energy

Education: B.S., Biology (Chemistry minor)
M.S., Microbiology (Radiobiology minor)

Technical Experience: 28 years in NEPA compliance and biological sciences

SWEIS Responsibility: Lead Preparer for:  biological and ecological resources, and cultur
resources
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Name: Donald G. Silva

Affiliation: GRAM, Inc.

Education: E.M.B.A., Management, University of New Mexico
M.S.C.E., Air Pollution, New York University
M.S., Industrial Hygiene, Environmental Health, Harvard 
University
B.C.E., Sanitary Engineering, Manhattan College

Technical Experience: • 38 years in environmental field including 27 years in direct 
NEPA documentation and methodology development

• Diplomat of American Academy of Environmental Engineers

SWEIS Responsibility: Contractor (GRAM, Inc.) Project Manager 1996 to 1997

Name: Bret E. Simpkins

Affiliation: Tetra Tech, Inc.

Education: B.S., Nuclear Engineering, University of New Mexico
M.S., Nuclear Engineering, University of New Mexico

Technical Experience: 13 years of experience in Safety and Accident Analyses

SWEIS Responsibility: Accident analysis

Name: Constance L. Soden

Affiliation: U.S. Department of Energy

Education: B.A., Radiation Biophysics

Technical Experience: 23 years of experience in the areas of occupational health and 
environmental protection

SWEIS Responsibility: Lead Preparer for cumulative and unavoidable impacts

Name: Joel Soden

Affiliation: Parsons Brinckerhoff

Education: M.S., Hunter College

Technical Experience: • 24 years in air quality
• Supervised a number of projects in various air quality fields

SWEIS Responsibility: Nonradiological air quality
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Name: John Stanford

Affiliation: GRAM, Inc.

Education: B.A., Architecture, University of Houston
M.S., City Planning, Georgia Tech

Technical Experience: • 10 years in city/county urban planning
• 3 years at Los Alamos National Laboratory, Facility 

Management

SWEIS Responsibility: Land use

Name: Arlan Swihart

Affiliation: BETA Corporation, International

Education: B.S., Emergency Administration and Planning, University of North
Texas

Technical Experience: • 3 years in solid waste management
• 4.5 years in emergency planning/hazard management (hazard

identification, scenario development, and consequence analys

SWEIS Responsibility: Transportation analyses

Name: Erich C. Thomas

Affiliation: GRAM, Inc.

Education: B.S., Western Washington University
M.S., Western Washington University

Technical Experience: 17 years of technical geologic investigations and related 
assessments

SWEIS Responsibility: Environmental restoration
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Name: Gordon L. Tucker

Affiliation: GRAM, Inc.

Education: M.S., Systems Management, University of Southern California
M.S., Meteorology, University of Wisconsin
B.S., Electrical Engineering, University of Massachusetts

Technical Experience: • 25 years in meteorology/atmospheric science
• 4 years of hazardous chemicals safety training

SWEIS Responsibility: Air quality (meteorology and atmospheric dispersion modeling)

Name: Leonard R. Voellinger

Affiliation: Parsons Brinckerhoff

Education: B.A., George Washington University
M.A., Southwest Texas State University

Technical Experience: 19 years in cultural resource analysis and management

SWEIS Responsibility: Cultural resources

Name: Darlene Williams

Affiliation: GRAM, Inc.

Education: B.A., Geology and Mineralogy, Williams College

Technical Experience: • 6 years in the hazardous waste management industry
• Experience includes oversight work for the EPA, Remedial 

Investigation/Feasibility Study report preparation and work on
DOE’s Transuranic Waste Program

SWEIS Responsibility: Geology and soils

Name: Michael Williams

Affiliation: BETA Corporation, International

Education: B.S., Environmental & Resource Management, Southwest Texas
State University

Technical Experience: 10 years of experience in environmental assessments, 
environmental restoration, emergency response, accident analys
accident investigation, and regulatory compliance

SWEIS Responsibility: Accident analysis and transportation analysis
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Name: Elizabeth Withers

Affiliation: U.S. Department of Energy

Education: B.S., Botany, Louisiana Tech University
M.S., Life Sciences, Louisiana Tech University

Technical Experience: 16 years in environmental analysis experience, including 5 years 
plant taxonomy and wetland ecology, 5 years in RCRA and 
CERCLA compliance and human health risk analysis, and 6 year
in NEPA compliance

SWEIS Responsibility: Lead Preparer for land resources;  also participated in ecological
resources analysis

Name: Steven Wolf

Affiliation: Parsons Brinckerhoff

Education: M.S., Mathematics

Technical Experience: 22 years of preparing risk assessments to include noise and 
vibrations

SWEIS Responsibility: Noise and vibration analysis
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Individuals to Whom Copies of This SWEIS Have Been Sent
CHAPTER 9.0
LIST OF AGENCIES, ORGANIZATIONS,

AND INDIVIDUALS TO WHOM COPIES OF
THIS SWEIS HAVE BEEN SENT

UNITED  STATES SENATE

The Honorable Jeff Bingaman
Washington, D.C. 

The Honorable Jeff Bingaman
Albuquerque, New Mexico

The Honorable Jeff Bingaman
Subcommittee on Strategic Forces
Committee on Armed Services
Washington, D.C. 

The Honorable Pete V. Domenici
Washington, D.C.

The Honorable Pete V. Domenici
Albuquerque, New Mexico  

The Honorable Pete V. Domenici
Subcommittee on Energy and Water 
Development
Committee on Appropriations
Washington, D.C.  

The Honorable Harry Reid
Subcommittee on Energy and Water 
Development
Committee on Appropriations
Washington, D.C.  

The Honorable Robert Smith
Subcommittee on Strategic Forces
Committee on Armed Services
Washington, D.C. 

UNITED  STATES HOUSE OF 
REPRESENTATIVES

The Honorable Duncan Hunter
Subcommittee on Military Procurement
Committee on National Security
Washington, D.C. 

The Honorable Ron Packard
Subcommittee on Energy and Water 
Development
Committee on Appropriations
Washington, D.C. 

The Honorable Norman Sisisky
Subcommittee on Military Procurement
Committee on National Security
Washington, D.C. 

The Honorable Joseph Skeen
Washington, D.C.  

The Honorable Joseph Skeen
Roswell, New Mexico  

The Honorable Thomas Udall
Washington, D.C. 

The Honorable Thomas Udall
Santa Fe, New Mexico

The Honorable Peter Visclosky
Subcommittee on Energy and Water 
Development
Committee on Appropriations
Washington, D.C. 

The Honorable Heather Wilson
Washington, D.C.  
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The Honorable Heather Wilson 
Albuquerque, New Mexico  

FOUR ACCORD PUEBLOS

Governor Isaac Herrera
Pueblo of Cochiti
Cochiti, New Mexico 

Governor Raymond Gachupin
Pueblo of Jemez
Jemez, New Mexico 

Governor Terry Aguilar
Pueblo de San Ildefonso
Santa Fe, New Mexico 

Governor Walter Dasheno
Pueblo of Santa Clara
Española, New Mexico  

PUEBLOS AND TRIBAL  GOVERNMENTS

Northern Pueblos and Tribal 
Governments

Governor David Perez 
Pueblo of Nambe
Santa Fe, New Mexico  

Governor Eagle Rael
Pueblo of Picuris
Peñasco, New Mexico 

Governor Jacob Viarrial
Pueblo of Pojoaque
Santa Fe, New Mexico 

Governor Anthony Moquino
Pueblo of San Juan
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CHAPTER 10.0
GLOSSARY

Absorbed dose:  The energy absorbed by
matter from ionizing radiation per unit mass of
irradiated material at the place of interest in that
material.  The absorbed dose is expressed in
units of rad (or gray) (1 rad = 0.01 gray)
(10 CFR 835.2).

Accident:  Unexpected or undesirable event
that leads to the release of hazardous material
within a facility or into the environment,
exposing workers or the public to hazardous
materials or radiation.

Accord Pueblos:  Four Pueblos that have each
executed formal accord documents with DOE
setting forth the government-to-government
relationship between each of the Pueblos and
DOE.  The four Pueblos are Cochiti, San
Ildefonso, Santa Clara, and Jemez.

Actinide:  Any of a series of elements with
atomic numbers ranging from actinium-89
through lawrencium-103.

Acute exposure:  A single or short-term
exposure to a toxic substance that may result in
health effects.

Advisory Council of Historic Preservation
(Council):  An independent 19-member federal
council created by the National Historic
Preservation Act of 1996, Title II (16 U.S.C.
§470 et seq.).  The council meets quarterly to
review and comment on National Register of
Historic Places and Section 106 compliance
cases.

Adverse effect:  A change produced to an
eligible cultural resource that results in demis
integrity of location, setting, design, physica
condition, materials, workmanship, feeling, o
association.  When applied to humans 
animals, an undesirable health effect.

Air pollutant:  Any substance in air that could
if in high enough concentration, harm human
other animals, or vegetation.

Air quality standards:   The level of pollutants
in the air prescribed by regulations that may n
be exceeded during a specified time in a defin
area.

Alpha emitter:   A radioactive substance tha
decays by releasing an alpha particle.

Alpha particle:  A positively charged particle
ejected spontaneously from the nuclei of som
radioactive elements. It is identical to a heliu
nucleus and has a mass number of 4 and
electrostatic charge of +2. It has low penetrati
power and a short range (a few centimeters
air).   

Alpha radiation:   A strongly ionizing, but
weakly penetrating, form of radiation consistin
of positively charged alpha particles emitte
spontaneously from the nuclei of certa
elements during radioactive decay. Alph
radiation is the least penetrating of the fo
common types of ionizing radiation (alpha
beta, gamma, and neutron). Even the m
energetic alpha particle generally fails t
penetrate the dead layers of cells covering 
skin and can be easily stopped by a sheet

This glossary lists terms of art or scientific expressions that may not be familiar to some readers of th
SWEIS.  The terms are defined as they are used in the SWEIS.  Statutes or laws are defined 
discussed in volume I of the SWEIS, chapter 7, Applicable Laws, Regulation, and Other Requiremen
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paper. Alpha radiation is most hazardous when
an alpha-emitting source resides inside an
organism.

Ambient air:   That portion of the atmosphere,
external to buildings, to which the general
public is exposed.

Americium:  Americium is a manmade metal
that is slightly heavier than lead.  Americium-
241 is produced by the radioactive decay of
plutonium-241; in addition to being an alpha-
emitter, it is an emitter of gamma rays.
Americium-241 has a half-life of 433 years.

Aquifer:   Rock or sediment in a formation,
group of formations, or part of a formation that
is saturated and sufficiently permeable to
conduct groundwater.

Archaeological sites (resources):  Any
location where humans have altered the terrain
or discarded artifacts during either prehistoric or
historic times.

Artifact:   An object of archaeological or
historical interest produced or shaped by human
workmanship.

As low as reasonably achievable (ALARA):
The approach to manage and control exposures
(both individual and collective) to the
workforce and to the general public to as low as
is reasonable, taking into account social,
technical, economic, practical, and public
policy considerations.  ALARA is not a dose
limit but a process that has the objective of
attaining doses as far below the applicable limits
as is reasonably achievable (10 CFR 835.2).

Atomic Energy Commission (AEC):  A five-
member commission, established by the Atomic
Energy Act of 1946, to supervise nuclear
weapons design, development, manufacturing,
maintenance, modification, and dismantlement.
In 1974, the Atomic Energy Commission was
abolished and all functions were transferred to
the U.S. Nuclear Regulatory Commission and

the Administrator of the Energy Research a
Development Administration.  The Energ
Research and Development Administration w
later terminated and its functions vested by la
in the Administrator were transferred to th
Secretary of Energy.

Atomic number:  The number of positively
charged protons in the nucleus of an atom or 
number of electrons on an electrically neutr
atom.

Attainment area:  An area that the U.S.
Environmental Protection Agency ha
designated as being in compliance with one 
more of the National Ambient Air Quality
Standards (NAAQS) for sulfur dioxide
nitrogen dioxide, carbon monoxide, ozone, lea
and particulate matter. An area may be 
attainment for some pollutants but not fo
others.

Authorization/safety basis:  Those aspects of
the facility design basis and operation
requirements relied upon by the DOE a
necessary to authorize operation.  These asp
are considered to be important to the safety
facility operations.  The authorization basis 
described in documents such as the facil
Safety Analysis Report (SAR) and other safe
analyses, hazard classification documents, 
technical safety requirements (TSRs), DO
issued safety evaluation reports, and facilit
specific commitments made to comply wit
DOE orders or policies.  Authorization basis 
considered to be equivalent to safety bas
Authorization basis also is defined as 
combination of authorization/safety basis, th
environmental basis, and other regulatory ba
documents. 

Background radiation:   Radiation from:
(1) naturally occurring radioactive material
that have not been technologically enhance
(2) cosmic sources, (3) global fallout as it exis
in the environment (such as from the testing 
nuclear explosive devices), (4) radon and 
progeny in concentrations or levels existing 
10–2
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buildings or the environment that have not been
elevated as a result of current or past human
activities, and (5) consumer products containing
nominal amounts of radioactive material or
producing nominal levels of radiation (10 CFR
835.2). 

Badged worker:  A worker equipped with an
individual dosimeter who has the potential to be
exposed to radiation.

Baseline:  A quantitative expression of
conditions, costs, schedule, or technical
progress to serve as a base or standard for
measurement during the performance of an
effort; the established plan against which the
status of resources and the progress of a project
can be measured.  For the SWEIS, the
environmental baseline is the site environmental
conditions that are considered representative for
the purpose of projecting future impacts.

Beryllium:   An extremely lightweight, strong
metal used in weapons systems.  

Best available technology (BAT):
Economically achievable pollution control
methods that will allow point sources to comply
with the effluent limitations required by the
Clean Water Act. Factors to be taken into
account in assessing what is the best available
technology include the age of equipment and
facilities involved, the process employed, the
engineering aspects of the application of various
types of control techniques, process changes,
the cost of achieving such effluent reduction,
environmental impacts other than water quality
(including energy requirements), and such other
factors as the U.S. Environmental Protection
Agency Administrator deems appropriate.

Best management practices (BMPs):
Structural, nonstructural, and managerial
techniques, other than effluent limitations, to
prevent or reduce pollution of surface water.
They are the most effective and practical means
to control pollutants that are compatible with the
productive use of the resource to which they are

applied. BMPs are used in both urban a
agricultural areas. BMPs can include schedu
of activities; prohibitions of practices
maintenance procedures; treatme
requirements; operating procedures; a
practices to control plant site runoff, spillage o
leaks, sludge or waste disposal, or draina
from raw material storage.

Beta emitter:  A radioactive substance tha
decays by releasing a beta particle.

Beta particle:  A negatively charged particle
emitted during the radioactive decay of man
radionuclides.  A beta particle is identical wit
an electron.  It has a short range in air and
small ability to penetrate other materials.

Beta radiation:  Ionizing radiation consisting
of fast moving, positively or negatively charge
elementary particles emitted from atomic nucl
during radioactive decay. Beta radiation is mo
penetrating but less ionizing than alph
radiation. Negatively charged beta particles a
identical to electrons; positively charged be
particles are known as positrons. Both a
stopped by clothing or a thin sheet of metal.

Biota:  Living organisms including plants and
animals.

Blast circle:  The area wherein fragments from
tests may fall and from which humans a
excluded during tests.

Bound/bounding:  To use simplifying
assumptions and analytical methods in 
analysis of impacts or risks such that the res
overestimates or describes an upper limit 
(i.e., “bounds”) potential impacts or risks.  A
bounding analysis is an analysis designed 
overestimate or determine an upper limit 
potential impacts or risks.  A bounding accide
is a hypothetical accident for which th
calculated consequences equal or exceed 
consequences of all other potential accidents 
a particular activity or facility.
10–3
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Byproduct material:   Any radioactive material
(except special nuclear material) yielded in or
made radioactive by exposure to the radiation
incident to the process of producing or utilizing
special nuclear material, and the tailings or
wastes produced by the extraction or
concentration of uranium or thorium from any
ore processed primarily for its source material
content.  Byproduct material is exempt from
regulation under the Resource Conservation
and Recovery Act. However, the exemption
applies only to the actual radionuclides
dispersed or suspended in the waste substance.
Any nonradioactive hazardous waste
component of the waste is subject to regulation
under the Resource Conservation and Recovery
Act.

Caldera:  A large crater formed by the collapse
of the central part of a volcano.

Cancer:  The name given to a group of diseases
characterized by uncontrolled cellular growth
with cells having invasive characteristics such
that the disease can transfer from one organ to
another.

Candidate species:  Plants and animals native
to the U.S. for which the U.S. Fish and Wildlife
Service or the National Marine Fisheries
Service has sufficient information on biological
vulnerability and threats to justify proposing to
add them to the threatened and endangered
species list, but cannot do so immediately
because other species have a higher priority for
listing. The U.S. Fish and Wildlife Service and
the National Marine Fisheries Service
determine the relative listing priority of
candidate taxa in accordance with general
listing priority guidelines published in the
Federal Register.

Canned subassemblies:  A component in
certain nuclear explosives that may contain
natural, depleted, or highly enriched uranium or
lithium.  The “secondary” in a nuclear weapon.

Capability:   The combination of equipment
facilities, infrastructure, and expertise require
to undertake types or groups of activities a
implement mission element assignments.

Cavate Pueblo:  Structure making use o
natural rock to form the sides of a sing
structure or group of buildings, frequently b
hollowing out the interior space.

Cesium:  A silver-white alkali metal.  A
radioactive isotope of cesium, cesium-137, is
common fission product.

Characteristic waste:  A solid waste defined as
hazardous because it exhibits one of t
following four characteristics:  ignitibility,
corrosivity, reactivity, or toxicity.

Cladding:  A metal coating bonded onto
another metal.

Climatology:  The characteristics of the
weather over a period of time.  The science 
climatology addresses the causes, distributio
and effects of weather on the environment a
humans. 

Code of Federal Regulations (CFR):  All
federal regulations in force are published 
codified form in the Code of Federa
Regulations.

Cold War period:  The historic period from
1949 to 1989, characterized by internation
tensions and nuclear armament buildu
especially between the U.S. and the U.S.S
The era began approximately at the end 
World War II when the Atomic Energy Act was
passed, establishing the Atomic Energ
Commission, and ended with the dissolution 
the U.S.S.R. into separate republics and t
ending of large-scale nuclear weapon
production in the U.S.

Collective dose:  The sum of the total effective
dose equivalent (TEDE) values of a
individuals in a specified population.  Collectiv
10–4
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dose is expressed in units of person-rem (or
person-sievert) (10 CFR 835).

Committed dose equivalent (CDE):  The dose
equivalent calculated to be received by a tissue
or organ over a 50-year period after the intake of
radionuclide into the body.  It does not include
contributions from external dose.  Committed
dose equivalent is expressed in units of rem (or
sievert) (10 CFR 835.2).

Committed effective dose equivalent
(CEDE):  The sum of the committed dose
equivalents to various tissues of the body, each
multiplied by the appropriate weighting factor.
Committed effective dose equivalent is
expressed in units of rem (or sievert) (10 CFR
835).

Community (biotic):   All plants and animals
occupying a specific area and their
relationships.

Conceptual design:  Efforts to develop a
project scope that will satisfy program needs;
ensure project feasibility and attainable
performance levels of the project for
congressional consideration; develop project
criteria and design parameters for all
engineering disciplines; and identify applicable
codes and standards, quality assurance
requirements, environmental studies,
construction materials, space allowances,
energy conservation features, health and safety,
safeguards, security requirements, and any other
features or requirements necessary to describe
the project.

Contact-handled waste:  Radioactive waste or
waste packages with an external dose rate low
enough to permit contact handling by humans
during normal waste management activities.
Contact-handled transuranic waste means
transuranic waste with a surface dose rate not
greater than 200 millirem per hour.

Container:  The metal envelope in a waste
package that provides the primary containment

function of the waste package and is designed
meet the containment requirements of 10 CF
60.

Contamination:  The deposition or discharge
of chemicals, radionuclides, or particula
matter above a given threshold, usual
associated with an effects level onto or in
environmental media, structures, areas, objec
personnel, or nonhuman organisms.

Cooperating agency:  As defined by the
Council on Environmental Quality regulation
for implementing NEPA, any federal agenc
other than a lead agency that has jurisdiction 
law of special expertise with respect to an
environmental impact involved in a proposal (
a reasonable alternative) for legislation or oth
major federal action.  A state or local agency 
similar qualifications or, when the effects are o
a reservation, an Indian tribe, may by agreem
with the lead agency become a cooperati
agency (40 CFR 1508.5).

Credible accident:  An accident that has a
probability of occurrence greater than or equ
to once in a million years.

Criteria of effect:  Regulations in 36 CFR Parts
800.5(a) and 800.9(b) and Section 106 of t
National Historic Preservation Act (16 U.S.C.
§470 et seq.) that provide guidelines for
determining the kind and intensity of effect to a
eligible cultural resource.

Criteria pollutant:  Six air pollutants for which
National Ambient Air Quality Standards ar
established by the U.S. Environment
Protection Agency:  sulfur dioxide, nitric
oxides, carbon monoxide, ozone, particula
matter-10 (smaller than 10 microns i
diameter), and lead.

Critical  habitat:   Habitat essential to the
conservation of an endangered or threaten
species that has been designated as critica
the U.S. Fish and Wildlife Service or th
National Marine Fisheries Service following th
10–5
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procedures outlined in the Endangered Species
Act and its implementing regulations (50 CFR
424).  The lists of critical habitats can be found
in 50 CFR 17.95 (fish and wildlife), 50 CFR
17.96 (plants), and 50 CFR 226 (marine
species).

Criticality event or accident:  The accidental
creation of an uncontrolled, self-sustaining
nuclear chain reaction, accompanied by highly
damaging external ionizing radiation.

Cultural resources:  Any prehistoric or historic
sites, buildings, structures, districts, or other
places or objects (including biota of
importance) considered to be important to a
culture, subculture, or community for scientific,
traditional, or religious purposes or for any other
reason.  In the SWEIS, prehistoric cultural
resources refer to any material remains and
items used or modified by people before the
establishment of a European presence in the
upper Rio Grande Valley in the early 17th

Century; historic cultural resources include all
material remains and any other physical
alteration of the landscape that has occurred
since the arrival of Europeans in the region.

Cultural resource site:  The specific place or
location of regular human occupation or use, as
indicated by one or more forms of physical
evidence.

Cultural resources survey:  Evaluating the
significance of the resources and their eligibility
for inclusion in the National Register of Historic
Places.

Cumulative impacts:  The impact on the
environment that results from the incremental
impact of the action when added to other past,
present, and reasonably foreseeable future
actions regardless of what agency (federal or
nonfederal), private industry, or individuals
undertake such other actions.  Cumulative
impacts can result from individually minor, but
collectively significant, actions taking place
over a period of time (40 CFR 1508.7).

Curie (Ci):   The conventional unit of activity in
a sample of radioactive material.  The curie 
equal to 37 billion disintegrations per secon
which is approximately the rate of decay o
1 gram of radium.  A curie also is a quantity o
any radionuclide that decays at a rate of 
billion disintegrations per second.

Decay (radioactive):  The decrease in the
amount of any radioactive material with th
passage of time, due to the spontaneo
transformation of an unstable nuclide into 
different nuclide or into a different energy sta
of the same nuclide; the emission of nucle
radiation (alpha, beta, or gamma radiation) 
part of the process.

Decibel (dB):  A unit of sound measurement.  I
general, a sound doubles in loudness for ev
increase of 10 decibels.

Decibel, A-weighted (dBa):  A unit of
weighted sound pressure level measured by 
use of a metering characteristic and the “A
weighting specified by the American Nationa
Standards Institute (S1.4-1971[R176]).

Decommissioning:  As used in this SWEIS, the
process of decontamination, disassembly, a
storage or disposal in a manner and state t
assures future exposure of humans and 
environment would be at acceptable levels.

Decontamination:  The removal or reduction
of radioactive or chemical contamination from
facilities, equipment, or soils by washing
heating, chemical or electrochemical actio
mechanical cleaning, or other techniques.

Depleted uranium (DU):  Uranium containing
less uranium-235 than the naturally occurrin
distribution of uranium isotopes.

Deposition:  In geology, the laying down of
potential rock-forming materials
(sedimentation).  In atmospheric sciences, t
collection and retention of airborne particulate
of gases on any solid or liquid surface (calle
10–6
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dry deposition), or their removal from the air by
precipitation (called wet deposition or
precipitation scavenging).

Derived concentration guide (DCG):  The
concentration of a radionuclide in air or water
that, under conditions of continuous exposure
for 1 year by one exposure mode (e.g., ingestion
of water, submersion in air, or inhalation of air),
would result in an effective dose equivalent
equal to the annual dose limit for that group
exposed.  For the public, this would be a dose of
100 millirem to a reference human who inhales
296,000 cubic feet (8,400 cubic meters) of air
and ingests 195 gallons (730 liters) of water in a
year.

Design basis accident:  An accident postulated
for the purpose of establishing functional and
performance requirements for safety structures,
systems, and components.

Design laboratory (or weapons laboratory):
DOE facilities involved in the design of nuclear
weapons.

Detailed operating procedure (DOP):
Approved and authorized procedures for
conducting a task.

Detriment:  Negative effects from exposure to
ionizing radiation.  Harmful effects on health
are called “health detriment.”

Deuterium:  A nonradioactive isotope of the
element hydrogen with one neutron and one
proton in the atomic nucleus.

Direct economic effects:  The initial increases
in output from different sectors of the economy
resulting from some new activity within a
predefined geographic region.

Direct effect multiplier:   The total change in
regional earnings and employment in all related
industries as a result of one-dollar changes in
earnings and an on-the-job change in a given
industry.

Dismantlement:  The process of taking apart 
nuclear weapon or nuclear weapon compone
This process takes place at LANL.

Dispersion:  The downwind spreading of a
plume by turbulence and meander in win
direction, resulting in a plume of lowe
concentration over a larger area.

Disposal:  The process of placing waste in 
final repository.

Disposal cell:  Trench for disposal of low-level
waste.

Disposition:  The ultimate fate or end use of 
surplus nuclear material or DOE facility
following the transfer of the facility to the
Office of the Assistant Secretary fo
Environmental Waste Management or th
Director of the Office of Fissile Materials
Disposition.

DOE orders:  DOE directives that promulgate
requirements and policies to DOE employe
and contractors, including requirements 
comply with other laws and regulations.

Dose (or radiation dose):  The amount  of
energy deposited in body tissue as a result
radiation exposure.  Various technical term
such as absorbed dose, collective dose, d
equivalent, and effective dose equivalent, a
used to evaluate the amount of radiation 
exposed person receives.  Each of these term
defined in this glossary.

Dose equivalent:  The product of absorbed dos
in rad (or gray) in tissue, a quality factor, an
other modifying factors.  Dose equivalent 
expressed in units of rem (or sievert) (1 rem
0.01 sievert) (10 CFR 835.2).

Dosimeter:  A device, instrument, or system
that measures radiation dose (e.g., film badge
ionization chamber).

Drawdown:  The height difference between th
natural water level in a formation and th
10–7
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reduced water level in the formation caused by
the withdrawal of groundwater.

Drinking-water standards:  The prescribed
level of constituents or characteristics in a
drinking water supply that cannot be exceeded
legally.

Ecology:  A branch of science dealing with the
interrelationships of living organisms with one
another and with their nonliving environment.

Ecosystem:  Living organisms and their
nonliving (abiotic) environment functioning
together as a community.

Ecotone:  Transition zone between two
adjacent distinct plant or animal communities.

Effective dose equivalent (EDE):  The
summation of the products of the dose
equivalent received by specified tissues or
organs of the body and the appropriate
weighting factor.  It includes the dose from
radiation sources internal and/or external to the
body.  The effective dose equivalent is
expressed in units of rem (or sievert) (10 CFR
835.2).

Effluent:   A waste stream flowing into the
atmosphere, surface water, groundwater, or soil.
Most frequently the term applies to wastes
discharged to surface waters.

Eligibility:  The criteria of significance in
American history, architecture, archeology,
engineering, and culture.  The criteria require
integrity and association with lives or events,
distinctiveness for any of a variety of reasons, or
importance because of information the property
does or could hold.

Eligible cultural resource:  A cultural resource
that has been evaluated and reviewed by an
agency and the State Historic Preservation
Office(r) and recommended as eligible for
inclusion in the National Register of Historic
Places, based on the criteria of significance.

Emission standards:  Legally enforceable
limits on the quantities and/or kinds of a
contaminants that can be emitted into th
atmosphere.

Endangered species:  Plants and animals tha
are threatened with extinction, seriou
depletion, or destruction of critical habita
Requirements for declaring a specie
endangered are contained in the Endangered
Species Act.

Enduring stockpile:  The U.S. nuclear
stockpile of the future, consisting of fewer tha
10 weapon systems (many of them older th
their design lifetime), with no new system
added to the stockpile for the foreseeable futu

Energetic material:  Generic term for high
explosives and propellants.

Enriched uranium:  A mixture of uranium
isotopes that has greater amounts of the isot
uranium-235 than occur naturally.  Naturall
occurring uranium is nominally 0.720 percen
uranium-235.

Environmental assessment (EA):  A written
environmental analysis that is prepared pursu
to the National Environmental Policy Act to
determine whether a major federal action cou
significantly affect the environment and thu
require preparation of an environmental impa
statement.  If the action would not significantl
affect the environment, then a Finding of N
Significant Impact is issued.

Environmental impact statement (EIS):  A
document required of federal agencies by t
National Environmental Policy Act for
proposals for legislation or major federa
actions significantly affecting the quality of th
human environment.  A tool for decision
making, it describes the positive and negati
environmental impacts of the proposed actio
and alternative actions.
10–8
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Environmental justice:  A requirement of
Executive Order 12898 for federal agencies to
identify and address, as appropriate,
disproportionately high and adverse human
health or environmental impacts of federal
programs, policies, and activities on minority
and low-income populations.

Environmental monitoring:  The process of
sampling and analysis of environmental media
in and around a facility being monitored for the
purpose of:  (1) confirming compliance with
performance objectives and (2) early detection
of any contamination entering the environment
to facilitate timely remedial action.

Environmental Restoration (ER) Program:
Program at LANL responsible for investigation
and remediation of solid waste management
units (SWMUs).

Ephemeral stream:  A stream that flows only
after a period of heavy precipitation.

Epicenter:  The point on the Earth’s surface
directly above the focus of an earthquake.

Epidemiology:  The science concerned with the
study of events that determine and influence the
frequency and distribution of disease, injury,
and other health-related events and their causes
in defined human populations.

Ethnographic:  Information about cultural
beliefs and practices.

Exposure limit:  The legal limit of accumulated
exposure (to ionizing radiation, nonionizing
radiation, noise, chemicals, or other hazardous
substances).

Exposure pathway:  The course a chemical or
physical agent takes from the source to the
exposed organism. An exposure pathway
describes a mechanism by which chemicals or
physical agents at or originating from a release
site reach an individual or population. Each
exposure pathway includes a source or release

from a source, an exposure route, and 
exposure point. If the exposure point diffe
from the source, a transport/exposure mediu
such as air or water also is included.

Fabrication:  For the purpose of the SWEIS
the terms “fabrication” and “manufacturing” ar
synonymous.  See “manufacturing.”

Fault:   A fracture or a zone of fractures withi
a rock formation along which vertical
horizontal, or transverse slippage has occurre

Finding of No Significant Impact (FONSI):
A document by a federal agency briefl
presenting the reasons why an action, n
otherwise excluded, will not have a significan
effect on the human environment and will n
require an environmental impact statement.

Fissile material:  Any material consisting of or
containing one or more fissile radionuclide
Fissile radionuclides are plutonium-238
plutonium-239, plutonium-241, uranium-233
uranium-235, or any combination of thes
radionuclides.  The definition does not apply 
unirradiated natural uranium and deplete
uranium, and natural uranium or deplete
uranium that has been irradiated in a therm
reactor (49 CFR 173.403).  DOE Order 5480
also includes curium-244 and neptunium-237
fissile materials.

Fission:  The splitting of a heavy atomic
nucleus into two nuclei of lighter elements
accompanied by the release of energy a
generally one or more neutrons.  Fission c
occur spontaneously or be induced by neutr
bombardment.

Fission products:  Nuclei formed by the fission
of heavy elements (primary fission products
also, the nuclei formed by the decay of th
primary fission products, many of which ar
radioactive.

Floodplains:  The lowlands and relatively flat
areas adjoining inland and coastal waters a
10–9
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the flood-prone areas of offshore islands.
Floodplains include, at a minimum, that area
with at least a 1.0 percent chance of being
inundated by a flood in any given year.

The “base floodplain” is defined as the area that
has a 1.0 percent or greater chance of being
flooded in any given year. Such a flood is
known as a 100-year flood.

The “critical action floodplain” is defined as the
area that has at least a 0.2 percent chance of
being flooded in any given year. Such a flood is
known as a 500-year flood. Any activity for
which even a slight chance of flooding would be
too great (e.g., the storage of highly volatile,
toxic, or water reactive materials) should not
occur in the critical action floodplain.

Formation:   In geology, the primary unit of
formal stratigraphic mapping or description.
Most formations possess certain distinctive
features.

Fugitive emissions:  Emissions to the
atmosphere from pumps, valves, flanges, seals,
and other process points not vented through a
stack.  Also includes emissions from area
sources such as ponds, lagoons, landfills, and
piles of stored material.

Fusion:  The combining of two light nuclei
(such as hydrogen isotopes or lithium) to form a
heavier nucleus. Fusion is accompanied by the
release of large amounts of energy.

Gamma radiation:  High-energy, short
wavelength, electromagnetic radiation emitted
from the nucleus of an atom during radioactive
decay.  Gamma radiation frequently
accompanies alpha and beta emissions and
always accompanies fission.  Gamma rays are
very penetrating and are best stopped or
shielded by dense materials, such as lead or
depleted uranium.  Gamma rays are similar to,
but are usually more energetic than, x-rays.

Genetic effects:  Changes in reproductive cell
that may result in abnormal offspring of human
or animals (National Council on Radiatio
Protection [NCRP] 105).

Geology:  The science that deals with the Eart
the materials, processes, environments, a
history of the planet, including the rocks an
their formation and structure.

Glovebox:  An airtight box used to work with
hazardous material, vented to a closed filteri
system, having attached gloves that go into t
box permitting work therein.

Groundwater:  Water found beneath the
Earth’s surface.

Half-life (radiological):  The time in which half
the atoms of a radioactive substance unde
radioactive decay; this varies for specif
radioisotopes from millionths of a second t
billions of years.

Hazard analysis:  The assessment of hazardo
situations potentially associated with a proce
or activity. It includes the identification of
material, system, process, and pla
characteristics that can produce undesira
consequences. A safety analysis report haz
analysis examines the complete spectrum 
potential accidents that could expose memb
of the public, on-site workers, facility workers
and the environment to hazardous materia
(See “Safety analysis report.”)

Hazard category:  Classification of nuclear
facilities and operations for the potential of on
site and off-site effects from accidents.  Th
criteria for distinguishing among hazar
categories are found in DOE Order 5480.2
Nuclear Safety Analysis Reports.

Hazard index (HI):  An indicator of the
potential toxicological hazard from exposure 
a particular substance; one such HI is the ratio
the estimated exposure to the estimated s
10–10
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exposure.  No toxicological effects would be
expected where the HI is less than 1.0.

Hazardous air pollutants (HAPs):  Air
pollutants not covered by ambient air quality
standards but that may present a threat of
adverse human health effects or adverse
environmental effects. Those specifically listed
in 40 CFR 61.01 are asbestos, benzene,
beryllium, coke oven emissions, inorganic
arsenic, mercury, radionuclides, and vinyl
chloride.  More broadly, HAPs are any of the
189 pollutants listed in or pursuant to
Section 112(b) of the Clean Air Act. Very
generally, HAPs are any air pollutants that may
realistically be expected to pose a threat to
human health or welfare.

Hazardous material:  A material, including a
hazardous substance, as defined by 49 CFR
171.8 that poses a risk to health, safety, and
property when transported or handled.

Hazardous waste:  A solid waste that, because
of its quantity, concentration, or physical
chemical or infectious characteristics, may
significantly contribute to an increase in
mortality; or may pose a potential hazard to
human health or the environment when
improperly treated, stored, or disposed.  The
Resource Conservation and Recovery Act of
1980 defines a “solid” waste as including solid,
liquid, semisolid, or contained gaseous material
(42 U.S.C. 6901 et seq.).  By definition,
hazardous waste has no radioactive
components.

Heredity effects:  Changes that are passed on to
succeeding generation of offspring.  See
“Genetic effects.”

High-efficiency particulate air (HEPA) filter:
A throwaway, extended media, dry-type filter
with a rigid casing enclosing the full depth of
the pleats.  The filter exhibits a minimum
efficiency of 99.97 percent when tested with an
aerosol of essentially monodispersed
0.3 micrometer diameter test aerosol particles.

High explosives (HE):  Any chemical
compound or mechanical mixture that, whe
subjected to heat, impact, friction, shock, 
other suitable initiation stimulus, undergoes
very rapid chemical change with the evolutio
of large volumes of highly heated gases th
exert pressure in the surrounding medium
Defined by 40 CFR 261.23 as any material th
exhibits the characteristic of reactivity.

High explosives fabrication:  The ability to
fabricate any chemical compound o
mechanical mixture that, when subjected 
heat, impact, fraction, friction, shock, or othe
suitable initiation stimulus, undergoes a ve
rapid chemical change with the evolution o
large volumes of highly heated gases that ex
pressures in the surrounding medium.

High-level waste (HLW):  The highly
radioactive waste that results from reprocess
spent nuclear fuel and irradiated targets fro
reactors and is liquid before it is treated an
solidified.  LANL has no HLW in its inventory.

Highly enriched uranium (HEU):   A mixture
of uranium isotopes in which the abundance 
the isotope uranium-235 is increased to 
percent or more by weight, well above norm
(naturally occurring) levels.

Historic context:  A planning unit that is based
on a shared theme, specific time period, a
geographical area.  Historical contexts a
developed for predicting the types of sites a
activities that may have taken place an
determining how the sites might fit into th
context.  The evaluation process using t
historic context to identify data deficits a
criteria for evaluation.

Historic district:  A significant concentration,
linkage, or continuity of sites, buildings
structures, or objects historically o
aesthetically united by plan or physica
development and eligible for inclusion in th
National Register of Historic Places because
cultural significance.
10–11
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Hydrodynamic test:  High-explosives
nonnuclear experiment to investigate
hydrodynamic aspects of primary function up to
mid to late stages of pit implosion.

Hydrodynamics:  The study of the motion of a
fluid and of the interactions of the fluid with its
boundaries, especially in the case of an
incompressible inviscid fluid.

Hydrology:   The science dealing with the
properties, distribution, and circulation of water
on and below the Earth’s surface and in the
atmosphere.

Implosion:  Sudden inward compression and
reduction in volume.

Incident-free risk:   The risk of effects during
normal conditions, not including the additional
risk posed by incidents and accidents.

Index:  A selected recent data set that is
considered representative of current conditions
and serves as a baseline for projecting future
changes.

Indirect economic effects:  Indirect effects
result from the need to supply industries
experiencing direct economic effects with
additional outputs to allow them to increase
their production.  The additional output from
each directly affected industry requires inputs
from other industries within a region (i.e.,
purchases of goods and services).  This results
in a multiplier effect to show the change in total
economic activity resulting from a new activity
in a region.

Inertial confinement fusion (ICF):   A laser-
initiated nuclear fusion using the inertial
properties of the reactants as a confinement
mechanism.

Infrastructure:   The basic services, facilities
and equipment needed for the functioning and
growth of an area.

Interim (permit) status:   Period during which
treatment, storage, and disposal facilitie
coming under the Resource Conservation and
Recovery Act of 1980 are temporarily permitted
to operate while awaiting denial or issuance o
permanent permit.

Intersite:  Transportation or other activities
involving other sites.

Intrasite:   Transportation or activities
occurring solely within the boundaries of 
facility.

Ion:   An atom or molecule that has gained 
lost one or more electrons to become electrica
charged.

Ion exchange:  A unit physiochemical process
that removes ions, including radionuclide
from liquid streams (usually water) for th
purpose of purification or decontamination.

Ionizing radiation:   Radiation with sufficient
energy to displace electrons from atoms 
molecules, thereby producing ions.

Isolated find:  A single artifact with no
verifiable association with other cultura
resources or other elements that would enla
the historic information it contains.

Isotope:  Nuclei of the same element with
different numbers of neutrons are isotopes of t
element.  Isotopes have the same chemi
properties but may have different radioactiv
properties.

Joint test assembly:  A nonnuclear test
configuration, with diagnostic instrumentation
of a warhead or bomb.

Key facility:   Certain LANL facilities that were
selected for special attention in the SWEI
Selection criteria for key facilities are discusse
in volume I, section 2.2.2 of the SWEIS.

Kiva:  In this SWEIS, one of the
remote-controlled critical assembly building
10–12
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associated with the Los Alamos Critical
Experiment Facility (LACEF).

Laser:  A device that produces a beam of
monochromatic (single-color) “light” in which
the waves of light are all in phase.  This
condition creates a beam that has relatively little
scattering and has a high concentration of
energy per unit area.

Latent cancer fatality (LCF):  Death from
cancer resulting from, and occurring some years
after, exposure to excess ionizing radiation or
other carcinogens.

Limiting condition for operation (LCO):   The
lowest functional capability or performance
levels of safety-related structures, systems,
components, and their support systems required
for normal, safe operation of the facility. 

Lithic scatter:  Concentrations of stones
showing evidence of human manufacturing of
stone tools, including finished artifacts, roughly
formed artifacts, the cores of stone from which
they were made, and the waste flakes from the
tool manufacturing process.

Low-income population:   Community in
which 25 percent or more of the population is
characterized as living in poverty.  The SWEIS
uses the U.S. Bureau of the Census 1990 data to
establish poverty thresholds; the 1990 poverty
threshold for unrelated individuals was a 1989
income of $6,451 for those under age 65; $5,947
for those age 65 and older; and $12,674 for a
family of four.

Low-level radioactive mixed waste (LLMW):
Waste that contains both hazardous and low-
level radioactive components.  The hazardous
component in LLMW is subject to regulation
under the Resource Conservation and Recovery
Act of 1980.

Low-level radioactive waste (LLW):  All
radioactive waste that is not classified as high-
level waste, transuranic waste, spent nuclear

fuel, or “11e(2) by-product material” as define
by DOE Order 5820.2A, Radioactive Waste
Management.  Byproduct material includes the
tailings or waste produced by the extraction 
concentration of uranium or thorium from an
ore processed primarily for its source mater
content.  Test specimens of fissionable mater
irradiated for research and development on
and not for the production of power o
plutonium, may be classified as LLW, provide
the concentration of transuranic waste is le
than 100 nanocuries per gram.  

Manufacturing:   For the purpose of the
SWEIS, the terms “fabrication” and
“manufacturing” are synonymous.  LANL ha
an existing capability to fabricate o
manufacture plutonium parts.  That is, th
equipment, knowledge, supportin
infrastructure, and administration procedur
and controls exist at LANL to create plutonium
metallic shapes to precise specifications.  Th
capability is currently used in support o
existing missions for research and developme
and to build prototypes of parts.

Maximally exposed individual (MEI):   A
hypothetical person whose location and hab
result in the highest concentration or exposu
and who takes no protective actions to lessen
or her exposure.

Maximum contaminant level (MCL):  The
MCL is the maximum permissible level of 
contaminant in water that is delivered to an
user of a public water system, as measur
within the system or at entry points, dependin
upon the contaminant (40 CFR 141).

Megawatt (MW):   A unit of power equal to 1
million watts.  Megawatt thermal is commonl
used to define heat produced, while megaw
electric defines electricity produced.

Meteorology:  The science dealing with the
atmosphere and its phenomena, especially
relating to weather.
10–13
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Migration:   The natural movement of a
material through the air, soil, or groundwater;
also, seasonal movement of animals from one
area to another.

Migratory Bird Treaty Act:  This act states that
it is unlawful to pursue, take, attempt to take,
capture, possess, or kill any migratory bird, or
any part, nest, or egg of any such bird other than
permitted activities.

Minority population:   Area where minority
individuals comprise 25 percent or more of the
population.  Minority refers to people who
classified themselves in the 1990 U.S. Census as
African Americans, Asian or Pacific Islanders,
American Indians, Hispanics of any race or
origin, or other non-White races.

Mitigation:  The alleviation of adverse impacts
on resources by avoidance, by limiting the
degree or magnitude of an action, by repair or
restoration, by preservation and maintenance
that reduces or eliminates the impact, or by
replacing or providing substitute resources or
environments.

Mixed oxide (MOX):  A physical blend of
uranium oxide and plutonium oxide that can be
used as fuel in a nuclear reactor.

Mixed waste:  See low-level radioactive mixed
waste.

National Ambient Air Quality Standards
(NAAQS):  Air quality standards established by
the Clean Air Act, as amended.  The primary
NAAQS are intended to protect the public
health with an adequate margin of safety, and
the secondary NAAQS are intended to protect
the public welfare from any known or
anticipated adverse effects of a pollutant.

National Emission Standards for Hazardous
Air Pollutants (NESHAP):   A set of national
emission standards for listed hazardous
pollutants emitted from specific classes or
categories of new and existing sources.  These

standards were implemented in the Clean Air
Act Amendments of 1977.

National Environmental Research Park
(NERP):  An outdoor laboratory set aside fo
ecological research to study the environmen
impacts of energy developments.  NERPs we
established by DOE to provide protected lan
areas for research and education in t
environmental sciences and to demonstrate 
environmental compatibility of energy
technology development and use.

National Pollutant Discharge Elimination
System (NPDES):  Federal permitting system
required for hazardous effluents regulate
through the Clean Water Act, as amended.

National Pollutant Discharge Elimination
System Permit:  Federal regulation (40 CFR
Parts 122 and 125) requires permits for t
discharge of pollutants from any point sourc
into the waters of the U.S. regulated through t
Clean Water Act, as amended.

National Register of Historic Places (NRHP):
A list of districts, sites, buildings, structures
and objects of prehistoric or historic local, stat
or national significance maintained by th
Secretary of the Interior.  The list is expanded
authorized by Section 2(b) of the Historic Sites
Act of 1935 (16 U.S.C. §462) and Section
101(a)(1)(A) of the National Historic
Preservation Act of 1966, as amended.

Native American:  A tribe, people, or culture
that is indigenous to the U.S.  Also referred to 
American Indians.

Natural phenomena accidents:  Accidents that
are initiated by events such as earthquak
tornadoes, floods, etc.

Neutron:  An uncharged elementary particl
with a mass slightly greater than that of th
proton, found in the nucleus of every ato
heavier than hydrogen-1.  A free neutron 
10–14
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unstable and decays with a half-life of about
13 minutes into an electron and a proton.

Neutron flux:   The product of neutron number
density and velocity (energy) giving an apparent
number of neutrons flowing through a unit area
per unit time.

Noise:  Unwanted or undesirable sound, usually
characterized as being so loud as to interfere
with, or be inappropriate to, normal activities
such as communication, sleep, study, or
recreation.  

Noncriteria pollutant:   A pollutant with an
effects screening level guideline.  Some
noncriteria pollutants have a state standard as
well.

Nonattainment area:  An air quality control
region (or portion thereof) in which the U.S.
Environmental Protection Agency has
determined that ambient air concentrations
exceed National Ambient Air Quality Standards
for one or more criteria pollutants.

Nondestructive evaluation:  Test method that
does not involve damage to or destruction of the
test sample; this includes the use of ultrasonics,
radiography, magnetic flux, and other
techniques.

Nonnuclear component:  Any one of the parts
of a nuclear weapon that do not contain
radioactive or fissile material.

Nonnuclear fabrication:  Ability to fabricate
nonnuclear components and perform
nonnuclear component surveillance.

Nonproliferation:   Preventing the spread of
nuclear weapons, nuclear weapon materials, and
nuclear weapon technology.

Nonproliferation Treaty:   A treaty with the
aim of controlling the spread of nuclear
weapons technologies, limiting the number of
nuclear weapons states, and pursuing, in good
faith, effective measures relating to the

cessation of the nuclear arms race.  The tre
does not invoke stockpile reductions by nucle
states, and it does not address actions of nuc
states in maintaining their stockpiles.

Nuclear component:  A part of a nuclear
weapon that contains fissionable or fusionab
material.

Nuclear facility:   A facility with operations that
involve radioactive materials in such form an
quantity that a nuclear hazard potentially exis
to the employees or the general public.  Includ
are facilities that:  produce, process, or sto
radioactive liquid or solid waste, fissionabl
materials, or tritium; conduct separation
operations; or conduct irradiated materia
inspection, fuel fabrication, decontamination, 
recovery operations.  Incidental use o
radioactive materials in a facility operatio
(e.g., check sources, radioactive sources, and
ray machines) does not necessarily require
facility to be included in this definition.

Nuclear warhead:  A warhead that contains
fissionable and fusionable material; the nucle
assembly and nonnuclear components packa
as a deliverable weapon.

Nuclear weapons complex:  The set of
interrelated federal sites and governmen
owned/contractor-operated facilities supportin
the research, development, desig
manufacture, testing, and maintenance of t
nation’s nuclear weapons and the subsequ
dismantlement of retired weapons.

Off site (also off-site):  As used in the SWEIS,
the term denotes a location, facility, or activit
occurring outside of the boundary of the enti
LANL site.

On site (also on-site):  As used in the SWEIS,
the term denotes a location or activity occurrin
somewhere within the boundary of the LAN
site.
10–15
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Operable unit (OU):  A discrete action that
comprises an incremental step toward
comprehensively addressing site problems.
This discrete portion of a remedial response
manages migration or eliminates or mitigates a
release, threat of release, or pathway of
exposure.  The cleanup of a site can be divided
into a number of operable units.

Outfall:  The discharge point of a drain, sewer,
or pipe as it empties into a body of water.

Packaging:  The assembly of components
necessary to ensure compliance with federal
transportation regulations.  It may consist of one
or more receptacles, absorbent materials,
spacing structures, thermal insulation, radiation
shielding, and devices for cooling or absorbing
mechanical shocks.  The vehicle tie-down
system and auxiliary equipment may be
designated as part of the packaging.

Paleontology:  A science dealing with life of
past geological periods as known from fossil
remains.

Paleontological resources:  Fossils including
those of microbial, plant, or animal origin.

Particulate matter (PM), PM10, PM2.5:  Any
finely divided solid or liquid material other than
uncombined (i.e., pure) water.  A subscript
denotes the upper limit of the diameter of
particles included. Thus, PM10 includes only
those particles equal to or less than
10 micrometers (0.0004 inch) in diameter;
PM2.5 includes only those particles equal to or
less than 2.5 micrometers (0.0001 inch) in
diameter.

Perched aquifer:  Groundwater separated from
the underlying main body of groundwater, or
aquifer, by unsaturated rock.

Perched groundwater:  A body of
groundwater of small lateral dimensions lying
above a more extensive aquifer.

Performance assessment (PA):  An analysis
that predicts the behavior of a system or syst
component under a given set of conditions. 
the context of “waste management activities,” a
systematic analysis of the potential risks pos
by waste management systems to the public a
environment, and a comparison of those risks
established performance objectives.

Permeability:  The degree to which, or rate a
which a fluid or gas can pass through 
substance.

Perennial:  Acting or lasting throughout the
year or through many years (perpetual).

Person-rem:  A redundancy meaning a dose o
1 rem.  When used with a collective dose 
population dose, it is a unit for expressing th
dose when integrated across all people in 
population.

Physical setting:  The land and water form
vegetation, and structures that compose 
landscape.

Pit:   An assembly at the center of a nucle
device containing a subcritical mass o
fissionable material.

Plume:  The elongated pattern of contaminate
air or water originating at a point source, such
a smokestack or a hazardous waste disposal 

Plutonium:   A heavy, radioactive, metallic
element with the atomic number 94.  It 
produced artificially in a reactor by
bombardment of uranium with neutrons and 
used in the production of nuclear weapons.

Pollution prevention:  Involves recycling or
reduction of any hazardous substance, polluta
or contaminate before generation, along wi
practices that protect natural resources throu
conservation or more efficient use.

Population dose:  See “collective dose.”

Potable:  Suitable for drinking.
10–16
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Pounds per square inch (psi):  A measure of
pressure.  Atmospheric pressure is about
14.7 psi.

Prehistoric:  Of, relating to, or existing in times
antedating written history.  In this SWEIS,
prehistoric cultural resources refer to any
material remains and items used or modified by
people before the establishment of a European
presence in the upper Rio Grande Valley in the
early 17th Century.

Production:  Fabrication or manufacturing of a
relatively large quantity of items (as compared
to the research and development and prototype
capability).  Production usually implies an effort
to optimize material flows and improve
efficiency and yield as well as the reliability of
both the product and the process.

Programmatic environmental impact
statement (PEIS):  A broad-scope EIS
prepared in accordance with the requirements of
102(2)(C) of NEPA that analyzes the
environmental impacts of proposed federal
policies or programs that involve multiple
decisions potentially affecting the environment
at one or more sites.

Project-specific environmental impact
statement:  An EIS prepared in accordance
with the requirements of 102(2)(C) of NEPA
that evaluates the environmental impacts of a
single proposed action.  See “Environmental
impact statement.”

Protected area:  An area encompassed by
physical barriers, subject to access controls,
surrounding material access areas, and meeting
the standards of DOE Order 5632.1C,
Protection and Control of Safeguards and
Security Interests.

Pueblo:  The communal dwelling of an Indian
village of Arizona, New Mexico, or adjacent
areas consisting of contiguous flat-roofed stone
or adobe houses in groups, sometimes several
stories high; an Indian village of the

southwestern U.S.; a member of a group 
Indian peoples of the southwestern U.S.

Rad:  See “Radiation absorbed dose.”

Radiation:  As used in the SWEIS, mean
ionizing radiation.  The emitted particles o
photons from the nuclei of radioactive atoms.

Radiation absorbed dose (rad):  The basic unit
of absorbed dose equal to the absorption 
0.01 joule per kilogram of absorbing material

Radioactive:  The state of emitting radiation
energy in forms of waves (rays) or particles.

Radioactive waste:  Materials from nuclear
operations that are radioactive or a
contaminated with radioactive materials, an
for which use, reuse, or recovery ar
impractical.

Radioactivity:   The spontaneous decay o
disintegration of unstable atomic nucle
accompanied by the emission of radiation.

Radioisotopes:  See “Isotope.”

Radionuclide: Any radioactive element. 

Radon:  A heavy gaseous, radioactive eleme
with a half life of about 4 days from the decay 
radium.

RADTRAN:   A computer code combining
user-determined meteorological, demograph
transportation, packaging, and material facto
with health physics data to calculate th
expected radiological consequences a
accident risk of transporting radioactiv
material.

Raptor:   Birds of prey including various types
of hawks, falcons, eagles, vultures, and owls.

Recharge:  Replenishment of water to an
aquifer.
10–17
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Record of Decision (ROD):  A document
prepared in accordance with the requirements of
40 CFR 1505.2 that provides a concise public
record of DOE’s decision on a proposed action
for which an EIS was prepared.  A ROD
identifies the alternatives considered in reaching
the decision, the environmentally preferable
alternative(s), factors balanced by DOE in
making the decision, whether all practicable
means to avoid or minimize environmental
harm have been adopted, and if not, why they
were not.

Region of influence (ROI):  Region in which
the principal direct and indirect socioeconomic
effects of actions are likely to occur and are
expected to be of consequence for local
jurisdictions.

Reliability:   The ability of a nuclear weapon,
weapon system, or weapon component to
perform its required function under stated
conditions for a specified period of time
(essentially equivalent to performance).

Rem (roentgen equivalent man):  The
conventional unit or radiation dose equivalent.
A unit of individual dose of absorbed ionizing
radiation used to measure the effect on human
tissue.  The dosage of an ionizing radiation that
will cause the same biological effect as one
roentgen of x-ray or gamma-ray exposure.

Remediation:  The decontamination of
facilities or sites to an acceptable level of
contamination suitable for general or specified
use.

Remote-handled waste:  In general, refers to
radioactive waste that must be handled at a
distance to protect workers from unnecessary
exposure.  “Remote-handled transuranic waste”
means transuranic waste with a dose rate of
200 millirem per hour or more at the surface of
the waste package.

Risk:  A quantitative or qualitative expression
of possible loss that considers both the

probability that a hazard will cause harm and t
consequences of that event.

Risk assessment (chemical or radiological):
The qualitative and quantitative evaluatio
performed in an effort to define the risk posed
human health and/or the environment by t
presence or potential presence and/or use
specific chemical or radiological materials.

Roentgen:  A unit of exposure to ionizing x-ray
or gamma radiation equal to 2.58 x 10-4

coulomb per kilogram.  (A coulomb is a unit o
electrical charge.)  A roentgen is approximate
equal to 1 rad.

Roentgen Equivalent Man (rem):  See “Rem.”

Runoff:   The portion of rainfall, melted snow
or irrigation water that flows across the groun
surface and may eventually enter streams.

Safety analysis report (SAR):  A safety
document providing a concise but comple
description and safety evaluation of a sit
design, normal and emergency operatio
potential accidents, predicted consequences
such accidents, and the means proposed
prevent such accidents or mitigate the
consequences.  A safety analysis report 
designated as final when it is based on fin
design information; otherwise, it is designate
as preliminary. 

Safe secure transport (SST):  A specially
designed trailer, used for transporting nucle
weapons or nuclear weapon components.

Safeguards and security:  Program or actions
with the express goal of elimination o
minimizing the likelihood of unauthorized
access to or loss of custody of a nuclear weap
or weapon system, nuclear materials, 
sensitive or classified information.

Sanitary wastes:  Liquid or solid (includes
sludge) wastes that are not hazardous 
radioactive and that are generated by industr
10–18
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commercial, mining, or agricultural operations
or from community activities.

Scope:  In a document prepared pursuant to the
National Environmental Policy Act of 1969, the
range of actions, alternatives, and impacts to be
considered.

Scoping:  Involves the solicitation of comments
from interested people, groups, and agencies at
public meetings, public workshops, in writing,
electronically, or via fax to assist DOE in
defining the proposed action, identifying
alternatives, and developing preliminary issues
to be addressed in an environmental impact
statement.

Secondary (assembly):  The component of a
nuclear weapon that contains elements needed
to initiate the fusion reaction in a thermonuclear
reaction.

Section 106 process:  A National Historic
Preservation Act (16 U.S.C. §470 et seq.)
review process used to identify, evaluate, and
protect cultural resources eligible for
nomination to the National Register of Historic
Places that may be affected by federal actions or
undertakings.

Sedimentation:  The settling out of soil and
mineral solids from suspensions under the force
of gravity.

Seismic:  Pertaining to any earth vibration,
especially an earthquake.

Seismic zone:  Geographic region that is
assumed to possess uniform earthquake
potential throughout.

Seismicity:  Occurrence of earthquakes in space
and time.

Setting:  The physical environment of a
property.

Severe accident:  An accident with a frequency
rate of less then 10-6 per year that would have

more severe consequences than a design-b
accident, in terms of damage to the facility, of
site consequences, or both.

Sewage:  The total of organic waste an
wastewater generated by an industri
establishment or a community. 

Shielding:  A material placed between a
radiation source and a receptor that absorbs 
radiation, thus reducing the exposure to t
receptor.

Short-lived nuclides:  Radioactive isotopes
with half-lives no greater than about 30 yea
(e.g., cesium-137 and strontium-90).

Site-wide environmental impact statement
(SWEIS):  A type of programmatic EIS tha
analyzes the environmental impacts of all 
selected functions at a DOE site.  As part of 
regulations for implementation of NEPA, DOE
prepares site-wide EISs for certain larg
multiple-facility DOE sites; it may prepare EIS
or EAs for other sites to assess the impacts of
or selected functions at those sites (10 CF
1021.330 [c]).

Socioeconomics:  The social and economic
condition in the study area.

Solid waste management unit (SWMU):  Any
unit from which hazardous constituents ma
migrate, as defined by the Resource
Conservation and Recovery Act.  A designated
area that is or is suspected to be the source 
release of hazardous material into th
environment that will require investigation and
or corrective action.

Source material:  In general, material from
which special nuclear material can be derive
Under the Atomic Energy Act and U.S. Nuclear
Regulatory Commission regulations, “sourc
material” means uranium and thorium in an
physical or chemical form, as well as ores th
contain 1/20 of 1 percent (0.05 percent) or mo
by weight of uranium or thorium.
10–19
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Source term:  The quantity of material released
and parameters such as exhaust temperature that
determine the downwind concentration, given a
specific meteorological dispersion condition.

Special nuclear material (SNM):  As defined
in Section 11 of the Atomic Energy Act of 1954,
special nuclear material means (1) plutonium,
uranium enriched in the isotope 233 or in the
isotope 235, and any other material that the U.S.
Nuclear Regulatory Commission determines to
be special nuclear material or (2) any material
artificially enriched by any of the foregoing.

Species of concern:  Includes species that are
considered to be potential candidates for
addition to the List of Endangered Species
(50 CFR 17) by the federal agency responsible
for Endangered Species Act compliance
oversight, the U.S. Fish and Wildlife Service.
These are primarily species for which there is
insufficient information on biological
vulnerability and threat to warrant legal
protection.

Stabilization:  Actions taken to further confine
or reduce the hazards associated with residues
as necessary for safe management and
responsible storage.

START I and II:   Strategic Arms Reduction
Talks (also Treaty) (START) refer to
negotiations between the U.S. and the U.S.S.R.
(the former Soviet Union during START I
negotiations) aimed at limiting and reducing
nuclear arms.  START I discussions began in
1982 and eventually led to a ratified treaty in
1988.  START II discussions, which are now in
progress, will attempt to further reduce the
acceptable levels of nuclear weapons ratified in
START I.

State Historic Preservation Office(r)
(SHPO):  A position in each U.S. state that
coordinates state participation in the
implementation of the National Historic
Preservation Act (16 U.S.C. §470 et seq.).  The
SHPO is a key participant in the Section 106

process, assisting in the steps of identification
eligible resources, evaluating effects o
undertakings, and developing mitigatio
measures or management plans to reduce 
adverse effects to eligible cultural resources.

Stockpile management:  Operations associated
with producing, maintaining, refurbishing
surveilling, and dismantling the nuclea
weapons stockpile.

Stockpile stewardship:  Activities associated
with research, design, development, and test
of nuclear weapons and the assessment 
certification of their safety and reliability.

Stockpile surveillance:  Routine and periodic
examination, evaluation, and testing o
stockpile weapons and weapon components
ensure that they conform to performanc
specifications and to identify and evaluate t
effect of unexpected or age-relate
requirements.

Strike:   The direction or trend that a structura
surface (e.g., a bedding or fault plane) takes a
intersects the horizontal.

Surface water:  Water on the Earth’s surface
as distinguished from water in the groun
(groundwater).

Technical safety requirements (TSRs):  Those
requirements that define the conditions, the s
boundaries, and the management 
administrative controls necessary to ensure 
safe operation of a nuclear facility and to redu
the potential risk to the public and facility
workers from uncontrolled releases o
radioactive materials or from radiation
exposures due to inadvertent criticality.  TSR
consist of safety limits, operating limits
surveillance requirements, administrativ
controls, use and application instructions, a
the basis thereof.  TSRs were formerly known
“operational safety requirements” fo
nonreactor nuclear facilities and “technica
specifications” for reactor facilities.
10–20
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Threatened and endangered (T&E) species:
Animals, birds, fish, plants, or other living
organisms threatened with extinction by human-
produced or natural changes in their
environment.  Requirements for declaring
species threatened or endangered are contained
in the Endangered Species Act of 1973.

Total effective dose equivalent (TEDE):  The
sum of the effective dose equivalent from
external exposures and the committed effective
dose equivalent from internal exposures
(10 CFR 835).

Toxic waste:  Individual chemical wastes
(liquid or solid), such as polychlorinated
biphenyls or asbestos, that are regulated by the
Toxic Substances Control Act.

Transuranic (TRU) waste:  Waste, without
regard to source or form, that is contaminated
with alpha-emitting radionuclides of atomic
number greater than 92 (uranium) and with half-
lives greater than 20 years in concentrations
greater than 100 nanocuries per gram.

Traditional cultural property (TCP):  A
significant place or object associated with
historical and cultural practices or beliefs of a
living community that is rooted in that
community’s history and is important in
maintaining the continuing cultural identity of
the community.

Tritium:   A radioactive isotope of the element
hydrogen with two neutrons and one proton.
Common symbols for the isotope are H–3 and
T.

Unreviewed safety question:  A proposed
change, test, or experiment is considered to
involve an unreviewed safety question if:
(1) the probability of occurrence or the
consequences of an accident or malfunction of
equipment important to safety evaluated
previously by safety analyses will be
significantly increased or (2) a possibility for an
accident or malfunction of a different type than

any evaluated previously by safety analyses w
be created that will result in significant safe
consequences.

Uranium:   A heavy, silvery-white metallic
element (atomic number 92) with man
radioactive isotopes.  Uranium-235 is mo
commonly used as a fuel for nuclear fissio
Another isotope, uranium-238, can b
transformed into fissionable plutonium-239 b
its capture of a neutron in a nuclear reactor.

Volatile organic compounds (VOCs):  A
broad range of organic compounds, ofte
halogenated, that vaporize at ambient 
relatively low temperatures, such as benze
chloroform, and methyl alcohol.

War reserve:  Operational weapons and
materials designated as essential for natio
security needs.

Waste acceptance criteria (WAC):
Requirements established by treatment, stora
and disposal facilities for the acceptance 
waste into a facility.

Waste characterization:  The identification of
waste composition and properties by reviewin
process knowledge, nondestructiv
examination, nondestructive assay, or sampli
and analysis. Characterization provides t
basis for determining appropriate storag
treatment, handling, transportation, and dispo
requirements.

Waste generator:  For the purpose of the
SWEIS, any individual or group of individuals
who generate radioactive, mixed, hazardous,
other types of wastes at LANL.

Waste Isolation Pilot Plant (WIPP):  A DOE
facility designed and authorized to permanen
dispose of transuranic radioactive waste in
mined underground facility in deep geologic sa
beds. It is located in southeastern New Mexic
26 miles (42 kilometers) east of the City o
Carlsbad.
10–21
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Waste management:  The planning,
coordination, and direction of those functions
related to generation, handling, treatment,
storage, transportation, and disposal of waste, as
well as associated pollution prevention,
surveillance, and maintenance activities.

Waste minimization:  Actions that
economically avoid or reduce the generation of
waste by source reduction, by reducing the
toxicity of hazardous waste, by improving
energy usage, or by recycling.

Watershed:  For the purposes of the SWEIS, a
watershed was defined as that region
contributing water to major identified stream
channels, which ultimately become tributaries
or drain into tributaries to an 11-mile
(18-kilometer) segment of the Rio Grande
between Otowi Bridge and Frijoles Canyon.

Weapon component:  An item in a nuclear
weapon that can be either an assembly or
individual subset of an assembly.  The word
“component” can be used interchangeably with
“part” or “subassembly.”

Weapons laboratories:  Colloquial term for the
three DOE national laboratories—Los Alamos,

Lawrence Livermore, and Sandia—that a
responsible for the design, development, a
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Weapon system:  Collective term for the
nuclear assembly and nonnuclear componen
subsystems, and systems that compose a nuc
weapon.
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concentrations, saturated or inundated s
during some portion of the year, and pla
species tolerant of such conditions.

Whole-body dose:  Dose resulting from the
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Wind rose:  A depiction of wind speed and
direction frequency for a given period of time.
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having a wavelength much shorter than that 
visible light. X-rays are identical to gamm
rays, but originate outside the nucleus, eith
when the inner orbital electrons of an excite
atom return to their normal state or when a me
target is bombarded with high-speed electron
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THE LOS ALAMOS NATIONAL LABORATORY SITE-WIDE 
ENVIRONMENTAL IMPACT STATEMENT PROCESS

The United States Department of Energy (DOE) has a policy (10 Code of Federal Regulations [CFR]
1021.330) of preparing a Site-Wide Environmental Impact Statement (SWEIS) for certain large,
multiple-facility sites, such as the Los Alamos National Laboratory (LANL).  The purpose of a SWEIS
is to provide DOE and its stakeholders with an analysis of the environmental impacts resulting from
ongoing and reasonably foreseeable new operations and facilities and reasonable alternatives at the
DOE site.  The SWEIS analyzes four alternatives for the continued operation of LANL to identify the
potential effects that each alternative could have on the human environment.

The SWEIS Advance Notice of Intent, published in the Federal Register (FR) on August 10, 1994 (59
FR 40889), identified possible issues and alternatives to be analyzed.  Based on public input received
during prescoping, DOE published the Notice of Intent to prepare the SWEIS in the Federal Register
on May 12, 1995 (60 FR 25697).  DOE held a series of public meetings during prescoping and scoping
to provide opportunities for stakeholders to identify the issues, environmental concerns, and
alternatives that should be analyzed in the SWEIS.  An Implementation Plan1 was published in
November 1995 to summarize the results of scoping, describe the scope of the SWEIS based on the
scoping process, and present an outline for the draft SWEIS.  The Implementation Plan also included
a discussion of the issues reflected in public comments during scoping.

In addition to the required meetings and documents described above, the SWEIS process has included
a number of other activities intended to enhance public participation in this effort.  These activities
have included:

• Workshops to develop the Greener Alternative described and analyzed in the SWEIS.
• Meetings with and briefings to representatives of federal, state, tribal, and local governments 

during prescoping, scoping, and preparation of the draft SWEIS.
• Preparation and submission to the Los Alamos Community Outreach Center of information 

requested by members of the public related to LANL operations and proposed projects.
• Numerous Open Forum public meetings in the communities around LANL to discuss LANL 

activities, the status of the SWEIS, and other issues raised by the public.

The draft SWEIS was distributed to interested stakeholders for comment.  The comment period
extended from May 15, 1998, to July 15, 1998.  Public hearings on the draft SWEIS were announced
in the Federal Register, as well as community newspapers and radio broadcasts.  Public hearings were
held in Los Alamos, Santa Fe, and Española, New Mexico, on June 9, 1998, June 10, 1998, and June
24, 1998, respectively.

Oral and written comments were accepted during the 60-day comment period for the draft SWEIS.  All
comments received, whether orally or in writing, were considered in preparation of the final SWEIS.
The final SWEIS includes a new volume IV with responses to individual comments and a discussion
of general major issues.  DOE will prepare a Record of Decision no sooner than 30 days after the final
SWEIS Notice of Availability is published in the Federal Register.  The Record of Decision will
describe the rationale used for  DOE’s selection of an alternative or portions of the alternatives.
Following the issuance of the Record of Decision, a Mitigation Action Plan may also be issued to
describe any mitigation measures that DOE commits to in concert with its decision.

1. DOE National Environmental Policy Act regulations (10 CFR 1021) previously required that an implementation 
plan be prepared; a regulation change (61 FR 64604) deleted this requirement.  An implementation plan was prepared for 
this SWEIS.



COVER SHEET

Responsible Agency:  U.S. Department of Energy (DOE)

Cooperating Agency:  Incorporated County of Los Alamos

Title: Site-Wide Environmental Impact Statement for the Continued Operation of the 
Los Alamos National Laboratory, Los Alamos, New Mexico (DOE/EIS-0238)

Contact: For further information concerning this Site-Wide Environmental Impact Statement 
(SWEIS), contact:

Corey Cruz, Project Manager
U.S. DOE, Albuquerque Operations Office
P.O. Box 5400, Albuquerque, NM  87185

Telephone:  505–845–4282    Fax: 505–845–6392

For general information on DOE’s National Environmental Policy Act (NEPA) process, contact:

Carol Borgstrom, Director
Office of NEPA Policy and Assistance (EH–42)

U.S. DOE, 1000 Independence Avenue, SW, Washington, DC  20585
Telephone:  202–586–4600 or leave a message at 1–800–472–2756

Abstract:  DOE proposes to continue operating the Los Alamos National Laboratory (LANL) located in
Los Alamos County, in north-central New Mexico.  DOE has identified and assessed four alternatives for
the operation of LANL:  (1) No Action, (2) Expanded Operations, (3) Reduced Operations, and (4)
Greener.  Expanded Operations is DOE’s Preferred Alternative, with the exception that DOE would only
implement pit manufacturing at a level of 20 pits per year.  In the No Action Alternative, DOE would
continue the historical mission support activities LANL has conducted at planned operational levels.  In the
Expanded Operations Alternative, DOE would operate LANL at the highest levels of activity currently
foreseeable, including full implementation of the mission assignments from recent programmatic
documents.  Under the Reduced Operations Alternative, DOE would operate LANL at the minimum levels
of activity necessary to maintain the capabilities to support the DOE mission in the near term.  Under the
Greener Alternative, DOE would operate LANL to maximize operations in support of nonproliferation,
basic science, materials science, and other nonweapons areas, while minimizing weapons activities.  Under
all of the alternatives, the affected environment is primarily within 50 miles (80 kilometers) of LANL.
Analyses indicate little difference in the environmental impacts among alternatives.  The primary
discriminators are:  collective worker risk due to radiation exposure, socioeconomic effects due to LANL
employment changes, and electrical power demand.

Public Comment and DOE Decision:  The draft SWEIS was released to the public for review and comment
on May 15, 1998.  The comment period extended until July 15, 1998, although late comments were
accepted to the extent practicable.  All comments received were considered in preparation of the final
SWEIS1.  DOE will utilize the analysis in this final SWEIS and prepare a Record of Decision on the level
of continued operation of LANL.  This decision will be no sooner than 30 days after the Notice of
Availability of the final SWEIS is published in the Federal Register.

1.   Changes made to this SWEIS since publication of the draft SWEIS are marked with a vertical bar to the right or
left of the text.
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VOLUME II
MEASUREMENTS AND CONVERSIONS

The following information is provided to assist the reader in understanding certain concepts 
SWEIS.  Definitions of technical terms can be found in volume I, chapter 10, Glossary.

SCIENTIFIC  NOTATION

Scientific notation is used in this report to express very large or very small numbers.  For exam
number 1 billion could be written as 1,000,000,000 or, using scientific notation, as 1 x 109.  Translating
from scientific notation to a more traditional number requires moving the decimal point either
(for a positive power of 10) or left (for a negative power of 10).  If the value given is 2.0 x 103, move
the decimal point three places (insert zeros if no numbers are given) to the right of its current lo
The result would be 2,000.  If the value given is 2.0 x 10-5, move the decimal point five places to th
left of its present location.  The result would be 0.00002.  An alternative way of expressing nu
used primarily in the appendixes of this SWEIS, is exponential notation, which is very similar 
to scientific notation.  For example, using the scientific notation for 1 x 109, in exponential notation
the 109 (10 to the power of 9) would be replaced by E+09.  (For positive powers, sometimes th
sign is omitted, and so the example here could be expressed as E09.)  If the value is given as 2-5

in scientific notation, then the equivalent exponential notation is 2.0E-05.

UNITS OF MEASUREMENT

The primary units of measurement used in this report are English units with metric equiv
enclosed in parentheses.  

Many metric measurements presented include prefixes that denote a multiplication factor 
applied to the base standard (e.g., 1 kilometer = 1,000 meters).  The following list presents thes
prefixes:

giga 1,000,000,000 (109; E+09; one billion)

mega 1,000,000 (106; E+06; one million)

kilo 1,000 (103; E+03; one thousand)

hecto 100 (102; E+02; one hundred)

deka 10 (101; E+01; ten)

unit 1 (100; E+00; one)

deci 0.1 (10-1; E-01; one tenth)

centi 0.01 (10-2; E-02; one hundredth)

milli 0.001 (10-3; E-03; one thousandth)
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micro 0.000001 (10-6; E-06; one millionth)

nano 0.000000001 (10-9; E-09; one billionth)

pico 0.000000000001 (10-12; E-12; one trillionth)

DOE Order 5900.2A, Use of the Metric System of Measurement, prescribes the use of this system 
DOE documents.  Table MC–1 lists the mathematical values or formulas needed for conv
between English and metric units.  Table MC–2 summarizes and defines the terms for units of m
and corresponding symbols found throughout this report.

RADIOACTIVITY  UNIT

Part of this report deals with levels of radioactivity that might be found in various environm
media.  Radioactivity is a property; the amount of a radioactive material is usually expres
“activity” in curies (Ci) (Table MC–3).  The curie is the basic unit used to describe the amou
substance present, and concentrations are generally expressed in terms of curies per unit of
volume.  One curie is equivalent to 37 billion disintegrations per second or is a quantity o
radionuclide that decays at the rate of 37 billion disintegrations per second.   Disintegrations ge
include emissions of alpha or beta particles, gamma radiation, or combinations of these.

RADIATION  DOSE UNITS

The amount of ionizing radiation energy received by a living organism is expressed in ter
radiation dose.  Radiation dose in this report is usually expressed in terms of effective dose eq
and reported numerically in units of rem (Table MC–4).  Rem is a term that relates ionizing rad
and biological effect or risk.  A dose of 1 millirem (0.001 rem) has a biological effect similar t
dose received from about a 1-day exposure to natural background radiation.  A list of the radion
discussed in this document and their half-lives is included in Table MC–5.

CHEMICAL  ELEMENTS

A list of selected chemical elements, chemical constituents, and their nomenclature is prese
Table MC–6. 
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TABLE  MC–1.—Conversion Table

MULTIPLY BY TO OBTAIN MULTIPLY BY TO OBTAIN

ac 0.405 ha ha 2.47 ac

°F (°F -32) x 5/9 °C °C (°C x 9/5) + 32 °F

ft 0.305 m m 3.28 ft

ft2 0.0929 m2 m2 10.76 ft2

ft3 0.0283 m3 m3 35.3 ft3

gal. 3.785 l l 0.264 gal.

in. 2.54 cm cm 0.394 in.

lb 0.454 kg kg 2.205 lb

mCi/km2 1.0 nCi/m2 nCi/m2 1.0 mCi/km2

mi 1.61 km km 0.621 mi

mi2 2.59 km2 km2 0.386 mi2

mi/h 0.447 m/s m/s 2.237 mi/h

nCi 0.001 pCi pCi 1,000 nCi

oz 28.35 g g 0.0353 oz

pCi/l 10-9 µCi/ml µCi/ml 109 pCi/l

pCi/m3 10-12 Ci/m3 Ci/m3 1012 pCi/m3

pCi/m3 10-15 mCi/cm3 mCi/cm3 1015 pCi/m3

ppb 0.001 ppm ppm 1,000 ppb

ton 0.907 metric ton metric ton 1.102 ton
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TABLE  MC–2.—Names and Symbols for Units 

of Measure

LENGTH

SYMBOL NAME

cm centimeter (1 x 10-2 m)

ft foot

in. inch

km kilometer (1 x 103 m)

m  meter

mi  mile

mm millimeter (1 x 10-3 m)

µm micrometer (1 x 10-6 m)

VOLUME

SYMBOL NAME

cm3 cubic centimeter

ft3 cubic foot

gal. gallon

in.3 cubic inch

l liter

m3 cubic meter

ml milliliter (1 x 10-3 l)

ppb parts per billion

ppm parts per million

yd3 cubic yard

RATE

SYMBOL NAME

Ci/yr curies per year

cm3/s cubic meters per second

ft3/s cubic feet per second

ft3/min cubic feet per minute

gpm gallons per minute

kg/yr kilograms per year

km/h kilometers per hour

mg/l milligrams per liter

MGY million gallons per year

MLY million liters per year

m3/yr cubic meters per year

mi/h or mph miles per hour

µCi/l microcuries per liter

pCi/l picocuries per liter

TABLE  MC–2.—Names and Symbols for Units
of Measure-Continued

NUMERICAL RELATIONSHIPS

SYMBOL MEANING

< less than

≤ less than or equal to

> greater than

≥ greater than or equal to

2σ two standard deviations

TIME

SYMBOL NAME

d day

h hour

min minute

nsec nanosecond

s second

yr year

AREA

SYMBOL NAME

ac acre (640 per mi2)

cm2 square centimeter

ft2 square foot

ha hectare (1 x 104 m2)

in.2 square inch

km2 square kilometer

mi2 square mile

MASS

SYMBOL NAME

g gram

kg kilogram (1 x 103 g)

mg milligram (1 x 10-3 g)

µg microgram (1 x 10-6 g)

ng nanogram (1 x 10-9 g)

lb pound

ton metric ton (1 x 106 g)

oz ounce
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TEMPERATURE

SYMBOL NAME

°C degrees Celsius

°F degrees Fahrenheit

°K degrees Kelvin

SOUND/NOISE

SYMBOL NAME

dB decibel

dBA A-weighted decibel

TABLE  MC–3.—Names and Symbols for Units 
of Radioactivity

RADIOACTIVITY

SYMBOL NAME

Ci curie

cpm counts per minute

mCi millicurie (1 x 10-3 Ci)

µCi microcurie (1 x 10-6 Ci)

nCi nanocurie (1 x 10-9 Ci)

pCi picocurie (1 x 10-12 Ci)

TABLE  MC–2.—Names and Symbols for Units 
of Measure-Continued

TABLE  MC–4.—Names and Symbols for Units
of Radiation Dose

RADIATION DOSE

SYMBOL NAME

mrad millirad (1 x 10-3 rad)

mrem millirem (1 x 10-3 rem)

R roentgen

mR milliroentgen (1 x 10-3 R)

µR microroentgen (1 x 10-6 R)
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TABLE  MC–5.—Radionuclide Nomenclature

SYMBOL RADIONUCLIDE HALF-LIFE SYMBOL RADIONUCLIDE HALF-LIFE

Am-241 americium-241 432 yr Pu-241 plutonium-241 14.4 yr

H-3 tritium 12.26 yr Pu-242 plutonium-242 3.8 x 105 yr

Mo-99 molybdenum-99 66 hr Pu-244 plutonium-244 8.2 x 107 yr

Pa-234 protactinium-234 6.7 hr Th-231 thorium-231 25.5 hr

Pa-234m protactinium-234m 1.17 min Th-234 thorium-234 24.1 d

Pu-236 plutonium-236 2.9yr U-234 uranium-234 2.4 x 105 yr

Pu-238 plutonium-238 87.7 yr U-235 uranium-234 7 x 108 yr

Pu-239 plutonium-239 2.4 x 104 yr U-238 uranium-238 4.5 x 109 yr

Pu-240 plutonium-240 6.5 x 103 yr

TABLE  MC–6.—Elemental and Chemical Constituent Nomenclature

SYMBOL CONSTITUENT SYMBOL CONSTITUENT

Ag silver Pa protactinium

Al aluminum Pb lead

Ar argon Pu plutonium

B boron SF6 sulfur hexafluoride

Be beryllium Si silicon

CO carbon monoxide SO2 sulfur dioxide

CO2 carbon dioxide Ta tantalum

Cu copper Th thorium

F fluorine Ti titanium

Fe iron U uranium

Kr krypton V vanadium

N nitrogen W tungsten

Ni nickel Xe xenon

NO2
- nitrite ion Zn zinc

NO3
- nitrate ion
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PART I
EXPANSION OF TA–54/AREA G LOW-LEVEL WASTE 

DISPOSAL AREA

I.1 ROLE OF THIS PROJECT-
SPECIFIC  SITING  AND 
CONSTRUCTION ANALYSIS IN 
THE SITE -WIDE 
ENVIRONMENTAL  IMPACT  
STATEMENT

This Project-Specific Siting and Construction
(PSSC) analysis addresses the proposed
expansion of the Area G low-level radioactive
waste (LLW)1 disposal area in Technical Area
(TA)–54.  It examines the siting and
construction alternatives specific to this project
in greater detail than the description and
analysis presented in volume I of the Los
Alamos National Laboratory (LANL) Site-
Wide Environmental Impact Statement
(SWEIS).  The preferred alternative from this
PSSC analysis is then included as one of the
activities within the Expanded Operations
Alternative discussed in volume I.  

This arrangement of information and analysis
allows the U.S. Department of Energy (DOE) to
“zoom” in on aspects of this project that warrant
more detailed description and analysis, while
maintaining the clarity of volume I of the
SWEIS.  The siting and construction impacts of
the Preferred Alternative described in this PSSC
analysis are included along with the operational
impacts described for the Expanded Operations
Alternative in volume I to provide a complete
understanding of the impacts of that alternative.
Any differences in impacts that would be
expected if a different PSSC alternative were

selected are discussed in chapter 5 of volum
(section 5.3).

Waste volumes and strategies for managing 
various waste streams are discussed in Waste
Management Strategies for LANL (LANL
1998a) and  chapter 5 (sections 5.2.9.3, 5.3.9
5.4.9.3, and 5.5.9.3) of volume I, and a
summarized in section I.1.1.3.  Operation
within the existing Area G, including new
disposal cell excavation, are discussed in t
Description of Technical Areas and Facilities a
LANL (LANL 1998b) and in chapter 2 (section
2.1.2.1 and 2.2.2.15) of the SWEIS, volume I

More information regarding the approaches f
disposal of LANL’s wastes across the SWEI
alternatives (shipment off the site, storage on t
site, and treatment) is presented in chapte
(sections 3.1, 3.2, 3.3, and 3.4) of volume I.  T
SWEIS analyzes continued disposal of LLW o
the site within the Expanded Operation
Alternative.  The SWEIS also analyzes the LLW
management strategy of storing the waste on 
site for some short period and then shipping
off the site for disposal elsewhere, as part of t
No Action, Reduced Operations, and Green
Alternatives.  

The environmental impacts of operating th
LLW disposal area and of the post-closu
period are included in chapter 5 of volume 
The volume of disposal cells excavate
emissions to air, worker doses, and certain ot
parameters associated with LLW dispos
operations would depend on the volume 
LLW to be disposed of and not on the dispos
location.  The consequences to members of 
public (especially post-closure), howeve
would depend on location because distan
from the LLW disposal operation to the publi
depends on the location selected, and 

1. Waste that contains radioactivity but is not classified 
as high-level waste, transuranic waste, spent nuclear fuel, 
or “11e(2) by-product material” as defined by DOE Order 
5820.2A, Radioactive Waste Management.
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magnitude of impacts decreases with distance.
Post-closure impacts to the public are addressed
for all alternative locations in chapter 5, section
5.3.3.5, of volume I. 

In section I.2, this PSSC analysis identifies
alternative locations at LANL where the
additional LLW disposal capacity could be
developed.  Section I.2 also identifies
alternative LLW management options not

analyzed in this PSSC analysis because they
completely analyzed as part of the SWE
alternatives in volume I.  Section I.3 contain
more detailed information about th
environmental conditions at each of th
alternative locations.  Section I.4 presents t
environmental consequences of developmen
each location.  The SWEIS, including this PSS
analysis, is intended to provide a comple
National Environmental Policy Act of 1969
(NEPA) analysis of impacts regarding th
proposed expansion of LLW disposal at LANL

I.1.1 Background

DOE is considering the need to expand t
LLW disposal area at LANL within the nex
10 years.  This PSSC analysis describes 
alternatives for that development within LANL
and their environmental consequences.

DOE and its predecessor agencies ha
operated LANL since 1943.  Work at LANL
produces LLW.  Historically, DOE has dispose
of this waste by burial in various designate
sites within LANL.  LANL’s only currently
active solid LLW disposal area is in the Materi
Disposal Area (MDA) G (referred to as Area G
at TA–54, shown in Figure I.1.1–1.  TA–54 i
located on Mesita del Buey, a narrow southea
trending mesa about 2.5 miles (4 kilometer
long.  Mesita del Buey is bordered by Caña
del Buey on the north and Pajarito Canyon 
the south.  San Ildefonso Pueblo land is loca
to the northeast of TA–54.  The bounda
between DOE land at TA–54 and San Ildefon
Pueblo land lies along the south edge of the 
of the next mesa to the northeast of Cañada 
Buey, an unnamed mesa south of Ced
Canyon.  This boundary is about 650 fe
(210 meters) northeast of the edge of Cañada
Buey at Area G.  

Burial of LLW at TA–54, Area G, began in
1957 after the U.S. Atomic Energy
Commission, with the assistance of the Unit
States Geological Survey (USGS), select

PSSC Alternatives for Expansion of Area G 
LLW Disposal

Develop Zone 4 at TA–54—DOE would
develop up to 24 acres (10 hectares) within
Zone 4, which is immediately west of the
existing active disposal area (see Figure
I.2.5–1).

Develop Zone 6 in TA–54—DOE would
develop up to 17 acres (7 hectares) within
Zone 6, which is immediately to the west of
Area L (Zone 5) and extends to Area J (see
Figure I.2.5–1).

Develop the North Site in TA–54—DOE
would develop up to 49 acres (20 hectares)
within the North Site, which is immediately to
the north of Zone 6 and Area J (see Figure
I.2.5–1).

Develop New Disposal Site at Another
LANL TA—DOE would establish a new LLW
disposal facility at another location within
LANL, presumed to be an undeveloped,
undisturbed mesa.  TA–67 is the specific TA
examined as an example of the requirements
and impacts associated with development of
an undeveloped site for LLW disposal.  The
disposal site analyzed would develop up to 50
acres (20 hectares) plus roads and support
areas at TA–67, which is located on Pajarito
Mesa (see Figures I.1.1–1 and I.2.4.1–1).

Preferred Alternative—DOE’s Preferred
Alternative is to develop both Zones 4 and 6,
proceeding westward in a step-by-step
fashion from the existing footprint of Area G.
I–2
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FIGURE I.1.1–1.—Location of LANL, TA–54, and TA–67.



LANL SWEIS

is
r

e
he

S
l.
al

m
ce
ure

for
nal
l

st
us
a
ent
ed
e
).

A
e
ed
rt
ing
d
l

Mesita del Buey as the disposal site for LANL’s
LLW.  Area G was described in a historical
report as one of the on-site land disposal
facilities for radioactive wastes (Rogers 1977).

The previous (1979) SWEIS identified all of
Mesita del Buey as an area for handling
operational solid waste, including radioactive
waste (DOE 1979).  The 1979 SWEIS states,
“The radioactive disposal area in use is Area G,
located on Mesita del Buey.  The dedicated
waste disposal area contains a total of about
80 acres (32 hectares) of which approximately
37 acres (15 hectares) has been in active use
since 1958.  Based upon current waste
generation rates, this area should provide an
additional 15 or more years use.  However, since
the entire Mesita del Buey has been designated
for the handling of operational solid waste, there
will still be another 23 acres available for use
beyond that time” (DOE 1979).

The original LLW disposal area at Area G was
expanded once to reach its current size of
63 acres (25 hectares).  This active area was
referred to in the 1979 SWEIS as the “existing
footprint.”  Waste management facilities at
Area G include LLW disposal cells and shafts, a
200-ton (180-metric ton) compactor for LLW,
soil-covered asphalt pads containing stacks of
waste drums, temporary tension domes used to
store drums of transuranic (TRU) waste2 and
low-level radioactive mixed waste3 (LLMW),
and a monofill disposal cell (a disposal cell
containing a single waste type) for asbestos that
has radioactive contamination.  

A detailed description of the LLW streams and
estimates of the volumes that might be produced

under each of the SWEIS alternatives 
provided in Waste Management Strategies fo
LANL (LANL 1998a) and chapter 5 of the
SWEIS, volume I.   Descriptions of the
techniques by which LLW disposal cells ar
constructed, filled, and closed are found in t
Detailed Operating Procedure (DOP)
54G–013, (LANL 1996a).  This DOP
incorporates recommendations made by USG
(cited in Rogers 1977 and in Purtymun et a
1980) and others (Koopman 1965) on dispos
cell placement with regard to distances fro
canyon walls and bottoms.  The Performan
Assessment describes closure and post-clos
requirements for the existing Area G (LANL
1998f).

I.1.1.1 History of Expansion Plans 
at Area G

Given the limited area within the existing
footprint at Area G, DOE and LANL waste
management personnel have recognized 
several years the need to consider additio
areas at LANL that would be suitable for buria
of LLW (LANL 1982).  The part of Mesita del
Buey immediately to the west of Area L
(Figure I.1.1.1–1) received the first and mo
thorough investigation because it is contiguo
with the existing footprint and is within the are
designated in 1957 for solid waste managem
operations.  Expansion to Area L was regard
as logical but not imminent at the time th
previous SWEIS was issued (DOE 1979
Specific planning and siting for the next LLW
disposal area began about 1989.

I.1.1.2 History of NEPA Reviews

On October 20, 1990, DOE directed that NEP
review of an expansion of existing Area G b
prepared.  By 1994, no draft was consider
ready for preapproval public review, in pa
because of  questions about the need, aris
from uncertainties in decontamination an
decommissioning and environmenta

2. TRU wastes contain a radionuclide with a half-life 
greater than 20 years and alpha activity of 100 nanocuries 
per gram (nCi/g) or greater at the time of measurement, 
excluding naturally occurring and depleted uranium, 
spent nuclear fuel, and high-level waste.
3.  LLMW contains LLW, plus chemicals regulated as 
hazardous under the Resource Conservation and 
Recovery Act (RCRA) (42 United States Code [U.S.C.] 
§6901).
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restoration (ER) waste volume projections.
Several of the unresolved questions were
discussed in a report prepared by a group named
Our Common Ground (OCG 1993).  (This was
an unofficial group of LANL employees and
members of the surrounding community that
were asked by the LANL Director in 1993 to
review the proposal for expansion of Area G.)
In August 1994, the Advance Notice of Intent
(NOI) to prepare a new SWEIS was published in
the Federal Register (FR).  Further
development of disposal capacity outside the
existing Area G footprint was specifically
suggested for coverage in the new SWEIS.  The
NOI published in the FR on May 12, 1995
(60 FR 25697), made the commitment to
include the NEPA review for this proposal in the
SWEIS. 

I.1.1.3 Low-Level Radioactive 
Waste Generation and 
Anticipated Disposal 
Requirements at LANL

Operations at LANL will continue to generate
LLW that requires disposal by DOE.  Waste
volumes during the 10-year SWEIS timeframe
will increase significantly over volumes
generated in recent years (1990 through 1994).

This increase stems primarily from clean-u
projects planned under the ER Project.  T
assumptions used here are that the volume
LLW would vary by the SWEIS alternative, tha
regardless of alternative at least some of t
LLW generated would be disposed of i
disposal cells (trenches)4 at Area G, and that the
remaining LLW would need to be disposed 
off site (except under the Expanded Operatio
Alternative, when on-site disposal capacity 
expanded and all LLW is disposed of on site
The projected volumes of LANL’s LLW by
SWEIS alternative are summarized i
Table I.1.1.3–15.  There is insufficient space
within existing Area G to accommodate a
LLW anticipated from LANL activities in the
next 10 years, regardless of alternative.

4.   LLW with high surface activity, tritium-
contaminated LLW, and some other special wastes are
disposed of in shafts drilled into tuff.  There is sufficien
space in the existing footprint to meet the 10-year sha
disposal requirements.
5.  Volumes shown in tables in this document are 
presented in metric units (cubic meters) because this is
form used in volume I of the SWEIS, the Waste 
Management Programmatic Environmental Impact 
Statement (WM PEIS) (DOE 1997), and other document
on this subject.  Also, exponential notation is used; 103 
means “thousand.”

TABLE   I.1.1.3–1.—LANL’s LLW Volume to be Disposed of in Next 10 Years, by SWEIS 
Alternative (103 cubic meters)a

LLW CATEGORY NO ACTION
EXPANDED 

OPERATIONS
REDUCED 

OPERATIONS
GREENER

LLW Generateda 95 117 84 97

LLW to be Disposedb 88 112 78 90

Currently Developed Area G 
Capacity

36 36 36 36

Waste Volume Above Currently 
Developed Area G Capacityc

52 76 42 54

a From volume I of the SWEIS, chapter 5 (sections 5.2.9.3, 5.3.9.3, 5.4.9.3, and 5.5.9.3).
b Volume after compaction and other treatments. 
c Under the No Action, Reduced Operations, and Greener Alternatives, much of the waste volume would be shipped off the s

disposal.   Under Expanded Operations, on-site disposal capacity would be expanded, and the waste would be disposed o
site (volume I, chapter 3).
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The volume of LLW disposal space that can be
developed within the existing Area G is
uncertain because the best terrain has been used.
The excavated but unfilled disposal cell volume
is 34,000 cubic yards (26,000 cubic meters).
The surface of the remaining area is sloped and
the subsurface features are unknown.  New
disposal cell volume is estimated at 13,000
cubic yards (10,000 cubic meters)  but could be
less. 

In addition, in the final Waste Management
Programmatic Environmental Impact
Statement (WM PEIS) (DOE 1997), the
Preferred Alternative for LLW designates
LANL as one of six candidate sites from which
DOE will choose two or three regional LLW
disposal sites (DOE 1997)6.  The options under
which LANL may receive off-site LLW and the
projected volumes are shown in Table I.1.1.3–2.

DOE’s decisions within the context of the WM
PEIS are independent of the SWEIS but may,
and of themselves, force expansion of Area 
A reasonably foreseeable future and boundi
case would be a combination of the WM PE
Preferred Alternative—Regionalized
(Regionalized 3, 4, 5) with the Expande
Operations Alternative in LANL’s SWEIS,
whereby the 10-year shortfall of LLW disposa
space at LANL would be about 125,000 cub
yards (96,000 cubic meters).  Such a decis
from the WM PEIS would represent 
substantial change in the approach to LL
disposal at LANL.  This would be a long-term
commitment (beyond the 10-year perio
addressed in the SWEIS) by DOE to utiliz
space at LANL as a regional LLW disposal sit
(If LANL is chosen as a regional disposal si
for LLW, the site-specific impacts of tha
decision would be addressed in further NEP
review tiered from the WM PEIS and thi
SWEIS.)  Alternatively, DOE could decide to
ship all LANL’s LLW to one of the other
regional disposal sites.  (As discussed abo
shipment of LANL’s LLW for off-site disposal
is analyzed in the No Action, Reduce
Operations, and Greener Alternatives.)

6. In addition, the WM PEIS Preferred Alternative for 
LLMW designates LANL as one of six candidate sites, 
from which DOE will choose two or three regional 
disposal sites.  LANL does not currently dispose of such 
waste at Area G or elsewhere.  If LANL is chosen as a 
regional disposal site for LLMW, the site-specific 
impacts of such disposal would be addressed in further 
NEPA review, tiered from the WM PEIS and this SWEIS.

TABLE  I.1.1.3–2.—Bounding LLW Volumes to be Disposed at LANL, Including LLW Potentially 
Shipped to LANL Based on WM PEIS over 10 Years (103 cubic meters)

WM PEIS ALTERNATIVE REGIONALIZED 1, 2
PREFERRED 

ALTERNATIVE: 
REGIONALIZED 3, 4, 5a

CENTRALIZED 
3, 4

Off-Site LLW Volume for Disposal at 
LANL b

16 20 3

LANL LLW to be Disposedc 112 112 112

Maximum LLW Volume for Disposal at 
LANL

128 132 115

Available Capacity in Area G 36 36 36

Shortfall in Capacity at Area G 92 96 79

a The Preferred Alternative for LLW disposal in WM PEIS is regionalized, with LANL as a candidate for one of the two or thre
disposal sites for the complex.  

b From Appendix I, Table I.3–4, WM PEIS (DOE 1997), adjusted to 10 years.
c Maximum volume, Expanded Operations Alternative, from Table I.1.1.3–1.
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There are several sources of uncertainty in
predictions about volume of the LLW to be
disposed of at LANL over the next 10 years.
One source of uncertainty is in predictions of
waste to be generated at LANL under the four
SWEIS alternatives.  Although operations-
related LLW volumes are reasonably
predictable given the levels of operations, the
volume of LLW to be produced by ER and
decontamination and decommissioning
activities is potentially very large but is tied to
the level of funds allocated annually by DOE for
the clean-up programs.  The Waste Management
Strategies for LANL LLW volume projections
have been used here because they are bounding
cases that include both operational and ER/
decontamination and decommissioning LLW
estimates (LANL 1998a).  This waste volume
estimating method responds to one of the issues
raised in the report by Our Common Ground
(OCG 1993).  

The volume of additional LLW disposal space
needed over the next 10 years and into the future
is not known at present.  DOE’s options to ship
LLW from other locations for disposal at
LANL, as developed in the WM PEIS,
introduce another uncertainty into the space
needed for LLW disposal.    

This PSSC analysis presents various alternative
locations at LANL that could be developed for
LLW disposal.  To preserve flexibility and as a
bounding case for the next 10 years, this PSSC
analysis assumes the LLW volume to be
accommodated is that described for the SWEIS
Expanded Operations Alternative
(146,000 cubic yards [112,000 cubic meters])
from the Waste Management Strategies for
LANL and in chapter 5 (section 5.3.9.3) of the
SWEIS, volume I, plus the maximum quantity
of LLW proposed to be moved to LANL from
other DOE locations over 10 years
(26,000 cubic yards [20,000 cubic meters]), as
described in the WM PEIS (DOE 1997).  The
remaining 47,000 cubic yards (36,000 cubic
meters) of disposal space in the existing
footprint at Area G will be used prior to

expansion of on-site LLW disposal capacit
Over the next 10 years, DOE could need 
develop additional disposal space at LANL fo
up to 125,000 cubic yards (96,000 cubic mete
of LLW (the greatest foreseeable dispos
capacity shortfall, as reflected in
Table I.1.1.3–2). 

I.2 ALTERNATIVES

This section identifies alternative locations th
DOE could develop as disposal cells (trenche
to dispose of LLW that would be generated 
LANL over the next 10 years, plus LLW tha
might be shipped to LANL for disposal from
other DOE locations.  This discussion is focus
on construction and development of new LLW
disposal areas.  (Figures I.1.1–1 and I.1.1.1
illustrate the locations being considered
Alternatives discussed include:

• Develop Zone 4 at TA–54.
• Develop Zone 6 at TA–54.
• Develop the North Site at TA–54. 
• Develop an undisturbed site at another

LANL TA.  (TA–67 is used as an 
example.) 

• Develop both Zones 4 and 6 in step-wis
fashion (the Preferred Alternative).  

Each of the five alternatives could provide mo
than enough space for potential LLW dispos
needs (125,000 cubic yards [96,000 cub
meters]) for the next 10 years (Table I.1.1.3–2
The differences among alternatives follow fro
consequences of development at the differe
locations.  The alternative of developing at a
undisturbed location responds to one of t
issues raised in the report by Our Comm
Ground (OCG 1993).  

Additional alternatives for LLW managemen
are not analyzed in detail in this PSSC analy
because they are analyzed within the SWE
itself.  The typical No Action Alternative (i.e., to
continue burying LLW within the existing
footprint at Area G) is discussed in chapter 3 
I–8



Expansion of TA–54/Area G 
Low-Level Waste Disposal Area

l
and
he
rea.
th

a is

nd
f a
en

W
as
 is

n
g
ck
e
 is
tern
s).
1.
ot
ds
et
4
f
-
er

ix
y

R

,
on
d,
e
rs
r

ext 
volume I as a part of normal operations; its
consequences are presented in chapter 5.  This
activity is common to all the SWEIS
alternatives up to the point that on-site disposal
ends (for the No Action, Reduced Operations,
and Greener Alternatives).  Shipping LLW off
the site for disposal elsewhere is a part of the
SWEIS No Action, Reduced Operations, and
Greener Alternatives, but not the Expanded
Operations Alternative.  

I.2.1 Develop Zone 4 at TA–54

Under this alternative, DOE would develop
Zone 4 within Area G, immediately west of the
active disposal area as shown in
Figure I.1.1.1–1, for the additional LLW
disposal capacity.  The Zone 4 area is about
30 acres (12 hectares), but some of the area
could not be developed for disposal cells
because of groundwater monitoring wells and a
utility easement.  Two options will be discussed
for developing Zone 4, the area north of the
current road and the entire area, both north and
south of the road.  Developing just the area north
of the road would avoid archaeological sites.
Although the area to the south of the road is
larger, it would be impractical to develop just
that area because of the archaeological sites
located there.

I.2.1.1 Location Description

Zone 4 is located on Mesita del Buey, within
TA–54 (Figures I.1.1–1 and I.1.1.1–1).  The
upper portion of Mesita del Buey is of Bandelier
Tuff.  The Bandelier Tuff is composed primarily
of volcanic ash.  The tuff is a good material in
which to dispose of LLW because it forms a
natural barrier to fluid migration, primarily
because of its generally low hydraulic
conductivity (Purtymun and Kennedy 1971 and
Rogers 1995).  No geologic faults have been
identified at Mesita del Buey. 

Zone 4, an area of slightly less than 30 acres
(12 hectares), runs westward from the existing

footprint of Area G to Area L, where chemica
wastes are managed.  This area is fenced, 
access is controlled by the gate at t
westernmost end of the waste management a
The paved Mesita del Buey Road runs the leng
of the mesa into the developed area.  The are
level and covered with second-growth pinyon7

and juniper and an understory of shrubs a
grasses.  Zone 4 is within the foraging area o
peregrine falcon nest site, a site that has be
unoccupied in recent years. 

There are some constraints on developing LL
disposal space in Zone 4.  Because Area L w
once used for chemical waste disposal, there
a volatile organic compound (VOC) plume i
the subsurface.  LANL set aside monitorin
exclusion zones on either side of Zone 4 to tra
the movement of the VOC plume.  At th
western edge of Zone 4, the monitoring zone
about 3 acres (1.2 hectares), and the eas
monitoring zone is about 1 acre (0.4 hectare
These features are shown in Figure I.1.1.1–
The VOC plume is being monitored and has n
moved appreciably in about 5 years.  It exten
in the pore gas space about 500 fe
(150 meters) eastward into Zone 
(LANL 1994).  The organic compound o
maximum concentration is 1,1,1
trichloroethane (TCE), at 5,540 parts p
million (ppm), as detected in 1997
(LANL 1998e).  The identity and
concentrations of VOCs are listed in append
I.B.  A study of the human health risk posed b
this plume will be performed under the E
Project at LANL during the 1997 to 1999
timeframe.  Until the results are known
excavations will not be made in these exclusi
zones.  If disposal cells were to be excavate
administrative controls such as monitoring th
air in the breathing area and supplying worke
with respiratory protection could protect worke
health.

7.  A cross-reference between the common and 
scientific names of the plants and animals noted in the t
is found in appendix I.A.
I–9
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Very small but measurable amounts of VOCs
are being released into the atmosphere as a
consequence of the VOC plume.  Any effects
that these emissions are having on fossorial
(digging) animals as well as other area plants
and animals are being assessed through
ecological risk assessments.

An easement for the proposed Public Service
Company of New Mexico (PNM) Ojo
(Transmission) Line Extension (OLE) passes
through this end of Zone 4; but, plans to
construct the OLE have been suspended
indefinitely.  The need for additional electrical
power at LANL has not been resolved yet.  This
easement area would be avoided until the
electrical supply issue is settled.  

Nine cultural resources, remains of prehistoric
Native American habitation, have been
identified within Zone 4.  All except one is south
of Mesita del Buey Road.  The exception is
located north of the road but within the ER
monitoring zone.  The site would not be
excavated because this monitoring zone would
not be disturbed.  As discussed further in section
I.3.6, an archeological data recovery plan has
been approved by the New Mexico State
Historic Preservation Office(r) (SHPO) for the
sites in Zone 4 that are eligible for the National
Register of Historic Places (NRHP).  At Zone 4,
the boundary of San Ildefonso Pueblo is
1,300 feet (400 meters) northeast of the north
edge of the top of Mesita del Buey
(Figure I.1.1.1–1).  The traditional cultural
property (TCP) study conducted for the SWEIS
did not identify any TCPs in this area.

I.2.1.2 Development

If this alternative were implemented, a radiation
control and monitoring zone would be placed
adjacent to an active disposal cell so that waste
disposal crews could be monitored as they
prepared to leave the area.  A decontamination
facility, probably an impervious wash pad
capable of accommodating a truck, would be

added if needed.  Decontamination water wou
be collected and transferred to the Radioact
Liquid Waste Treatment Facility (RLWTF) a
TA–50.  These facilities would be connected 
the existing utility lines.  In addition, an ai
monitoring network would be installed.  Th
existing waste management support faciliti
and infrastructure within the existing footprin
area would continue to be used.  No new roa
or utilities would be required.  The trees in th
area, mainly pinyon and juniper, would b
removed and the wood would be chipped a
burned or used as mulch on the site (
discussed in section I.4.1.2).

DOE has identified two options for developin
LLW disposal areas within Zone 4.  Just the ar
to the north of Mesita del Buey Road could b
developed, or the areas on both the north a
south sides of the road could be develop
together.  Several archaeological sites wou
have to be excavated in order to proceed w
development south of the road.  If addition
disposal area was limited to the north side of t
road, avoiding the monitoring zones, n
archeological sites need be excavated, and 
VOC monitoring apparatus would not b
disturbed.  Engineering and administrativ
controls could be put in place to mitigate th
potential for radiological contamination o
archeological sites to the south of the road.

If the area on the both sides of Mesita del Bu
Road were developed, the eight archaeologi
sites to the south of the road would be affecte
Excavating waste disposal cells amon
unexcavated archaeological sites is not feasi
for several reasons.  Fencing around the surf
features would reduce but not prevent th
chance of their being run over by heav
excavation equipment and waste delive
trucks.  The extent of a site cannot be accurat
determined from remaining surface featur
alone, and the equipment used to excav
disposal cells (back hoe and front-end loade
could destroy subsurface features.  Avoidin
archaeological sites would greatly reduce t
potential disposal volume per acre, thu
I–10
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expanding the number of acres needed for a
dedicated LLW disposal area.  Finally, there are
concerns about the possibility of contamination
migrating into the archaeological sites from
buried radioactive wastes.  

The areas that would be disturbed are
summarized in Table I.2.1.2–1.  The estimate of
usable acreage takes into account the
requirement for disposal cells to be 50 feet
(15 meters) from the competent canyon wall
(Rogers 1977 and Purtymun et al. 1980),
avoiding the VOC plume, monitoring areas, and
the OLE easement.  The long-term impacts of
disposal at this location were assessed in the
Area G Performance Assessment
(LANL 1998f) and are discussed further in
volume I (section 5.3.3.5). 

I.2.2 Develop Zone 6 at TA–54

Under this alternative, DOE would develop the
area of Mesita del Buey that lies within TA–54
immediately to the west of Area L (Zone 5) and
extends to Area J for the additional LLW
disposal capacity.  This area, referred to as
Zone 6, is slightly less than 40 acres (16
hectares).  The location is shown in Figure
I.1.1.1–1.  The location is not fenced, but access
by road is controlled by the same gate referred
to in section I.2.1.1.  

I.2.2.1 Location Description 

The soil and underlying tuff at Zone 6 are th
same as those described for Zone 4 in sect
I.2.1.1.

The area is level and covered with secon
growth pinyon and juniper and an understory 
shrubs and grasses.  The mesa top is q
narrow in part of this location, and Mesita de
Buey Road runs down the middle of the mes
These features would make about half t
surface area difficult and inefficient to develo
as disposal cells.  Zone 6 is also within th
foraging area of the peregrine falcon nest s
noted in section I.2.1.1.  Monitoring dat
indicate the presence of no ER locations.  The
are seven archaeological sites within Zone 6 t
could be affected.  Prior to developing this are
a recovery plan would be prepared, and t
SHPO would be consulted.  At Zone 6, th
boundary of San Ildefonso Pueblo lies abo
1,600 feet (500 meters) northeast of the no
edge of the top of Mesita del Bue
(Figure I.1.1.1–1).  The TCP study conducte
for the SWEIS did not result in the identificatio
of specific TCPs in Zone 6.

I.2.2.2 Development

If this alternative were implemented, the sam
steps would be implemented as those discus
in section I.2.1.2.  No new roads or utilitie

TABLE  I.2.1.2–1.—Low-Level Waste Disposal Areas Within Zone 4 of TA–54

OPTION
APPROXIMATE 

AREA 
DISTURBED

APPROXIMATE 
WASTE VOLUME 

(103 m3)a

Option 1 – Designate approximately 7 acres (3 hectares) west of 
the existing footprint and east of the existing ER monitoring area 
as an MDA, north of the Mesita del Buey access road only.

7 acres (3 hectares) 260

Option 2 – Designate approximately 30 acres (12 hectares) west of 
the existing footprint and east of the existing ER  monitoring zone 
as an MDA, both sides of Mesita del Buey access road.

24 acres (10 hectares) 800

a Waste capacity value calculated assuming disposal cell depth of 65 feet (20 meters) and a 40 percent fill efficiency.
I–11
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would be required, but the present road could be
relocated nearer to the canyon rim to free more
contiguous space for disposal cell development.
Here, fencing would not be placed around the
entire zone; only the disposal cells being
excavated and filled with LLW would be
fenced.  This fencing would prevent people and
medium- to large-sized animals from entering
open disposal cells.  Fencing would be removed
after the disposal cells are closed.

The trees in the mesa-top area, mainly pinyon
and juniper, would be removed as necessary and
managed as discussed in section I.2.1.2.   

Zone 6 presents some constraints on efficient
development because much of the area is
located along a narrow part of the mesa.  In the
narrow area, it would be difficult to site disposal
cells with the required 50 feet (15 meters) set
back from the mesa edges and still avoid Mesita
del Buey Road.  Most of the disposal cells
would be placed in the wider area at the west
end of Zone 6.  The area that could be disturbed
and potential waste volume are shown in
Table I.2.2.2–1.

While this site was not specifically analyzed
regarding the long-term impacts of waste
disposal at this location, the site characteristics
at Zone 6 are essentially identical to those
analyzed in the Area G Performance
Assessment (LANL 1998f).  Thus, the results of

the Performance Assessment (discussed furt
in volume I, chapter 5, section 5.3.3.5) a
considered to be applicable to this locatio
(Newell 1998).

I.2.3 Develop the North Site, 
TA–54

Under this alternative, DOE would develop th
northern finger of Mesita del Buey that lie
within TA–54 immediately to the north of
Zones 6 and Area J for the additional LLW
disposal capacity.  The area is shown 
Figure I.1.1.1–1.  The mesa top in this area
undeveloped and relatively undisturbed.  
115-kilovolt  electrical power line and an
unimproved road run down its length.  Th
location is not fenced, and access is n
controlled.  This area will be referred to in th
document as the North Site, TA–54.  The tot
area is about 63 acres (25 hectares), but not
is developable for disposal cells.  

I.2.3.1 Location Description 

The soil and underlying tuff at the North Site a
the same as those described for Zone 4
section I.2.1.1.

The mesa top at the North Site has an a
suitable for disposal cell development of abo
49 acres (20 hectares).  The area is very sim
to Zones 4 and 6, described in sections I.2.
and I.2.2.1.  At the North Site, the boundary 
San Ildefonso Pueblo is about 300 fe
(90 meters) northeast of the north edge of t
top of Mesita del Buey (Figure I.1.1.1–1).  Th
TCP study conducted for the SWEIS did n
result in the identification of specific TCPs a
the North Site.  

Four archaeological sites are known to b
present within the North Site, but the area h
not been as rigorously surveyed as has the 
of Mesita del Buey.  Additional sites may b
present.  Prior to developing this area, 
recovery plan would be prepared and the SHP

TABLE  I.2.2.2–1.—LLW Disposal Area 
Within Zone 6 of TA–54

OPTION
APPROX. 

AREA           
DISTURBED

APPROX. WASTE 
VOLUME
(103 m3)

Designate  
40 acres 
(16 hectares) 
Immediately 
West of Area L 
as an MDA

17 acres
(7 hectares)

550

Waste capacity value calculated assuming disposal cell 
depth of 65 feet (20 meters) and a 40 percent fill efficiency.
I–12
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would be consulted.  No ER locations have been
identified. 

I.2.3.2 Development

If this alternative were implemented, the
development would be the same as presented for
Zone 6 (section I.2.2.2), except that the unpaved
road down the mesa would be upgraded by
topping it with asphalt.  The support structures
at Area G would continue to be used as the
management center.  However, due to the
distance from the developed part of Mesita del
Buey, some utility lines, including a
110⁄220-volt electrical line and telephone lines,
may be installed aboveground.  A
decontamination facility, probably an
impervious wash pad capable of
accommodating a truck, could be added if
needed.  Decontamination water would be
collected and transferred to the RLWTF by tank
truck or through the existing pipeline from Area
G.  Here, fencing would not be placed around
the entire zone; only the disposal cells being
excavated and filled with LLW would be
fenced.  This fencing would prevent people and
animals from entering open disposal cells.
Fencing would be removed after the cells are
closed.

The trees in the mesa top area, mainly pinyon
and juniper, would be removed as needed and
managed as discussed in section I.2.1.2.  

The North Site may present some constraints on
efficient development.  A 115-kilovolt utility
line runs the length of the mesa.  Current
practice precludes disposal cell construction
under electrical lines for safety reasons.  The
electrical line could be relocated toward the
edge of the mesa to maximize disposal space.  In
addition, the USGS specification is that the
bottom of the disposal cell be a minimum of
10 feet (3 meters) above the adjacent canyon
bottom; this limits the allowable depth of the
disposal cells and requires longer or wider
disposal cells to accommodate a given volume

of waste.  The acreage disturbed under t
alternative takes this constraint into account.

While this site was not specifically analyze
regarding the long-term impacts of was
disposal at this location, the site characterist
at the North Site are essentially identical 
those analyzed in the Area G Performan
Assessment (LANL 1998f).  Thus, the results 
the Performance Assessment (discussed furt
in volume I, chapter 5, section 5.3.3.5) a
considered to be applicable to this locatio
(Newell 1998).

The potential area disturbed and approxima
waste volume are summarized i
Table I.2.3.2–1. 

I.2.4 Develop New Disposal Site at 
Another LANL Technical 
Area (TA–67)

Under this alternative, DOE would establish
new LLW disposal facility at another
unspecified location at LANL.  The new area 
assumed to be an undeveloped, undisturb
mesa, not adjacent to the existing LLW dispos
area.  This alternative would require that th
existing facilities at Area G be duplicated i

TABLE  I.2.3.2–1.—Low-Level Waste 
Disposal Area Within the North Site of 

TA–54

OPTION
APPROX. 

ACREAGE 
DISTURBED

APPROX.
WASTE 

VOLUME 
(103 m3)

Designate 63 acres 
(25 hectares) 
Immediately North of 
Zone 6 and Area J as 
an MDA

49 acres           
(20 hectares)

1,600

Waste capacity value calculated assuming disposal cell 
depth of 65 feet (20 meters) or 10 feet above the adjacen
canyon bottom (whichever is less) and a 40 percent fill 
efficiency.
I–13
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another location at LANL.  A good deal of
information is known about Pajarito Mesa
within TA–67 because this area was evaluated
as a possible location for a mixed waste disposal
facility, a proposal subsequently canceled.  This
location was chosen as an example of
requirements for developing undeveloped
mesas within LANL for LLW disposal.  Other
undeveloped mesa-top locations would present
similar but not necessarily identical
requirements for development (i.e., not all mesa
tops are within potential habitat of threatened
and endangered [T&E] species or possible
existence of a fault, but virtually all contain
archaeological sites). 

I.2.4.1 Location Description 

The representative undeveloped location
selected is TA–67 on Pajarito Mesa because it is
the best characterized area on an undeveloped
mesa.  This location is shown in Figures I.1.1–1
and I.2.4.1–1.

The upper portion of Pajarito Mesa is also of
Bandelier Tuff, the properties of which are
described in section I.2.1.1.  Beneath TA–67,
the tuff is a 295-foot (90-meter) thick bed of
Bandelier Tuff (Broxton and Chipera 1994).
The underlying layer is also of older
sedimentary deposits and basalt flows.  The
Rendija Canyon fault may underlie the western
portion of TA–67.  (See chapter 4, section
4.2.2.2, Figure 4.2.2.2–1).

TA–67 is an undeveloped area of slightly less
than 72 acres (29 hectares) atop Pajarito Mesa.
To the north of the mesa lies Pajarito Canyon; to
the south is Threemile Canyon.  The mesa top is
level and covered with ponderosa pine, pinyon,
and juniper with an understory of shrubs and
grasses.  The site is within the buffer zone of a
high explosives (HE) research and development
area.  It is also within the blast circles for active
HE firing sites at TA–15 and TA–40 (LANL
1991).  The blast circle defines an area wherein
fragments from tests may fall and from which

humans are excluded during tests.  Access
TA–67 at present is via West Jemez Road (St
Route 501) and then through a security gate 
Anchor Ranch Road and east on R-Site Road

TA–67 is within one-quarter mile of potentia
nesting habitat for the Mexican spotted owl, an
is within potential roosting and foraging habita
for that species. 

There are 11 cultural resources within TA–6
that might be affected by development of th
site (LANL 1998c).  The TCP study conducte
for the SWEIS did not identify any specific
TCPs in the area.  The boundary of S
Ildefonso Pueblo is about 1.5 mile
(2.4 kilometers) east of TA–67 (Figure I.1.1–1

I.2.4.2 Development

If this alternative were implemented, a set 
waste management support facilities an
infrastructure similar to that in the existin
footprint area would be constructed an
installed at TA–67, including office structures
personnel showers, equipment and supp
storage lockers, control rooms, personn
monitoring stations, and the surfac
decontamination wash pad and structures. 
would not be efficient to continue to use th
support facilities at Area G because of th
distance.  Decontamination water would b
collected in a tank and moved by tank truck 
the RLWTF.  Another 200-ton (180-metric ton
compactor may be installed, or the existing un
might be relocated.  The infrastructur
(consisting of roads, utility lines, and ai
monitoring network) would have to be installed
An access control gate and some fencing wo
be installed.  The access road would requ
either a bridge over Threemile Canyon or a
access road around the west end of the cany
The installation in the existing footprint would
remain active while the new location was bein
developed.
I–14
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FIGURE I.2.4.1–1.—Location of the Proposed LLW Disposal Area at TA–67.1
1 The TA numbers are included.
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The trees in the mesa-top area, ponderosa pines,
pinyons, and juniper, would be removed and
managed as discussed in section I.2.1.2.  The
surface contour would be changed as needed to
control runoff and protect the wetland north of
the mesa.  A data recovery plan would be
developed, archaeological sites would be
excavated as necessary, and data would be
recovered, as discussed in sections I.3.6 and
I.4.4.5.

Fencing would not be placed around the entire
zone; only the disposal cells being excavated
and filled with LLW would be fenced.  This
fencing would prevent people and animals from
entering open cells.  Fencing would be removed
after the disposal cells are closed.  

About 50 acres (24 hectares) is assumed for
waste disposal cells, while the remainder of the
area disturbed would be for roads and other
infrastructure development.  The potential area
disturbed and waste volume are summarized in
Table I.2.4.2–1.

While this site was not specifically analyzed
regarding the long-term impacts of waste
disposal at this location, the site characteristics
at TA–67 (and many other mesa tops in the area)
are sufficiently similar to those analyzed in the
Area G Performance Assessment (LANL
1998f) in that the Performance Assessment
results (discussed in volume I, chapter 5,

section 5.3.3.5) are considered applicable 
other mesa-top locations, such as TA–6
(Newell 1998).  It is important to note that th
possible existence of a fault beneath part of t
TA–67 site introduces additional issues that 
not exist at TA–54.  

I.2.5 Preferred Alternative— 
Develop Zones 4 and 6 at 
TA–54

The Preferred Alternative is to develop bo
Zones 4 and 6, proceeding westward in a st
by-step fashion from the existing footprint o
Area G.  The majority of the area on top o
Mesita del Buey (excluding the North Site
would effectively be designated for LLW
management and disposal.  The Preferr
Alternative is shown in Figure I.2.5–1.

This alternative has been designated 
preferred because it offers DOE sever
advantages.  Because LLW disposal are
require long-term institutional control and LLW
has been disposed of at both ends of Mesita 
Buey (Area H and Area G, shown in
Figure I.2.5–1), it would be more efficient to
control the mesa top as one contiguous dispo
area, continuing west from the existing Area G
Zones 4 and 6 on Mesita del Buey are n
currently occupied or used by any T&E specie
The space set aside might suffice for as long
130 years.  Setting aside an area that is m
than adequate for the LLW disposal nee
forecasted for 10 years gives DOE flexibility i
case the needs have been underestima
Finally, setting aside this entire area preserv
DOE’s flexibility to continue to dispose of LLW
(north of the road in Zone 4) while addressin
the issues of the archaeological sites in t
remaining part of Zones 4 and 6.  

Disposal cells would be excavated as need
The development would ultimately be
equivalent to the sum of that describe
individually for all of Zone 4 (section I.2.1.2)

 
TABLE  I.2.4.2–1.—LLW Disposal Area 

Within TA–67

OPTION
APPROX. 

ACREAGE 
DISTURBED

APPROX. 
WASTE 

VOLUME 
(103 m3)

Designate 72 acres 
(29 hectares) at 
TA–67 on Pajarito 
Mesa as an MDA

50 acres
(20 hectares)

1,600

Waste capacity value calculated assuming disposal cell 
depth of 65 feet (20 meters) and a 40 percent fill 
efficiency.
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and Zone 6 (section I.2.2.2) added together, and
as shown in Table I.2.5–1.

I.3 AFFECTED ENVIRONMENT

This section does not repeat information that is
presented in volume I of the SWEIS; it focuses
on alternative-specific information that is
needed to illuminate the differences in
alternatives.  Table I.3–1 identifies the
environmental resources common to this PSSC
analysis and volume I of the SWEIS, along with
their location in volume I and in this PSSC
analysis.  Table I.3–2 identifies environmental
resources that are not discussed in this PSSC
analysis, provides information about why they
are not discussed further here, and identifies the
locations of discussions in volume I of the
SWEIS.  Zones 4 and 6 and the North Site are on
the top of the Mesita del Buey area at TA–54.
The environmental conditions for the whole
mesa top are described as a unit (as Mesita del
Buey).  TA–67, on Pajarito Mesa, is described
separately.

I.3.1 Land Resources

Distances and directions from the residential
areas, the San Ildefonso Pueblo boundary, and

the Bandelier National Monument (BNM
boundary to the alternative locations are show
in Table I.3.1–1.  The distances to the
resources from existing Area G are included f
comparison. Although the distances are sho
to the nearest San Ildefonso Pueblo bounda
this is not the distance to a residential area at S
Ildefonso.  The mesa top on San Ildefon
Pueblo land nearest the DOE boundary may
used for other intermittent purposes, but n
dwellings are located there.   The nearest hum
habitations on pueblo land are at Totavi, som
3.6 miles (5.8 kilometers) northeast of Area G
and Otowi, which is farther away.

I.3.1.1 Land Use

TA–54 is a designated waste management a
disposal area and is not accessible to the gen
public.  In contrast, TA–67 land is designated 
an explosives test or storage area that 
currently used as a safety buffer zone for near
LANL explosives testing operations; LANL
workers are excluded from TA–67 during test

I.3.1.2 Visual Resources

From Pajarito Road, motorists can see only t
sides of support facilities and storage domes
the existing footprint of Area G on the edge 
the mesa above, to the north of the road.  T
areas next to the structures at Area G a
predominately grass-covered expanses 
closed disposal sites) surrounded b
undeveloped areas that are forested with nat
shrubs and small trees.  Mesita del Buey is n
visible from the BNM Visitors’ Center or
developed campgrounds.  It is visible from th
nearest San Ildefonso Pueblo bounda
although not from the dwellings at Totavi an
Otowi.

The easternmost end of TA–67 is visible fro
Pajarito Road but not from the BNM Visitors
Center, developed campgrounds, or S
Ildefonso Pueblo land.  The TA–67 are

TABLE  I.2.5–1.—LLW Disposal Area Within 
the Preferred Alternative,

Zones 4 and 6

OPTION
APPROX. 

ACREAGE 
DISTURBED

APPROX. 
WASTE 

VOLUME 
(103 m3)

Designate Zones 4 
and 6 on Mesita del 
Buey,  70 acres 
(28 hectares)

41 acres
(17 hectares)

1,350

Waste capacity value calculated assuming disposal cell 
depth of 65 feet (20 meters) and a 40 percent fill efficiency.

For Zone 4, option 2 (develop both north and south of the 
access road) is assumed.  
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TABLE  I.3–1.—Potential Environmental Resource Issues Addressed in Volume I and This PSSC

ENVIRONMENTAL RESOURCE LOCATIONS OF DISCUSSIONS

Land Use Volume I, section 4.1.1 and PSSC Analysis, section I.3.1.1

Visual Resources Volume I, section 4.1.2 and PSSC Analysis, section I.3.1.2

Noise Volume I, section 4.1.3 and PSSC Analysis, section I.3.1.3

Air Quality Volume I, section 4.4 and PSSC Analysis, section I.3.2

Ecological Resources Volume I, section 4.5 and PSSC Analysis, section I.3.3

Threatened and Endangered Species Volume I, section 4.5 and PSSC Analysis, section I.3.3.2

Human Health Volume I, section 4.6 and PSSC Analysis, section I.3.4

Environmental Justice Volume I, section 4.7 and PSSC Analysis, section I.3.5

Cultural Resources Volume I, section 4.8 and PSSC Analysis, section I.3.6

Waste Management Volume I, section 4.9 and PSSC Analysis, section I.3.7

Environmental Restoration Volume I, section 2.1.2.5 and PSSC Analysis, section I.3.8

Traffic Volume I, section 4.10 and PSSC Analysis, section I.3.9

TABLE  I.3–2.—Potential Environmental Resource Issues Addressed Only in Volume I
of the SWEIS

ENVIRONMENTAL 
RESOURCE

REASON NOT ADDRESSED IN THIS PSSC
LOCATION OF 
DISCUSSION

Parks, Forests, Conservation 
Areas, Areas of Recreational, 
Ecological, or Aesthetic 
Importance 

Public access not permitted in any of the areas under 
consideration due to their present designated uses.

Volume I, section 4.1.1 

Geology and Soils Alternatives would involve the same types of surface 
soils and the same underlying Bandelier Tuff (Purtymun 
and Kennedy 1971, Nyhan et al. 1978, and Broxton and 

Chipera 1994).

Volume I, section 4.3

Water Resources None of the alternatives would affect water resources.  
Any modifications to runoff patterns would be minor 
relocations.  Surface water conditions are described in 

Reneau 1994, Banar 1996, and LANL 1996b.

Volume I, section 4.4

Wetlands No wetlands present on mesa tops at TA–54 or TA–67 or 
in other locations that could be affected by any of the 

PSSC alternatives.

Volume I, section 4.5

Socioeconomics The labor required to implement any of the alternatives is 
very small and well within the capacity of the local labor 

market.

Volume I, section 4.7
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presents a forested appearance with tall native
trees.

I.3.1.3 Noise

Operations at TA–54 contribute to the overall
background noise level generated by LANL
activities primarily through the traffic into and
away from the facilities located within the TA
and from heavy machinery and equipment used
to excavate the disposal cells and shafts and
move waste containers.  Actual operational
noise heard outside of structures is mostly
limited to the immediate vicinity of the activity;
most of these noises are due to the routine
movement of equipment and waste containers
into and around the facilities.  No measurements
of environmental noise have been conducted
within the TA–54 area; but the level of noise
present there is fairly representative of other
industrially developed sites around LANL.

TA–67 is undeveloped land covered with native
vegetation.  It is forested with native trees and
contributes little to the overall background noise
at LANL.

I.3.2 Air Quality

LANL maintains five meteorological towers
around LANL, including one on Pajarito Roa
below the mesa-top location of TA–55 and Are
G and one at TA–6 near TA–67 (LANL 1998b
These towers are instrumented to reco
temperature, relative humidity, wind direction
and wind velocity at 15-minute intervals
Statistics of wind measured 36 feet (11 mete
above ground level indicate that the prevailin
daytime wind at TA–54 is from the southeas
At TA–6, the prevailing daytime wind is from
the south.

On-site and off-site air monitoring station
collect samples from which the radionuclides 
routine emissions and resuspended dust 
analyzed.  Eight such sampling stations a
located around the developed footprint 
Area G.  LANL’s annual surveillance report
document tritium, plutonium, uranium, an
americium emissions in comparison with th
DOE allowable concentration guides.  The
reports also contain a more thorough descripti
of monitoring activities (LANL 1996b).

There are no monitoring stations in or borderin
Zone 4, Zone 6, the North Site, or TA–67.  Thu
there is no radioactive air quality informatio
specific to any of the potential expansion are

TABLE  I.3.1–1.—Distances to Residential Areas, Bandelier National Monument, and
San Ildefonso Pueblo Boundaries from Each Alternative Location

ALTERNATIVE 
LOCATION

FROM 
ROYAL 
CREST 

TRAILER 
PARK 

FROM WHITE 
ROCK

FROM LOS 
ALAMOS 

TOWNSITE

FROM 
BANDELIER 
NATIONAL 

MONUMENT

FROM SAN 
ILDEFONSO 

PUEBLO 
BOUNDARYa

Zone 4 3.7 mi (5.9 km) 1.3 mi (2.1 km) 3.9 mi (6.2 km) 3.0 mi (4.8 km) 0.25 mi (0.4 km)

Zone 6 3.0 mi (4.8 km) 2.1 mi (3.4 km) 3.1 mi (5.0 km) 3.2 mi (5.1 km) 0.3 mi (0.5 km)

North Site, TA–54 2.9 mi (4.6 km) 2.1 mi (3.4 km) 3.0 mi (4.8 km) 3.2 mi (5.1 km) 0.05 mi (0.1 km)

TA–67 1.5 mi (2.4 km) 5.2 mi (8.3 km) 2.0 mi (3.2 km) 2.0 mi (3.2 km) 1.5 mi (2.4 km)

Area G Existing 
Footprint

1.6 mi (2.5 km) 1.0 mi (1.6 km) 4.2 mi (6.7 km) 3.2 mi (5.1 km) 0.13 mi (0.2 km)

a Distance to human habitation on the Pueblo lands at Totavi is 3.6 miles (mi) (5.8 kilometers [km]).  Otowi is farther away.
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The monitoring station nearest to these areas on
Mesita del Buey, Station 36, is located at the
west end of the developed footprint of Area G,
just east of the monitoring exclusion area that
separates the zone from the developed footprint
of Area G (LANL 1996b).  The air monitoring
stations nearest to the TA–67 site are stations 76
and 78, approximately 5,000 feet
(1.6 kilometers) to the east-southeast (LANL
1996b).

I.3.3 Ecological Resources

I.3.3.1 Flora and Fauna

Mesita del Buey

Most of Mesita del Buey, particularly Area G, is
a high density area for LANL workers and
traffic movement with continual disturbance
related to waste disposal activities.  The North
Site is relatively undisturbed.  The vegetation of
the undisturbed portions of Mesita del Buey is
primarily comprised of pinyon pine-juniper
woodland with a ground cover of blue grama
grass.  In the disturbed areas, including the
closed waste disposal cells, the vegetation is of
mixed grasses and low-growing native plants
(Usner 1996).  The vegetation supports about 23
wildlife species that represent a broad diversity
including insects, reptiles, amphibians,
mammals, and birds.  Some 95 species of birds,
both resident and migratory varieties, have been
identified in the general vicinity.  Mule deer and
elk are the most visible of the large mammals of
the region.  Other common species include
black bear, mountain lion, bobcat, fox, and
coyote.  Small mammals known to inhabit the
general area include species of voles, mice, and
chipmunks (Banar 1996, Keller and Bennett
1996, Usner 1996).

TA–67

The TA–67 site is covered with the ponderosa
pine habitat type, generally over the Pajarito
Plateau’s elevational ranges from 6,900 to

7,500 feet (2,100 to 2,300 meters).   Overa
TA–67 is a fairly flat, wooded mesa top adjace
to moderately steep to very steep canyons; 
north-facing canyon slope areas include fir a
spruce species.  The TA–67 area vegetat
communities support about 90 wildlife specie
that represent a broad diversity, includin
insects, reptiles, amphibians, mammals, a
birds.

Forty-nine species of birds, both resident a
migratory varieties, have been identified in th
general vicinity.  Mule deer and elk are the mo
visible of the large mammals in the region
Other common species include black bea
mountain lion, fox, bobcat, and coyote (Cro
and Usner 1996).

I.3.3.2 Threatened and Endangered
Species  

DOE analyzed existing available field
information and used a preliminary model o
nesting and roosting habitat for the Mexica
spotted owl (Strix occidentalis lucida) to assess
use of the TA–54 and TA–67 areas by species
animals and birds that are federally and sta
listed and protected as threatened 
endangered.  Three federally protected (a
state listed) species of birds potentially use t
surrounding area of TA–54 for habitat:  th
American peregrine falcon (Falco peregrinus),
the Mexican spotted owl, and the southweste
willow flycatcher (Empidonax traillii extimus).
However, species-specific field surveys locat
no T&E species habitat use for nesting 
roosting purposes on Mesita del Buey itself, 
well as none within 0.25 mile of the mesa to
The mesa top may provide some foragin
habitat for the peregrine falcon.  One federa
protected species of bird, the Mexican spott
owl, potentially uses habitat in the TA–67 are
for roosting and foraging purposes; potenti
nesting habitat is located next to TA–67 in th
canyon area.  No known use of this nesti
habitat has occurred recently.
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LANL conducted preliminary consultation with
the U.S. Fish and Wildlife Service (FWS)
concerning TA–67 development.  According to
the FWS, additional surveys would be needed in
order to establish baseline information.
Mitigation measures would be developed
through consultations, in accordance with the
Endangered Species Act (16 U.S.C. §1531), if
the TA–67 alternative were to be implemented.

I.3.4 Human Health 

I.3.4.1 Radiological Dose

Personnel at TA–54 are exposed to radiation
from working with the various types of wastes
managed there.  Personnel are not exclusively
assigned to one type of waste, so their doses
represent an integration over all the jobs
performed there.  The LLW disposal cells are
excavated by personnel who are part of the
regular TA–54 workforce, so their doses cannot
be partitioned to show only exposures received
while excavating disposal cells.  TRU and TRU
mixed wastes (waste with both TRU and
chemicals regulated as hazardous under the
RCRA) produce the majority of the workers’
doses.  In 1995, of the 470 individuals working
at Area G who wore dosimetry badges, 408
received no dose.  In 1996, out of 228 badged
personnel, 213 had no dose.  The health effects

of radiation are expressed as the increased 
or chance of dying from cancer at some po
later in life (excess latent cancer fatality [LCF]
The average external doses of person
assigned to TA–54 who wear dosimetry badg
and  received detectable (non-zero) doses
1995 and 1996 with associated health effects 
shown in Table I.3.4.1–1.  Dose and hea
effect information on LANL personnel working
in other locations under the Expande
Operations Alternative is presented in volume
of the SWEIS, chapter 5, section 5.3.6.  (Lon
term public health impacts from disposa
operations are discussed in section 5.3.3.5
volume I and the Area G Performanc
Assessment [LANL 1998f]).  

Area development and disposal ce
construction activities would not be expected 
expose equipment operators to radioacti
material, regardless of alternative locatio
Thus, there would be no worker dose associa
with area development and cell constructio
Any workers who are on the site for a short tim
to construct disposal cells and support faciliti
and do not work in the vicinity of TRU waste
should receive no work-related dose, regardle
of alternative location.  

TABLE  I.3.4.1–1.—Annual Individual Worker Dose (External Dose) and Health Effects at
Area G (1995, 1996)

TOTAL BADGED WORKERS 
AT AREA G

INDIVIDUALS 
WITH ZERO 

DOSE

AVERAGE DOSE FOR 
INDIVIDUALS WITH 
MEASURABLE DOSE

HEALTH EFFECT— 
CHANCE OF EXCESS LCF 

IN THE EXPOSED 
POPULATION

470 Individuals in 1995 408 (87 percent) 18 millirem
(62 individuals)

less than 1—(0.00045 or 4 in 
10 thousand)

228 Individuals in 1996 213 (93 percent) 38 millirem
(15 individuals)

less than 1—(0.00023 or 2 in 
10 thousand)

DOE Individual Annual 
Occupational Dose Limit

— 5,000 millirema (5 rem) less than 1—(0.0020 or 20 in 
10 thousand)

a DOE 1994
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I.3.4.2 Construction Activities

The regular workforce at Area G excavates new
disposal cells as part of normal operations.
Construction and relocation activities can
expose workers to a variety of risks, such as
being crushed beneath heavy equipment, back
injuries, electrical hazards, and those related to
working below grade.  All work is performed
according to facility procedures for each type of
task and LANL-wide general standards.
Worker health is protected by following
administrative controls and wearing personal
protective equipment such as hard hats and
steel-toed boots, as needed.  Information on
safety and construction-related accidents that
have occurred at LANL is found in chapter 4 of
volume I.

I.3.5 Environmental Justice

The WM PEIS has identified a potential
environmental justice issue because of the
proximity of LLW disposal areas at LANL to
minority and low-income populations, such as
the Native Americans at San Ildefonso Pueblo
and the Hispanic population in Española, Santa
Fe, and the surrounding area (DOE 1997).  As
noted in section I.1.1, the northern boundary of
LANL at TA–54 is San Ildefonso Pueblo land.
However, the nearest human habitations on San
Ildefonso Pueblo land are at Totavi, some
3.6 miles (5.8 kilometers) from Area G, and at
Otowi, which is farther away.  Distance is even
farther to Española, the nearest town with a
predominately Hispanic population.  The
distances to the residential areas from each of
the proposed LLW disposal locations are
presented in Table I.3.1–1.  The environmental
justice affected environment is discussed further
in chapter 4, section 4.8, of volume I. 

I.3.6 Cultural Resources

The presence of TCPs in the Mesita del Buey
area and the TA–67 area is unknown.  Cultural

resource surveys have been conducted o
most of TA–54 and over a portion of TA–67 t
identify archeological sites within those areas

Cultural resource surveys conducted ov
Mesita del Buey within the designated footprin
of Area G have identified 20 archaeologic
sites in the area west and north of the existi
Area G disposal area.  Sixteen of these 20 s
have been evaluated for inclusion on the NRH
Of the 16 sites evaluated for register inclusio
8 are located in Zone 4 to the south of th
roadway, and 1 is located to the north of t
roadway in an ER monitoring zone.  All 9 site
within Zone 4 are Coalition Period puebl
roomblocks (A.D. 1100 through A.D. 1325)
An archeological data recovery plan on seven
the sites located south of the road in Zone 4 t
are eligible for inclusion on the NRHP (Larso
1991b) has been approved by the New Mexi
SHPO, and site work to implement the recove
plan has been initiated but not completed; t
remaining site on the south side of the road
not eligible for NRHP inclusion.  The single sit
located north of the roadway in Zone 4 is n
included in the data recovery plan because th
are no current plans to excavate this site sinc
is located within an ER monitoring zone.  Seve
of the 16 archaeological sites evaluated f
NRHP inclusion were identified within the
Zone 6 area of Mesita del Buey.  All of thes
seven sites are pueblo roomblocks dating fro
the Coalition Period and the Classic Perio
(A.D. 1325 through A.D. 1600) (Larson 1997
Consultation with the SHPO and the fou
Accord Pueblos has not yet been initiated 
DOE for these seven sites.  The remaining
sites of the total of 20 sites located to the we
and north of the existing Area G disposal ar
are not believed to be eligible for inclusion o
the NRHP.  Surveys of these sites were n
comprehensive, however, and a rigorous surv
and additional consultation with the SHPO an
Accord Pueblos, together with site work t
implement such a plan, have not yet be
undertaken by DOE.
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Cultural resource surveys of the TA–67 area of
interest revealed the presence of 11
archaeological sites and these have been
evaluated for eligibility for inclusion on the
NRHP.  These sites are from the Coalition and
Classic Periods (LANL 1998c).  Of the 11 sites,
all but 1 are eligible for inclusion in the register.
An archaeological data recovery plan on the 10
sites, together with consultation with the SHPO
and Accord Pueblos, and site work to
implement such a plan have not yet been
undertaken by DOE.

I.3.7 Waste Management 
(Construction Refuse)

Uncontaminated wastes produced by operations
at LANL, such as construction debris and office
refuse, are collected by a subcontractor and
recycled where feasible.  The remaining
uncontaminated wastes are disposed of in the
Los Alamos County Landfill.  

I.3.8 Environmental Restoration

I.3.8.1 Mesita del Buey

All of TA–54 has been placed in ER Operable
Unit 1148.  Eventual cleanup and site closure
would follow ER procedures and other
applicable regulations in place at that time.

Area L was historically used as a disposal site
for hazardous chemical wastes and has a VOC
vapor plume in its subsurface.  Various
chemicals are present in the plume; the one in
highest concentration is TCE.  Constituents and
concentrations of the VOC plume are listed in
appendix I.B.  This plume extends about 55 feet
(20 meters) east of Area L into Zone 4.  Within
Zone 4, there are two ER monitoring zones, as
shown in Figure I.1.1.1–1.  The first is located
immediately east of Area L and covers about
4 acres (1.6 hectares).  The second comprises
about 1 acre (0.4 hectare) immediately west of
the current disposal area at Area G.  Monitor

wells in both monitoring exclusion zones ar
being tested on a quarterly basis to determ
movement of pore gas in the vadose zone.  T
plume has not expanded spatially in the la
5 years.  There are no known areas 
contamination in Zone 6 or the North Site.

I.3.8.2 TA–67

Because TA–67 is in the blast circles for activ
firing sites, it is possible that debris and airbor
particulates from test activities have bee
deposited onto portions of TA–67.  To date, n
such debris or contamination has been identifi
at this site.  In addition, TA–67 is not currentl
an ER operable unit area.

I.3.9 Traffic

Traffic to and from Los Alamos County an
within LANL is discussed in volume I, chapte
4, section 4.10.  At present, LLW is moved 
Area G by truck.  Construction materials a
also moved to LANL and within LANL by
truck.  Access to Mesita del Buey is via Pajari
Road (State Route 4).  Access to TA–67 is v
West Jemez Road (State Route 501).  

I.3.10 Comparison of 
Environmental Conditions at 
Alternative Locations

The environmental conditions at each of th
identified alternative locations are summarize
and compared in Table I.3.10–1.

The conditions for the Preferred Alternative a
the sum of the individual conditions for Zones
and 6, except for distances and noise.

I.4 ENVIRONMENTAL  
CONSEQUENCES

The environmental consequences of develop
new LLW disposal areas at LANL are present
I–24
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TABLE  I.3.10–1.—Comparison of Environmental Resource Conditions in Alternative Locations fo
Low-Level Radioactive Waste Disposal

PREFERRED ALTERNATIVE

ENVIRONMENTAL 
RESOURCE 
CONDITION

ZONE 4       
(AREA G, TA–54)

ZONE 6 
(TA–54)

NORTH SITE  
(TA–54)

TA–67

Land Area Available 7 acres (3 hectares) 
north of road, 

24 acres 
(10 hectares) both 

sides of road 
developable

41 acres 
(16 hectares), 

17 acres 
(7 hectares) 
developable

63 acres
(25 hectares),

49 acres
(20 hectares) 
developable

72 acres (29 hectares),
50 acres (20 hectares) 

developable

   - Current Identified Use LLW disposal area solid waste 
management area

solid waste 
management area

buffer zone, blast circle 
for HE testing

   - Potential Waste 
Disposal Capacity
(103 m3)

260 north of road
800 both sides 

550 1,600 1,600

Distance to
   - Nearest Residential 
      Area

1.3 mi
(2.1 km)

2.1 mi
(3.4 km)

2.1 mi
(3.4 km)

1.5 mi
(2.4 km)

   - Bandelier National 
     Monument 

3.0 mi 
(4.8 km)

3.2 mi 
(5.1 km)

3.2 mi 
(5.1 km)

2.0 mi 
(3.2 km)

   - San Ildefonso Pueblo 
Boundarya

   - Totavi 

   - Otowi

0.25 mi                
(0.4 km)

3.6 mi (5.8 km)

> 3.6 mi (5.8 km)

0.3 mi              
(0.5 km)

3.6 mi (5.8 km)

> 3.6 mi (5.8 km)

0.05 mi                   
(0.1 km)

3.6 mi (5.8 km)

> 3.6 mi (5.8 km)

1.5 mi                          
(2.4 km)

> 3.6 mi (5.8 km)

> 3.6 mi (5.8 km)

   - Española > 10 mi (16 km) > 10 mi (16 km) > 10 mi (16 km) > 10 mi (16 km)

Visibility from
   - Public Areas
   - San Ildefonso 
      Pueblo Boundary

not visible

visible

not visible

visible

not visible

visible

visible

not visible

Noise < 80 dBA < 80 dBA < 80 dBA < 80 dBA except during 
HE open air testing

Air Quality no site-specific data 
available; nearest 
air monitor is on 

Pajarito Road 
below TA–54

no site-specific 
data available; 

nearest air 
monitor is on 
Pajarito Road 
below TA–54

no site-specific data 
available; nearest air 
monitor is on Pajarito 
Road below TA–54

no site-specific data 
available; nearest air 

monitor is at TA–6, near 
TA–67

Ecological Resources
   - Flora and Fauna

pinyon-juniper, 
small mammals and 

birds

pinyon-juniper, 
large and small 
mammals and 

birds

pinyon-juniper, large 
and small mammals 

and birds

ponderosa pine-mixed 
conifers, large and small 

mammals and birds
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PREFERRED ALTERNATIVE

ENVIRONMENTAL 
RESOURCE 
CONDITION

ZONE 4       
(AREA G, TA–54)

ZONE 6 
(TA–54)

NORTH SITE  
(TA–54)

TA–67

   - Threatened, 
Endangered, and 
Sensitive Species

within peregrine 
falcon foraging 

habitat

within peregrine 
falcon foraging 

habitat

within peregrine 
falcon foraging 

habitat

within potential 
Mexican spotted owl 
roosting and foraging 

habitat, next to potential 
nesting habitat

Human Health no dose from 
construction 

activities

no dose from 
construction 

activities

no dose from 
construction activities

no dose from 
construction activities

Environmental Justice adjacent to San 
Ildefonso Pueblo 
boundary, nearest 
populations not 
minority or low 

income

adjacent to San 
Ildefonso Pueblo 
boundary, nearest 
populations not 
minority or low 

income

adjacent to San 
Ildefonso Pueblo 
boundary, nearest 
populations not 
minority or low 

income

not adjacent to San 
Ildefonso Pueblo 
boundary, nearest 
populations not 

minority or low income

Cultural Resources
   -  Archaeological Sites

one site north of 
road (avoidable), 8 
sites south of road

7 sites 4 known sites 11 sites

   - Traditional Cultural
      Properties

no information no information no information no information

Waste Management construction waste 
recycled or 

disposed at landfill

construction 
waste recycled or 

disposed at 
landfill

construction waste 
recycled or disposed 

at landfill

construction waste 
recycled or disposed at 

landfill

Environmental Restoration part of Operable 
Unit 1148, adjacent 

to VOC plume

part of Operable 
Unit 1148, no 
contaminated 
areas known

part of Operable 
Unit 1148, no 

contaminated areas 
known

not part of an operable 
unit, no contaminated 

areas known

Traffic access via Pajarito 
Road

access via 
Pajarito Road

access via Pajarito 
Road

access via west Jemez 
Road (State Route 501)

a Distance from the existing LLW disposal site in Area G to the San Ildefonso Pueblo boundary is 0.13 mi (0.2 km).  
dBA = decibels A-weighted frequency scale

TABLE  I.3.10–1.—Comparison of Environmental Resource Conditions in Alternative Locations fo
Low-Level Radioactive Waste Disposal-Continued
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for each alternative and compared below.  The
differences among alternatives derive from
development and construction activities at the
different locations where LLW would be
disposed.  The primary differences among
alternatives relate to current land use and
surface features.  All alternatives call for
constructing and developing an LLW disposal
area by excavating into the same underlying
Bandelier Tuff.  The disposal volume to be
excavated and the consequences of excavating
the tuff itself are assumed to be equivalent for
all alternatives.  The impacts of LLW
management and disposal operations including
post-closure are addressed in chapter 5 of
volume I. The following siting, development,
and construction impacts would be in addition
to the operational impacts for LLW
management, including disposal.  

I.4.1 Develop Zone 4 at TA–54

I.4.1.1 Land Resources

Land Use

Because Area G (80 acres [32 hectares]) has
been dedicated for LLW disposal, developing
Zone 4 would represent no change in land use

(DOE 1979).  Land use for the entire TA–5
area has been designated for research 
development and waste disposal (volume 
chapter 4, Figure 4.1.1.2–1).

Visual Resources

New disposal cells would not be visible from
Pajarito Road.  New disposal cells would b
visible from the boundary of the San Ildefons
Pueblo, but not from the human habitations 
White Rock, Los Alamos, Totavi, Otowi, o
BNM.  

Noise

Excavating new LLW disposal cells would
produce the same noise at the point 
excavation for all alternatives because the sa
type of tuff underlies all locations.  As shown i
Table I.4.1.1–1, cell construction in Zone 
would be audible at the San Ildefonso Pueb
boundary, but not at the human habitations
Totavi and Otowi, which are much farther awa
than White Rock and the Los Alamos townsit
Disposal cell construction could be audib
above background levels at the nearest poin
White Rock.  Noise levels at residential are
due to the excavation and construction activiti
could be audible but within normal levels in th

TABLE  I.4.1.1–1.—Sound Level Estimatesa from Excavations/Construction in Zone 4 at Recepto
Locationsb

ALTERNATIVE

(OPERATORS) 
3 to 6 ft

 (1 to 2 m) 
DISTANCE, 

dBA

ON-SITE 
PERSONNEL, 

50 ft (15 m) 
DISTANCE, 

dBA

WHITE 
ROCK, 

dBA

ROYAL 
CREST 

TRAILER 
PARK, dBA

LOS 
ALAMOS 

TOWNSITE, 
dBA

BANDELIER 
NATIONAL 

MONUMENT, 
dBA

SAN 
ILDEFONSO 

PUEBLO 
BOUNDARY, 

dBA

Zone 4 Disposal 
Cell Excavation

90 to 113c 72 to 95 30 to 53 20 to 43 17 to 40 22 to 45 45 to 68

Normal 
Background

NA NA 38 to 51 no data
(assume 
38 to 51)

38 to 51 31 to 35 no data
(assume
31 to 35)

a Values calculated from standard noise ranges at 50 feet (ft) (15 meters [m]) using the inverse square relationship:  
sound level1 - sound level 2 = 20 log r2 r1

-1 where 1 and 2 represent two locations.
b Distances from residential areas shown in Table I.3.1–1.
c Standard construction equipment noise ranges (from Canter 1996).
NA = Not applicable
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Los Alamos townsite and at Royal Crest Trailer
Park.  Noise from cell construction could also be
audible above background at the roadway
boundary to BNM, but not at the Visitors’
Center or in the developed campgrounds.  The
estimates presented are very conservative; in
practice, the uneven terrain, intervening
vegetation, and direction of air movement
would further reduce the noise at receptor
locations. 

The sound levels at and near the excavation
equipment are sufficiently high that operators
would be provided with hearing protection.
Hearing protection may be provided for other
personnel in the vicinity of construction, as
needed.

I.4.1.2 Air Quality 

As LLW disposal cells are excavated, dust
particles and vehicle exhaust fumes would be
generated by bulldozers, back hoes, and similar
construction equipment.  LANL personnel
would use standard dust suppression methods
such as minimizing the area of ground disturbed
and misting (LANL 1996c).  Excavating
disposal cells would not be expected to degrade
the quality of air in residential areas.

If the VOC plume has spread from Area L into
Zone 4 and the soil and tuff in that location are
excavated, VOC components could be released
into the air.  Consequences to air quality have
not been estimated, pending the outcome of the
study on risk related to this VOC plume.

Part or all of the wood from trees cleared from
Zone 4 would be chipped and burned or used as
mulch on the site.  Burning would be conducted,
under an open burning permit obtained from the
New Mexico Environment Department
(NMED), such that the air quality standards
would not be violated. 

I.4.1.3 Ecological Resources

Flora and Fauna

Developing Zone 4 would require that most 
all of the pinyon-juniper tree cover on 24 acre
(10 hectares) be removed.  The vegetat
coverage of Zone 4 is comparable in density
the general forested area along the mesa t
The wood would be chipped and burned or us
for mulch on the site.  This would change 
eliminate part of the habitat of birds and sma
mammals living in or around Zone 4.  Th
habitat change would be small (24 acr
[10 hectares]) compared to the available habi
remaining in the area (which is many hundre
of acres in size).  Construction noise and activ
would cause minor and short-term disturban
to wildlife utilizing adjacent habitat during the
various development phases.  Because the n
cells would be within an area that is alread
fenced, no new impacts are anticipated to t
large game animals that utilize the area.

Threatened and Endangered Species

A peregrine falcon nest site is located more th
3 miles (4.8 kilometers) from the propose
expansion areas at TA–54.  Peregrine falco
have a wide foraging area, typically up t
12.3 miles (19.8 kilometers) from their nes
The total amount of foraging habitat for thi
nesting location is 126,805 acre
(50,722 hectares), not including develope
areas.  Developing Zone 4 would require th
trees be removed and result in a loss of ab
24 acres (10 hectares) of possible foragi
habitat (approximately 0.03 percent of availab
forage area) (Keller and Bennett 1996).  T
removal of less than 1 percent of availab
forage area would not result in an appreciab
effect on this  species.

I.4.1.4 Environmental Justice

Developing an LLW disposal area at an
location on Mesita del Buey would place th
I–28
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development and subsequent operations
adjacent to the San Ildefonso Pueblo boundary
but not to the nearest human habitations on
pueblo land, as shown in Table I.3.1–1.  The
development would be visible from the pueblo
boundary, and the noise from disposal cell
excavations would be audible, should anyone be
present at the boundary.  However, the noise is
not in the range considered harmful to human
health.  

I.4.1.5 Cultural Resources

DOE lacks information regarding the presence
of TCPs within TA–54.  In the absence of
specific information, the consequences of
developing Zone 4 on such resources can only
be estimated in a qualitative manner.  If these
resources are present in the Zone 4 area, they
would either be destroyed by construction or
diminished in value by alteration of the area.  If
none of these resources are present, no effect
would be expected.

If only the area within Zone 4 on the north side
of the road were developed and the monitoring
exclusion zone were avoided, no archaeological
sites would be disturbed.  Eight archaeological
sites within Zone 4 could be affected or
destroyed by constructing an LLW disposal
facility that includes the south side of Mesita del
Buey Road.  All of the eight sites are eligible for
the NRHP (Larson 1991a).  Two of the eligible
sites have already been partially tested or
excavated in accordance with a 1991 data
recovery plan (Larson 1991b and Larson 1997).
If the area on the south side of the road were to
be developed, all of the sites would have to be
excavated prior to the start of project activities.
DOE would need to consult with the four
Accord Pueblos and take their comments into
consideration in the data recovery plan before
the archaeological excavations at Zone 4 could
be continued.  

I.4.1.6 Waste Management 
(Construction Refuse)

Waste from disposal cell construction (i.e., roc
and soil) would be managed at the locatio
(used for fill and for cover or disposed of). N
other construction would be needed.

I.4.1.7 Environmental Restoration

All of TA–54 is considered a part of ER
Operable Unit 1148.  If Zone 4 were to b
developed, consideration would have to 
given to the VOC plume originating in Area L
Possible effects of excavating cells in Zone 4 
the VOC plume and the contaminant source
Area L are not known at present.  LANL
personnel have initiated a study of the ris
posed by the old waste disposal at Area L a
the VOC plume, but there is no information 
present.  

I.4.1.8 Traffic

As noted in section I.2.1.2, no new constructio
(except for excavation of disposal cells) wou
be required to implement this alternative.  Thu
developing Zone 4 would not requir
construction materials to be transported to t
site nor generate construction wastes to 
removed from the site.  Developing Zone 
would have no effect on the flow of traffic on
public roads. 

I.4.2 Develop Zone 6 at TA–54

I.4.2.1 Land Resources

Land Use

Because the whole of Mesita del Bue
including Area G, has been identified fo
management of solid wastes, developing Zon
would not represent a change in land u
category (DOE 1979).  
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Visual Resources

New disposal cells would not be visible from
Pajarito Road.  New cells would be visible from
the boundary of the San Ildefonso Pueblo, but
not from the human habitations at White Rock,
Los Alamos, Totavi, Otowi, or BNM.

Noise

The noise level to which people could be
exposed varies with receptor location, as shown
in Table I.4.2.1–1.  Disposal cell construction in
Zone 6 would be audible at the San Ildefonso
Pueblo boundary but not at the human
habitations at Totavi and Otowi, which are
much farther away than White Rock and the Los
Alamos townsite.  Noise levels at residential
areas due to the excavation and construction
activities would be audible, but within normal
levels in White Rock, the Los Alamos townsite,
and at the Royal Crest Trailer Park.  Noise from
disposal cell construction could be audible
above background at the roadway boundary to
BNM, but not at the Visitors’ Center nor in
the developed campgrounds.  The estimates
presented are very conservative; in practice, the
uneven terrain, intervening vegetation, and
direction of air movement would further reduce
the noise at receptor locations.  

The sound levels at and near the excavat
equipment are sufficiently high that operato
would be provided with hearing protection
Hearing protection may be provided for othe
personnel in the vicinity of construction, a
needed.

I.4.2.2 Air Quality 

As discussed in section I.4.1.2, LANL
personnel would use standard dust suppress
methods.  Excavating disposal cells would n
be expected to degrade the quality of air 
residential areas.

The wood from trees cleared from Zone 6 wou
be chipped and burned or used as mulch on 
site.  Burning would be conducted under a
open burning permit obtained from NMED
such that the air quality standards would not 
violated. 

I.4.2.3 Ecological Resources

Flora and Fauna

Developing Zone 6 would require that most 
all of the pinyon-juniper tree cover on 17 acre
(7 hectares) be removed.  The vegetati

TABLE  I.4.2.1–1.—Sound Level Estimatesa from Excavations/Construction in Zone 6 at
Receptor Locationsb

ALTERNATIVE

OPERATORS, 
3 to 6 ft 

(1 to 2 m) 
DISTANCE, 

dBA

ON-SITE 
PERSONNEL, 

50 ft (15 m) 
DISTANCE, 

dBA

WHITE 
ROCK, 

dBA

ROYAL 
CREST 

TRAILER 
PARK, dBA

LOS 
ALAMOS 

TOWNSITE, 
dBA

BANDELIER 
NATIONAL 

MONUMENT, 
dBA

SAN 
ILDEFONSO 

PUEBLO 
BOUNDARY, 

dBA

Zone 6 Disposal 
Cell Excavation

90 to 113c 72 to 95 24 to 47 22 to 45 22 to 45 22 to 45 42 to 65

Normal 
Background

NA NA 38 to 51 no data 
(assume

38  to 51)

38 to 51 31 to 35 no data 
(assume
31 to 35)

a Values calculated from standard noise ranges at 50 ft (15 m), using the inverse square relationship:  
sound level1 - sound level 2 = 20 log r2 r1

-1 where 1 and 2 represent two locations.
b Distances from residential areas shown in Table I.3.1–1.
c Standard construction equipment noise ranges (from Canter 1996).
NA = Not applicable
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coverage of Zone 6 is comparable in density to
the general forested area along the mesa top.
The wood would be chipped and burned or used
for mulch on the site.  This would change or
eliminate part of the habitat for birds and small
mammals living in and around Zone 6.  The
habitat change would be small (17 acres
[7 hectares]) compared to the available habitat
remaining in the area (which is many hundreds
of acres in size).  Construction noise and activity
would cause minor and short-term disturbance
to wildlife utilizing adjacent habitat during the
various development phases.  Because the new
disposal cells and shafts would only be fenced
during the time that they are active, and the
whole area would not be fenced, no new impacts
are anticipated to the large game animals that
utilize the area.

Threatened and Endangered Species

A peregrine falcon nest site is located more than
3 miles (4.8 kilometers) from both proposed
expansion areas at TA–54.  Peregrine falcons
have a wide foraging area, typically up to
12.3 miles (19.8 kilometers) from their nest.
The total amount of foraging habitat for this
nesting location is 126,805 acres
(51,318 hectares), not including developed
areas.  Cutting the trees would remove some
17 acres (7 hectares, less than 0.02 percent) of
possible foraging habitat for peregrine falcons,
in the event that this alternative is chosen
(Keller and Bennett 1996).  The removal of less
than 1 percent of available foraging habitat area
would not result in an appreciable effect on this
species.

I.4.2.4 Environmental Justice

The disposal area development would be visible
from the pueblo boundary, and the noise from
disposal cell excavations would be audible,
should anyone be present at the boundary.
However, the noise is not in the range
considered harmful to human health.  

I.4.2.5 Cultural Resources

DOE lacks information regarding the presen
of TCPs within TA–54.  In the absence of suc
information, the potential consequences 
developing Zone 6 can only be estimate
qualitatively.  If these resources are present
Zone 6, they would either be destroyed b
construction or diminished in value b
alteration of the area.  If no such resources 
present, no effect would be expected.

Seven archaeological sites would be affected
destroyed by constructing an LLW dispos
facility at Zone 6.  The cultural resource repo
documenting the survey has not been submit
to the SHPO, and official eligibility
determinations for the seven sites have not be
made.  In compliance with current regulation
adverse effects to the NRHP eligible sites cou
be successfully mitigated by conductin
archaeological excavations designed to reco
scientific data.  If Zone 6 is selected as th
location for an LLW facility, DOE would
prepare a proposal for mitigation of advers
effects to the eligible sites (a data recovery pla
and  incorporate the concerns of the Acco
Pueblos.  The New Mexico SHPO would revie
the document prior to implementation o
mitigation measures and be requested to con
in a determination of no adverse effect befo
the start of project activities.

I.4.2.6 Waste Management 
(Construction Refuse)

Waste from disposal cell construction (i.e., roc
and soil) would be managed at the locatio
(used for fill and for cover or disposed of).  N
other construction would be needed.  

I.4.2.7 Environmental Restoration

All of TA–54 is considered part of ER Operabl
Unit 1148.  There would be no additional E
implications from disposing of LLW in Zone 6
I–31
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I.4.2.8 Traffic

As noted in section I.2.2.2, the only construction
required to implement this alternative would be
to fence cells being excavated and filled.  Thus,
developing Zone 6 would not require
construction materials to be transported to the
site nor generate construction wastes to be
removed from the site.  Developing Zone 6
would have no effect on the flow of traffic on
public roads.

I.4.3 Develop the North Site at 
TA–54

I.4.3.1 Land Resources

Land Use

Because the whole of Mesita del Buey,
including Area G, has been identified for
management of solid wastes, developing the
North Site would not represent a change in land
use category (DOE 1979). 

Visual Resources

New disposal cells would not be visible from
Pajarito Road.  New cells would be visible from
the boundary of the San Ildefonso Pueblo, b
not from the human habitations at White Roc
Los Alamos, Totavi, Otowi, or BNM.

Noise

The noise level to which people could b
exposed varies with receptor location, as sho
in Table I.4.3.1–1.  Disposal cell construction 
the North Site would be audible at the Sa
Ildefonso Pueblo boundary, but not at th
human habitations at Totavi and Otowi, whic
are much farther away than White Rock and t
Los Alamos townsite.  Noise levels a
residential areas due to the excavation a
construction activities would be audible bu
within normal levels in White Rock, the Los
Alamos townsite, and at the Royal Crest Trail
Park.  Noise from cell construction could b
audible above background at the roadw
boundary to BNM, but not at the Visitors
Center nor in the developed campgrounds.  T
estimates presented are very conservative;
practice, the uneven terrain, intervenin
vegetation, and direction of air movemen

TABLE  I.4.3.1–1.—Sound Level Estimatesa from Excavations/Construction in the North Site at 
Receptor Locationsb

ALTERNATIVE

OPERATORS, 
3 to 6 ft 

(1 to 2 m) 
DISTANCE, 

dBA

ON-SITE 
PERSONNEL, 

50 ft (15 m) 
DISTANCE, 

dBA

WHITE
ROCK, 

dBA

ROYAL 
CREST 

TRAILER 
PARK, dBA

LOS 
ALAMOS 

TOWNSITE, 
dBA

BANDELIER 
NATIONAL 

MONUMENT, 
dBA

SAN 
ILDEFONSO 

PUEBLO 
BOUNDARY, 

dBA

North Site 90 to 113c 72 to 95 24 to 47 22 to 45 22 to 45 22 to 45 54 to 79

Normal 
Background

NA NA 38 to 51 no data 
(assume

38 to 51)d

38 to 51 31 to 35 no data 
(assume

31 to 35)d

a Values calculated from standard noise ranges at 50 ft (15 m), using the inverse square relationship:  
sound level1 - sound level 2 = 20 log r2 r1

-1 where 1 and 2 represent two locations.
b Distances from residential areas shown in Table I.3.1–1.  
c Standard construction equipment noise ranges (from Canter 1996).
d In these cases, noise levels were assumed to be the same as those measured in nearby locations.  The noise level at the Royal Crest Trailer Park was 

assumed to be the same as that measured at the Los Alamos townsite, and the noise level at the San Illdefonso boundary is assumed to be the same 
as that at the adjacent BNM land (refer to Figure I.1.1–1).

NA = Not applicable
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would further reduce the noise at receptor
locations.  

The sound levels at and near the excavation
equipment are sufficiently high that operators
would be provided with hearing protection.
Hearing protection may be provided for other
personnel in the vicinity of construction, as
needed.

I.4.3.2 Air Quality 

As discussed in section I.4.1.2, LANL
personnel would use standard dust suppression
methods.  Excavating cells would not be
expected to degrade the quality of air in
residential areas.

Part or all of the wood from trees cleared from
the North Site would be chipped and burned or
used as mulch on the site.  The burning would be
conducted under an open burning permit
obtained from NMED, such that the air quality
standards would not be violated. 

I.4.3.3 Ecological Resources

Flora and Fauna

Developing the North Site could also require
that the pinyon-juniper tree cover on 49 acres
(20 hectares) be removed.  The vegetative
coverage of the North Site is comparable to the
general forested area along the mesa top.  The
wood would be chipped and burned or used for
mulch on the site.  This would change or
eliminate part of the habitat for birds and small
mammals living in or around the North Site.
The habitat change would be small, compared to
the available 49 acres (20 hectares) of habitat
remaining in the area, which is many hundreds
of acres in size.  Construction noise and activity
would cause minor and short-term disturbance
to wildlife utilizing adjacent habitat during the
various development phases.  Because the new
disposal cells and shafts would only be fenced
during the time that they are active, and the

whole area would not be fenced, no new impa
are anticipated to the large game animals t
utilize the area.

Threatened and Endangered Species

Peregrine falcons have a wide foraging are
typically up to 12.3 miles (19.8 kilometers
from their nest, which is more than 3 mile
(5 kilometers) away from the North Site.  Th
total amount of forage habitat for this nestin
location is 126,805 acres (50,722 hectares), 
including developed areas.  At the North Sit
the loss of foraging habitat due to removin
trees would be 40 acres (16 hectare
approximately 0.05 percent (Keller an
Bennett 1996).  The removal of less tha
1 percent of available foraging habitat are
would not result in an appreciable effect on th
species.

I.4.3.4 Environmental Justice

The development would be visible from th
pueblo boundary, and the noise from dispos
cell excavations would be audible, shou
anyone be present at the boundary.  Howev
the noise is not in the range considered harm
to human health.

I.4.3.5 Cultural Resources

Cultural resource surveys of the North Si
identified four archaeological sites.  Th
surveys were not comprehensive; a rigoro
survey would be needed if this alternative we
selected, and additional sites may be identifie
As discussed in section I.4.2.5, if this alternati
were selected, a cultural resource report wou
be submitted to the SHPO and Accord Puebl
and their comments would be taken in
consideration in developing a data recove
plan.  

DOE lacks information regarding the presen
of TCPs within TA–54.  In the absence of suc
information, the potential consequences 
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developing the North Site can only be estimated
qualitatively.  If these resources are present
within the North Site area, they would either be
destroyed by construction or diminished in
value by the alteration of the area.  If none of
these resources are present, then no effect would
be expected.

I.4.3.6 Waste Management 
(Construction Refuse)

Waste from disposal cell construction (i.e., soil
and rock) would be managed at the location
(used for fill and for cover or disposed of).  Any
refuse from utility line construction would be
disposed of in the Los Alamos County Landfill.
The amount of refuse would be very small.

I.4.3.7 Environmental Restoration

All of TA–54 is considered a part of ER
Operable Unit 1148.  There would be no
additional ER implications from disposing of
LLW in the North Site.  

I.4.3.8 Traffic

As noted in section I.2.3.2, the only construction
required to implement this alternative would be
to pave the unpaved road down the mesa top and
install utility lines and a decontamination
facility (wash pad for a truck).  Fencing would
be needed for disposal cells being excavated and
filled.  Developing the North Site would require
perhaps a dozen truckloads of construction
materials to be transported to the site.  No
construction wastes would be removed from the
site.  Developing the North Site would have no
noticeable effect on the flow of traffic on public
roads.

I.4.4 Develop a New Disposal Site 
at Another LANL Technical 
Area (TA–67)

I.4.4.1 Land Resources

Land Use

Currently, TA–67 is a secured area used as
inactive buffer zone for HE research an
development.  It is within the blast circles fo
active HE firing sites at TA–15 and TA–40.  It
development for LLW disposal would requir
dual land use designation.  Development of 
LLW disposal site within TA–67 would require
that disposal operations be suspend
temporarily during HE open firing tests.  I
would result in a change in land use designati
from Explosives Use to Explosives/Wast
Disposal.

The possible presence of a geologic fau
underlying the western edge of TA–67 cou
potentially disqualify this site from further
consideration as a disposal area.  Sho
development be pursued in the future, addition
investigation would be required.

Visual Resources

New disposal cells would not be visible from
Pajarito Road.  If the TA–67 site was develope
the support structures would probably be visib
from Pajarito Road and possibly from Sta
Road 4 bordering BNM, but not from the Sa
Ildefonso Pueblo land.  If a bridge wer
constructed over Threemile Canyon, this mig
also be visible from Pajarito Road.  None 
these would be visible from the boundary of th
San Ildefonso Pueblo, nor from the huma
habitations at White Rock, Los Alamos, Totav
Otowi, or BNM.

Noise

If TA–67 were developed, the additiona
construction would cause noise generati
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intermittently for 1 to 2 years, in addition to the
disposal cell excavation noise.  Trenching for
utility lines with a back hoe would produce the
loudest of these operational noises.  The noise
level for back hoe operations (72 to 92 decibels
A-weighted frequency scale [dBA]) is bounded
by that for tractor operations (76 to 95 dBA)
(Canter 1996).

The noise level to which people could be
exposed varies with receptor location, as shown
in Table I.4.4.1–1.  Disposal cell construction at
TA–67 could be audible above background
level in White Rock, the Los Alamos townsite,
and at the Royal Crest Trailer Park.  Noise from
cell construction could be audible above
background at the roadway boundary to BNM,
but not at the Visitors’ Center nor in the
developed campgrounds.  The estimates
presented are very conservative; in practice, the
uneven terrain, intervening vegetation, and
direction of air movement would further reduce
the noise at receptor locations.  

The sound levels at and near the excavation
equipment are sufficiently high that operators
would be provided with hearing protection.
Hearing protection may be provided for other

personnel in the vicinity of construction, a
needed.

I.4.4.2 Air Quality 

As discussed in section I.4.1.2, LANL
personnel would use standard dust suppress
methods.  Excavating cells would not b
expected to degrade the quality of air 
residential areas.

Considerable additional construction would b
required to develop the TA–67 site.  Thes
activities would also generate more du
particles and vehicle exhaust fumes.  T
consequences to air quality have not be
estimated but would be comparable to oth
ground-breaking activities (less than highwa
construction) and of short duration.  

Part or all of the wood from trees cleared fro
TA–67 would be chipped and burned or used
mulch on the site.  The burning would b
conducted under an open burning perm
obtained from NMED, such that the air qualit
standards would not be violated. 

TABLE  I.4.4.1–1.—Sound Level Estimatesa from Excavations/Construction in TA–67 at Receptor
Locationsb

ALTERNATIVE

OPERATORS, 
3 to 6 ft

(1 to 2 m) 
DISTANCE, 

dBA

ON-SITE 
PERSONNEL, 

50 ft (15 m) 
DISTANCE, 

dBA

WHITE 
ROCK, 

dBA

ROYAL 
CREST 

TRAILER 
PARK, dBA

LOS 
ALAMOS 

TOWNSITE,
dBA

BANDELIER 
NATIONAL 

MONUMENT
dBA

SAN 
ILDEFONSO 

PUEBLO 
BOUNDARY, 

dBA

TA–67 90 to 113c 72 to 95 18 to 41 28 to 51 27 to 40 27 to 40 27 to 50

Normal 
Background

NA NA 38 to 51 no data 
(assume

38 to 51)d

38 to 51 31 to 35 no data 
(assume

31 to 35)d

a Values calculated from standard noise ranges at 50 ft (15 m), using the inverse square relationship: 
sound level1 - sound level 2 = 20 log r2 r1

-1 where 1 and 2 represent two locations.
b Distances from residential areas shown in Table I.3.1–1.
c Standard construction equipment noise ranges (from Canter 1996).
d In these cases, noise levels were assumed to be the same as those measured in nearby locations.  The noise level at the Royal Crest Trailer Park was 

assumed to be the same as that measured at the Los Alamos townsite, and the noise level at the San Illdefonso boundary is assumed to be the same 
as that at the adjacent BNM land (refer to Figure I.1.1–1).

NA = Not applicable
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I.4.4.3 Ecological Resources

Flora and Fauna

Developing TA–67 could require that most or
all of the ponderosa pine, pinyon, and juniper
tree cover on 60 acres (24 hectares) be removed.
The vegetative coverage of mostly mature trees
over 40 feet (12 meters) tall is comparable in
density to the general forested area along the
mesa top.  This wood would be chipped and
burned or used as mulch on the site.

This development would change or eliminate
part of the habitat for birds and small mammals
living in and around the developed part of
TA–67.  The habitat change would be small
because the disturbed area would be about
60 acres (24 hectares) within a more than
1,000-acre (greater than 400-hectares) relatively
undisturbed area.  Construction noise and
activity would cause minor and short-term
disturbance to wildlife utilizing adjacent habitat
during the various development phases.
Because the new disposal cells would only be
fenced during the time that they are active, and
the whole area would not be fenced, no new
impacts are anticipated to the large game
animals that utilize the area.

Threatened and Endangered Species

The Mexican spotted owl has been found to nest
over 1 mile (1.6 kilometers) away from TA–67
within the general vicinity of the southern
portion of TA–15; however, potential nesting
habitat is present near TA–67 within 0.25 mile
(0.4 kilometer) of the proposed disposal site.
The TA–67 location is also within potential
roosting and foraging habitat areas.  Removing
ponderosa pine trees at the site would decrease
the potential foraging habitat for the Mexican
spotted owl by about 1.3 percent and the
potential roost-only habitat by about an equal
amount (Keller and Bennett 1996).  Potential
nesting habitat may be adversely affected in that
noise and light from the disposal site could

reduce the desirability of the area and its futu
usefulness to the species.

I.4.4.4 Environmental Justice

The disposal area development would not 
visible from the pueblo boundary, and the noi
from disposal cell excavations would not b
audible, should anyone be present at t
boundary.  

I.4.4.5 Cultural Resources

Eleven specific archaeological sites would b
affected or destroyed by the construction of 
LLW disposal facility at TA–67.  In addition to
these 11 sites, people working in the area m
be able to reach and disturb other sites in clo
proximity to the construction area.   One site h
been determined not to be eligible for th
NRHP.  Adverse effects to the 10 NRHP
eligible sites could be mitigated by conductin
archaeological excavations designed to reco
scientific data.  A survey report documentin
the results of the 1992 to 1993 archaeologic
survey would be sent to the SHPO in order 
begin the required consultation process.  T
procedure would be as described in secti
I.4.2.5 for Zone 6.

DOE lacks information regarding the presen
of TCPs within TA–67.  In the absence o
specific information on such resources, th
potential consequences of developing t
TA–67 site on such resources can only 
estimated qualitatively.  If these resources a
present within TA–67, they would either b
destroyed by construction or diminished 
value by the alteration of the area.  If none 
these resources are present, then no effect wo
be expected.
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I.4.4.6 Waste Management 
(Construction Refuse)

Developing a new LLW disposal location at
TA–67 would generate refuse from constructing
the support facilities.  The quantity is not known
at present.  This refuse would be recycled to the
extent possible, and the remainder would be
disposed of in the Los Alamos County Landfill.
Waste from disposal cell construction would be
managed at the location.

I.4.4.7 Environmental Restoration

Developing an LLW disposal area at TA–67 is
not anticipated to have ER implications.
However, developing in a new and
uncontaminated location would create another
area with permanent constraints on future uses
due to waste buried there.  

I.4.4.8 Traffic

If TA–67 were developed, the traffic would
increase less than 1 percent for 1 to 2 years on
Pajarito Road and West Jemez Road as
construction materials and pre-engineered
support structures were moved to the site and
construction wastes were removed.
Constructing new LLW disposal cells
subsequently would have no impact on the flow
of traffic on public roads.

I.4.5 Preferred Alternative— 
Develop Zones 4 and 6 at 
TA–54

The consequences of the Preferred Alternative,
to develop Zones 4 and 6 in step-wise fashion
moving westward from the present LLW
disposal area in Area G, would be the additive
consequences of those discussed separately for
Zone 4 in section I.4.1 and Zone 6 in section
I.4.2, except for noise.  The consequences of
noise are taken as the louder of the noise effects

from Zone 4 or 6 at each of the recept
locations.  

I.4.5.1 Land Resources

Land Use

Because the whole of Mesita del Buey has be
identified for management of solid waste
developing Zones 4 and 6 would not result in
change to the land use designation of resea
and development and waste disposal.

Visual Resources

New disposal cells would not be visible from
Pajarito Road.  The cells would be visible fro
the boundary of the San Ildefonso Pueblo, b
not from the human habitations at White Roc
Los Alamos, Totavi, Otowi, or BNM.

Noise

The noise level to which people could b
exposed varies with receptor location, as sho
in Table I.4.5.1–1.  The estimates show
represent the louder of the estimates fro
Tables I.4.1.1–1 (Zone 4) and I.4.2.1–1 (Zone
at each receptor location.  Disposal ce
construction in Zones 4 and 6 would be audib
at the San Ildefonso Pueblo boundary, but no
the human habitations at Totavi and Otow
which are much farther away than White Roc
and the Los Alamos townsite.  Noise levels 
residential areas due to the excavation a
construction activities would be audible, bu
within normal levels in White Rock, the Los
Alamos townsite, and at the Royal Crest Trail
Park.  Noise from cell construction could b
audible above background at the roadw
boundary to BNM, but not at the Visitors
Center nor in the developed campgrounds.  T
estimates presented are very conservative;
practice, the uneven terrain, intervenin
vegetation, and direction of air movemen
would further reduce the noise at recept
locations.  
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The sound levels at and near the excavation
equipment are sufficiently high that operators
would be provided with hearing protection.
Hearing protection may be provided for other
personnel in the vicinity of construction, as
needed.

I.4.5.2 Air Quality 

As discussed in section I.4.1.2, LANL
personnel would use standard dust suppression
methods.  Excavating cells would not be
expected to degrade the quality of air in
residential areas.  

The wood from trees cleared from Zones 4 and
6 would be chipped and burned or used as mulch
on the site.  The burning would be conducted
under an open burning permit obtained from
NMED, such that the air quality standards
would not be violated.  Trees would be cleared
in a step-wise fashion, as disposal area becomes
needed.

I.4.5.3 Ecological Resources

Flora and Fauna

Developing Zone 4 and then Zone 6 wou
require that most or all of the pinyon-junipe
tree cover on the 41 acres (17 hectares) 
removed; however, this would be done in 
gradual manner as disposal space was nee
The wood would be chipped and burned or us
as mulch on the site.  This would change 
eliminate bird and small mammal habitat i
direct proportion to the acreage disturbed.  T
habitat change caused by removing 41 ac
(17 hectares) of vegetative cover would b
small compared to the available habit
remaining in the area, which measures hundre
of acres in size.  Similar habitat is available 
the North Site.  Construction noise and activi
would cause minor and short-term disturban
to wildlife utilizing adjacent habitat during the
various development phases.  Because the n
disposal cells would only be fenced during th
time that they are active, and the whole ar
would not be fenced, no new impacts a

TABLE  I.4.5.1–1.—Sound Level Estimatesa from Excavations/Construction in Zones 4 and 6 at 
Receptor Locationsb

ALTERNATIVE

OPERATORS, 
3 to 6 ft 

(1 to 2 m) 
DISTANCE, 

dBA

ON-SITE 
PERSONNEL, 

50 ft (15 m) 
DISTANCE, 

dBA

WHITE
ROCK, 

dBA

ROYAL 
CREST 

TRAILER 
PARK,    

dBA

LOS 
ALAMOS 

TOWNSITE, 
dBA

BANDELIER 
NATIONAL 

MONUMENT, 
dBA

SAN 
ILDEFONSO 

PUEBLO 
BOUNDARY, 

dBA

Zones 4 and 6 
Disposal Cell 
Excavation

90 to 113c 72 to 95 30 to 53 22 to 45 22 to 45 22 to 45 45 to 68

Normal 
Background

NA NA 38 to 51 no data
(assume

38 to 51)d

38 to 51 31 to 35 no data
(assume

31 to 35)d

a Values calculated from standard noise ranges at 50 ft (15 m), using the inverse square relationship:   
sound level1 - sound level 2 = 20 log r2 r1

-1 where 1 and 2 represent two locations.
b Distances from residential areas shown in Table I.3.1–1.
c Standard construction equipment noise ranges (from Canter 1996).
d In these cases, noise levels were assumed to be the same as those measured in nearby locations.  The noise level at the RCrest 
Trailer Park was assumed to be the same as that measured at the Los Alamos townsite, and the noise level at the San Illde
boundary is assumed to be the same as that at the adjacent BNM land (refer to Figure I.1.1–1).

NA = Not applicable
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anticipated to the large game animals that utilize
the area.

The cumulative impact of removing an
additional 41 acres (17 hectares) of pinyon-
juniper woodland when added to the 63 acres
(25 hectares) removed (assuming comparable
plant density) in achieving the current size of the
Area G LLW disposal area should be small.
Much of Mesita del Buey is likely part of the
Pajarito Canyon watershed, which currently has
approximately 1,900 acres (770 hectares) of
pinyon-juniper woodland.  This vegetation type
is the most abundant on LANL, currently
covering an estimated 13,000 acres
(5,265 hectares), or slightly over 46 percent of
LANL.  The cumulative impact would be a
decrease in about 104 acres (42 hectares) of
pinyon-juniper habitat for the birds and small
and large mammals that utilize this habitat type.
This habitat is located in an area that has
experienced fragmentation from past actions,
and any contribution to fragmentation would be
minor.  When considering the abundance of this
habitat on LANL as well as the region,
cumulative biological and ecological effects
would be small.

Threatened and Endangered Species

A peregrine falcon nest site is located more than
3 miles (4.8 kilometers) from both proposed
expansion areas at TA–54.  Peregrine falcons
have a wide foraging area, typically up to
12.3 miles (19.8 kilometers) from their nest.
The total amount of foraging habitat for this
nesting location is 126,805 acres
(50,722 hectares), not including developed
areas.  Some 41 acres (17 hectares), or less than
0.05 percent of possible foraging habitat for
peregrine falcons could ultimately be lost due to
tree removal, in the event that this Preferred
Alternative is chosen (Keller and Bennett 1996).
However, this loss would be gradual and would
not result in an appreciable effect on this
species.  Cumulative effects would not change
appreciably from current conditions.

I.4.5.4 Environmental Justice

The disposal area development would be visib
from the pueblo boundary, and the noise fro
disposal cell excavations would be audibl
should anyone be present at the bounda
However, the noise is not in the rang
considered harmful to human health.  

I.4.5.5 Cultural Resources

DOE lacks information regarding the presen
of TCPs on Mesita del Buey.  In the absence
specific information on such resources, th
potential consequences of developing Zones
and 6 on such resources can only be estima
qualitatively.  If these resources are prese
within Zones 4 and 6, they would either b
destroyed by construction or diminished 
value by the alteration of the area.  If none 
these resources are present, then no effect wo
be expected.

A total of 15 archaeological sites would b
affected or destroyed by constructing an LLW
disposal facility at Zones 4 and 6.  Although th
cultural report and data recovery plan for Zone
has been accepted by the SHPO, that is not 
case with Zone 6, as discussed in section I.4.2
The Zone 4 area north of the road, where the
are no sites, could be developed firs
Simultaneously, the approved excavation a
data recovery plan could be initiated in Zone
south of the road.  Before Zone 6 could b
developed, DOE would prepare a proposal f
mitigation of adverse effects to the eligible site
(a data recovery plan) and incorporate t
concerns of the Accord Pueblos.  The Ne
Mexico SHPO would review the documen
prior to implementation of mitigation measure
and be requested to concur in a determination
no adverse effect before the start of proje
activities.
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I.4.5.6 Waste Management 
(Construction Refuse)

Waste from disposal cell construction (i.e., soil
and rock) would be managed at the location
(used for fill and for cover or disposed of).  No
other construction would be needed.  

I.4.5.7 Environmental Restoration

All of TA–54 is considered a part of ER
Operable Unit 1148.  There would be no
additional ER implications from disposing of
LLW in Zones 4 and 6. 

I.4.5.8 Traffic

As noted in section I.2.5, the only construction
required to implement this alternative would be
to fence cells being excavated and filled.  Thus,
developing the Preferred Alternative would not
require construction materials to be transported
to the site nor generate construction wastes to be
removed from the site.  There would be no effect
on the flow of traffic on public roads.

I.4.6 Potential Accidents

The potential accidents identified are those that
could take place during disposal cell
construction and during support facility and
infrastructure construction in the case of the
TA–67 alternative.  The consequences of
construction accidents are injury or possibly
death to one or more workers.  The probability
for such an accident is low where the amount of
construction work required is small (i.e.,
disposal cell construction only), but increases
with the increased amount of construction work.
Thus, the probability of an accident would be
greatest for the TA–67 development alternative,

because it would require substantially mo
construction work.  

During construction, the bounding case accide
for a worker would be injury or death due t
industrial accident.  A piece of heavy equipme
such as a crane could fall on a worker or a tren
wall could collapse.  Any industrial acciden
could cause injury or death to one or mo
involved workers.  Uninvolved workers an
members of the public would not be affecte
The environment would not be contaminate
Working according to standard operatin
procedures, facility procedures, and work
training would decrease the probability of th
accident. 

Operational accidents and their consequen
are analyzed in chapter 5 of volume I.  Project
accident rates are also presented there.

I.4.7 Comparison of 
Environmental Consequences

The potential consequences of expanding LL
disposal in each of the alternative locations a
summarized and compared in Table I.4.7–
The consequences of the Preferred Alternati
developing both Zones 4 and 6, are the addit
consequences of those associated with the 
individual locations, except for noise where th
louder of the noise estimates for Zone 4 and 6
presented for each of the receptor location
Similarly, the distance to various locations 
taken as the closer of the two figures present
The environmental consequences of the selec
alternative, developing an additional area f
LLW disposal, are included in chapter 5 (sectio
5.3) of volume I, along with the consequences
ongoing LANL operations in describing overa
impacts of LANL operations.
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TABLE  I.4.7–1.—Comparison of Environmental Consequences of Expanding Low-Level Wast
Disposal in Alternative Locations

PREFERRED ALTERNATIVE

FACTOR, 
MEASURE

ZONE 4, TA–54 ZONE 6, TA–54
NORTH SITE, 

TA–54
TA–67

Status (distance to and 
location of nearest 
residential area)

1.3 mi (2.1 km) 
White Rock

2.1 mi (3.4 km) 
White Rock

2.1 mi (3.4 km)
White Rock

1.5 mi (2.4 km) 
Royal Crest Trailer 

Park

Distance to BNM 
Boundary

3.0 mi (4.8 km) 3.2 mi (5.1 km) 3.2 mi (5.1 km) 2.0 mi (3.2 km)

Distance to San 
Ildefonso Pueblo 
Boundarya

0.25 mi (0.4 km) 0.3 mi (0.5 km) 0.05 mi (0.1 km) 1.5 mi (2.4 km)

LANL Land Use 
Designation

no change in 
designation

no change in 
designation

no change in 
designation

designation changed 
to include LLW 

disposal

Visibility from Public 
Access Area

no change no change no change increased visibility 
from Pajarito Road

Excavation and 
Construction Noise at 
Nearest Residential 
Area

may slightly exceed 
normal background 

level

may slightly exceed 
normal background 

level

may slightly exceed 
normal background 

level

equivalent to normal 
background level

Air Quality dust and exhaust 
during disposal cell 

and shaft excavation, 
smoke from open 
burning of cleared 

trees

dust and exhaust 
during disposal cell 

and shaft excavation, 
smoke from open 
burning of cleared 

trees

dust and exhaust 
during disposal cell 

and shaft excavation, 
smoke from open 
burning of cleared 

trees

dust and exhaust 
during site and road 
development, then 
during disposal cell 

and shaft excavation, 
smoke from open 
burning of cleared 

trees

Ecological Resources
(flora and fauna)

clear 24 acres 
(10 hectares), loss of 

pinyons and 
understory

clear 17 acres 
(7 hectares), loss of 

pinyons and 
understory

clear 49 acres 
(20 hectares), loss of 

pinyons and 
understory 

clear 60 acres 
(24 hectares), loss of 

pinyon and 
ponderosa pine, 

juniper, and 
understory

Threatened, 
Endangered, and 
Sensitive Species

loss of < 0.1 percent 
foraging area; no 

appreciable effect on 
threatened peregrine 

falcon

loss of < 0.1 percent 
foraging area; no 

appreciable effect on 
threatened peregrine 

falcon

loss of < 0.1 percent 
foraging area; no 

appreciable effect on 
threatened peregrine 

falcon

loss of about 
1.3 percent of 

roosting and foraging 
habitat;  no 

appreciable effect on 
threatened Mexican 
spotted owl; may 
adversely affect 
potential nesting 

habitat desirability 
and usefulness to the 

species
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Environmental Justice development visible 
and noise audible at 

San Ildefonso Pueblo 
boundary

development visible 
and noise audible at 

San Ildefonso Pueblo 
boundary

development visible 
and noise audible at 

San Ildefonso Pueblo 
boundary

development not 
visible and noise not 

audible at San 
Ildefonso Pueblo 

boundary

Cultural Resources 
(archaeological sites)

1 site north side of 
road (avoidable),
8 sites affected if 

whole area 
developed

7 sites affected, data 
recovery plan needed

4 or more sites 
affected, data recovery 

plan needed

11 sites affected, data 
recovery plan needed

Traditional Cultural 
Properties

no information 
available, any sites 
present could be 

destroyed or 
degraded

no information 
available, any sites 
present could be 

destroyed or 
degraded

no information 
available, any sites 
present could be 

destroyed or degraded

no information 
available, any sites 
present could be 

destroyed or 
degraded

Waste Management no change no change no change some construction 
refuse

Environmental 
Restoration 

need to avoid 
exclusion area

no change no change no change

Traffic no change no change no change increase for 1 to 
2 years due to 
construction

Accidents (industrial) probability is low, 
consequence is 

injury or death to a 
worker

probability is low, 
consequence is injury 
or death to a worker

probability is low, 
consequence is injury 
or death to a worker

probability is higher 
(additional 

construction), 
consequence is injury 
or death to a worker

a Distance from the existing LLW disposal site in Area G to the San Ildefonso Pueblo boundary is 0.13 mi (0.2 km).  Distanc
human habitations at San Ildefonso Pueblo (Totavi) is 5 mi (8 km).

TABLE  I.4.7–1.—Comparison of Environmental Consequences of Expanding Low-Level Wast
Disposal in Alternative Locations-Continued

PREFERRED ALTERNATIVE

FACTOR, 
MEASURE

ZONE 4, TA–54 ZONE 6, TA–54
NORTH SITE, 

TA–54
TA–67
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The greatest differences among the PSSC
alternatives are due to the differences between
TA–54 and TA–67.8  That is, the TA–54 PSSC
alternatives (Zone 4, Zone 6, North Site, and
Zones 4 and 6) have very similar impacts; but
each is very different from the TA–67
alternative.  This is due primarily to the need to
replicate at TA–67 much of the infrastructure
that already exists at TA–54, including office
space, showers, locker rooms, control rooms,
personnel monitoring stations, a
decontamination wash pad, packaging and
inspection areas, fencing, utilities, and roads.
Such infrastructure development would require
substantially more construction and land
disturbance to provide a comparable area for
waste disposal.  This level of construction at
TA–67 would result in (as compared to any of
the TA–54 alternatives) additional dust and
exhaust (from construction) and smoke (from
burning cleared trees), substantially greater loss
of bird habitat (including potential roosting and
forage-only habitat for the Mexican spotted
owl), the potential to adversely affect the
Mexican spotted owl (no effect to federally
protected species is expected at any of the
TA–54 alternative sites), greater waste

generation, increased traffic during constructio
to establish the site infrastructure, and a grea
likelihood of construction accidents (due to th
additional construction).  While the TA–67
location is slightly closer to the neares
residential area and to the nearest BN
boundary, it is much farther from the Sa
Ildefonso Pueblo boundary, as compared to a
of the TA–54 alternatives.  Under a
alternatives, the disposal cells would not b
visible from inhabited areas, but the suppo
structures would be visible from public acce
areas (such as Pajarito Road); the princip
difference in visual impacts is due to the fa
that TA–67 is not currently developed.  Areas 
relatively minor difference between the TA–5
alternatives and the TA–67 alternative ar
noise from any of the TA–54 sites would b
slightly above normal background at the neare
residential area, while noise from TA–67 wou
be equivalent to normal background levels at t
nearest residential area; all of the alternati
sites contain archaeological sites that wou
require data recovery plans or avoidance; 
information exists regarding specific TCPs 
any of the alternative sites; none of th
alternative sites would be expected to distu
the sites of ER projects; and TA–6
development and operations would not b
visible or audible at the San Ildefonso Pueb
boundary, but would be visible and audib
from this boundary for all of the TA–54
alternative sites (although not from any Sa
Ildefonso Pueblo residential areas).

8. TA–67 was selected to represent development of a 
new disposal site at LANL.  While the specific 
characteristics of TA–67 may not be applicable to all 
potential sites, the majority of the differences in the 
impacts of TA–54 alternatives and the TA–67 alternatives 
are attributed to the need to establish an appropriate 
infrastructure to support waste disposal at TA–67 (as 
discussed in this section), and these types of differences 
would apply to other locations for a new disposal site.  
The possible existence of a fault in part of TA–67 may not 
be applicable to other sites.
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APPENDIX I.A—Scientific Names of Animals and Plants 
(referred to by their common names in the text)

COMMON NAME SCIENTIFIC NAME STATUS

ANIMALS

Black Bear Ursus americanus

Bobcat Felis rufus

Brush Mouse Peromyscus boylii

Colorado Chipmunk Eutamias quadrivittatus

Coyote Canis latrans

Elk Cervus elaphus
Subspecies:  candensis

Gray Fox Urocyon cinereoagenteus

Jemez Mountain Salamander Plethodon neomexicanus species of concerna, state threatenedb

Least Chipmunk Eutamias minimus

Little Brown Occult Bat Myotis occultus species of concern

Long-Tailed Vole Microtus longicaudus

New Mexican Meadow Jumping Mouse Zapus hudsonius luteus species of concern, state threatened

Mexican Spotted Owl Strix occidentalis lucida Federal threatenedc

Montane Vole Microtus montanus

Mountain Lion Felis concolor

Mule Deer Odocoileus hemionus

Northern Goshawk Accipiter gentilis species of concern

Peregrine Falcon Falco peregrinus Federal endangeredd, state 
endangerede

Spotted Bat Euderma maculata species of concern, state threatened

Southwestern Willow Flycatcher Empidonax traillii Federal endangered, state endangered

VEGETATION

Blue Grama Bouteloua gracilis (H.B.K.) Lag.

One-Seeded Juniper Juniperus monosperma 
(Engelm.) Sarg.

Pinyon Pine Pinus edulis Engelm.

Ponderosa Pine Pinus ponderosa Laws. var. 
scoparium Engelm.

a Species of local concern:  Any species known to exist or potentially exist within the proximity of LANL lands and surrounding 
areas that are rare in numbers and/or occurrences and whose habitat requirements are very specific, rare to this area, or threatened in 
any way.

b State threatened:  Any species whose prospects of survival or recruitment within the state are likely to become jeopardized in the 
near future.

c Federal threatened:  Any species that is likely to become endangered within the foreseeable future throughout all or a significant 
portion of its range.

d Federal endangered:  Any species that is in danger of extinction throughout all or a significant portion of its range.
e State endangered:  Any species listed in the New Mexico endangered list because it is rare in numbers and/or occurrences and, 
without protection, its further existence in the state is in serious jeopardy.
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APPENDIX I.B.—Volatile Organic Contaminant Plume Constituents
TA–54 MDA L Volatile Organic Contaminant Plume:  Observed Maximum Concentrations During 

May 1997a with Modified EPA Method TO–14b

COMPOUND WELL NO.
PORT DEPTH 

(ft)
MAXIMUM 

CONCENTRATION (ppmv) c

Trichloroethane[1,1,1-] 54-02089 46 5,540

Trichloroethene 54-02089 46 679

Trichloro-1,2,2-trifluoroethane[1,1,2-] 54-02089 46 386

Dichloropropane[1,2-] 54-02089 46 144

Trichlorofluoromethane 54-02089 46 68

Dichloroethane[1,1-] 54-02089 46 48

Chloroform 54-02089 46 47

Dichloroethane[1,2-] 54-02089 46 36

Hexane 54-02089 46 33

Tetrahydrofuran 54-02089 46 30

Methylene Chloride 54-02089 46 23

Diethyl Ether 54-02089 46 22

Tetrachloroethene 54-02089 46 19

Cyclohexane 54-02089 46 9

Carbon Tetrachloride 54-02089 46 7

Butene[1-] 54-02089 46 3

Methylcyclohexane 54-02089 46 3

Dichloroethene[1,1-] 54-01004 124 2

Methylcyclopentane 54-02089 46 2

Toluene 54-01004 124 2

Pentane 54-02089 46 2

Acetone 54-01004 124 2

Methylpentane[2-] 54-02089 46 2

Methylpentane[3-] 54-02089 46 2

Chlorobenzene 54-02089 46 2

Benzene 54-02089 46 1

Isooctane 54-02089 46 1

Isobutane 54-02089 46 1

Butane[n-] 54-02089 46 1

Isopentane 54-02089 46 1

Methylhexane[3-] 54-02089 46 1

Dichlorodifluoromethane 54-01004 124 1

a Compendium Method TO–14, “The Determination of Volatile Organic Compounds in Ambient Air Using SUMMA® Passivated 
Canister Sampling and Gas Chromatography Analysis.”  Modified for collection of samples from pore gas sampling ports.

b Source:  LANL 1998d
c Parts per million by volume
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PART II
ENHANCEMENT OF PLUTONIUM PIT 

MANUFACTURING

II.1 I NTRODUCTION

The draft SWEIS identified the Utilize Existing
Unused Space in the Chemistry and Metallurgy
Research (CMR) Building as the Project-
Specific Siting and Construction (PSSC)
Preferred Alternative for the proposed
enhancement of plutonium pit manufacturing
capability at LANL.  However, as a result of
delays in the implementation of the Capability
Maintenance and Improvement Project (CMIP)
and recent additional controls and operational
constraints in the CMR Building (instituted to
ensure that the risks associated with CMR
operations are maintained at an acceptable
level), the DOE has determined that additional
study of methods for implementing the 50 pits
per year production is warranted.  In effect, 

 has postponed the decision to implement the pit
manufacturing capability beyond a level of 20
pits per year (14 pits per year is the No Action
level).  The DOE believes it can expand the pit
manufacturing capability to 20 pits per year at
Technical Area (TA)–55 without significant
infrastructure upgrades, as analyzed in this
PSSC analysis, and still meet its near-term
mission requirements.  When any necessary
additional studies are completed, DOE will
provide the appropriate NEPA review, tiered
from this SWEIS, to implement the pit
manufacturing capability beyond the 20 pits per
year capacity.  This postponement does not
modify the long-term goal announced in the
Record of Decision (ROD) for the Stockpile
Stewardship and Management Programmatic
Environmental Impact Statement (SSM PEIS)
(DOE 1996) (up to 80 pits per year using
multiple shifts).  For completeness and to bound
the impacts of implementing pit production at
LANL, the “CMR Building Use” Alternative is

still included in the Expanded Operation
Alternative.  However, the Preferred Alternativ
would only implement pit manufacturing at 
level of 20 pits per year.  Also, the ROD for th
SWEIS would only include a decision regardin
the operations to implement the pit productio
mission at LANL for up to 20 pits per year.  

II.1.1 The Role of the Enhancement 
of Plutonium Pit 
Manufacturing Project-
Specific Siting and 
Construction Analysis in the 
Site-Wide Environmental 
Impact Statement

This PSSC analysis addresses the propo
enhancement of plutonium pit manufacturin
capability at LANL.  It examines the siting an
construction alternatives for this projec
supplementing the description and analys
presented in volume I of this SWEIS.  Th
Utilize Existing Unused Space in the CMR
Building (“CMR Building Use”) Alternative
from this PSSC analysis is included as one
the activities in the Expanded Operation
Alternative in volume I of the SWEIS.  The
differences between the impacts of th
alternative for pit manufacturing and th
impacts of the other  alternatives considered 
discussed in chapter 5, section 5.3, of volume
For the key facilities involved, construction
activities examined in this PSSC and th
subsequent operations (described in volume
chapter 3, section 3.2) form a substantial porti
of the Expanded Operations Alternative of th
SWEIS.

The focus of this PSSC analysis is the siting a
construction related to the enhancement of 
II–1
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manufacturing.  The environmental impacts of
operating pit manufacturing facilities are
included in chapter 5 of the SWEIS, volume I.
The air emissions, worker doses, and certain
other parameters associated with pit
manufacturing operations would depend on the
number of pits manufactured.  The
consequences to members of the public,
however, are dominated by the location of the

operations because distance from the operati
to the public affects the magnitude of impact
(Note that the operational impacts related to 
production are small relative to othe
operational impacts, as discussed in volume
chapter 3, section 3.6.) 

This arrangement of information and analys
allows DOE to “zoom in” on aspects of thi
project that require more detailed descriptio
and analysis, while maintaining the clarity o
volume I.  The organization of this PSSC 
complementary to the organization o
information in volume I.  The siting and
construction information presented here 
additional to the operational information
provided in volume I and is pertinent t
understanding the actions and alternativ
described in that portion of the SWEIS.  Th
siting and construction consequences from t
“CMR Building Use” Alternative described in
this PSSC analysis are included in tho
described in volume I, chapter 5, for th
Expanded Operations Alternative to provide
complete and bounding analysis of the impa
of those operations.

Section II.2 of this PSSC analysis identifie
alternative locations at LANL where the
additional pit manufacturing capacity could b
developed.  Section II.3 contains more detail
information about the environmental condition
at each of these locations than is presented
volume I, chapter 4, of the SWEIS.  Section II
presents the environmental consequences of
construction phase only for enhanced p
manufacturing, and section II.5 addresses 
consequences of a potential constructi
accident.  Operational impacts, includin
operational accidents, are addressed 
volume I.  The entire SWEIS, including thi
PSSC analysis, is intended to provide 
complete and bounding NEPA analysis of p
fabrication at LANL. 

PSSC Alternatives for Enhancement of 
Plutonium Pit Manufacturing

• Utilize Existing Unused Space in the CMR 
Building—DOE would make existing unused 
nuclear space in the CMR Building 
operational and would move some of the 
existing activities in TA–55–4 to the CMR 
Building in TA–3 to make adequate space in 
TA–55–4 for plutonium pit manufacturing 
activities.  DOE also would establish a 
dedicated transportation corridor between 
TA–55 and TA–3.

• Brownfield Plutonium Facility—DOE 
would build a new plutonium-qualified 
facility in a developed area near TA–55–4 
and within the existing fence line at TA–55.  
As with the “CMR Building Use” 
Alternative, activities currently located 
within TA–55–4 would be moved to this new 
facility to make space available in TA–55–4 
for plutonium pit manufacturing.  The 
transportation corridor also could be 
constructed under this alternative.

• Add-on to the TA–55–4—DOE would 
enlarge the existing TA–55–4 by adding new 
nuclear space onto this building.  Because 
this adds space to TA–55–4, it may not be 
necessary to relocate activities currently 
located in TA–55–4 to this new nuclear 
space.  Rather, this space may be designed 
specifically for, and house, the expanded pit 
manufacturing operations.  The 
transportation corridor also could be 
constructed under this alternative.
II–2
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II.1.2 Background Information

In September 1996, DOE issued the SSM PEIS
(DOE 1996).   Based on this PEIS, DOE issued
a ROD on December 19, 1996, that selected
LANL as the site for the fabrication of weapon
components referred to as pits.  The SSM PEIS
and its ROD established pit production at
LANL.  It is expected that up to 50 pits will be
manufactured per year under routine operations
with a maximum capacity that could produce up
to 80 pits per year (with multiple-shift
operations).  For this reason, the Expanded
Operations Alternative includes production of
up to 80 pits per year, as well as all related
support operations for this capability.

As noted in the description of the Expanded
Operations Alternative, this production level of
pit manufacturing necessitates operations that,
together with other ongoing operations, cannot
be accommodated within the available
floorspace in the LANL Plutonium Facility at
TA–55 (Building TA–55–4).  DOE and LANL
have identified that 15,300 square feet
(1,425 square meters) of additional floorspace is
needed to fully support this level of operation
(LANL 1997).  The Expanded Operations
Alternative description and analysis includes
the establishment and use of this needed
floorspace.  The establishment of this additional
floorspace (through allocation of existing space
or construction of new space) is addressed in
detail in this PSSC analysis, as is the utilization
of the space (including a discussion of functions
that could be performed in this space).

II.1.3 Material Flows Associated 
with the Pit Manufacturing 
Capability

The relationship between the manufacture of
pits and other related operations at LANL is
presented in Figure II.1.3–1.1  This diagram
reflects the types of material flows associated
with these operations.  A more detailed
description of these operations is presented in

volume I, chapter 3, of the SWEIS.  Th
manufacture of pits involves the generation 
samples for analysis; generation of residues 
stabilization or recovery; generation of was
for treatment, storage, and disposal; and stora
and handling of plutonium in solid and liquid
forms.

The following existing capabilities are essenti
to support pit manufacturing operations as w
as other ongoing operations at LANL: TA–
capabilities for analytical chemistry an
nonnuclear parts; TA–50 and TA–54 was
treatment, storage, and disposal capabilitie
TA–55 capability for residue processing
particularly aqueous and pyrochemic
processing; TA–55 capability for storage an
handling of plutonium in several forms; an
TA–8 capability for radiography.  The location
of the TAs that support pit manufacturin
operations are shown in Figure II.1.3–2.  The
capabilities support ongoing operation
throughout LANL, and therefore, thei
continued viability is essential to many mission
and programs at LANL.  DOE does no
currently propose to replace these capabilitie
The alternatives in this PSSC analysis maximi
use of existing capabilities in order to minimiz
the environmental effects of establishing the 
production operations identified above
Construction and reconfiguration activities  t
enhance pit manufacturing are only anticipat
to occur at TA–55 and, for a bounding analys
at the CMR Building under the “CMR Building
Use” Alternative.

II.1.4 Laboratory Floorspace 
Requirements

Increased nuclear materials processi
floorspace and analytical chemistry space a

1.  In addition to pits returned from storage or th
stockpile, feed material for pit production could als
come from other portions of DOE’s plutonium inventory
The diagram reflects only pit returns as feed material 
the sake of simplicity.
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FIGURE II.1.3–2.—Location of LANL Operations that Support Pit Manufacturing.
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required to meet reasonably foreseeable pit
manufacturing requirements.  Two steps were
involved in determining the floorspace
requirements.  First, subject matter experts
provided the total floorspace that their
capability would require based on the projected
requirements, without regard to the final
location of the program or function.  Results of
this analysis indicated that approximately
15,300 square feet (1,425 square meters) were
required in addition to floorspace currently
available in TA–55–4 (see Table II.1.4–1).
Second, the following criteria were employed to
select the functions that could be relocated from
existing space in TA–55–4 in order to make
space available for pit manufacturing:

• Total floorspace would fulfill anticipated 
functional requirements.

• Only liquid waste and residues generated in 
large volumes at the additional space 
facility would be low-level radioactive 
liquid waste.  (This can be sent to TA–50 
for treatment.)

• Major equipment that is integral to the 
TA–55–4 plutonium infrastructure would 
not be moved from TA–55–4.

• Both locations should dedicate space to 
materials handling and waste management 
functions.

• Functions, such as plutonium-238 
operations, that would require extensive 
decontamination would not move.

• Additional support functions that specific 
capabilities require would be moved if the 
capability is moved.

These criteria are consistent with the following
two basic concepts:  (1) identifying capabilities
that can most easily be separated from the
current TA–55–4 infrastructure and remaining
capabilities and (2) reconfiguring TA–55–4 to
provide adequate contiguous space to
accommodate the remaining capabilities such as
the expanded pit manufacturing activities.  

With the information and criteria above, th
floorspace allocations for operations an
support functions were determined and a
shown in Table II.1.4–1.  Under these criteri
all or part of the capabilities marked with 
superscripted letter “a” in Table II.1.4–1 coul
be conducted in the additional space.  T
functions analyzed for potential relocation i
this PSSC analysis were selected to 
representative of the functions that could mo
and to bound the potential impacts of th
Expanded Operations Alternative. 

The risks and hazards associated with each
these functions that are candidates for t
additional space are essentially identical.  Th
are driven by the type and form of the mater
(plutonium oxide or metal in almost all cases
the nature of the operations (physic
manipulation, destructive and nondestructi
analytical work, solid chemistry, and aqueou
chemistry in small quantities), and the nature 
the facility and equipment (which is driven b
current design and other safety-relate
standards associated with plutoniu
operations).  The one exception to this statem
is the Special Recovery Line, which includes t
capability to handle small quantities of tritium
contamination (a different radioactive materi
than is associated with the rest of the materi
that could transfer to the additional space) 
plutonium parts (LANL 1997).  Because th
hazards associated with them are essentially
same for all of the functions that are bein
considered, the question of exactly whic
process(es) might be moved is not important
the analysis within this document.  In othe
words, the operational impacts of th
alternatives addressed in this PSSC analy
(discussed in volume I, chapter 5) are driven 
the location of the operations, not th
differences between those operations bei
considered to move to that location.  For th
purposes of this document, it is assumed that
surveillance (as well as metallograph
associated with this function), pit disassemb
for manufacturing feedstock, about 50 perce
II–6
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of the actinide research and development and
the Special Recovery Line would constitute the
functions that would be moved.  Based on the
quantities and types of materials involved, these
processes bound the materials and risks for the
functions being considered to move to the
additional space.

The enhancement of pit manufacturing
operations would require improvements in
infrastructure, rearrangement of processes to
optimize material flows, and equipment
purchases so that LANL could provide a
maximum capacity of up to 80 pits per year
(using multiple shift operations) for the
enduring nuclear weapons stockpile.  However,
pit manufacturing would not be the only
function at LANL that requires dedicated
floorspace in a nuclear materials facility.  Other
functions currently exist at TA–55–4 and must
continue for the foreseeable future.  These
functions, their floorspace requirements in
TA–55–4, and additional space are outlined in
appendix II.A.

II.1.5 Capability Maintenance and 
Improvement Project

The CMIP is the name of the construction
project under which the enhancement of pit
manufacturing would occur.  The CMIP is a
construction project that consists of two parts.
The capability maintenance activities within
this project are necessary to provide for the
continued viability of several facilities, as
discussed in volume I.  These include TA–55
and the Sigma Building.  These activities are
included in all of the SWEIS alternatives
described in volume I because they are
necessary to maintain existing capabilities.  The
SWEIS analyses of these aspects of the CMIP
are addressed in chapter 5 of volume I for all
alternatives.

Alternatives that DOE could develop for
creation of adequate additional space to
accommodate pit production are presented in

section II.2 of this PSSC analysis.  As describ
earlier, modifications to TA–55–4 would b
consistent with the following concepts
(1) identifying for possible relocation thos
capabilities that can most easily be separa
from the TA–55 infrastructure and remainin
capabilities and (2) providing adequate spa
within TA–55 to accommodate the remainin
capabilities, including the enhanced p
manufacturing activities.  

II.2 SITING  AND CONSTRUCTION 
ALTERNATIVES

This section discusses alternatives for t
construction of adequate additional space 
accommodate pit production in addition to th
other activities described in the Expande
Operations Alternative.  Because of th
potential transportation and handlin
implications of moving materials from TA–55
to the CMR Building, options for transporting
special nuclear materials (SNMs) are discuss
also.  The options for transporting SNMs a
applicable to each of the alternatives.

The typical No Action Alternative regarding
this project (that is, not enhancing the existin
capability), is discussed in the SWEIS N
Action Alternative in volume I, and tha
discussion is not repeated here.

Conceptual locations have been identified f
the Brownfield Plutonium Facility and the
Add-on to TA–55–4 alternatives based on t
conceptual operational requirements of the 
manufacturing capability provided in the SSM
PEIS.  These conceptual requirements ha
been used to broadly define facility size an
category, utility needs, and other possib
infrastructure characteristics.  This informatio
has been generally reviewed in the context 
LANL’s siting criteria and construction codes
The resulting locations are the product of th
conceptual analysis.
II–8
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II.2.1 Alternatives Analyzed in 
Detail

The text box on page II–2 briefly describes the
three alternatives analyzed in detail.  This
section provides further information on these
alternatives.  As noted in these descriptions, pit
manufacturing would continue during these
construction activities by phasing construction.
This approach allows for continuous support of
missions throughout the construction activities.

II.2.1.1 Utilize Existing Unused 
Space in the CMR Building 
Alternative

Only two existing facilities at LANL are
qualified to undertake the types of operations
described in appendix II.A of this PSSC
analysis:  TA–55–4 and the CMR Building in
TA–3.  As noted previously, TA–55–4 does not
currently have adequate available space.
However, the CMR Building has two wings
available and another wing that may become
available in time to support these needs.  These
three wings are essentially equivalent, and
would have almost identical construction and
operational impacts if utilized.

This alternative is distinct from the others in that
it does not require construction of new nuclear
facility floorspace; rather, the construction
project would focus on making existing nuclear
facility space operational.  Additionally, the
majority of the construction involved is within
existing facilities (which substantially reduces
disturbance of land beyond the existing
disturbance).  Given that current employee
office space is very limited at TA–55 and makes
extensive use of portable trailers, it is
reasonably foreseeable that a new office support
facility could be constructed; thus, creation of
this office space is included in the analyses for
this alternative.  The size and location of such a
facility would likely be limited to currently
developed areas.  Operationally, the potential

for transportation on public roads, as well a
material handling volume and risk, are mo
substantial for this alternative than th
alternatives discussed in sections II.2.1.2 a
II.2.1.3.  This alternative poses minima
potential for biological or cultural effects, an
there would be no addition to the potential
contaminated space in either  TA–55 or th
CMR Building (i.e., uses existing nuclea
space).   Additionally, facility modifications
under this alternative would generat
transuranic (TRU)2 waste and low-level
radioactive waste (LLW)3 (because these
modifications would occur within the nuclea
facility), which would require treatment and
disposal.

The above discussion reflects an endpo
achievement in pit manufacturing capacity 
TA–55–4.  DOE would achieve this capacity i
a phased manner.  First, additional maintenan
and equipment procurement would b
conducted in TA–55–4 to support continued p
manufacturing at the existing capacity of abo
14 pits per year (this is part of all SWEI
alternatives).  Secondly, construction would b
initiated to complete refurbishment of TA–55–
for long-term viability of the facility in support
of all missions:  replacement of aged analytic
chemistry support equipment an
improvements to nonnuclear support facilitie
By completion of the second phase, it 
expected that an intermediate pit manufacturi
capability  of 20 pits per year at TA–55–4 wou
be achieved through use of the upgrad
facilities and efficiencies gained in
manufacturing operations.  The final phas
would be transfer of activities to the CMR
Building, followed by modification of TA–55–4

2.  TRU wastes contain a transuranic radionuclide w
a half-life greater than 20 years and alpha activity 
100 nanocuries per gram (nCi/g) or greater at the time
measurement, excluding naturally occurring and deple
uranium, spent nuclear fuel, and high-level waste.
3.  LLW contains radioactivity, but is not classified a
high-level waste, TRU waste, spent nuclear fuel, 
“11e(2) byproduct material” as defined by DOE Orde
5820.2A, Radioactive Waste Management.
II–9
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to provide for pit manufacturing at TA–55–4, as
described above.  The analyses of the “CMR
Building Use” Alternative bound the potential
risk to workers and the public from this phased
approach.

Transportation Corridor

Transportation of SNM among the facilities at
LANL would increase under the Expanded
Operations Alternative.  The transportation of
samples between the CMR Building and
TA–55–4 would also increase substantially (as
described in the Expanded Operations
transportation analysis).  These shipments
typically would require specially designed
packaging and vehicles or road closures.  In this
case, total shipments between TA–55 and the
CMR Building would be expected to increase
by approximately 500 shipments of SNM per
year (see appendix F in volume III).  Road
closures would occur more frequently.

In order to minimize impacts to the public
(ranging from transportation-related risks to
inconvenience), a restricted-access road
between TA–55 and TA–3 (Figures II.2.1.1–1
and II.2.1.1–2) is proposed.  This road would be
developed on an existing dirt road just off of the
existing public road.  It would be utilized for all
SNM shipments between TA–55 and the CMR
Building.  In addition to removal of vegetation,
filling the road bed and paving the road, fences,
gates, lights, towers, and other physical security
structures would be constructed within the
corridor.  This road would not be constructed for
the 20 pits per year rate.

In order to ensure that the potential impacts of
the Expanded Operations Alternative are
bounded, the transportation analysis in volume I
includes transportation of these materials on
public roads utilizing appropriate packaging to
minimize road closures.  The Expanded
Operations Alternative (volume I, chapter 5,
section 5.3.10) also includes the impacts of
building the dedicated road.  The resulting
analysis is thus conservative in terms of public

risk due to transportation accidents and in ter
of public radiation exposures associated w
routine shipments.

Inclusion of the “CMR Building Use” 
Alternative in the SWEIS

The “CMR Building Use” Alternative from this
PSSC analysis is included in the SWEI
Expanded Operations Alternative and i
associated impacts analysis.  The “CM
Building Use” Alternative for pit manufacturing
is to utilize existing unused space in the CM
Building (moving activities from TA–55–4 to
CMR to make adequate space in TA–55–4 f
plutonium pit manufacturing activities) and us
a dedicated restricted access road (with minim
environmental impacts) to mitigate the impac
to the public related to transportation betwe
TA–55 and the CMR Building.

II.2.1.2 Brownfield Plutonium 
Facility Alternative

In this alternative, DOE would build a new
plutonium-qualified facility in a developed are
near the existing Plutonium Facility at TA–55
hence, the use of the term “Brownfield.”  Thi
stand-alone facility would take about as long 
build and start up as a facility at an undevelop
or “Greenfield” site.  A Greenfield facility,
however, would require additional nonnucle
space (staging and storage, measurem
equipment, etc.) as well as nuclear spa
(operational space); whereas, the Brownfie
facility would be able to take advantage of som
infrastructure at the existing TA–55 facility an
thus, would likely require slightly less tota
floorspace and less total acreage than 
Greenfield site.  The Brownfield Plutonium
Facility would have a new parking lot, new col
laboratory, low-level radiography, and suppo
space.  Approximately 15,300 square fe
(1,425 square meters) of new laborato
floorspace would be required for this facility.  A
new office support facility could be required i
the future and is analyzed as part of th
II–10
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alternative.  This alternative includes a
dedicated transportation corridor to be
constructed between TA–55 and the CMR
Building to provide analytical chemistry
support to TA–55 pit manufacturing operations.
The additional transportation options discussed
in section II.2.1.1 also would be considered
under this alternative.

As with the “CMR Building Use” Alternative
for enhanced pit manufacturing, the increased
pit manufacturing capacity would be phased
under this alternative.  The analysis of this
alternative bounds the impacts of the phased
implementation, and the operations impacts
analyzed in volume I, chapter 5, bound the
operational impacts of the phased
implementation.

Conceptually, the Brownfield Plutonium
Facility could be constructed just south and west
of Buildings 1 and 2 within an existing protected
area at TA–55 (Figure II.2.1.2–1).  Although the
facility itself is within the TA–55 fence line, the
fencing and security system may have to be
moved to provide adequate buffer between the
building and the fence.  In order to provide the
operational space required (see Table II.1.4–1)
under this alternative, this stand-alone facility
would need to contain approximately
15,300 square feet (1,425 square meters) of
designated nuclear laboratory space; it is
assumed that this space would become
contaminated during operations, creating a
liability for eventual cleanup.  The required
utilities would be routed to this stand-alone
facility from nearby utility corridors.  The
facility waste streams would be routed to nearby
waste collection lines.  Most transportation of
materials would occur within the existing
protected area at TA–55, and access control
would be managed using existing or slightly
modified security fencing and equipment.  This
alternative would minimize transportation of
materials between the CMR Building and
TA–55.  Potential environmental advantages for
this alternative would include minimizing
transportation risks and minimizing

development in currently undeveloped are
(less potential for cultural and biologica
impacts); however, it would create addition
nuclear facility space that would potentially b
contaminated (and have the liability fo
eventual decontamination an
decommissioning).

II.2.1.3 Add-On to the TA–55–4 
Alternative

Construction to add plutonium-qualified spac
to the existing plutonium facility at TA–55 is
also considered reasonable.  Because t
alternative would take maximum advantage 
the existing TA–55 facility infrastructure (i.e.
utilities, structural support, vaults, alarm
systems, etc.), it would require less tot
development than the Brownfield site to provid
the same operational floorspace.  This facili
also may have low-level radiography as well 
a new cold laboratory, and may require offic
support space (thus, construction of this offi
space is analyzed as part of this alternative). 

Based on a conceptual siting, the TA–55 add-
plutonium facility could be located directly
adjacent and along the northeastern wall 
TA–55–4 between Buildings 42 and 
(Figure II.2.1.3–1).  The add-on plutonium
facility would house approximately 15,30
square feet (1,425 square meters) of nucl
laboratory space.  The infrastructure necess
to support the pit manufacturing capabilitie
under this alternative would be provided by th
existing, or slightly modified, TA–55–4
Plutonium Facility.  The utilities required fo
operations within the add-on facility would b
provided by extending, and tying into, utility
infrastructure already existing in TA–55–4
Material handling and movement would occu
within TA–55–4, and the add-on facility an
access control would be managed by using 
existing TA–55–4 Plutonium Facility security
systems.  
II–13
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FIGURE II.2.1.3–1.—Conceptual Location for the Add-On Facility.
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The add-on facility may not require relocation
of current TA–55–4 operations.  While this is an
option that would be implemented in a phased
manner (as discussed in the other two
alternatives), it also is possible to maintain and
operate existing activities in TA–55–4 as a new
pit production facility is built within the add-on
facility (again, this may also utilize a phased
approach that increases the capacity of the
existing capability up to 20 pits per year).  Once
the add-on facility was completed and
functioning under this option, the activities in
TA–55 would be expanded and rearranged
within TA–55–4 to meet projected floorspace
requirements.  As with the other alternatives, the
analysis includes all construction operations
(under either of the alternative options), and the
analysis of operations discussed in volume I,
chapter 5, bounds the operations of the phased
approach.  This alternative would minimize
transportation between TA–55 and the CMR
Building (the same as for Brownfield).  This
alternative includes a dedicated transportation
corridor to be constructed between TA–55 and
TA–3 to provide analytical chemistry support to
TA–55 pit manufacturing operations in the add-
on facility.  However, the additional
transportation options discussed in section
II.2.1.1 also would be considered under this
alternative.  This facility would create
additional contaminated space.  This alternative
has essentially the same environmental impacts
as the Brownfield facility.

II.2.2 Alternatives Not Examined in 
Detail

II.2.2.1 Eliminate Existing 
Capabilities

Existing plutonium facilities and capabilities at
LANL are needed to support ongoing missions.
Many of the capabilities that currently exist are
essential to successfully support ongoing
programmatic missions and implement the SSM
PEIS decisions and cannot be eliminated (for

example, aqueous and pyrochemical recove
and stabilization process, storage and handl
of plutonium, plutonium metallurgy, analytica
chemistry, and nondestructive analysis).  Oth
nuclear facility capabilities are critical to
ongoing missions at LANL, and there has be
no DOE programmatic determination to cea
or transfer these responsibilities to another s
Hence, the elimination of existing capabilities 
LANL to make space available for enhanced p
manufacturing is not considered reasonab
For these reasons, an elimination alternative
not examined further.

II.2.2.2 Greenfield Plutonium 
Facility

An alternative to construct a new facility o
facilities at an undeveloped location at LAN
also was considered but dismissed from detai
evaluation.  Such a facility would have to b
largely self-sufficient and could take little
advantage of existing infrastructure available
a developed site (replication of suc
infrastructure would mean a facility with fa
more total floorspace than the minimum
required to perform the operations).  Under su
an alternative, site disturbance would b
extensive (roads, parking areas, fences, utiliti
administrative offices, etc.) with the potentia
for affecting biological, visual, and/or cultura
resources.  Such an action also would a
substantially to the operating nuclear space
the weapons complex and at LANL at a tim
when DOE is trying to minimize this type o
space (and thus, minimize the eventual liabili
for decommissioning of contaminated space
The time required to build and start up such
facility is extensive.  There are no
programmatic, environmental, or othe
advantages to undertaking this type of acti
beyond those represented in the alternativ
described in section II.2.1.  Transportatio
material handling, and other issues are 
different for this alternative than are represent
in the other alternatives.  Because there are
potential advantages to undertaking 
II–16
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Greenfield Plutonium Facility, and there are
additional unique environmental impacts
associated with disturbing an undeveloped site,
this alternative is not considered reasonable for
detailed analysis.

II.2.2.3 Other Existing Space

While there may be other facilities with existing
available space at LANL, with the exception of
existing unused plutonium-qualified space at
the CMR Building, this space does not meet
current standards for supporting plutonium
operations.  Substantial upgrades to such
facilities would be required to allow for their use
in plutonium operations.  By the nature of
requirements for plutonium facilities, these
upgrades would be so intrusive and complex
that they would be similar in duration to the
Brownfield Alternative.  Additionally, such
facilities are farther away from the existing
infrastructure at TA–55 than is examined in the
Brownfield Alternative, and so additional
transportation risks would be incurred in this
event (as compared to Brownfield).  This
alternative would have no programmatic or
environmental advantages over the Brownfield
Alternative.  As such, this alternative is not
considered to be distinct from the Brownfield
Alternative and is not analyzed.

II.3 A FFECTED ENVIRONMENT

This section does not repeat information that is
presented in volume I, chapter 4; it focuses on
alternative-specific information that is needed
to illuminate the differences among alternatives.
Table II.3–1 identifies the environmental
resources common to this PSSC analysis and
volume I, along with their location in both
documents.  Table II.3–2 identifies
environmental resources that are not discussed
in this PSSC analysis, provides information
about why they are not discussed, and identifies
the locations of the discussions in volume I,
chapter 4.

II.3.1 Land Resources

II.3.1.1 Land Use

TA–55 and TA–3 have been designated f
research and development land use purposes
has the land within the neighboring TAs
including TA–48, TA–60, and TA–59.  The
majority of the land within TA–55 and TA–3 is
highly developed industrially.  TA–55 is locate
on Mesita del Buey, which is a narrow
southeast-trending mesa about 2.5 mil
(4 kilometers) long.  The CMR Building is
located in TA–3 about 1.2 miles (2 kilometers
west of TA–55 on South Mesa.  The locations 
TA–55 and TA–3 are shown in Figure II.1.3–2
Currently undeveloped land within the vicinit
of TA–55, including that along the propose
transportation corridor, is open to wildlife use
It is not considered to be the highest quali

TABLE  II.3–1.—Potential Environmental 
Resource Issues Addressed in Volume I and

This PSSC

ENVIRONMENTAL 
RESOURCE

LOCATIONS OF 
DISCUSSIONS

Land Use Volume I, section 4.1.1 and 
PSSC Analysis, section II.3.1.1

Noise Volume I, section 4.1.3 and 
PSSC Analysis, section II.3.1.3

Air Quality Volume I, section 4.4 and PSSC 
Analysis, section II.3.2

Ecological Resources Volume I, section 4.5 and PSSC 
Analysis, section II.3.3

Cultural Resources Volume I, section 4.8 and PSSC 
Analysis, section II.3.4

Traffic Volume I, section 4.10 and 
PSSC Analysis, section II.3.5

Environmental Justice Volume I, section 4.7 and PSSC 
Analysis, section II.3.6

Human Health Volume I, section 4.6 and PSSC 
Analysis, section II.3.7

Environmental 
Restoration and Waste 
Management

Volume I, sections 2.1.2.5 and 
4.9 and PSSC Analysis, section 

II.3.8
II–17



LANL SWEIS

re
ies
 of
nd
f
ed
e
irly
d

e

or
s
 in
5
es
0

f
–2,
habitat, however, due to its close proximity to
highly developed areas with high levels of
human activities and busy roadways.

II.3.1.2 Visual Environment

The visual environment around TA–55 is that of
an industrially developed site with a backdrop
of forested and grass covered areas.  Similarly,
the larger industrial development within TA–3
is set against a predominately silvan backdrop.
The surrounding TAs are either sparsely
developed and forested, or their development is
clustered into one or two areas with forested
areas within their boundaries.

II.3.1.3 Noise Environment

Operations at TA–55 and TA–3 contribute to
the overall background noise level generated by
LANL activities, primarily through the traffic
into and away from the facilities located within
these TAs.  Actual operational noise heard
outside of structures is limited to the immediate

vicinity of the buildings; mostly these noises a
due to occasional routine maintenance activit
(such as grass mowing) and the movement
equipment and waste containers into and arou
the facilities.  No measurements o
environmental noise have been conduct
within the TA–55 area, but the level of nois
present there and around the TA–3 area is fa
representative of other industrially develope
sites around LANL. 

II.3.2 Air Quality

Air monitors in the stacks at TA–55–4 and th
CMR Building collect data from routine
emissions.  The index used in this SWEIS f
the CMR Building radioactive stack emission
is 0.0002 curies per year (see Table 3.6.1–4
chapter 3, volume I).  The index for TA–5
radioactive stack emissions is 0.00002 curi
per year of plutonium-239, and about 1,10
curies per year of tritium (in the form o
hydrogen and water vapor) (see Table 3.6.1
chapter 3, in volume I).

TABLE  II.3–2.—Potential Environmental Resource Issues Addressed Only in Volume I

ENVIRONMENTAL 
RESOURCE

REASON NOT ADDRESSED IN THIS 
DOCUMENT

LOCATION OF 
DISCUSSION

Visual Resources Any major construction would occur in developed 
industrial areas.

Chapter 4, section 
4.1.2

Parks; Forests; Conservation Areas; 
Wetlands; and Areas of 
Recreational, Ecological, or 
Aesthetic Importance

None of these resources is located in any of the areas 
under consideration.

Chapter 4, section 
4.1

Geology and Soils Alternatives would involve the same types of surface 
soils and the same underlying Bandelier Tuff 
(Nyhan et al. 1978).

Chapter 4, section 
4.2

Water Resources None of the alternatives would affect water resources.  
Any modifications to runoff patterns would be minor 
relocations.

Chapter 4, section 
4.3

Socioeconomic Conditions Fewer than 140 workers would be required to 
implement the Preferred Alternative during times of 
peak labor demand.  Construction projects associated 
with any of the alternatives would be approximately 
4 years in duration, and the number of potential workers 
is very small compared to the population base in 
northern New Mexico.

Chapter 4, section 
4.9
II–18
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II.3.3 Ecological Resources

II.3.3.1 Threatened or Endangered 
Species

DOE utilized existing available field
information and a preliminary model of nesting
and roosting habitat for the Mexican spotted owl
to assess use of the TA–55 and TA–3 areas by
species of animals and birds that are federally
listed and state listed and protected as
threatened or endangered.  Three federally
protected (also state listed) species of birds
potentially use the areas for foraging habitat:
the bald eagle (Haliaeetus leucocephalus), the
American peregrine falcon (Falco peregrinus),
and the Mexican spotted owl (Strix occidentalis
lucida) (Haarmann 1997). 

II.3.3.2 Flora and Fauna

The areas within the fenced portion of TA–55
where TA–55–4, the Brownfield Plutonium
Facility, and the add-on to the TA–55–4
alternatives are proposed for location, are not
available for use by any but the smallest wildlife
species.  This also is the case with the fenced
portion of TA–3 around the CMR Building.
These areas within the TA security fences are
grassed over with a mixture of native and
nonnative grass species and have small
landscaped areas that include low lying bushes
and a few small trees, but no large-trunked trees.
The mesa-top area along the proposed
transportation  corridor within TA–55, TA–48,
and TA–59 is predominantly covered with
ponderosa pine (Pinus ponderosa Laws. var.
scoparium Engelm.), with small stands of
Gambel oak (Quercus gambelii Nutt.)
understory trees (Quercus gambelii) and a
groundcover of mostly mountain muhly grass
(Muhlenbergia montana (Nutt. (A.S. Hitchc.)
and blue grama grass (Bouteloua gracilis
(H.B.K.) Lag.)).  Wildlife in the mesa-top area
includes a variety of insects, reptiles, birds, and
mammals.  Small mammals known to inhabit

the area include voles (Microtus spp.), brush
mice (Peromyscus boylii), and chipmunks
(Eutamias spp.).  Large mammals known to us
and inhabit the area include game animals su
as elk (Cervus elaphus) and mule deer
(Odocoileus hemionus), as well as coyote
(Canis latrans) and black bear (Ursus
americanus).  Field data suggest that many o
these animals are attracted to and use surf
water located in the upper portion of Mortanda
Canyon to the northeast of TA–55.

II.3.4 Cultural Resources

Historic and archaeological sites are located
the vicinity of TA–55.  These include a two
room pueblo (LA 12705) and historic wago
road (LA 71160) near the proposed corrido
LA 12705 has been determined eligible for th
National Register of Historic Places (NRHP
LA 71160 has been determined ineligible for th
NRHP (LANL 1996b).  Other cultural
properties are not expected to be found with
the areas encompassed by the vario
alternatives because of the currently disturb
states of the potential alternative sites.

II.3.5 Traffic

Four publicly accessible vehicle routes conv
traffic to and from LANL (Figure II.1.3–2).
State Road 502 (Main Hill Road) and Ea
Jemez Road are heavily used by commu
traffic from Santa Fe and Española.  State Roa
4 and 501 (West Jemez Road) provide acces
LANL for small communities to the west o
LANL.  Pajarito Road conveys traffic from
White Rock to LANL.  The four main portals to
LANL convey about 40,000 average daily trip
(ADTs).  They are Los Alamos Canyon bridg
(28,000 ADTs), Pajarito Road (8,000 ADTs
East Jemez Road (6,000 ADTs), and State Ro
4 from the west (1,000 ADTs).  East Jeme
Road and Pajarito Road are DOE-owned a
provide public access to many of the TAs 
LANL.
II–19
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In addition to private vehicles, government
vehicles contribute to the volume of traffic on
these roadways.  Routine shipments of SNM are
made across these roads in the DOE/U.S.
Nuclear Regulatory Commission (NRC) Type B
certified packaging.  DOE has delegated  the
authority to LANL to temporarily close roads
for the purpose of transporting hazardous or
radioactive materials on DOE-owned roads.  On
average, the total number of on-site transfers of
radioactive materials is approximately 950 per
year.  The number of hazardous or radioactive
material shipments that actually require
temporary road closures is approximately 80 per
year.  Road closures for on-site hazardous or
radioactive material transfers are routinely
conducted at one of three times: 5:00 a.m.,
9:00 a.m., or 2:00 p.m.  Road closures generally
last less than 1 hour.  Traffic is either held in
place by security personnel or rerouted to the
other available access roads at LANL.  Because
of the temporary and infrequent nature of the
road closures and the ability to schedule road
closures during off-peak hours, no discernible
changes in routine traffic patterns are known to
result from these actions at LANL.

II.3.6 Environmental Justice

Section 4.8, of chapter 4, volume I, discusses
environmental justice and the populations near
LANL.  Because any of the alternative
construction sites would have only local effects
and the local populations are not minority or
low-income populations, environmental justice
considerations are complete in volume I,
chapter 5.

II.3.7 Human Health

Work (including facility modification,
maintenance and similar work) in the nuclear
facilities at TA–55–4 and the CMR Building is
presumed to involve exposure to radiation.
Such work is conducted according to strict
guidelines established by existing LANL

standard operating procedures (SOPs).  Un
these SOPs, engineering and administrat
controls are implemented to minimize worke
and public exposure to radiation.  Chapter 5 
volume I addresses projected worker doses
TA–55.   Worker doses at the CMR Building ar
considerably lower than for TA–55.

Construction and relocation activities ca
expose workers to a variety of health risks a
accidents, such as handling hazardous materi
being crushed beneath heavy equipment, ba
injuries, hidden electrical hazards, and workin
in a confined space.  All work is performe
according to SOPs for each type of task.  
some cases, special work permits are requi
for work in secure areas or areas whe
radioactive or hazardous chemicals are prese
Worker health is protected by the use 
administrative controls and the wearing o
personal protective equipment as needed and
specified in the special work permits.

II.3.8 Environmental Restoration 
and Waste Management

LANL has established procedures to be 
compliance with all applicable laws an
regulations for collecting, storing, treating, an
disposing of waste.  LANL’s construction
debris and nonhazardous solid waste a
disposed of at the Los Alamos County Landf
on East Jemez Road.  Typical radioactive was
generated at TA–55 and the CMR Buildin
include radioactive liquid waste, which is pipe
or trucked to the Radioactive Liquid Wast
Treatment Facility (RLWTF) at TA–50; solid
LLW, which is managed and may be dispos
of at TA–54, Area G; and TRU waste, which 
packaged and stored at TA–54 pending ultima
disposal at the Waste Isolation Pilot Pla
(WIPP).  In addition, mixed waste (containin
both a radioactive and a Resource Conservation
and Recovery Act (RCRA)-regulated hazardous
component) is generated at these facilitie
TRU mixed waste is transported to TA–54, Are
II–20
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G, and stored there pending disposal at the
WIPP.  Solid, low-level mixed waste (LLMW)4

and liquid LLMW are transported to TA–54,
Area G, and TA–54, Area L, respectively, and
stored there until appropriate disposal options
become available.  These options may include
shipment off site to a commercial or other DOE
facility for treatment and disposal.

The Environmental Restoration (ER) Project
was established to identify the extent of
environmental contamination at LANL from
past practices and the appropriate means of
cleaning it up under RCRA (as described in
chapter 2, section 2.1.2).   No potential release
sites are known to exist in the immediate
vicinity or are expected to be disturbed by
activities planned under any of the alternatives
under consideration in this PSSC analysis.

II.4 E NVIRONMENTAL  
CONSEQUENCES

Routine air emissions, wastewater, and solid
waste projections from operations and their
associated impacts are discussed in volume I
(chapters 4 and 5) and are associated with the
locations of facilities under the “CMR Building
Use” Alternative.  Impacts from the operations
located in TA–55 could potentially be less than
the TA–3 location; but, because routine
emissions are so low, changes in impacts
between these locations are not identifiable.
Some aspects of impacts do not have a location
difference.  For example, radioactive
wastewater treatment and radioactive waste
disposal have the same final disposal locations
under each alternative.

Impacts from operational accidents could show
a locational difference because the CMR
Building is closer to more members of the
public than TA–55–4.  The accident analysis

section of volume I considers that the locatio
for the operations requiring the additional spa
is in the CMR Building.  Impacts due to
accidents from these same operations be
located in the vicinity of TA–55 could
potentially be less.  It is noted however, that th
change would manifest only in the overa
consideration of risk due to accidents.  Existin
operations with radioactive materials in th
CMR Building and TA–55 represent the sam
potential hazards as those proposed for 
future.  The frequency of the potential accide
might increase with an increase in the amount
work, but the potential consequences of su
accidents have been considered for bo
facilities in chapter 5.  

Another distinction among the alternatives 
the creation of new nuclear space.  The “CM
Building Use” Alternative is the only alternative
that does not create any new nuclear spa
Operations in new nuclear space under the ot
alternatives are assumed to create contamina
space and the liability for eventua
decontamination and decommissioning.  This
a conservative assumption and presents
bounding analysis for the alternatives presen
in this PSSC analysis.

Note that any impacts associated with th
dedicated transportation corridor would not b
incurred at the 20 pits per year production rat

II.4.1 Utilize Existing Unused Space 
in the CMR Building 
Alternative

II.4.1.1 Land Use

The expansion and reconfiguration activities 
enhance plutonium pit manufacturing under th
alternative would involve existing structures i
TA–55–4 and the CMR Building at TA–3
Land uses in TA–55 and the CMR Buildin
would not change from the current classificatio
of use for research and development.  

4.  LLMW contains LLW, plus chemicals regulated as
hazardous under the RCRA (42 United States Code
[U.S.C.] §6901).
II–21
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Under this alternative, a dedicated
transportation corridor would be constructed to
transport plutonium pits and various plutonium
samples and components among the facilities at
TA–55, the analytical chemistry operations at
the CMR Building, and the nonnuclear support
facilities in TA–3 (Figures II.2.1.1–1 and
II.2.1.1–2).  The corridor would be
approximately 1 mile (1.6 kilometer) in length
and 75 feet (23 meters) wide.  It would occupy
an area of approximately 7 acres (2.8 hectares).
Development of the corridor would require road
construction activities, including the removal of
vegetation and the filling of a road bed.  The
dedicated corridor would cross Diamond Drive
at its intersection with Sigma Road.  At this
intersection, a gate would be constructed to
exclude public access during the movement of
SNM into or out of the CMR Building.  Public
access to Pajarito Road would be allowed to
continue unimpeded.  

II.4.1.2 Noise

Implementation of the alternative to use existing
CMR Building space would result in noise
production both within the CMR Building and
TA–55–4, as well as exterior to both structures
in the case of the roadway and related
construction actions.  Noise produced from the
construction activities conducted within both
buildings and outside of structures would not
likely affect the public.  Involved workers
would be exposed to levels of noise under
normal working conditions, ranging from about
45 decibels A-weighted frequency scale (dBA)
to 55 dBA for decontamination activities
(May 1978) all the way up to slightly in excess
of about 95 dBA for construction activities
involving the use of heavy machinery (such as
chainsaws, bulldozers, rock drills, and concrete
mixers).  At a distance of 50 feet (15 meters)
from the work site, however, these noise levels
would range from about 75 dBA to 95 dBA
(Magrab 1975).

Most of the noise produced by th
decontamination, construction, an
reconfiguration activities at the CMR Building
TA–55, and the transportation corridor woul
fall below the occupational exposure lim
(OEL) of the U.S. Occupational Safety an
Health Administration (OSHA).  Noise
intensity would quickly decrease with distanc
from the source (Lipscomb and Taylor 1978
Any noise produced above 80 dBA woul
require the operators and nearby workers 
participate in a personnel hearing conservati
program (LANL 1993).  The majority of the
remodeling and construction activities woul
take place inside existing buildings, such as t
CMR Building.  The damping  effect of building
walls and greater than a 50-foot (15-mete
distance would reduce the noise levels belo
80 dBA and to normal background leve
(Canter 1996).  The public would not b
subjected to noise above 80 dBA at the clos
public areas of Diamond Drive and Pajari
Road.

II.4.1.3 Air Quality

Radiological Emissions

Many proposed reconfiguration and associat
activities would take place in the CMR
Building. The decontamination and
improvements would be conducted primari
indoors.  The existing space to be remodel
would be physically segregated from the rest
the CMR Building.  Normal operations would
continue unhindered in the rest of the CM
Building.  Engineering controls and SOP
would be in place to prevent radiologica
contaminants from leaving the work area.  Th
room air would be filtered by the existing high
efficiency particulate air (HEPA) filters in the
ventilation system during the reconfiguration
The CMR Building stack air exhaust woul
continue to be sampled.  CMR Buildin
improvements, such as installing a new heatin
ventilation, and air conditioning (HVAC)
II–22
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system would be made only after appropriate
decontamination procedures were followed.

Workers would wear appropriate protective
gear and radiation dosimetry for performing
decontamination.  The applicable SOPs for
decontaminating interior spaces and equipment
would be followed.  Radiological monitoring of
the workers and work space would be conducted
routinely to assure containment of any
radioactive contamination.  Under these
administrative, engineering controlled, and
closed systems, no radioactive material would
be expected to be released into the environment.
The radiological air quality outside the CMR
Building would not be expected to vary from
normal operations.  The workers and public
would not be affected, with respect to
radiological air emissions, from these
decontamination and improvement activities at
the CMR Building because any contaminated
air would be filtered before leaving the building.
Any radioactive waste from the
decontamination process would be transported
to TA–54, Area G following the current SOPs,
which call for closing public access to Diamond
Drive and Pajarito Road during radioactive
waste transport.  The public would not be
affected because of the road closure.

The construction of a new transportation
corridor between TA–55 and the CMR Building
at TA–3 would be along Mortandad Canyon and
Pajarito Road.  The stretch of land is comprised
of developed areas and forest.  No solid waste
management units (SWMUs) or radioactively
contaminated soils are present along the
corridor route (LANL 1990).  The ground
leveling, road paving, and construction of guard
stations and security fences would not
contribute additional radioactive air emissions
from the area.  No facilities or operations exist
along the corridor that would emit radioactive
constituents to the atmosphere.  The
radiological air quality of this area would not be
expected to change from the historical average
for the area.  No environmental impacts with
respect to radiological air emissions would be

expected for workers or the public from th
construction of the transportation corridor.

Nonradiological Emissions

The air emissions of nitrogen oxides, carbo
monoxide, sulfur oxides, and particulate matt
from construction equipment exhaust on
occur during the periods of active constructio
and are small compared to routine vehic
emissions associated with traffic in the are
Workers and the public would not be impacte
by these emissions primarily because of the lo
volume of emissions and distance from th
construction sites to the nearest public area.

II.4.1.4 Ecological Resources

Threatened or Endangered Species

Bald Eagle.  LANL studies indicate that the
bald eagle may occasionally forage in the are
proposed for the transportation corridor und
the “CMR Building Use” Alternative.  The bald
eagle primarily occurs in habitats alon
permanent streams, rivers, and lakes.  The ar
proposed for use in the “CMR Building Use
Alternative do not contain permanent stream
rivers, or lakes.  Therefore, these areas 
considered only low-level use foraging habit
for the bald eagle.  The loss of this small amou
of low-level use foraging habitat would not hav
any appreciable effect on this species.  

Peregrine Falcon.  LANL studies indicate that
the areas proposed for the transportati
corridor constitute less than 0.05 percent of t
total area available for potential foraging habit
for the peregrine falcon within the LANL
boundary.  Because this represents only a sm
portion of the total foraging habitat for th
peregrine falcon, this would not have an
appreciable effect on this species.

Mexican Spotted Owl.  The area proposed fo
the transportation corridor has been analyz
using the preliminary model for Mexican
spotted owl potential nesting and roostin
II–23
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habitat.  The results of the analysis indicated
that fragmented patches of potential nesting/
roosting habitat exist within 0.2 mile
(322 meters) of the proposed corridor.  This area
is already considerably disturbed by noise and
light from existing roads and buildings near the
site.  Given the fragmented nature of this
potential habitat and the current level of
disturbance, the “CMR Building Use”
Alternative should not contribute additional
disturbances to the potential habitats.  The
preliminary model also indicated that the
corridor includes Mexican spotted owl foraging
habitat.  It is estimated that the loss of foraging
habitat to the owl would represent roughly
0.06 percent of the total available foraging
habitat within the LANL boundary.  The loss of
this foraging habitat would not have any
appreciable effect on this species.

Flora and Fauna

The upgrades for the “CMR Building Use”
Alternative are primarily indoor upgrades to
existing facilities, with the exception of the
transportation corridor.  The transportation
corridor could contain a security fence that
would alter approximately 1 mile
(1.6 kilometers) of large mammal and predator
movement along Pajarito Road in the vicinity of
TA–59 and TA–48, but would not restrict game
animal movement within the immediate
vicinity.  The removal of about 7 acres
(2.8 hectares) of overstory and understory
vegetation within the proposed road corridor
would displace small mammals and birds.  

II.4.1.5 Cultural Resources

No adverse effects to cultural resources are
expected to occur under this alternative.  The
NRHP-eligible site along the transportation
corridor would be avoided, if possible.  If the
site cannot be avoided, appropriate mitigation
measures, including data recovery, would be
designed and implemented in consultation with

the New Mexico State Historic Preservatio
Office(r) (SHPO) (LANL 1996b).

II.4.1.6 Traffic

This alternative is expected to increase t
volume of traffic at the CMR Building on
Diamond Drive and at TA–55 on Pajarito Roa
during the construction of facilities and
operations that support enhanced p
manufacturing at LANL.  Vehicles required t
transport construction workers’ materials wou
contribute to an increase in local traffic.  Th
additional traffic load is anticipated to occu
primarily within the first 3 years of the project
Pajarito Road currently averages about 8,0
vehicle trips per day and Diamond Drive abo
13,000 vehicle trips per day.  Assuming a
additional 600 vehicle trips per day due 
construction and a fairly even distribution t
both roads, increases are projected to be abo
to 5 percent.  Effects of this increase would n
be significant.  Construction activities at TA–5
would not require the permanent or extend
closure of any public roads or rerouting o
traffic.  Temporary closures could be required 
accommodate certain construction activities. 

Construction activities could temporarily
decrease the number of available employ
parking spaces and interfere with the existin
employee parking situation in TA–3 an
TA–55.  Construction activities could adverse
affect the traffic flow around TA–55 primarily
at the start and end of each work day.  At
minimum, the potential shortage of parkin
spaces would result in delays for both si
workers and construction workers and cou
result in an increase in the number of vehicu
accidents.  Following completion o
construction activities, sufficient parking woul
be available.

During peak operations, up to an additional 1
employees are anticipated to be on the s
Assuming 280 vehicle trips as a result, a
increase of about 1 to 2 percent in traffic 
II–24
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projected for Diamond Drive and Pajarito Road.
With the related construction traffic no longer
present, the effect of this traffic increase would
not be significant.

The construction and operation of a dedicated
transportation corridor between TA–55 and
TA–3 is proposed as part of this alternative.  It
would restrict vehicular access to TA–48, the
Sigma Complex in TA–3, and public use of
Diamond Drive because it would cross the
access roads into each of these TAs and
Diamond Drive.  The construction and
operation of railroad-type crossing gates at the
intersection of Diamond Drive and Sigma Road
and at the entrance of TA–48 off of Pajarito
Road would restrict traffic movements during
construction and would stop traffic when
dedicated vehicles are using the corridor.  Based
on an estimated peak rate of 500 SNM
shipments each year using the corridor and 220
working days per year, the number of road
closures would average less than three per
working day and last less than 15 minutes per
closure.  These closures would be coordinated to
avoid peak traffic hours.  No members of the
public would be allowed access to the dedicated
transportation corridor.

The use and operation of the transportation
corridor would reduce the number of LANL
vehicles that carry SNM on publicly accessible
Pajarito Road and Diamond Drive by
approximately 500 shipments per year or about
three vehicles per work day.  This decrease in
traffic volume would result in a reduction in the
potential for vehicular accidents involving
SNM.  However, radioactive materials from
other LANL operations would continue to use
publicly accessible roads.  The dedicated
transportation corridor also would provide for
incremental improvements in the level of
security and efficiency in transporting SNM
between TA–55 and the CMR Building.

II.4.1.7 Human Health

Human health impacts may potentially resu
from decontamination of equipment, relocatio
of equipment and materials, and th
construction and interior modifications tha
would be performed over the transition perio
Radiological impacts may result from exposu
to plutonium, uranium, tritium, and a variety o
actinides when these materials are moved
new locations and as workers reconfigu
radiological control areas.  

Workers involved in construction of a new
guard gate and the construction of a safe a
secure transportation corridor would not b
exposed to radioactivity at levels abov
background.  Doses to construction workers a
expected to be no higher than doses 
permanent LANL workers.  LANL worker
doses are displayed in Table II.4.1.7–1 a
discussed below.

Workers involved in decontamination an
building modification activities at TA–55 and
the CMR Building would be working in
radiological control areas and in areas adjac
to ongoing operations, and therefore, wou
have a greater exposure to radioactivity than 
workers mentioned in the preceding paragrap
Approximately 364,000 labor hours would b
needed to accomplish the decontamination a
reconfiguration activities within TA–55–4.  In
order to estimate potential health effects, t
external dose to construction workers at TA–5
is assumed to be approximately the same as 
received by radiological control technicians an
by Johnson Controls, Inc. (JCI), worker
performing routine maintenance and equipme
installations at TA–55–4.  As a group, thes
technicians and workers received abo
0.12 millirem per hour.  Therefore, the
collective dose to workers performing th
decontamination and building modifications 
estimated to be about 45 person-rem.  Usin
risk conversion factor of 4 x 10-4 excess latent
cancer fatality (LCF) per person-rem
II–25
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(International Commission on Radiological
Protection [ICRP] 1991), this means that
1.8 x 10-2 excess LCF would be expected over
the life of the “CMR Building Use” Alternative.
In other words, it is unlikely that the
decontamination and building modifications
would result in any excess cancer fatalities
among the construction worker population.

Approximately 305,000  labor hours would be
needed to accomplish the decontamination and
reconfiguration activities within the CMR
Building.  The external dose to construction
workers at the CMR Building is assumed to be
approximately the same as that received by
radiological control technicians and by JCI
workers performing routine maintenance and
equipment installations at the CMR Building.
Based on a review of their radiation exposures,
these technicians and workers received on
average about 0.0039 millirem per hour.
Therefore, the collective dose to workers
performing the decontamination and building
modifications is estimated to be 1.2 person-rem.
Using a risk conversion factor of 4 x 10-4 excess
LCF per person-rem, this means that 4.8 x 10-4

excess LCF would be expected over the life of
the “CMR Building Use” Alternative.  In other
words, it is highly unlikely that the
decontamination and building modifications
would result in any excess cancer fatalities
among the worker population.

Worker exposures to radiation and radioacti
materials in radiological control areas would b
controlled under established procedures th
require doses to be kept as low as reasona
achievable.  Any potential hazards would b
evaluated as part of the radiation worker a
occupational safety programs at LANL
Nonroutine construction activities may requir
special work permits with worker protectio
measures given for specific locations an
activities.  Under the “CMR Building Use”
Alternative, the public would not receive an
additional radiological dose beyond th
background level.  Therefore, no adverse hum
health effects to the public are anticipated.

II.4.1.8 Waste Management

The “CMR Building Use” Alternative would
produce waste from the construction of a ne
dedicated transportation corridor, interio
building modifications, and the replacement 
old equipment used to support p
manufacturing operations in TA–55–4 and th
CMR Building.  The types of waste that coul
be generated from these activities would inclu
nonhazardous solid waste from constructi
activities, RCRA waste, Toxic Substances
Control Act (TSCA) (15 U.S.C. §2601)
polychlorinated biphenyl (PCB) waste, LLW
and LLMW from modifications to
manufacturing operations.  Sanitary wastes a

TABLE  II.4.1.7–1.—Radiological Doses and Excess Latent Cancer Fatalities for Construction
Activities Under the “CMR Building Use” Alternative

WORKERS

HISTORICAL 
COLLECTIVE 
DOSE RATE

(rem/hr)

EXPOSURE 
LENGTH

(person-hours)

COLLECTIVE 
DOSE

(person-rem)

EXCESS 
LATENT 
CANCER 

FATALITIES

Construction Worker at 
TA–55

0.00012a 364,000 43.68 0.018

Construction Worker at 
CMR Building

0.0000039b 305,000 1.19 0.00048

a  Stokes 1997
b  PC 1996
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would be generated from the construction
activities.  Table II.4.1.8–1 shows the estimated
volumes of radioactive waste that would be
generated from the construction activities.  As
shown in Table II.4.1.8–1, the total volume of
radioactive waste that would be generated by
construction and building modifications would
be 2,685 cubic yards (77 cubic meters) over the
3 to 4 years of construction activity.

Nonhazardous wastes would be disposed of in
the Los Alamos County Landfill, which has
adequate capacity to handle the projected
amount of waste.  RCRA and PCB wastes
would be sent off site for treatment and disposal
at a commercial facility.  Commercial treatment
is readily available and currently used to treat
most LANL RCRA wastes.  LLW would be
taken to TA–54, Area G or to a permitted off-
site facility for disposal.  LLMW would be
stored at Area G pending the selection of an
acceptable treatment and disposal option.
Because of the relatively small amount of LLW
and LLMW that would be produced, the “CMR
Building Use” Alternative is not expected to
adversely affect the disposal or storage capacity
at Area G.  Sanitary wastes could either be
collected by subcontractors during construction
operations or be put into the LANL sanitary
sewer system.  The anticipated volume of
sanitary wastes would not be expected to have
any effect on the existing capacity of the
sanitary sewer system.

II.4.2 Brownfield Plutonium 
Facility Alternative

II.4.2.1 Land Use

The proposed activities would be conducte
within areas that are already heavily disturb
for industrial use connected to research a
development purposes.  The new structu
proposed under this alternative would be bu
within the fenced area of TA–55 that has alrea
undergone heavy disturbance and clearing 
security reasons related to TA–55–
Implementation of the Brownfield Alternative
would not result in a change to the land u
classification currently assigned to TA–55.

As discussed in section II.4.1.1, under th
alternative, a dedicated transportation corrid
would be constructed to transport plutoniu
pits and various plutonium samples an
components among the facilities at TA–55, th
analytical chemistry operations at the CM
Building, and the nonnuclear support facilitie
in TA–3.  

II.4.2.2 Noise

Implementation of the Brownfield Alternative
would result in actions that create noise, bo
within TA–55–4 and outside the building
Noise produced from the construction activitie
conducted within TA–55–4 and outside th

TABLE  II.4.1.8–1.—Total Radioactive Waste Generation from Construction Under the “CMR 
Building Use” Alternativea

WASTE TYPE TA–55, PF–4 (yd3/m3) CMR BUILDING (yd 3/m3) TA–55 PLUS CMR (yd3/m3)

TRU 300/229 258/197 558/426

TRU Mixed — 377/288 377/288

LLW 300/229 1,410/1,077 1,710/1,306

LLMW — 40/31 40/31

Total Waste 600/458 2,085/1,593 2,685/2,051

PF = Plutonium Facility, yd = yards, m = meters
a Time period is the entire period of construction,  3 to 4 years.
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structure would not likely affect the public.
Involved workers would be exposed to levels of
noise under normal working conditions, ranging
from about 45 dBA to 55 dBA for
decontamination activities (May 1978), all the
way up to slightly in excess of about 95 dBA for
construction activities involving the use of
heavy machinery (such as chainsaws,
bulldozers, rock drills, and concrete mixers).  At
a distance of 50 feet (15 meters) from the work
site, however, these noise levels would range
from about 75 dBA to 95 dBA (Magrab 1975).

Most of the noise produced by the construction
activities at TA–55 would fall below dBA OEL
of the OSHA.  The high-level noise generated
would be localized at the work sites.  Any noise
produced above 80 dBA would require the
operators and nearby workers to participate in a
personnel hearing conservation program as per
LANL administrative requirements.  The public
would not be subjected to noise above 80 dBA
at the closest public areas of Diamond Drive and
Pajarito Road.

Under this alternative, TA–55 workers not
involved in the construction activity would not
be subjected to excessive noise produced by
construction activities because they are
physically removed from the construction site.
The public would not be affected by the
construction- and improvement-generated
noise, also due to the distance from the
construction activities to the public.

II.4.2.3 Air Quality

Radiological Emissions

The construction of a new building at TA–55
would take place within the current boundary
for the TA.  The vacant ground within the
TA–55 secured area has been previously
disturbed but is not contaminated.  The
construction of a new building would not
contribute additional radioactive air emissions
above normal operations for TA–55.  The

radiological air quality would not be expected 
change from the historical average for the are
Workers and the public at or along Pajari
Road would not be impacted by radiological a
emissions because no such emissions would
generated by the construction.

Nonradiological Emissions

The air emissions of nitrogen oxides, carbo
monoxide, sulfur oxides, and particulate matt
from  construction equipment exhaust on
occur during the periods of active constructio
and are small compared to routine vehic
emissions associated with traffic in the are
Impacts to workers would be minimal becau
the emissions are of relatively low volume.  Th
public would not be impacted for this reason 
well because of the distance from th
construction site to the public.

II.4.2.4 Ecological Resources

Threatened or Endangered Species

The construction of a Brownfield Plutonium
Facility in a previously disturbed area near th
TA–55 Plutonium Facility would result in the
loss of less than 0.01 percent of the total LAN
foraging habitat for the bald eagle, peregrin
falcon, and Mexican spotted owl.  Less tha
0.05 percent of these species habitats would
affected by the proposed transportatio
corridor.  This would not result in an
appreciable effect on these species.

II.4.2.5 Cultural Resources

No adverse effects to cultural resources fro
construction of a new stand-alone facility withi
the current security fence at TA–55 are expec
to occur under this alternative.  If the facilit
were to be sited elsewhere at TA–55, cultu
resources surveys would not likely be require
to determine the effect of construction becau
of the disturbed nature of TA–55.  As discuss
in section II.4.1.5, the NRHP-eligible site
II–28
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located along the transportation corridor would
not be disturbed in order to avoid having an
impact on the site.

II.4.2.6 Traffic

This alternative is expected to increase the
volume of traffic at nearby TA–55 during the
construction of facilities and operations that
support pit manufacturing at LANL.  Vehicles
required to transport construction materials and
workers would contribute to an increase in local
traffic.  This additional traffic load is anticipated
to occur primarily within the first 3 years of the
anticipated 4-year project.  Based on an average
daily traffic rate of approximately 8,000 vehicle
trips per day on Pajarito Road and assuming an
additional 600 construction vehicle trips per
day, the increase in vehicle traffic from
construction activities is estimated to be no
more than about 8 percent above routine traffic
volumes.  Effects of this increase would not be
significant.  Construction activities at TA–55
would not require the permanent or extended
closure of any public roads or rerouting of
traffic.  Temporary closures of short duration
could be required to accommodate certain
construction activities.  

Construction activities could decrease the
number of available employee parking spaces
and interfere with the existing employee
parking situation in the area.  The construction
of new facilities near TA–55 could result in
additional temporary loss of parking spaces if
construction equipment and trailers are located
in existing parking areas.  Construction
activities could adversely affect the traffic flow
around TA–55, primarily at the start and end of
each work day.  At a minimum, the potential
shortage of parking spaces would result in
delays for both site workers and construction
workers and could result in an increase in the
number of vehicular accidents.  Following
completion of construction activities, sufficient
parking would be provided for all workers at
TA–55.  Impacts from the construction of the

dedicated transportation corridor would be th
same under this alternative as under t
Preferred Alternative.

During peak operations, up to an additional 1
employees are anticipated to be on the s
Assuming 280 vehicle trips per day as a resu
an increase of about 3 percent in traffic 
projected for Pajarito Road.  With the relate
construction traffic no longer present, the effe
of this traffic increase would not be significan

II.4.2.7 Human Health

Human health impacts may potentially resu
from the construction of a Brownfield
Plutonium Facility.  Radiological impacts ma
result from exposure to plutonium, uranium
tritium, and a variety of actinides when thes
materials are moved to the new facility locatio
Workers involved in construction activities a
TA–55 would not be exposed to radioactivity 
levels above background.  Workers involved 
building modification activities at TA–55 would
be working in radiological control areas and 
areas adjacent to ongoing operations.  Work
exposures to radiation and radioactive materi
in radiological control areas would b
controlled under established procedures th
require doses to be kept as low as reasona
achievable.  Any potential hazards would b
evaluated as part of the radiation worker a
occupational safety programs at LANL
Nonroutine construction activities may requir
special work permits with worker protectio
measures given for specific locations an
activities.  Doses to construction workers wou
be expected to be equal to or less than th
received by workers under the “CMR Buildin
Use” Alternative (Table II.4.1.7–1).  Under thi
alternative, the public would not receive an
additional radiological dose beyond th
background level.  Therefore, no adverse hum
health effects to the public are anticipated.
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II.4.2.8 Waste Management

This alternative would produce waste from the
construction of a new building at TA–55 that
would include 15,300 square feet (1,425 square
meters) of designated nuclear material
laboratory space.  The types of waste that could
be generated from this activity would include
nonhazardous solid waste from construction
activities and possibly RCRA waste.  Sanitary
wastes also would be generated under this
alternative.  Small amounts of LLW could be
generated in the process of relocating
equipment to the new facility (this waste would
have to be treated and disposed).  The total
volume of RCRA wastes also would be
minimal.  Nonhazardous wastes would be
disposed of in the Los Alamos County Landfill,
which has adequate capacity to handle the
projected amount of waste.  RCRA wastes
would be sent off site for treatment and disposal
at a commercial facility.  Commercial treatment
is readily available and currently used to treat
most LANL RCRA wastes.  Sanitary wastes
could either be collected by subcontractors
during construction operations or be put into the
LANL sanitary sewer system.  The anticipated
volume of sanitary wastes would not be
expected to have any effect on the existing
capacity of the sanitary sewer system.  This
alternative also would create new nuclear space
at LANL, which would imply a liability for
future cleanup (and related waste generation).

II.4.3 Add-On to TA–55–4 
Alternative

II.4.3.1 Land Use

The proposed activities would be conducted
within areas that are already used for research
and development purposes.  Implementation of
this alternative would not change the land use
designations of TA–55 or adjacent areas.  

As discussed in section II.4.1.1, under th
alternative, a dedicated transportation corrid
would be constructed to transport plutoniu
pits and various plutonium samples an
components among the facilities at TA–55, th
analytical chemistry operations at the CM
Building, and the nonnuclear support facilitie
in TA–3.  

II.4.3.2 Noise

Implementation of the Add-on to TA–55–4
Alternative would result in actions that crea
noise, both within TA–55–4 and outside th
building.  Noise produced from the constructio
activities conducted within the TA–55–4
building and outside the structure would n
likely affect the public.  Involved workers
would be exposed to levels of noise und
normal working conditions ranging from abou
45 dBA to 55 dBA for decontamination
activities (May 1978) all the way up to slightly
in excess of about 95 dBA for constructio
activities involving heavy machinery (such a
chainsaws, bulldozers, rock drills, and concre
mixers).  At a distance of 50 feet (15 meter
from the work site, however, these noise leve
would range from about 75 dBA to 95 dBA
(Magrab 1975).

Most of the noise produced by the constructio
activities at TA–55 would be below the OEL o
OSHA.  The noise generated would be confin
to TA–55 and to the new transportation corrido
The high-level noise generated would b
localized at the work sites.  Any noise produc
above 80 dBA would require the operators 
participate in a personnel hearing conservati
program as per LANL administrative
requirements.  The public at Pajarito Roa
would not be affected by the noise leve
because the noise would fall below 80 dBA aft
50 feet (15 meters) from the work site.
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II.4.3.3 Air Quality

Radiological Emissions

The construction of a new add-on facility at
TA–55–4 would take place within the current
security boundary of the area.  The vacant
ground within the TA–55 secured area has been
previously disturbed, but is not contaminated.
No SWMUs or radioactively contaminated soils
are present within the vacant area (LANL 1990).
The construction, erection, and finishing of the
add-on facility would not contribute additional
radioactive air emissions above normal
operations for TA–55.  The radiological air
quality would not be expected to change from
the historical average for the area.  Workers and
the public would not be affected by the building
construction.

Nonradiological Emissions

The air emissions of nitrogen oxides, carbon
monoxide, sulfur oxides, and particulate matter
from construction equipment exhaust only
occur during the periods of active construction
and are small compared to routine vehicle
emissions associated  with traffic in the area.
Workers and the public would not be impacted
by these emissions primarily because of the low
volume of emissions and distance from the
construction sites to the nearest public area.

II.4.3.4 Ecological Resources

Threatened or Endangered Species

Under this alternative, there would be negligible
(less than 0.06 percent) loss of bald eagle,
peregrine falcon, and Mexican spotted owl
foraging habitat.  This would not result in any
appreciable effect on these species.

II.4.3.5 Cultural Resources

No adverse effects to cultural resources from
construction of an addition to TA–55–4 within

the current security fence are expected to oc
under this alternative.  As discussed in secti
II.4.1.5, the NRHP-eligible site along th
transportation corridor would be avoided durin
construction of the corridor.

II.4.3.6 Traffic

Traffic patterns and volumes required to suppo
new construction or the reconfiguration o
existing facilities under this alternative woul
be increased at TA–55.  Based on an avera
daily traffic rate of approximately 8,000 ADTs
on Pajarito Road and assuming an addition
600 construction vehicle trips per day, th
increase in vehicle traffic from constructio
activities is estimated to be no more than abo
8 percent above routine traffic volumes.  Effec
of this increase would not be significan
Construction activities at TA–55 would no
require the permanent or extended closure
any public roads or rerouting of traffic
Temporary closures of short duration could 
required to accommodate certain constructi
activities.

Construction activities could decrease th
number of available employee parking spac
and interfere with the existing employe
parking situation in the area.  The constructio
of new facilities at TA–55 could result in
additional temporary loss of parking spaces
construction equipment and trailers are locat
in existing parking areas.  Constructio
activities could adversely affect the traffic flow
around TA–55 primarily at the start and end 
each work day.  At a minimum, the potentia
shortage of parking spaces would result 
delays for both site workers and constructio
workers and could result in an increase in t
number of vehicular accidents.  Followin
completion of construction activities, sufficien
parking would be provided for all workers a
TA–55.  Impacts from the construction of th
dedicated transportation corridor would be th
same under this alternative as under t
Preferred Alternative.
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During peak operations, up to an additional 140
employees are anticipated to be on the site.
Assuming 280 vehicle trips as a result, an
increase of about 3 percent in traffic is projected
for Pajarito Road.  With the related construction
traffic no longer present, the effect of this traffic
increase would not be significant.

II.4.3.7 Human Health

Workers involved in the construction of the add-
on facility at TA–55–4 could be exposed to
plutonium, uranium, tritium, and a variety of
actinides when these materials are moved to
new locations and as workers reconfigure
existing radiological control areas.  Some
reconfiguration and remodeling work would be
performed inside TA–55–4.  Workers
performing these activities are expected to
receive about the same doses as workers
performing the “CMR Building Use”
Alternative.  Doses to construction workers
would be expected to be equal to or less than
those received by workers under the “CMR
Building Use” Alternative (Table II.4.1.7–1).
Under this alternative, the public would not
receive any additional radiological dose beyond
the background level.  Therefore, no adverse
human health effects are anticipated under this
alternative.

II.4.3.8 Waste Management

This alternative would produce waste from the
construction of an add-on building at TA–55
that would include approximately 15,300 square
feet (1,425 square meters) of laboratory space.
The types of waste that could be generated from
these activities would include nonhazardous
solid waste from construction activities and
possibly RCRA waste.  Sanitary wastes would
also be generated under this alternative.  Some
LLW could be generated in the process of
relocating equipment to the new space.  The
total volume of nonhazardous waste and the
amount of RCRA waste would be minimal.
Nonhazardous wastes would be disposed of in

the Los Alamos County Landfill, which ha
adequate capacity to handle the project
amount of waste.  RCRA wastes would be se
off site for treatment and disposal at 
commercial facility.  Commercial treatment i
readily available and currently used to tre
most LANL RCRA wastes.  Sanitary waste
could either be collected by subcontracto
during construction operations or be put into t
LANL sanitary sewer system.  The anticipate
volume of sanitary wastes would not b
expected to have any effect on the existi
capacity of the sanitary sewer system.  Th
alternative also would create new nuclear spa
at LANL, which would imply a liability for
future cleanup (and related waste generation

II.4.4 Comparison of Alternatives

Table II.4.4–1 shows a summary of the potent
impacts of the alternatives.

There are few differences in the constructio
impacts across the PSSC alternatives.  Beca
all of the construction (except for the propose
transportation corridor) would occur within
previously disturbed areas and would result 
land use consistent with the existing use of la
in these areas, no land use, cultural resource
ecological resource impacts would b
anticipated unless the proposed transportat
corridor were constructed.  Construction of th
corridor under any of the alternatives wou
have an equal impact under any of th
alternatives; but the land use, ecologic
resources, and cultural resources impacts 
constructing the corridor would be minima
Construction noise and construction traff
impacts would be minimal under any of th
alternatives with or without the transportatio
corridor.  If the corridor is constructed, it woul
mitigate operational impacts by substantial
reducing the operational transport on pub
roads under the Expanded Operatio
Alternative.   (This is true under all of the PSS
alternatives, but this mitigation is mor
important for the “CMR Building Use”
II–32
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TABLE  II.4.4–1.—Summary of Potential Impacts of the Alternatives

FACTOR, 
MEASURE

“CMR BUILDING USE” 
ALTERNATIVE a

BROWNFIELD 
ALTERNATIVE

ADD-ON TO TA–55–4 
ALTERNATIVE

Land Use No change in land use 
designations of research and 
development for TA–55 and 
TA–3.  Development of the 

transportation corridor would 
change disturbed but 

undeveloped land to industrial 
land use.

No change in land use 
designations of research and 
development for TA–55 and 
TA–3.  Development of the 

transportation corridor would 
change disturbed but 

undeveloped land to industrial 
land use.

No change in land use 
designations of research and 
development for TA–55 and 
TA–3.  Development of the 

transportation corridor would 
change disturbed but 

undeveloped land to industrial 
land use.

Noise Increased noise levels 
temporarily to 80 dBA and 
above for TA–3 and TA–55 
construction workers.  Noise 
levels not likely to affect the 

public.

Increased noise levels 
temporarily to 80 dBA and 

above for TA–55 construction 
workers.  Noise levels not likely 

to affect the public.

Increased noise levels 
temporarily to 80 dBA and 

above for TA–55 construction 
workers.  Noise levels not likely 

to affect the public.

Air Quality Minor radiological emissions 
during construction phase.  
Nonradiological emissions 

expected during construction 
period.

No radiological emissions 
during construction phase.  
Nonradiological emissions 

expected during construction 
period.

No radiological emissions 
during construction phase.  
Nonradiological emissions 

expected during construction 
period.

Ecological 
Resources

Loss of < 0.1 percent of 
foraging habitat for individual 

threatened or endangered 
species due to the construction 
of the optional dedicated road; 

no appreciable effect to 
individual threatened or 

endangered (T&E) species.

Loss of < 0.05 percent of 
foraging habitat for individual 

threatened or endangered 
species due to the construction 
of the optional dedicated road; 

no appreciable effect to 
individual T&E species.

Loss of < 0.05 percent of 
foraging habitat for individual 

threatened or endangered 
species due to the construction 
of the optional dedicated road; 

no appreciable effect to 
individual T&E species.

Cultural 
Resources

No disturbance of archeological 
sites.

No disturbance of archeological 
sites.

No disturbance of archeological 
sites.

Traffic Vehicular traffic on Pajarito 
Road, Diamond Drive, and 
West Jemez Road would 

increase by 5 percent or less 
during construction phase.  
Transport of SNM would 

increase.

Vehicular traffic on Pajarito 
Road would increase by about 
8 percent during construction 

phase.  Transport of SNM 
would increase. 

Vehicular traffic on Pajarito 
Road would increase by about 
8 percent during construction 

phase.  Transport of SNM would 
increase.  

Human Health Potential physical and 
construction related hazards.  

Minimal worker radiation 
hazard (0.018 excess LCFs); no 

radiation risk to the public.

Potential physical and 
construction related hazards.  

Minimal worker radiation 
hazard (0.018 excess LCFs); no 

radiation risk to the public.

Potential physical and 
construction related hazards.  

Minimal worker radiation 
hazard (0.018 excess LCFs); no 

radiation risk to the public.
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Waste 
Management

LLW disposed of at LANL 
disposal site or off site.  

Nonhazardous wastes disposed 
of at county landfill.  RCRA 
and PCB waste disposed of at 
off-site commercial facility.

Nonhazardous wastes disposed 
of at county landfill.  Any 

RCRA waste would be 
disposed of at off-site 

commercial facility.  Creates 
additional nuclear space, which 

would constitute a future 
cleanup liability.

Nonhazardous wastes disposed 
of at county landfill.  Any 

RCRA waste would be disposed 
of at off-site commercial facility.  

Creates additional nuclear 
space, which would constitute a 

future cleanup liability.

Accidents Unlikely to occur with worker 
and public dose; accident would 

result in off-site maximally 
exposed individual (MEI) dose 

of about 8 rem (resulting in 
0.005 excess LCFs).  The 

worker involved would inhale 
plutonium; this would not result 
in an acute worker fatality, but 
would result in an incremental 
risk of death from cancer over 
the worker’s lifetime.  (Risk is 
dependent on several factors 
and cannot be quantified.)

Unlikely to occur with worker 
and public dose; accident would 
result in  off-site MEI dose of 
about 8 rem (resulting in 0.005 

excess LCFs).  The worker 
involved would inhale 

plutonium; this would not result 
in an acute worker fatality, but 
would result in an incremental 
risk of death from cancer over 
the worker’s lifetime.  (Risk is 
dependent on several factors 
and cannot be quantified.)

Unlikely to occur with worker 
and public dose; accident would 
result in  off-site MEI dose of 
about 8 rem (resulting in 0.005 

excess LCFs).  The worker 
involved would inhale 

plutonium; this would not result 
in an acute worker fatality, but 
would result in an incremental 
risk of death from cancer over 
the worker’s lifetime.  (Risk is 

dependent on several factors and 
cannot be quantified.)

a Utilize existing unused space in the CMR Building.

TABLE  II.4.4–1.—Summary of Potential Impacts of the Alternatives-Continued

FACTOR, 
MEASURE

“CMR BUILDING USE” 
ALTERNATIVE a

BROWNFIELD 
ALTERNATIVE

ADD-ON TO TA–55–4 
ALTERNATIVE
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Alternative because it would result in the
greatest operational transport between TA–55
and the CMR Building out of the three PSSC
alternatives.)

The few differences in construction impacts
across the PSSC alternatives are attributable to
the difference between construction within an
existing nuclear facility and construction to
create additional nuclear facility space.  Air
emissions for construction within existing
nuclear space (as proposed under the “CMR
Building Use” Alternative) would include
radiological emissions because of the
radioactive material contamination (primarily in
equipment) in the areas involved in the
construction, in addition to the nonradioactive
emissions from construction equipment
exhaust.  The creation of new nuclear facility
space would not result in radioactive air
emissions and would have comparable
nonradioactive emissions from construction
equipment exhaust.  Similarly, construction
under the “CMR Building Use” Alternative
would result in construction workers receiving
radiation doses due to the ongoing nuclear
operations in the areas of the facility that are not
involved in the construction activities, and the
construction waste generated from within the
existing facilities would include some LLW and
TRU waste for disposal.  These impacts would
not be expected under the Brownfield or Add-on
to TA–55–4 Alternatives (except for the
relatively small exposures and waste quantities
generated in moving existing contaminated
equipment into the new facilities).  Finally, the
“CMR Building Use” Alternative utilizes
existing nuclear space, which does not incur a
new liability for cleanup of contaminated space.
(The areas used under this alternative are
presumed to be contaminated from past
activities in these areas.)  The Brownfield or
Add-on to TA–55–4 Alternatives would result
in the construction of about 15,000 square feet
(about 1,400 square meters) of new nuclear
space, which implies a liability for future

cleanup and related radioactive was
generation.

II.5 POTENTIAL  ACCIDENT  
SCENARIO

One additional accident with significan
consequences was analyzed for the “CM
Building Use” Alternative.  This acciden
involved construction activities only.
Operational and transportation accidents a
addressed in chapter 5 of volume I.  Th
construction accident scenario was developed
evaluate potential impacts on the workers a
the public in and around TA–55 and th
dedicated transportation corridor developme
areas.  The details of the accident analysis 
described in the following text and, in mor
detail, in appendix II.B.

II.5.1 Construction Accident

This hypothetical accident scenario wa
developed for the TA–55 Safety Analysi
Report (LANL 1996a) to evaluate the impact 
individuals at a construction site.  Constructio
workers and their management would b
located in and around the TA–55 area whe
building modifications would be made in
support of the enhanced pit manufacturin
operations.  Heavy equipment would be locat
and operated on site.  During normal condition
laboring construction workers and operatin
machinery would be present at the site.

The postulated accident would occur during t
reconfiguration of a building.  This scenario 
based on a postulated accident duri
modifications or upgrades of structure
systems, or components at TA–55–4.  T
scenario is initiated by the accidental drop of
plutonium dioxide storage container durin
movement to or from storage in order to perfor
a building modification or upgrade activity
The container is assumed to rupture up
impact with the floor, resulting in an airborn
II–35
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release of particulate matter.  A worker is
exposed.  The suspended particulate matter is
processed through the ventilation system and
released through the north exhaust stack,
assuming that the ventilation system and HEPA
filtration are not operable.  (See appendix II.B
for a discussion of this accident assuming these
systems remain operable.)

An accident of this type would have an
occurrence frequency that makes it an unlikely
event (appendix II.B) under any of the SWEIS
alternatives.  “Unlikely” is defined as a
frequency between 1 in 100 years and 1 in
10,000 years or at least once in 10,000 similar

facilities operated for 1 year.  Under thi
postulated accident, the worker who dropp
the container would be exposed to a significa
inhalation dose, but no acute worker fatali
occurs.  The risk to this worker is highl
dependent on the type of protective measu
taken at the time of the accident, the speed w
which these measures are taken, and 
effectiveness of medical treatment afte
exposure; as such, the risk to this worker cann
be predicted quantitatively or reliably.  The do
to the off-site maximally exposed individua
(MEI) is 8.1 rem, which corresponds to a risk 
about 0.005 excess LCFs.  
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APPENDIX II.A
CAPABILITIES AND FLOORSPACE REQUIREMENTS 

UNDER THE EXPANDED OPERATIONS ALTERNATIVE

This appendix provides more information about
the TA–55–4 nuclear materials capabilities and
their floorspace requirements to supplement the
discussion in section II.1.4.

II.A.1 Manufacturing of Plutonium 
Components

Existing capabilities for pit manufacturing at
LANL have developed and maintained the
technology base required to build research and
development  pits and pits that can replace
individual units removed from the stockpile for
surveillance and other purposes.  Current
floorspace allocation for this capability, which
includes general pit manufacture, disassembly,
and assembly is 11,400 square feet
(1,060 square meters).  Based on the SSM PEIS
(DOE 1996) and its ROD (61 FR 68014), DOE
has chosen to meet its future pit production
needs by expanding this existing manufacturing
capability.  With this expansion, DOE would be
able to produce up to 50 pits per year (single
shift) and 80 pits per year with multiple shifts.
Floorspace allocation for this expanded
capability is 15,300 square feet (1,425 square
meters) of contiguous space in TA–55–4 and
3,200 square feet (298 square meters) for the
additional space addressed in this PSSC
analysis.  This 3,200 square feet (298 square
meters) would be used primarily to test new
technologies outside of the production lines and
to prepare components for testing.

II.A.2 Disassembly and Surveillance 
of Weapons Components

LANL conducts destructive and nondestructive
evaluations on pits to evaluate stockpile
reliability and staging safety.  These pits also are
disassembled, and the plutonium contained

therein is converted to oxide for storage or oth
uses.  Each destructive evaluation, depend
on pit type, includes the following operations
leak testing, weighing, dimensional inspectio
dye penetrant inspection, radiograph
metallography, chemical analysis, an
microtensile testing.  Most of these disassemb
and surveillance activities are performed 
TA–55–4 and share equipment with p
manufacturing operations.  Approximately 2
pits are examined each year.  The disassem
capacity is greater than this, and is at times us
to disassemble additional pits.  The pit mater
remaining after the evaluation is stored in th
TA–55–4 vault.  These functions are candidat
for transfer from TA–55–4 to the additiona
space addressed in this PSSC analysis. 
transferred, these activities would no longer 
able to use the pit manufacturing equipment
TA–55–4 (thus, additional equipment an
floorspace would be required).

Under the Expanded Operations Alternativ
LANL would disassemble and analyze 65 pi
per year.  Current floorspace allocation for th
disassembly and surveillance of weapo
components is 2,300 square feet (214 squ
meters).  This would need to increase 
4,500 square feet (419 square meters) to supp
the levels of operations discussed in th
Expanded Operations Alternative, includin
replication of the equipment in TA–55–4 that 
necessary to support expanded operations.

II.A.3 Plutonium-238 Research, 
Development, and 
Applications

Plutonium-238 activities include research o
radioisotopic thermoelectric generator desig
fabrication, and testing, as well as plutoniu
II–37
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oxide fuel recycle and processing, plutonium
oxide heat-source recovery, disposition, and
stabilization operations.  The plutonium oxide
removed from excess and retired radioisotopic
thermoelectric generators and other heat sources
received from Pantex, Sandia National
Laboratories, and other facilities is processed at
LANL.  LANL would maintain the capability to
conduct research, fabrication, and processing
activities with plutonium-238 from both
defense-related and nondefense-related heat
sources.  Because these are potentially high-
dose operations, special glovebox lines are
required.  This function is not a candidate for
transfer from TA–55–4 to the additional space
because of the unique storage, handling, and
processing requirements associated with this
material, which could not be easily replicated.
In addition, any space vacated by these activities
in TA–55–4 would require equipment removal
and decontamination prior to introducing other
activities that could be compromised if
contaminated with plutonium-238.  Current
floorspace allocation for the plutonium-238
processing activities is 9,000 square feet
(837 square meters).  This floorspace allocation
would not change under the level of operations
in the Expanded Operations Alternative.

II.A.4 Actinide Materials Science 
and Processing Research and 
Development

II.A.4.1 Actinide Research and 
Development—General

As part of the effort to better understand the
material science aspects of nuclear materials
and weapons aging and performance, various
materials research activities are conducted at
TA–55–4.  Experiments also are conducted to
evaluate the scientific underpinnings of
stockpile activities, such as improved welding
and bonding processes, development of special
mold coatings, and fire-resistance tests.  Some
activities are related to dynamic experiments

conducted by LANL and involve experiments a
other sites as well as TA–55–4.   Most of th
actinide research and development involvin
aqueous materials would remain at TA–55–
However, activities such as solid state synthe
and associated analyses (including both surfa
and bulk evaluations) could be transferre
Current floorspace allocation in TA–55–4 fo
general actinide research and developme
programs is 3,400 square feet (316 squa
meters) and would not change under the leve
operations in the Expanded Operation
Alternative in TA–55–4. However, some
additional space would be needed.  It 
estimated that the space allocation for the
actinide research and development activiti
would be 1,000 square feet (93 square mete
of contiguous space in addition to th
3,400 square feet (316 square meters) of sp
in TA–55–4.

II.A.4.2 Actinide Research and 
Development—
Environmental Management

LANL provides continuing technical support t
DOE’s Office of Environmental Managemen
(EM)  regarding clean-up activities around th
DOE complex, including process developme
for stabilization of residues.  The efforts for EM
are in three general areas, including: (1) issu
associated with stabilization, chemica
processing, storage shelf-life, surveillance, a
skid-mounted processing techniques; (
technology transfer to other sites o
organizations involving mock-ups and operat
training; and (3) stabilizing minor quantities o
specialty items from other DOE sites.  In effec
this effort builds on the capabilities of othe
TA–55–4 functions and demonstrates the
application in these three areas.  Because of
integral ties to other TA–55–4 functions, this 
not a candidate to transfer to the addition
space.  Current floorspace allocations for E
technology support programs are 800 squa
feet (74 square meters).
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II.A.4.3 Special Recovery Line

The Special Recovery Line supports the
recovery of plutonium and other actinides from
items that are potentially contaminated with
tritium.  LANL personnel would disassemble up
to 40 items per year that are potentially
contaminated with tritium.  Current floorspace
allocation for the Special Recovery Line is
700 square feet (65 square meters).  Under the
Expanded Operations Alternative, floorspace
allocation for this would need to increase to
1,200 square feet (112 square meters).  This
function is a candidate for transfer from
TA–55–4 to the additional space addressed in
this PSSC analysis.

II.A.4.4 Neutron Source Materials 
Recovery

This function separates (recovers) radionuclides
from light metals or light metal oxides to reduce
the neutron radiation associated with excess
neutron sources.  Current and future floorspace
allocation for neutron source material recovery
programs is 800 square feet (74 square meters)
in TA–55–4.  Some of this work also is
performed in the CMR Building at this time.
Work performed in TA–55–4 depends
extensively upon the unique plutonium
processing and handling capability of TA–55–4.
This is not a candidate for transfer from
TA–55–4 to the additional space.

II.A.4.5 Pit Disassembly and 
Material Conversion

LANL has been tasked by DOE to develop and
demonstrate pit disassembly and material
conversion technologies.  This is being done as
part of the Advanced Recovery and Integrated
Extraction System (ARIES).  The ARIES can
disassemble a pit by a cutting operation; convert
the plutonium into plutonium metal or oxide;
place the material in a welded storage container;
and decontaminate and assay the container.

This system currently exists in a series 
gloveboxes in TA–55–4.

Under the Expanded Operations Alternativ
LANL would conduct a one-time demonstratio
involving the disassembly of up to 250 pits an
conversion of the plutonium to plutonium oxid
as part of an integrated pit disassembly a
conversion system, as opposed to a series
individual glovebox operations.  This work
would be done in TA–55–4 over a period of 
years.  The potential environmental impacts 
this proposed action were analyzed in a
environmental assessment (chapter 1, sect
1.5.7, volume I) (DOE 1998).  

The disassembly of pits, including those fo
surveillance and pit manufacturing purpose
would be an ongoing activity, at a level of up 
200 pit disassemblies per year, after t
demonstration activities are completed.  In ord
to accommodate the projected throughput f
this process after demonstration, som
expansion is anticipated.  The disassemb
portion of ARIES is very similar to the pit
disassembly operations for surveillance.  In th
sense, these operations could be a candidate
transfer to the additional space.  However, the
are differences that make such a transfer v
difficult.  These include:

• The ARIES  is still under development (as
opposed to the disassembly for 
surveillance).

• The potential throughput of the integrated
pit disassembly and conversion 
demonstration could make handling and 
packaging of the output materials between
TA–55–4 and the additional space very 
costly.

• The space used for ARIES is not 
contiguous to the other space that would b
made available by the other potential 
transfers.  This means that if the ARIES 
space in TA–55–4 were made available, it
would be difficult to use this space in an 
efficient manner.
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All of these factors would make moving a
portion of this capability to the additional space
very costly and time consuming.  For these
reasons, DOE does not consider it reasonable to
transfer this capability to the additional space.
Note that some of the technologies used for pit
disassembly in this project may be replicated
and applied to disassembly and surveillance
activities that are being considered for transfer
(section II.A.2).

In summary, under the Expanded Operations
Alternative, LANL would use ARIES in
TA–55–4 for both the pit disassembly and
conversion demonstration and for other pit
disassembly needs at a level of up to 200 pit
disassemblies per year.  This alternative would
result in the expansion of the ARIES space
allocation from 1,000 square feet (93 square
meters) to 1,500 square feet (140 square meters)
in TA–55–4.

II.A.5 Fabrication of Ceramic-Based 
Reactor Fuels

LANL has been tasked by DOE to develop and
demonstrate ceramic-based reactor fuels
technology.  A specific application of this
function is to utilize output from pit disassembly
and conversion (discussed under section II.A.4)
for fabrication into mixed oxide (MOX) reactor
fuel.  Under the Expanded Operation
Alternative, LANL personnel would
demonstrate the ability to produce MOX fuel
from older pits for use in nuclear reactors.  Thus,
for the next several years, this function is
closely linked to the pit disassembly and
material conversion function; DOE does not
consider it appropriate to separate these two
functions for the foreseeable future.  Current
floorspace allocation for the MOX
demonstration activities is 3,000 square feet
(280 square meters).  This floorspace allocation
would not change under the Expanded
Operations Alternative.  Similar to pit
disassembly and conversion, this process would
be a candidate for possible transfer to the

additional space.  The materials involved a
metals and oxides, and the processes involv
are not substantially different than those us
for other processes considered for transf
However, this process is closely linked t
ARIES, and DOE does not consider 
appropriate to separate these two function
Therefore, as with ARIES, transfer of thi
process is not analyzed in this document.

II.A.6 Plutonium Recovery

Currently, LANL uses aqueous nitrate an
chloride chemical techniques to extra
plutonium from various residues.  Process
include dissolution, ion exchange, solve
extraction, precipitation, pyrolysis, and
carbonate oxidation/salt distillation
Pyrochemical recovery operations, o
electrorefining, convert impure actinide met
to pure actinide metal.  Plutonium recovery is
unique function in TA–55–4 that support
virtually all other activities in that facility.  It is
not feasible to transfer this function to th
additional space.  Current floorspace allocati
for plutonium recovery is 13,400 square fe
(1,246 square meters).  No change in floorspa
is anticipated for the Expanded Operatio
Alternative.

II.A.7 Support Activities

II.A.7.1 Material Control and 
Accountability 

Material control and accountability is a suppo
function for all operations at TA–55.  Moreove
experience gained through this activity 
directly applicable to the development an
demonstration of nonproliferation technologie
The TA–55 nonproliferation technologie
involve development of safeguard
methodologies and instrumentation fo
plutonium nondestructive assay.  A typica
example is the development of nondestructi
assay equipment for the ARIES program
II–40
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Plutonium nondestructive assay devices
developed for nonproliferation purposes are
routinely tested at TA–55–4.  TA–55–4
provides LANL with a unique capability in the
development of nonproliferation technology.
TA–55 supports the development of safeguards
instrumentation that contributes to
nonproliferation technology.  LANL would
develop safeguards instrumentation for
nonproliferation technologies; yet no dedicated
floorspace would be allocated, because the
equipment can be shared with various material
management activities.  This function is integral
to other TA–55 functions and is not a candidate
for transfer from TA–55 to the additional space.

II.A.7.2 Materials Management and 
Radiation Control

Materials management and radiation control
include all support activities that track material
movements to and from processing function
spaces and storage areas, such as the TA–55–4
vault.  Also, all facilities that process nuclear
materials must allocate space for radiation
measurement and control support staff.  These
support activities must be provided in facilities
that handle nuclear materials.  Current
floorspace allocations for the material
management and radiation control function are
4,400 square feet (409 square meters).  No
change to this floorspace allocation is
anticipated for the level of operations addressed
in the Expanded Operations Alternative in
TA–55–4.  It is also estimated that any functions
transferred from TA–55–4 to the additional
space would require similar support functions as
well.  It is estimated that the floorspace
allocations for materials management and
radiation control would require 2,000 square
feet (186 square meters) in the additional space.

II.A.7.3 Waste Management

The plutonium processing and recovery
programs produce waste materials that contain

trace amounts of actinides.  The presence
actinides requires that the waste materials 
properly packaged and assayed prior 
disposal.  This is a support activity that must 
provided for any facility handling nuclea
materials.  Current floorspace allocations for t
waste management functions in TA–55 a
2,400 square feet (223 square meter
Floorspace allocations under the Expand
Operations Alternative for the wast
management function are 2,400 square fe
(223 square meters) in TA–55–4.  It is estimat
that the space allocation for this function in th
additional space utilized would be 1,200 squa
feet (112 square meters).

II.A.7.4 Analytical Chemistry— 
Metallography

A core capability at TA–55 is the fundament
and applied analysis of plutonium usin
metallography.  This supports the nucle
materials processing activities at TA–55–
Current floorspace allocation for analytica
chemistry metallography functions in TA–55–
is 4,700 square feet (437 square meters).  Fut
floorspace allocations for analytical chemist
metallography functions are 2,600 square fe
(242 square meters) in TA–55–4.  Th
reduction in floorspace is the result of includin
analytical chemistry functions that are specif
to pit surveillance with the pit surveillanc
function and reduced floorspace requiremen
that result from improvement in analytica
chemistry technologies.  The analytica
chemistry functions specific to pit surveillanc
are a candidate for transfer from TA–55 to th
additional space, if pit surveillance i
transferred also.  This function would requir
1,500 square feet (140 square meters) 
floorspace in the additional space.  

II.A.8 Contingency Space

Approximately 1,500 square feet (140 squa
meters) and 700 square feet (65 square met
II–41
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of  contingency space would be allocated in
TA–55–4 and the additional space facility,
respectively.  At this stage of design,
contingency space is typically established to
address the uncertainties in floorspace

projections.  This contingency amounts to abo
3 percent of the total projected floorspac
requirements.
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APPENDIX II.B
ACCIDENT SCENARIO FOR BUILDING 

MODIFICATIONS AND UPGRADES OF STRUCTURES, 
SYSTEMS, OR COMPONENTS FOR THE ENHANCEMENT 

OF PIT MANUFACTURING OPERATIONS AT LANL

II.B.1 Preliminary Scenario 
Description

This scenario is based on a postulated accident
during modifications or upgrades of structures,
systems, or components at TA–55–4.  The
scenario is initiated by the accidental drop of a
plutonium dioxide storage container during
movement to or from storage, which is
necessary to allow for building modification or
upgrade activity.  The container is assumed to
rupture upon impact with the floor, resulting in
an airborne release of particulate material.  A
worker is exposed.  The suspended particulate
material is processed through the ventilation
system and released through the north exhaust
stack.

II.B.1.1 Scenario Description

Description of the Activity

Storage containers, mostly metal, have been
extensively used to package most of the
radioactive material at TA–55 (LANL 1996a).
It is postulated that prior to or during CMIP
activities related to building modifications or
upgrades at TA–55, some of these containers
will be moved similar to routine movements that
occur in TA–55–4 for operational purposes.
Movements of this type present the potential for
contamination spread in vaults and potential
radiological exposures to personnel handling
the containers (LANL 1996a).  Although
storage containers are typically intact, closed,
and free of smearable contamination, some
storage containers, after prolonged storage, may
have been subjected to significant stresses as a

result of chemical or physical changes in th
stored material (LANL 1996a).  Pages 3 throug
135 of LANL 1996a may be consulted fo
additional details on the structural integrity o
the various types of storage containers.

Frequency Range

This type of accident is expected to have
frequency of 0.1 to 0.01 per year assumi
operation of ventilation and HEPA filtration
and a frequency of 10-2 to 10-4 per year in an
unmitigated accident scenario (LANL 1996a
These are considered to be “anticipated” a
“unlikely” events, respectively.  Events
necessary for the unmitigated version of th
accident to occur and result in a release inclu
chance that the container is degraded, failure
follow procedures to inspect containers fo
visible signs of deterioration, failure of visua
inspection to detect a deteriorated container,
accidental drop, breach of a degraded contai
upon impact with the floor, failure of the HVAC
system, and failure or lack of  HEPA filters
This assumes that, similar to operation
requirements, activities related to buildin
modifications or upgrades are restricted b
procedure to inspect containers for visible sig
of degradation or deformities.  The frequenc
estimate of 10-2 to 10-4 per year for an
unmitigated accident is conservative becau
(1) the frequency of only a portion (accident
drop, maximum = 1 × 10-2 failure to follow an
administrative procedure, maximum = 5 × 10-2

failure of visual inspection, maximum = 0.5) o
the event sequence is 2.5 × 10-4; therefore,
quantification of additional events would likely
place the sequence in a lower frequency; a
II–43
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(2) it is likely that the ventilation system and
associated filtration will be operable during
upgrade activities (LANL 1998).  On the other
hand, the number of moves per year, if greater
than 1.0, would increase the frequency.

Consequence Severity

A similar accident at TA–55–4 during normal
operations has been estimated to result in a dose
consequence to the MEI of 8.1 rem (committed
effective dose equivalent [CEDE]) in the
unmitigated scenario and a dose of 6.6 × 10-12

rem CEDE in a realistic scenario where the
ventilation system and HEPA filtration are
operable.

The worker who dropped the container would
be exposed to a significant inhalation dose, but

no acute worker fatality occurs.  This inhalatio
dose would be expected to cause an increa
risk of death from cancer over the worker
lifetime; however, this increase in risk is highl
dependent on the following:

• The type of protective measures taken at t
time of the accident

• The speed with which these measures are
taken

• The effectiveness of medical treatment afte
the exposure

Thus, the risk to this worker cannot be predict
quantitatively or reliably.
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ABOUT THE NATIONAL ENVIRONMENTAL POLICY ACT

The National Environmental Policy Act (NEPA) (42 United States Code [U.S.C.] §4321 et seq.) was
enacted to ensure that federal decision makers consider the effects of proposed actions on the human
environment and to lay their decisionmaking process open for public scrutiny.  NEPA also created the
President’s Council on Environmental Quality (CEQ).  The U.S. Department of Energy’s (DOE’s)
NEPA regulations (10 Code of Federal Regulations [CFR] 1021) augment the CEQ regulations (40
CFR 1500 through 1508).

Under NEPA, an environmental impact statement (EIS) documents a federal agency’s analysis of the
environmental consequences that might be caused by major federal actions, defined as those proposed
actions that may result in a significant impact to the environment.  An EIS also:

• Explains the purpose and need for the agency to take action.
• Describes the proposed action and the reasonable alternative courses of action that the agency 

could take to meet the need.
• Describes what would happen if the proposed action were not implemented—the “No Action” (or 

status quo) Alternative.
• Describes what aspects of the human environment would be affected if the proposed action or any 

alternative were implemented.
• Analyzes the changes, or impacts, to the environment that would be expected to take place if the 

proposed action or an alternative were implemented, compared to the expected condition of the 
environment if no action were taken.

The DOE EIS process follows these steps:

• The Notice of Intent, published in the Federal Register, identifies potential EIS issues and 
alternatives and asks for public comment on the scope of the analysis.

• The public scoping period, with at least one public meeting, during which public comments on the 
scope of the document are collected and considered.

• The issuance of a draft EIS for public review and comment (for a minimum of 45 days), with at 
least one public hearing.

• The preparation and issuance of the final EIS, which incorporates the results of the public 
comment period on the draft EIS.

• Preparation and issuance of a Record of Decision, which states:
— The decision.
— The alternatives that were considered in the EIS and the environmentally preferable 

alternative.
— All decision factors, such as cost and technical considerations, that were considered by the 

agency along with environmental consequences.
— Mitigation measures designed to reduce adverse environmental impacts.

• Preparation of a Mitigation Action Plan, as appropriate, which explains how the mitigation 
measures will be implemented and monitored.



THE LOS ALAMOS NATIONAL LABORATORY SITE-WIDE 
ENVIRONMENTAL IMPACT STATEMENT PROCESS

The United States Department of Energy (DOE) has a policy (10 Code of Federal Regulations [CFR]
1021.330) of preparing a Site-Wide Environmental Impact Statement (SWEIS) for certain large,
multiple-facility sites, such as the Los Alamos National Laboratory (LANL).  The purpose of a SWEIS
is to provide DOE and its stakeholders with an analysis of the environmental impacts resulting from
ongoing and reasonably foreseeable new operations and facilities and reasonable alternatives at the
DOE site.  The SWEIS analyzes four alternatives for the continued operation of LANL to identify the
potential effects that each alternative could have on the human environment.

The SWEIS Advance Notice of Intent, published in the Federal Register (FR) on August 10, 1994 (59
FR 40889), identified possible issues and alternatives to be analyzed.  Based on public input received
during prescoping, DOE published the Notice of Intent to prepare the SWEIS in the Federal Register
on May 12, 1995 (60 FR 25697).  DOE held a series of public meetings during prescoping and scoping
to provide opportunities for stakeholders to identify the issues, environmental concerns, and
alternatives that should be analyzed in the SWEIS.  An Implementation Plan1 was published in
November 1995 to summarize the results of scoping, describe the scope of the SWEIS based on the
scoping process, and present an outline for the draft SWEIS.  The Implementation Plan also included
a discussion of the issues reflected in public comments during scoping.

In addition to the required meetings and documents described above, the SWEIS process has included
a number of other activities intended to enhance public participation in this effort.  These activities
have included:

• Workshops to develop the Greener Alternative described and analyzed in the SWEIS.
• Meetings with and briefings to representatives of federal, state, tribal, and local governments 

during prescoping, scoping, and preparation of the draft SWEIS.
• Preparation and submission to the Los Alamos Community Outreach Center of information 

requested by members of the public related to LANL operations and proposed projects.
• Numerous Open Forum public meetings in the communities around LANL to discuss LANL 

activities, the status of the SWEIS, and other issues raised by the public.

The draft SWEIS was distributed to interested stakeholders for comment.  The comment period
extended from May 15, 1998, to July 15, 1998.  Public hearings on the draft SWEIS were announced
in the Federal Register, as well as community newspapers and radio broadcasts.  Public hearings were
held in Los Alamos, Santa Fe, and Española, New Mexico, on June 9, 1998, June 10, 1998, and June
24, 1998, respectively.

Oral and written comments were accepted during the 60-day comment period for the draft SWEIS.  All
comments received, whether orally or in writing, were considered in preparation of the final SWEIS.
The final SWEIS includes a new volume IV with responses to individual comments and a discussion
of general major issues.  DOE will prepare a Record of Decision no sooner than 30 days after the final
SWEIS Notice of Availability is published in the Federal Register.  The Record of Decision will
describe the rationale used for  DOE’s selection of an alternative or portions of the alternatives.
Following the issuance of the Record of Decision, a Mitigation Action Plan may also be issued to
describe any mitigation measures that DOE commits to in concert with its decision.

1. DOE National Environmental Policy Act regulations (10 CFR 1021) previously required that an implementation 
plan be prepared; a regulation change (61 FR 64604) deleted this requirement.  An implementation plan was prepared for 
this SWEIS.



COVER SHEET

Responsible Agency:  U.S. Department of Energy (DOE)

Cooperating Agency:  Incorporated County of Los Alamos

Title: Site-Wide Environmental Impact Statement for the Continued Operation of the 
Los Alamos National Laboratory, Los Alamos, New Mexico (DOE/EIS-0238)

Contact: For further information concerning this Site-Wide Environmental Impact Statement 
(SWEIS), contact:

Corey Cruz, Project Manager
U.S. DOE, Albuquerque Operations Office
P.O. Box 5400, Albuquerque, NM  87185

Telephone:  505–845–4282    Fax: 505–845–6392

For general information on DOE’s National Environmental Policy Act (NEPA) process, contact:

Carol Borgstrom, Director
Office of NEPA Policy and Assistance (EH–42)

U.S. DOE, 1000 Independence Avenue, SW, Washington, DC  20585
Telephone:  202–586–4600 or leave a message at 1–800–472–2756

Abstract:  DOE proposes to continue operating the Los Alamos National Laboratory (LANL) located in
Los Alamos County, in north-central New Mexico.  DOE has identified and assessed four alternatives for
the operation of LANL:  (1) No Action, (2) Expanded Operations, (3) Reduced Operations, and (4)
Greener.  Expanded Operations is DOE’s Preferred Alternative, with the exception that DOE would only
implement pit manufacturing at a level of 20 pits per year.  In the No Action Alternative, DOE would
continue the historical mission support activities LANL has conducted at planned operational levels.  In the
Expanded Operations Alternative, DOE would operate LANL at the highest levels of activity currently
foreseeable, including full implementation of the mission assignments from recent programmatic
documents.  Under the Reduced Operations Alternative, DOE would operate LANL at the minimum levels
of activity necessary to maintain the capabilities to support the DOE mission in the near term.  Under the
Greener Alternative, DOE would operate LANL to maximize operations in support of nonproliferation,
basic science, materials science, and other nonweapons areas, while minimizing weapons activities.  Under
all of the alternatives, the affected environment is primarily within 50 miles (80 kilometers) of LANL.
Analyses indicate little difference in the environmental impacts among alternatives.  The primary
discriminators are:  collective worker risk due to radiation exposure, socioeconomic effects due to LANL
employment changes, and electrical power demand.

Public Comment and DOE Decision:  The draft SWEIS was released to the public for review and comment
on May 15, 1998.  The comment period extended until July 15, 1998, although late comments were
accepted to the extent practicable.  All comments received were considered in preparation of the final
SWEIS1.  DOE will utilize the analysis in this final SWEIS and prepare a Record of Decision on the level
of continued operation of LANL.  This decision will be no sooner than 30 days after the Notice of
Availability of the final SWEIS is published in the Federal Register.

1.   Changes made to this SWEIS since publication of the draft SWEIS are marked with a vertical bar to the right or
left of the text.
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ACHP Advisory Council on Historic Preservation

ACGIH American Conference of Governmental Industrial Hygienists

ACIS Automated Chemical Inventory System

ACL administrative control level

AEC U.S. Atomic Energy Commission

AIHA American Industrial Hygiene Association

AIRFA American Indian Religious Freedom Act

ALARA as low as reasonably achievable
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BIO Basis for Interim Operation
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MOA memorandum of agreement

MOI maximum off-site individual
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MSL Materials Science Laboratory

NA not applicable
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NAGPRA Native American Graves and Repatriation Act

NASA National Aeronautics and Space Administration
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NDA nondestructive analysis

NDE nondestructive examination

NDT Nondestructive Testing (Facility)

NEPA National Environmental Policy Act of 1969, as amended
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NHPA National Historic Preservation Act

NIF National Ignition Facility

NIH National Institute of Health

NIOSH National Institute for Occupational Safety and Health
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NM New Mexico

NMAC New Mexico Administrative Code

NMED New Mexico Environment Department

NMSA New Mexico Statutes Annotated

NMSF Nuclear Materials Storage Facility

NMTR New Mexico Tumor Registry

NOAA National Oceanic and Atmospheric Administration

NOI Notice of Intent

NOx nitrogen oxides

NPDES National Pollutant Discharge Elimination System

NPH natural phenomena hazard

NPS National Park Service

NRC U.S. Nuclear Regulatory Commission

NRDC National Resources Defense Council

NRHP National Register of Historic Places

NSC National Safety Council

NTS Nevada Test Site
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OLM Ozone Limiting Method

ORPS Occurrence Reporting and Processing System

OSHA Occupational Safety and Health Administration

PCB polychlorinated biphenyl

PE-Ci plutonium equivalent curie
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PF Plutonium Facility

PGA peak ground acceleration (horizontal)

pH a measure of acidity and alkalinity

PHERMEX Pulsed High-Energy Radiation Machine Emitting X-Ray (facility)

PL public law

PM particulate matter

PM 10 particulate matter equal to or less than 10 micrometers aerodyna
diameter

POC point-of-contact

PPE personal protective equipment

ppb parts per billion

ppm parts per million

PRA probabilistic risk assessment

PrHA process hazard analysis

PSHA Probabilistic Seismic Hazard Analysis
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R&D research and development

RAM radioactive material

RAMROD Radioactive Materials Research, Operations, and Demonstration (facili
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RAP regulated air pollutant

RCRA Resource Conservation and Recovery Act

rem roentgen equivalent man
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RfD reference dose
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RFP Rocky Flats Plant (former name of the Rocky Flats Environmen
Technology Site)

RH remote-handled (waste)

RH TRU remote-handled transuranic (waste)

RLW radioactive liquid waste

RLWTF Radioactive Liquid Waste Treatment Facility

RMP Risk Management Program (EPA)

ROD Record of Decision

SA safety assessment

SAR Safety Analysis Report

SCAPA Subcommittee of Consequence Analysis and Protective Actions (DOE)
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SHEBA Solution High-Energy Burst Assembly

SHPO State Historic Preservation Office(r)

SLEV screening level emission value
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SNL Sandia National Laboratories

SNM special nuclear material

SPCC Spill Prevention, Control, and Countermeasures

SRS Savannah River Site

SSM Stockpile Stewardship and Management 

SST safe secure transport

START Strategic Arms Reduction Talks (or Treaty)
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SWB standard waste box

SWSC sanitary waste system consolidation

TA Technical Area

TCP traditional cultural property

TEDE total effective dose equivalent

TEEL temporary emergency exposure limit

TFF Target Fabrication Facility

TI transport index

TLV threshold limit value

TRU transuranic (waste)

TRUPACT Transuranic Packaging Transporter

TSFF Tritium Science and Fabrication Facility

TSP total suspended particulates

TSTA Tritium System Test Assembly (facility)

TWA time-weighted average

TWISP Transuranic Waste Inspectable Storage Project

UBC Uniform Building Code

UC University of California

UCL upper confidence limit

UCNI unclassified controlled nuclear information

UCRL University of California Research Laboratory

UN University of Nevada

UNM University of New Mexico

URF unit risk factor

U.S. United States
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U.S.C. United States Code

USDA U.S. Department of Agriculture

USFS U.S. Forest Service

USGS U.S. Geological Survey

USSR Union of Soviet Socialist Republics

VOC volatile organic compound

WAC waste acceptance criteria

WCRR Waste Characterization, Reduction, and Repackaging (facility)

WETF Weapons Engineering Tritium Facility

WIPP Waste Isolation Pilot Plant

WNR Weapons Neutron Research

WWTF Waste Water Treatment Facility
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VOLUME III
MEASUREMENTS AND CONVERSIONS

The following information is provided to assist the reader in understanding certain concepts 
SWEIS.  Definitions of technical terms can be found in volume I, chapter 10, Glossary.

SCIENTIFIC  NOTATION

Scientific notation is used in this report to express very large or very small numbers.  For exam
number 1 billion could be written as 1,000,000,000 or, using scientific notation, as 1 x 109.  Translating
from scientific notation to a more traditional number requires moving the decimal point either
(for a positive power of 10) or left (for a negative power of 10).  If the value given is 2.0 x 103, move
the decimal point three places (insert zeros if no numbers are given) to the right of its current lo
The result would be 2,000.  If the value given is 2.0 x 10-5, move the decimal point five places to th
left of its present location.  The result would be 0.00002.  An alternative way of expressing nu
used primarily in the appendixes of this SWEIS, is exponential notation, which is very similar 
to scientific notation.  For example, using the scientific notation for 1 x 109, in exponential notation
the 109 (10 to the power of 9) would be replaced by E+09.  (For positive powers, sometimes th
sign is omitted, and so the example here could be expressed as E09.)  If the value is given as 2-5

in scientific notation, then the equivalent exponential notation is 2.0E-05.

UNITS OF MEASUREMENT

The primary units of measurement used in this report are English units with metric equiv
enclosed in parentheses.  

Many metric measurements presented include prefixes that denote a multiplication factor 
applied to the base standard (e.g., 1 kilometer = 1,000 meters).  The following list presents thes
prefixes:

giga 1,000,000,000 (109; E+09; one billion)

mega 1,000,000 (106; E+06; one million)

kilo 1,000 (103; E+03; one thousand)

hecto 100 (102; E+02; one hundred)

deka 10 (101; E+01; ten)

unit 1 (100; E+00; one)

deci 0.1 (10-1; E-01; one tenth)

centi 0.01 (10-2; E-02; one hundredth)

milli 0.001 (10-3; E-03; one thousandth)
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micro 0.000001 (10-6; E-06; one millionth)

nano 0.000000001 (10-9; E-09; one billionth)

pico 0.000000000001 (10-12; E-12; one trillionth)

DOE Order 5900.2A, Use of the Metric System of Measurement, prescribes the use of this system 
DOE documents.  Table MC–1 lists the mathematical values or formulas needed for conv
between English and metric units.  Table MC–2 summarizes and defines the terms for units of m
and corresponding symbols found throughout this report.

RADIOACTIVITY  UNIT

Part of this report deals with levels of radioactivity that might be found in various environm
media.  Radioactivity is a property; the amount of a radioactive material is usually expres
“activity” in curies (Ci) (Table MC–3).  The curie is the basic unit used to describe the amou
substance present, and concentrations are generally expressed in terms of curies per unit of
volume.  One curie is equivalent to 37 billion disintegrations per second or is a quantity o
radionuclide that decays at the rate of 37 billion disintegrations per second.   Disintegrations ge
include emissions of alpha or beta particles, gamma radiation, or combinations of these.

RADIATION  DOSE UNITS

The amount of ionizing radiation energy received by a living organism is expressed in ter
radiation dose.  Radiation dose in this report is usually expressed in terms of effective dose eq
and reported numerically in units of rem (Table MC–4).  Rem is a term that relates ionizing rad
and biological effect or risk.  A dose of 1 millirem (0.001 rem) has a biological effect similar t
dose received from about a 1-day exposure to natural background radiation.  A list of the radion
discussed in this document and their half-lives is included in Table MC–5.

CHEMICAL  ELEMENTS

A list of selected chemical elements, chemical constituents, and their nomenclature is prese
Table MC–6. 
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TABLE  MC–1.—Conversion Table

MULTIPLY BY TO OBTAIN MULTIPLY BY TO OBTAIN

ac 0.405 ha ha 2.47 ac

°F (°F -32) x 5/9 °C °C (°C x 9/5) + 32 °F

ft 0.305 m m 3.28 ft

ft2 0.0929 m2 m2 10.76 ft2

ft3 0.0283 m3 m3 35.3 ft3

gal. 3.785 l l 0.264 gal.

in. 2.54 cm cm 0.394 in.

lb 0.454 kg kg 2.205 lb

mCi/km2 1.0 nCi/m2 nCi/m2 1.0 mCi/km2

mi 1.61 km km 0.621 mi

mi2 2.59 km2 km2 0.386 mi2

mi/h 0.447 m/s m/s 2.237 mi/h

nCi 0.001 pCi pCi 1,000 nCi

oz 28.35 g g 0.0353 oz

pCi/l 10-9 µCi/ml µCi/ml 109 pCi/l

pCi/m3 10-12 Ci/m3 Ci/m3 1012 pCi/m3

pCi/m3 10-15 mCi/cm3 mCi/cm3 1015 pCi/m3

ppb 0.001 ppm ppm 1,000 ppb

ton 0.907 metric ton metric ton 1.102 ton
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TABLE  MC–2.—Names and Symbols for Units 

of Measure

LENGTH

SYMBOL NAME

cm centimeter (1 x 10-2 m)

ft foot

in. inch

km kilometer (1 x 103 m)

m  meter

mi  mile

mm millimeter (1 x 10-3 m)

µm micrometer (1 x 10-6 m)

VOLUME

SYMBOL NAME

cm3 cubic centimeter

ft3 cubic foot

gal. gallon

in.3 cubic inch

l liter

m3 cubic meter

ml milliliter (1 x 10-3 l)

ppb parts per billion

ppm parts per million

yd3 cubic yard

RATE

SYMBOL NAME

Ci/yr curies per year

cm3/s cubic meters per second

ft3/s cubic feet per second

ft3/min cubic feet per minute

gpm gallons per minute

kg/yr kilograms per year

km/h kilometers per hour

mg/l milligrams per liter

MGY million gallons per year

MLY million liters per year

m3/yr cubic meters per year

mi/h or mph miles per hour

µCi/l microcuries per liter

pCi/l picocuries per liter

TABLE  MC–2.—Names and Symbols for Units
of Measure-Continued

NUMERICAL RELATIONSHIPS

SYMBOL MEANING

< less than

≤ less than or equal to

> greater than

≥ greater than or equal to

2σ two standard deviations

TIME

SYMBOL NAME

d day

h hour

min minute

nsec nanosecond

s second

yr year

AREA

SYMBOL NAME

ac acre (640 per mi2)

cm2 square centimeter

ft2 square foot

ha hectare (1 x 104 m2)

in.2 square inch

km2 square kilometer

mi2 square mile

MASS

SYMBOL NAME

g gram

kg kilogram (1 x 103 g)

mg milligram (1 x 10-3 g)

µg microgram (1 x 10-6 g)

ng nanogram (1 x 10-9 g)

lb pound

ton metric ton (1 x 106 g)

oz ounce
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Measurements and Conversions

 

TEMPERATURE

SYMBOL NAME

°C degrees Celsius

°F degrees Fahrenheit

°K degrees Kelvin

SOUND/NOISE

SYMBOL NAME

dB decibel

dBA A-weighted decibel

TABLE  MC–3.—Names and Symbols for Units 
of Radioactivity

RADIOACTIVITY

SYMBOL NAME

Ci curie

cpm counts per minute

mCi millicurie (1 x 10-3 Ci)

µCi microcurie (1 x 10-6 Ci)

nCi nanocurie (1 x 10-9 Ci)

pCi picocurie (1 x 10-12 Ci)

TABLE  MC–2.—Names and Symbols for Units 
of Measure-Continued

TABLE  MC–4.—Names and Symbols for Units
of Radiation Dose

RADIATION DOSE

SYMBOL NAME

mrad millirad (1 x 10-3 rad)

mrem millirem (1 x 10-3 rem)

R roentgen

mR milliroentgen (1 x 10-3 R)

µR microroentgen (1 x 10-6 R)
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TABLE  MC–5.—Radionuclide Nomenclature

SYMBOL RADIONUCLIDE HALF-LIFE SYMBOL RADIONUCLIDE HALF-LIFE

Am-241 americium-241 432 yr Pu-241 plutonium-241 14.4 yr

H-3 tritium 12.26 yr Pu-242 plutonium-242 3.8 x 105 yr

Mo-99 molybdenum-99 66 hr Pu-244 plutonium-244 8.2 x 107 yr

Pa-234 protactinium-234 6.7 hr Th-231 thorium-231 25.5 hr

Pa-234m protactinium-234m 1.17 min Th-234 thorium-234 24.1 d

Pu-236 plutonium-236 2.9yr U-234 uranium-234 2.4 x 105 yr

Pu-238 plutonium-238 87.7 yr U-235 uranium-234 7 x 108 yr

Pu-239 plutonium-239 2.4 x 104 yr U-238 uranium-238 4.5 x 109 yr

Pu-240 plutonium-240 6.5 x 103 yr

TABLE  MC–6.—Elemental and Chemical Constituent Nomenclature

SYMBOL CONSTITUENT SYMBOL CONSTITUENT

Ag silver Pa protactinium

Al aluminum Pb lead

Ar argon Pu plutonium

B boron SF6 sulfur hexafluoride

Be beryllium Si silicon

CO carbon monoxide SO2 sulfur dioxide

CO2 carbon dioxide Ta tantalum

Cu copper Th thorium

F fluorine Ti titanium

Fe iron U uranium

Kr krypton V vanadium

N nitrogen W tungsten

Ni nickel Xe xenon

NO2
- nitrite ion Zn zinc

NO3
- nitrate ion
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B–74, C–118 to C–119, C–122, 
C–124 to C–126, C–147 to C–149, 
C–153 to C–154, C–156 to C–160, G–101

Pajarito Mesa 
D–147

Pajarito Road 
B–251, G–77 to G–79, G–101, G–103, 
G–117, G–119 to G–120, G–123, G–155, 
G–168, G–186, G–195, G–204, G–210, 
G–120, G–221, G–233

peregrine falcon 
G–122

pit 
B–215 to B–228, E–6 to E–7, F–35, G–26
G–51, G–222, G–271

pit manufacturing 
F–43, G–50, H–1

pit production 
G–14, G–51, G–55, G–261

plume 
B–4, B–50 to B–51, B–75, B–183, B–185,
B–189, B–230, B–239, B–243, B–245, 
B–247, B–251, B–255, E–19, F–58, F–60
G–7 to G–8, G–11 to G–13, G–35, G–69, 
G–75, G–83 to G–85, G–101, 
G–105 to G–106, G–108, G–111, 
G–115 to G–116, G–118 to G–119, 
G–123 to G–124, G–128, G–130, G–135, 
G–157, G–171, G–212, G–214, G–279

plutonium 
A–2, B–4 to B–6, B–10 to B–11, B–13, 
B–18 to B–20, B–22 to B–26, B–247, C–9
C–12, C–14, C–17, C–19 to C–20, C–22, 
C–24, C–27, C–29, C–31, C–33, C–35, 
C–37, C–40 to C–41, C–43, C–45 to C–47
C–49 to C–51, C–53 to C–54, 
C–56 to C–57, C–59 to C–60, C–62, C–66
C–70, C–72, C–74, C–76, C–79, C–81, 
C–84, C–86, C–89, C–93, C–96, C–98, 
C–101, C–103, C–131, C–133, 
C–137 to C–138, C–140, C–143 to C–144
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C–146, C–148, C–150, C–152, C–155, 
C–157, C–159, C–161 to C–162, D–3, D–7, 
D–33, D–35, D–45, D–50, D–54, D–58, 
D–61, D–65, D–75, D–79, D–83, D–87, 
D–91, D–96, D–102 to D–105, D–108, 
D–111, D–120, D–122, D–125, D–127, 
D–130, D–132, D–136, D–138 to D–140, 
F–5, F–12 to F–13, F–28 to F–30, F–33, 
F–35 to F–36, F–38 to F–41, F–43, 
F–53 to F–54, F–62 to F–63, F–76, G–1, 
G–5, G–9, G–15, G–24, G–27 to G–29, 
G–31, G–40, G–45 to G–46, G–50 to G–51, 
G–53 to G–55, G–59, G–67 to G–69, 
G–74 to G–75, G–161 to G–162, 
G–171 to G–172, G–186 to G–187, 
G–196 to G–197, G–199, G–205 to G–214, 
G–216 to G–222, G–224, G–226 to G–232, 
G–234 to G–237, G–239 to G–243, 
G–245 to G–253, G–258 to G–261, 
G–263 to G–264, G–266 to G–267, 
G–271 to G–272, G–279

plutonium-238 
C–9, C–12, C–14, C–17, C–19 to C–20, 
C–22, C–24, C–27, C–29, C–31, C–33, 
C–35, C–37, C–40 to C–41, C–43, 
C–45 to C–47, C–49 to C–51, 
C–53 to C–54, C–56 to C–57, 
C–59 to C–60, C–62, C–66, C–70, C–72, 
C–74, C–76, C–79, C–81, C–83, C–86, 
C–89, C–93, C–96, C–101 to C–102, 
C–131, C–133, C–137 to C–138, C–140, 
C–144, C–146, C–148, C–150, C–152, 
C–155, C–157, C–159, C–161 to C–162, 
D–46, D–50, D–54, D–58, D–61, D–65, 
D–75, D–79, D–83, D–87, D–91, D–96, 
D–102 to D–106, D–108, D–111, D–113, 
D–120, D–122, D–125, D–127, 
D–130 to D–132, D–136, D–146, D–148, 
D–151 to D–153, D–155 to D–160, 
D–165 to D–167, D–169, F–35, 
F–38 to F–40, F–42, F–53 to F–54, 
F–56 to F–57, F–60, F–62 to F–63, 
F–68 to F–70, G–197, G–205, G–264

polychlorinated biphenyl (PCB) 
B–69, B–97, B–128, G–24, G–29

potential release site(s) (PRS) 
G–34

prehistoric 
E–1, E–3 to E–6, E–11, E–20, 
E–25 to E–27, E–29 to E–31, 
E–38 to E–39, E–43, E–47, E–52, 
E–55 to E–56, G–87, G–122

Programmatic Environmental Impact Stateme
for Stockpile Stewardship and Management 
(SSM PEIS) 

G–50

project-specific siting and construction (PSSC
F–43

public health 
D–1, D–10 to D–12, D–28 to D–30, D–32,
D–42, D–170, G–269

Pueblo Canyon 
B–74, C–120, C–149 to C–150, 
E–45 to E–46, G–107 to G–108, 
G–110 to G–111

Pueblo(s) 
A–4, A–15 to A–16, B–19 to B–20, 
B–72 to B–74, C–32 to C–34, 
C–58 to C–59, C–97 to C–99, 
C–101 to C–104, C–120, C–131 to C–132
C–142 to C–143, C–149 to C–150, 
C–160 to C–161, D–16, D–46, E–3 to E–4
E–6 to E–9, E–12 to E–21, E–25, 
E–28 to E–29, E–31, E–38 to E–46, 
E–48 to E–52, E–54, E–56, G–14, G–155
G–161, G–168, G–171 to G–172, G–176, 
G–186, G–195, G–204, G–210, G–221, 
G–233, G–244, G–253

R

Radioactive Liquid Waste Treatment Facility 
(RLWTF) 

A–2, A–5, D–46, G–24, G–29, G–90, G–93
G–95 to G–96, G–108, G–274

Radioactive Materials Research, Operations,
and Demonstration (facility) (RAMROD) 

G–24, G–29, G–61, G–63, G–67 to G–68,
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G–78, G–84, G–90, G–93, G–95 to G–96, 
G–98, G–175, G–177, G–179, G–197, 
G–275

radiological exposure 
F–31, G–39, G–106, G–111, G–124

radiological impact 
G–171

radionuclide 
B–3 to B–5, B–8 to B–9, B–11 to B–17, 
B–28, C–1 to C–2, C–130, C–163, D–2, 
D–6, D–11, D–28 to D–29, D–31, D–35, 
D–40, D–45, D–47 to D–48, 
D–138 to D–139, D–171, D–173, 
G–12 to G–13, G–23, G–60, G–101, 
G–109, G–124, G–166, G–184, 
G–196 to G–197, G–219, G–274

RADTRAN 
F–20 to F–21, F–25 to F–26, F–30, F–47, 
F–53, F–55, F–70, F–74, F–77, G–132

Record of Decision (ROD) 
G–50, G–167

Reduced Operations 
A–2, A–12 to A–13, D–35, D–39 to D–43, 
F–1, F–44 to F–48, F–50 to F–51, F–57, 
F–59, F–61 to F–66, F–69, F–71, G–5, 
G–81, G–116, G–119, G–124, 
G–126 to G–127, G–134, G–138, G–141, 
G–145, G–147, G–152, G–155, G–157, 
G–161, G–165, G–168, G–170, 
G–174 to G–176, G–181, G–183, G–186, 
G–195, G–199, G–203, G–210 to G–213, 
G–215, G–217, G–221, G–226, G–233, 
G–236, G–243 to G–245, G–250, G–252, 
G–255 to G–258, G–261 to G–263, 
G–266 to G–267

Rendija Canyon 
C–150 to C–151, G–87

reservoir 
B–73, D–32, D–45, E–4, E–19, 
E–47 to E–48, E–55

Resource Conservation and Recovery Act 
(RCRA) 

F–43, F–72, G–110, G–151 to G–152, 

G–179 to G–181, G–272

road closure(s) 
F–21, F–23, F–40 to F–42, G–167

Royal Crest 
B–73, G–96, G–98, G–100, G–117, G–119
G–147, G–155, G–161, G–186, G–206, 
G–210, G–233, G–244, G–253, G–261

S

safe secure transport (SST) 
F–15, F–21, F–23, F–25, F–33 to F–37, 
F–39, F–45, F–53 to F–54

Safety Analysis Report (SAR) 
F–75, G–6, G–30, G–34, G–38, G–71, 
G–89 to G–91, G–111, G–116, G–118, 
G–128, G–143, G–147 to G–148, G–154, 
G–156 to G–158, G–160 to G–161, G–163
G–165 to G–168, G–176 to G–177, 
G–181 to G–182, G–184, G–188 to G–189
G–194 to G–198, G–200, G–204, G–206, 
G–208, G–216, G–218 to G–219, G–221, 
G–227, G–244, G–253, G–258, G–261, 
G–269 to G–270, G–274 to G–276, G–278

San Ildefonso 
A–11, A–15 to A–16, B–19 to B–20, B–73,
C–82 to C–84, D–16, D–46, D–58 to D–60
D–101, D–120, D–131, D–138 to D–139, 
D–141, D–144, D–158, D–166, E–7 to E–8
E–12 to E–13, E–16, E–28, E–38, E–40, 
E–43, E–46, E–49, G–155, G–161, G–168
G–172, G–176, G–186, G–195, G–204, 
G–210, G–221, G–233, G–244, G–253

Sandia Canyon 
A–5, C–120 to C–121, C–151 to C–153
Santa Fe A–11, A–13 to A–15, A–17, B–52
B–73, B–75, B–259, D–16, D–116, D–136
D–145, D–169 to D–170, E–8, E–10, E–13
E–16, E–38, E–42 to E–45, E–47 to E–50
E–52 to E–56, F–23, F–25 to F–26, F–47,
F–64 to F–72, F–76, F–78, G–39, G–56, 
G–103, G–105, G–123 to G–124, 
G–171 to G–172, G–212, G–268, G–272
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, 
secondary(ies) 
B–38, D–16, E–2, E–9, F–12, F–36, G–175, 
G–180, G–188, G–193

seismic 
G–12, G–18, G–27 to G–29, G–31, G–36, 
G–38, G–42, G–44, G–46, G–49, G–55, 
G–59, G–68 to G–69, G–82, G–85, 
G–87 to G–90, G–93 to G–95, G–97, 
G–99 to G–100, G–212 to G–213, G–269, 
G–273, G–277 to G–278, G–280

sigma 
D–47

special nuclear material (SNM) 
F–15, F–33, F–40 to F–41, F–72, G–14, 
G–24 to G–25

S-Site 
D–144

stabilization 
F–35

State Historic Preservation Office(r) (SHPO) 
E–2, E–21 to E–22, E–24 to E–25, E–36, 
E–38 to E–39

State of New Mexico 
A–18, B–16, B–38 to B–40, B–53, E–13, 
E–26, F–21 to F–22

stockpile stewardship and management (SSM) 
F–76, G–14, G–271

Stockpile Stewardship and Management 
Programmatic Environmental Impact Statement 
(SSM PEIS) 

H–1

stockpile surveillance 
G–255

Strategic Arms Reduction Talks (START)
E–11

T

targets 
A–4 to A–5, D–2, D–9, D–34, 
D–36 to D–37, F–20, F–28, F–36, F–38, 

F–42, F–53 to F–55, F–60, F–62, F–72, 
F–78, G–174, G–189

Technical Area (TA)–50 
B–2 to B–3, B–49, B–56 to B–58, B–60, 
B–62, B–153, B–157, D–46, F–41, 
G–24 to G–25, G–29, G–34 to G–35, 
G–40 to G–43, G–46, G–61, G–63, 
G–65 to G–67, G–72 to G–74, G–90, G–93
G–95 to G–96, G–98 to G–99, G–108, 
G–120, G–175, G–181 to G–182, G–185, 
G–194

Technical Area (TA)–54 
B–2, B–4, B–13, B–17 to B–20, 
B–22 to B–28, B–49, B–51, B–60, B–153,
B–158, D–136, D–139, D–145, 
F–39 to F–43, G–13, G–24 to G–25, 
G–28 to G–29, G–34 to G–36, 
G–41 to G–42, G–45 to G–46, G–61, 
G–63 to G–68, G–70, G–72 to G–73, 
G–90 to G–91, G–93, G–95 to G–96, G–99
G–114, G–117 to G–120, G–123, G–125, 
G–131 to G–132, G–139 to G–144, G–146
G–151 to G–152, G–177, G–182, G–185, 
G–187 to G–188, G–192, G–194 to G–196
G–198, G–204

Technical Area (TA)–55 
B–2, B–4 to B–5, B–11, B–17 to B–20, 
B–22 to B–27, B–46, B–49, B–56, 
B–59 to B–60, B–62, B–144, 
B–155 to B–156, B–158, B–185, 
B–245 to B–249, D–34, D–106, 
F–35 to F–36, F–38 to F–43, F–54, F–60, 
G–15, G–24 to G–25, G–27 to G–29, 
G–33 to G–36, G–40 to G–41, G–45, 
G–49 to G–51, G–54 to G–55, G–61, G–63
G–65 to G–67, G–70, G–72 to G–74, G–83
G–87 to G–88, G–91, G–93, 
G–97 to G–101, G–114, G–128, 
G–146 to G–148, G–158, G–194, 
G–205 to G–206, G–208, G–220, G–222, 
G–224 to G–227, G–232, G–234 to G–235
G–239, G–258, G–261, G–263 to G–265

threatened and endangered (T&E) species
G–122
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3, 
Totavi 
D–54 to D–55

traditional cultural property (TCP) 
E–1, E–3 to E–4, E–11 to E–12, E–14, 
E–16, E–20, E–22 to E–25, E–27 to E–31, 
E–34, E–38, E–40, E–42 to E–44, E–46

transportation corridor 
E–3

transuranic (TRU) waste 
F–5, F–8, F–12, F–41, F–63, F–78, G–25, 
G–29, G–40 to G–41, G–45, G–64, 
G–67 to G–68, G–77 to G–79, 
G–83 to G–85, G–90 to G–91, G–93, G–99, 
G–107, G–109 to G–110, G–124, G–131, 
G–145, G–151 to G–153, G–177 to G–180, 
G–182 to G–185, G–187 to G–191, 
G–193 to G–194, G–196 to G–201, G–271, 
G–274 to G–275, G–278 to G–279

transuranic (waste) (TRU) characterization
G–183

Transuranic Waste Inspectable Storage Project 
(TWISP) 

G–24, G–28 to G–29, G–41, G–61, G–63, 
G–65 to G–68, G–72 to G–74, G–78, G–84, 
G–95, G–185, G–187 to G–190, G–193, 
G–195 to G–196, G–198, G–200, G–204

tritium 
A–2, A–4 to A–5, B–2, B–6, B–8 to B–9, 
B–11, B–13, B–16, B–18 to B–19, 
B–22 to B–27, B–29, C–3 to C–7, C–10, 
C–13, C–15, C–17, C–19, C–21, C–23, 
C–25, C–27, C–29, C–32, C–34, C–36, 
C–38, C–40 to C–41, C–43, C–45 to C–47, 
C–49 to C–50, C–52 to C–53, 
C–55 to C–57, C–59, C–61 to C–62, C–67, 
C–70, C–72, C–75, C–77, C–80, C–82, 
C–84, D–7, D–33, D–35, D–45 to D–46, 
D–50, D–54, D–58, D–61, D–65, D–69, 
D–72, D–75, D–79 to D–80, D–83 to D–84, 
D–87, D–91 to D–92, D–96 to D–97, 
D–101 to D–107, D–111 to D–113, 
D–120 to D–122, D–125, D–131 to D–132, 
D–136, D–140, D–146, D–148, 
D–150 to D–153, D–155 to D–157, D–159, 
D–166 to D–167, D–169, F–5, F–8, 

F–33 to F–34, F–36, F–38, F–43, G–1, G–
G–15, G–27 to G–29, G–31, G–40 to G–41
G–45, G–59, G–68 to G–69, G–72 to G–75
G–78, G–84, G–89, G–95, G–98 to G–99,
G–116 to G–117, G–119, G–123, G–125, 
G–174 to G–176, G–274 to G–275

Tritium System Test Assembly (TSTA)
A–2, A–5, B–4, B–20, D–41, G–15, G–29,
G–47, G–61, G–63, G–67 to G–68, G–84,
G–90, G–93, G–95, G–116, G–119, G–12
G–124, G–158, G–174 to G–176

U

U.S. Department of Defense (DoD) 
E–2, E–11, E–49, F–15, G–106, G–251

U.S. Department of Energy (DOE)
F–75 to F–76

U.S. Department of Transportation (DOT)
F–1 to F–3, F–5 to F–6, F–8, F–15, F–21,
F–23, F–26, F–75 to F–76, G–37, G–130,
G–133, G–139, G–141, G–147, G–151, 
G–177, G–180, G–196 to G–197, G–272

U.S. Environmental Protection Agency (EPA)
A–2, B–4, B–38 to B–40, B–42, B–47, 
B–75, B–143, B–145, B–158, B–160, 
B–182 to B–183, B–185, B–189, B–191, 
B–203 to B–207, B–210 to B–212, B–215,
B–220, B–230, B–236, B–238 to B–239, 
B–243, B–245, B–247, B–251, B–255, 
B–259 to B–260, C–130, C–163, D–1, D–8
D–10 to D–11, D–28 to D–29, 
D–31 to D–32, D–40, D–42 to D–46, D–53
D–57, D–64, D–68, D–71, D–74, D–78, 
D–86, D–90, D–95, D–102 to D–106, 
D–108, D–110 to D–111, D–115, D–117, 
D–119 to D–120, D–124 to D–125, D–127
D–129, D–131 to D–135, D–138, 
D–141 to D–142, D–171, G–11, G–33, 
G–37, G–75, G–97, G–128, G–138, G–14
G–148, G–214, G–272, G–277

U.S. Fish and Wildlife Service (FWS) 
E–4
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U.S. Nuclear Regulatory Commission (NRC) 
D–8, F–1, F–3, F–8, F–12, F–26, 
F–28 to F–29, F–77, G–44, G–55, G–109, 
G–223, G–269, G–273, G–277 to G–279

uranium 
B–7 to B–9, B–12 to B–13, B–16, 
B–27 to B–28, B–46 to B–47, B–69, B–95, 
B–229, B–231, C–10, C–13, C–15, C–17, 
C–19, C–21, C–23, C–25, C–27, C–29, 
C–32, C–34, C–36, C–38, C–40, 
C–42 to C–43, C–45 to C–46, 
C–48 to C–50, C–52 to C–53, 
C–55 to C–57, C–59, C–61 to C–62, C–67, 
C–70, C–72, C–75, C–77, C–80, C–82, 
C–84, C–87, C–90, C–94, C–96, C–99, 
C–101, C–103, C–132, C–134, 
C–137 to C–139, C–141 to C–143, C–145, 
C–147, C–149, C–153, C–156, C–158, 
C–160 to C–161, C–163, D–3, D–6 to D–7, 
D–42, D–48, D–50, D–54, D–58, D–61, 
D–65, D–75 to D–76, D–79 to D–80, 
D–83 to D–84, D–87 to D–88, 
D–91 to D–92, D–96 to D–97, 
D–102 to D–108, D–111 to D–113, 
D–120 to D–122, D–125 to D–127, 
D–130 to D–132, D–136, D–139 to D–140, 
D–146, D–148, D–151 to D–153, 
D–155 to D–160, D–165 to D–167, D–169, 
F–5, F–33, F–35, F–37 to F–38, 
F–41 to F–42, G–9, G–15, G–24, 
G–26 to G–28, G–31, G–40, G–45, G–75, 
G–78, G–84, G–91, G–107 to G–110, 
G–124, G–163, G–166, G–216, 
G–258 to G–260, G–277, G–279

V

vault 
F–15, G–24, G–27, G–45, G–61, G–67, 
G–89, G–95, G–100, G–116, G–158, 
G–175, G–205 to G–206, G–213, G–263, 
G–274, G–278

volatile organic compound (VOC) 
B–46, B–204, B–215 to B–216, B–224

W

Waste Isolation Pilot Plant (WIPP) 
F–8, F–75, F–79, G–152 to G–153, G–184
G–187, G–193 to G–194, G–196 to G–197
G–199, G–271

waste management 
B–13, B–27, B–38, G–34, G–120, G–183,
G–185, G–194, G–197 to G–199, 
G–275 to G–276

waste minimization 
G–5

wastewater 
A–11, F–8, G–24 to G–26

Weapons Engineering Tritium Facility (WETF)
B–4, B–20, D–41, G–15, G–24, G–29, 
G–61, G–67, G–89, G–98 to G–99, G–116
G–119, G–123 to G–125, G–158, G–274

wetland 
G–122

White Rock 
A–15, B–19 to B–20, B–22 to B–26, B–74,
D–27, D–101, D–111, D–114, D–123, 
D–144, E–2, E–7, E–43 to E–44, E–46, 
G–78, G–96, G–117, G–119 to G–120, 
G–124, G–171 to G–172, G–195, G–204, 
G–212

wildfire 
G–18, G–39, G–44, G–46, G–50, G–76, 
G–82, G–87, G–100, G–103, 
G–107 to G–108, G–111 to G–113, 
G–115 to G–118, G–120 to G–125, G–151
G–181, G–277, G–280

worker dose 
D–33 to D–35, G–160
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APPENDIX A
WATER RESOURCES

A.1 SURFACE WATER NATIONAL  
POLLUTANT  DISCHARGE 
ELIMINATION  SYSTEM VOLUMES

One of the primary sources of potential impacts
to surface water at the Los Alamos National
Laboratory (LANL) is the National Pollutant
Discharge Elimination System (NPDES)
outfalls.  NPDES outfall flow projections were
prepared by alternative.  Table A.1–1 identifies
each industrial outfall by facility, outfall
number, and watershed.  The index discharge as
of August 1996 is also presented along with
outfall projections for each alternative.

A.2 GROUNDWATER  HYDRAULIC  
PROPERTIES

The nature and extent of groundwater bodies in
the LANL region has not been fully
characterized.  To better understand the
hydrogeologic characterization of Pajarito
Plateau, LANL personnel have prepared a
Hydrogeologic Workplan (LANL 1998).  The
workplan proposes the installation of new wells
that will further investigate the recharge and
cross-connection mechanisms to the main
aquifer (section 4.3.2.3).  Current data indicate
that groundwater bodies occur near the surface
of the earth in canyon bottoms, alluvium,
perched at deeper levels (intermediate perched
groundwater), and at deeper levels in the main
aquifer.  Table A.2–1 presents summary
information on the hydraulic parameters of
groundwater bodies in the LANL region.

A.3 MAIN  AQUIFER VOLUME  
ESTIMATES

The main aquifer is the only groundwater body
within the LANL region that is sufficiently

saturated and permeable to transmit econom
quantities of water to wells for public use
Recharge of the main aquifer is not full
understood nor characterized.  Rece
investigations suggest that the majority of wat
pumped to date from the main aquifer has be
from storage, with minimal recharge (Rogers 
al. 1996).  Because this groundwater body is 
only source of potable water within the regio
the amount of water available for future use is
interest to many.  

For the purposes of the Site-Wid
Environmental Impact Statement (SWEIS
water storage calculations were made using
model developed by the United States (U.S
Geological Survey (USGS).  For modelin
regional flow in the main aquifer, USGS
subdivided the main aquifer into eight layer
which have a total thickness of 5,600 feet (1,7
meters) (Figure A.3–1).  The model grid uses 
columns and 33 rows spaced at 1-mile interva
The volume of water stored in any given cell 
equal to the storage coefficient multiplied by th
volume of the cell.  For all cells, a value o
0.1554 was used for the storage coefficie
which was based on a specific yield value 
0.15 and specific storage capacity of 1 x 10-6 per
foot.  The volume of water stored beneath a
given region is the sum of water stored in th
cells, bounded by the region, and extending
the total depth of the aquifer.  

The volume for the main aquifer beneath th
Española Basin is underestimated by this mod
as the basin actually extends beyond t
modeled region (Figure A.3–2).  Table A.3–
presents a summary of the values used 
calculate the amount of water stored in the ma
aquifer beneath the Pajarito Plateau (which is
subset of the total area that USGS modeled), 
area from which the Department of Energ
(DOE) water is drawn.  Table A.3–2 presents
A–1
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LANL SWEIS

TABLE  A.2–1.—Hydraulic Characteristics of Groundwater Bodies, LANL Region

POROSITY (%)
HYDRAULIC 

CONDUCTIVITY 
(cm/sec)

Alluvium a (may contain alluvial groundwater) 43 4.00E-04

Tuff a (may contain intermediate perched groundwater) 48 2.00E-04

Main Aquifer Formations b,c

Puye Formation

Tesuque Formation

Tschicoma Formation

4.60E-04

3.00E-04

9.00E-04

a Data from Rogers and Gallaher 1995.  
b Data from Purtymun 1984.  Hydraulic conductivity converted from gallons per day per square foot, cm/sec is centimeters 

per second.
c Porosity values for the main aquifer formations are not readily available from the published literature.
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LANL SWEIS

FIGURE A.3–2.—Area USGS Modeled.
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r 
summary of the values used to calculate the
water stored in the main aquifer within the area
studied by the USGS (Figure A.3–2).  These two
tables also reflect the number of years it would
take to deplete the water stored beneath these
areas for each level modeled based on 100
percent use of water rights by the major users
who draw from these areas.  The total water
rights used for these calculations are reflected in
Table A.3–3.

It should be noted that these calculations do not
consider recharge to or discharge from the
aquifer or pumping from wells outside the
control volume (e.g., Española, Santa Fe, San
Ildefonso wells).  Also, the water level changes
projected by the regional MODFLOW model
represent average changes over a whole grid-
cell (i.e., a square that is a mile on a side).  They
are for the most part not predictive of the water
level changes at any single point within the cell
(for example, a supply well).  Pumping wells
have characteristic “cones of depression” where
the water surface reflects an inverted cone, and
water levels at the well may be quite different
from levels even a few ten’s of feet away.
Whether any individual well would exhibit
water level changes consistent with the
predicted grid-cell average change is a function
of, for example, its location within the grid-cell;
proximity to other pumped wells; and the
individual well operation, construction, and
hydraulics.  Hence, the water level changes
predicted by the model can only be considered

qualitatively and not be considered as fini
changes.

A.4 DEVELOPMENT  OF 
GROUNDWATER  MODEL INPUT 
FILES

A.4.1 Water Use Projections

Table A.4.1–1 presents annual water u
projections.  The following processes were us
to generate the numbers shown in Tab
A.4.1–1:

• LANL Water Use.  The SWEIS alternatives 
were reviewed to determine changes in 
water use across LANL.  Because technic
area (TA)–53 is a major user of water at 
LANL and is individually metered for 
water use, projections for this facility were
made separate from the rest of LANL. 
While projections for maximum annual use
were developed for the SWEIS under eac
alternative (for comparison to the DOE 
Water Rights in the Socioeconomic 
Analyses in chapter 5), use rates for each 
the next 10 years were developed separat
for the purposes of assessing drawdown o
the main aquifer.  These annual projection
were developed using the average annua
LANL use from 1990 through 1994 (LANL 
1992, LANL 1993, LANL 1994, LANL 
1995, and LANL 1996).  This baseline 
value was used for the 10-year projections
to which facilities use data (based on 
projected construction and operations in 
each alternative) were added or subtracte
as appropriate.  These projections include
reductions of 26 million gallons (99 million
liters) per year, due to the TA–16 steam 
plant upgrade, and 10 million gallons (38 
million liters) per year, due to the High 
Explosives Wastewater Treatment Facility
upgrade. 

• Los Alamos County Water Use.  Data from 
1990 through 1994 indicate an average pe

TABLE  A.3–3.—Water Rights for Española 
Basin

USER
WATER RIGHTS 

(GAL/YR)
TOTAL

DOE 1.805E+09 18.6%

Santa Fe 7.012E+09 72.1%

Espanola 9.060E+08 9.3%

TOTAL (J) 9.723E+09 100.0%

Source:  PC 1996
A–11
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capita use of 155.8 gallons (589.7 liters) per 
day. This per capita use was applied to 
conservative projections (these are 
considered conservative because limited 
land availability would likely prevent the 
population from growing anywhere near the 
maximum projection) for the county 
population as follows:  No Action, 18,969;  
Expanded Operations,  19,924;  Reduced 
Operations,  17,394; and Greener, 18,969.  
These numbers were assumed constant 
through the entire 10-year period, effective 
January 1, 1996.  These numbers were 
multiplied by the average per capita use 
figure to obtain the total Los Alamos 
County use figures shown.  Bandelier water 
use is included in these calculations, 
because the per capita use factor included 
data from Bandelier.
The total use from DOE Water Rights was 
calculated by adding the results of the 
LANL use calculations and the Los Alamos 
County calculations.

• Santa Fe County Water Use.  The Santa Fe 
County population figures used to calculat
water use (Table A.4.1–2) were based on 
projected populations at 5-year intervals, 
prepared by the University of New 
Mexico’s (UNM’s) Bureau of Business and
Economic Research (UNM 1994).  A 
second-order polynomial was fit to the dat
to calculate the annual numbers shown in
the second column.  The number of new 
consumers for the public system was 
calculated based on estimates from Sang
de Cristo Water Company, because new 
developments are expected to use less wa
(142 gallons [540 liters] per day per person
than existing users (172 gallons [654 liters
per day per person).  The per capita figure
averages include irrigation and industrial 
use.  To calculate the total public system 
water use, the percentage of Santa Fe 
County served by the Sangre de Cristo 
Water Company (57 percent) was assume
constant.  For years 1996 through 2006, th
projected water increases based on per 

TABLE  A.4.1–2.—Estimated Annual Water Use for Santa Fe County

YEAR
SANTA FE COUNTY 

POPULATION PROJECTION
NEW 

CONSUMERS
TOTAL WATER 

USE (gal./yr)
TOTAL WATER 

USE (acft/yr)

1993 105,089 3,741,505,919 11,481.5

1994 107,194 3,816,442,704 11,711.5

1995 109,326 3,892,360,000 11,944.4

1996 111,486 2,160 3,955,845,398 12,139.2

1997 113,674 4,347 4,020,140,288 12,336.5

1998 115,889 6,562 4,085,244,669 12,536.3

1999 118,131 8,805 4,151,158,542 12,738.6

2000 120,401 11,075 4,217,881,905 12,943.4

2001 122,699 13,372 4,285,414,760 13,150.6

2002 125,024 15,697 4,353,757,106 13,360.3

2003 127,376 18,050 4,422,908,944 13,572.5

2004 129,376 20,430 4,492,870,273 13,787.2

2005 132,164 22,838 4,563,641,093 14,004.4

2006 134,599 25,273 4,635,221,404 14,224.0

gal./yr = gallons per year
acft/yr = acre-feet per year
A–13
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capita increases were added to the actual 
water use value for 1995.

A.4.2 Other Input Files and 
Information

Frenzel’s model (1995) for north-central New
Mexico, was used with no changes to any
hydraulic parameters and no additional
calibration.  Data on water use from individual
DOE and Santa Fe wells from 1993 through
1995 were obtained from the state engineers
office and added to Frenzel’s well input file,
which used pumping data through 1992
(Frenzel 1995).  Changes were made only to
well pumping rates calculated from the water
use projections.   The process below describes
the procedure for reducing annual total well
field production to pumping from each model
layer for each individual well.  This process was
performed for each alternative.

• To allocate the total use for the DOE and 
Santa Fe supply systems among individual  
wells, a spreadsheet was developed to 
calculate average percentage of the total 
produced by each well field from 1993 
through 1995.  In turn, the average 
proportion of the total well field production 
supplied by each individual well within the 
field was calculated from 1993 through 
1995. 

• For projected pumping rates for each well 
based on water use projections, a 
spreadsheet was developed based on 
Frenzel’s (1995) Table 11.  Frenzel’s Table 
11 allocates the percentage of pumping 
from layers one through five for each well.  
These percentages were multiplied by each 
well’s total annual projected pumping to 
obtain the proper flow rate from each layer.

• Based on conversations with 
representatives of the Sangre de Cristo 
Water Company (Santa Fe County’s public 
supplier) in 1995, Santa Fe plans to start 
taking their San Juan-Chama water right 
(5,605 acre-feet [or 1,827 million gallons 

(6,913 million liters)] per year) from the 
Rio Grande through a diversion pipeline 
(Santa Fe Diversion). When the collection
system for the Rio Grande is on-line, Sant
Fe will shut down the Buckman well field 
and use it only for supply emergencies.

A.5   MODEL RESULTS

Based on the Frenzel model, the tot
approximate volume of water within the 5,600
foot (1,707-meter) thickness of the main aquif
below the Pajarito Plateau is estimated to 
21.8 trillion gallons (82,513 million cubic
meters).  Water quality will generally becom
increasingly poor with increasing depth
Therefore, the amount of potable water may 
far less than the total volume availabl
Available data are insufficient to model wate
quality degradation with depth; but, wate
supply wells screened as deep as 1,830 feet (
meters) into the main aquifer produce potab
water that meets Safe Drinking Water Act
standards (42 United States Code [U.S.C
§300). 

A similar water storage analysis for the ma
aquifer beneath the entire USGS modeled a
shows that 106 trillion gallons (401 trillion
liters) of water are stored.  This estimate 
storage volume is conservative, as the USG
model does not include the entire Españo
Basin.  Use of groundwater from the Españo
Basin at combined annual water rights rates 
DOE (1,805 million gallons [6,832 million
liters] per year); Santa Fe (7,012 million gallon
[26,540 million liters] per year); and Españo
(906 million gallons [3,429 million  liters] per
year) indicates that if the upper 1,275 feet (3
meters) of the Basin were used, a water sup
would be available for 2,982 years and if th
upper 2,000 feet (610 meters) of the Basin we
used, a water supply would be available f
4,637 years.  
A–14
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A.5.1 Changes in Water Levels and 
Storage in the Main Aquifer

The model results reflect water level changes at
the top of the main aquifer across the
alternatives, given continued draw from the
aquifer by DOE, Española, and Santa Fe.  Table
A.5.1–1 shows predicted water level changes at
the surface of the main aquifer during the period
from 1996 through 2006 for each of the SWEIS
alternatives.  Although the water use modeled
includes water use in Española and Santa Fe, the
differences between the alternatives are due
only to LANL operations.

The groundwater model indicates that n
springs in White Rock Canyon are likely to g
dry.  Springs in White Rock Canyon in th
vicinity of the Buckman well field may actually
increase in flow due to rising groundwate
levels (from 0.1 to 3.8 feet [0.03 to 1.2 meters
The rising water levels result from th
continuing recovery in the vicinity of the Los
Alamos well field, which was shut down in
1992, and recovery in the vicinity of Santa Fe
Buckman well field, which is planned for shu
down in 1999.  Operations of both well field
are independent of the alternatives a
significantly affect water levels in the main
aquifer in the vicinity of the Rio Grande.

TABLE  A.5.1–1.—Maximum Water Level Changes at the Top of the Main Aquifer Due to All 
Users Combined (1996 Through 2006)

WATER LEVEL CHANGE IN FEET a

NO ACTION EXPANDED REDUCED GREENER

AREA OF CONCERN ON-SITE

Pajarito Well Field -13.2 -15.6 -10.7 -14.5

Otowi Well Field (Well 0–4) -12.9 -15.2 -10.3 -14.2

AREA OF CONCERN OFF-SITE

DOE - Guaje Well Field -8.7 -9.3 -8.1 -9.0

Santa Fe Water Supply

Buckman Well Field +21.6 +21.6 +21.7 +21.6

Santa Fe Well field -20.6 -20.6 -20.6 -20.6

San Juan Chama Diversion 0.0 0.0 0.0 0.0

Springs

White Rock Canyon Springs, maximum drop 0.0 0.0 0.0 0.0

White Rock Canyon Springs, maximum rise +1.0 +1.0 +1.0 +1.0

Other Springs (Sacred, Indian) +3.8 +3.8 +3.8 +3.8

San Ildefonso Pueblo Supply Wells

West of Rio Grande:

Household, Community Wells +0.6 +0.6 +0.6 +0.6

Los Alamos Well Field +3.8 +3.8 +3.8 +3.8

East of Rio Grande:

Household, Community Wells 0.0 0.0 0.0 0.0

a Negative value (-) indicates water level drop; positive value (+) indicates water level rise.
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In comparison to the thicknesses of the eight
model layers (total equals 5,600 feet [1,707
meters]), the maximum drawdown predicted
over the next 10 years for DOE well fields (15.6
feet [4.8 meters] for the Pajarito well field)
represents a reduction of main aquifer saturated
thickness of 0.28 percent.  Water use projections
indicate that the maximum total volume of
water to be withdrawn from DOE well fields
from 1996 through 2006 is 19 billion gallons (72
billion liters), which is 0.09 percent of the main
aquifer volume (22 trillion gallons [83 trillion
liters]) of water in storage beneath the Pajarito
Plateau.  In summary, the drawdowns in DOE
well fields are minimal relative to the total
thickness of the main aquifer, and the volume of
water to be used over the period from 1996
through 2006 is negligible relative to the
volume of water in storage.  

The water level declines reflected here could
have an impact on the water levels in off-site
wells that are used by other entities, which
would require these entities to drill deeper wells
into the aquifer.

A.6 MODEL UNCERTAINTIES  AND 
L IMITATIONS

The following uncertainties and limitations
associated with the use of this model should be
noted:

• The model only includes a portion of the 
main aquifer.  No model or method exists to 
predict changes of water levels in the 
vicinity of springs emanating from 
intermediate perched groundwater bodies 
(Basalt Spring, S-Site (TA–16) Springs, 
Water Canyon Gallery).

• The model’s mile-square grid spacing 
underestimates drawdowns at individual 
wells.  The grid spacing is also too large to
precisely model changes in water levels in
the main aquifer adjacent to the Rio Grand
in response to the Santa Fe diversion.  A 
finer-scale model is under development by
the Sangre de Cristo Water Company.

• No additional calibration was performed, 
even though Otowi-4 pumping, initiated 
after Frenzel’s model was calibrated, may
make additional calibration technically 
desirable.

• Because water levels at the Pueblo of San
Ildefonso are not available, modeled wate
level changes are the only data available.

• The remainder of Santa Fe County is serve
by approximately 16,000 domestic wells, 
each of which has rights to 3 acre-feet (0.9
million gallons [3.7 million liters]) per year.  
These are far more private wells than wer
included in the model (200).  This factor 
probably does not significantly change 
model drawdown results for the following 
reasons:  most private users probably use
much less than 3 acre-feet (0.98 million 
gallons [3.7 million liters])  per year, the 
private wells extract only from layer one o
shallower perched zones (public supply 
wells pump from layers two through five), 
and private wells are sufficiently spread ou
so that impacts from one location are not 
observed at other nearby wells. 
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APPENDIX B
AIR QUALITY

This appendix provides supplemental
information regarding the air quality analyses
presented in chapter 5.  This appendix addresses
aspects of both radiological air emissions and
nonradiological air emissions. 

B.1 RADIOLOGICAL  AIR QUALITY

B.1.1 Methodology

The radiological air quality analyses address:

• Facility-Specific Maximally Exposed 
Individual (FS MEI)—The FS MEI 
represents a location near a facility that is 
modeled as having the greatest dose to a 
hypothetical public individual from all 
modeled emissions under a given SWEIS 
alternative.

• LANL Site-Wide Maximally Exposed 
Individual—The LANL MEI represents the 
location of the single highest modeled dose 
to a hypothetical public individual.  Under a 
given alternative, the highest FS MEI 
becomes the LANL MEI for that 
alternative.

• Collective dose to the population within a 
50-mile (80-kilometer) radius from LANL.

In addition to these receptors, isodose maps
were developed that show the estimated
committed effective dose equivalents (CEDEs)
at any location within the 50-mile
(80-kilometer) radius.   These maps were
developed to allow individuals within the
50-mile (80-kilometer) radius to estimate their
modeled CEDE.

In order to enable these analyses, a review of
historical emissions was undertaken for the
period 1990 through 1994.  The data were
largely derived from past National Emission
Standards for Hazardous Air Pollutants

(NESHAP) reports.  The data reviewed a
summarized in Table B.1.1–1.  The data sho
the CEDE to the LANL MEI.  Although valid,
these data were only available for the LAN
MEI, not for the FS MEI.

MEIs are hypothetical individuals who do no
leave and do not take protective actions to av
exposure.  The risk from ionizing radiatio
consists mostly of some number of excess lat
cancer fatalities (LCFs).  These are cance
resulting from, and that develop well after, th
exposure to ionizing radiation.  These represe
an increase in the number of fatal cancers t
occur from other causes.  The excess LCF is 
product of the dose and the risk factor 
5 x 10-4 excess LCF per person-rem.  The read
should recognize that these estimates 
intended to provide a conservative measure
the potential impacts to be used in the decisio
making process and do not necessarily portr
an accurate representation of actual anticipa
fatalities.  In other words, one could expect th
the stated impacts form an upper bound and t
actual consequences could be less, but proba
would not be worse.  This is discussed in t
primer on the effects of radiation in section D
of appendix D, Human Health.

B.1.1.1 Modeled Facilities

Several facilities at LANL emit radioactive
materials to the ambient air through stack
vents, or diffuse emissions.  Not all of th
facilities listed in Table B.1.1–1 were modele
for this SWEIS.  Those facilities not modele
were eliminated from such detailed analys
because they have historically low emissio
rates or because they are not expected to ope
during the period analyzed in the SWEIS.  Th
facilities modeled include 16 emission poin
from 12 facilities within 10 TAs.  These
facilities are listed in Table B.1.1.1–1.  Thes
B–1
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facilities historically have emitted the majority
of radioactive materials to the air or were
affected by the SWEIS alternatives.

Emission projections were made by alternative
for each of these facilities.  These estimates
were based on historical activity levels and
emissions and the SWEIS alternative
descriptions.  These estimates served as the
basis for modeling the consequences of LANL
radiological air emissions.

B.1.1.2 Selection of the CAP–88 
Model

Based on estimated emission rates under
various alternatives, air dispersion modeling
was performed to evaluate the radiation doses

(CEDEs) from these emissions.  The Clean Air
Act Assessment Package-1988 (CAP–88) (EP
1992a) is one such air dispersion model.  It w
selected to perform dose calculations.  CAP–
contains a modified Gaussian plume model th
estimates the average dispersion 
radionuclides released from up to six sourc
simultaneously.  The model may be run o
individual sources as well.  The sources may 
elevated stacks or uniform area (diffus
sources.  The program computes radionucli
concentrations in air, rates of deposition o
ground surfaces, concentrations in food fro
radionuclides emitted to the air, and intake rat
for people from ingestion of food produced i
the assessment area.  The model calculates
CEDE resulting from these air emissions an
resulting exposure pathways.

CAP–88 was chosen for the following reason

• CAP–88 is approved by the U.S. 
Environmental Protection Agency (EPA) 
for demonstrating compliance with the 
NESHAP (40 Code of Federal Regulation
[CFR] 61, Subpart H) and is used by LANL
and other DOE facilities for that purpose. 
Consequently, DOE and LANL have 
experience with this code, and it is 
acceptable to other regulatory agencies.

• CAP–88 is known to compare favorably 
with other models for producing results tha
generally agree with experimental data.

• To support NESHAP estimates, the LANL
mainframe version of CAP–88 was 
previously modified to include special 
radionuclides emitted by the Los Alamos 
Neutron Science Center (LANSCE).  Thos
radionuclides are mainly activation 
products that are not modeled by the 
personal computer version or by other air 
dispersion models, such as the Generatio
II (GENII) model prepared for DOE by 
Pacific Northwest Laboratory.

• CAP–88 adequately accounts for both poin
sources and diffuse sources, which are bo
present at LANL.

TABLE  B.1.1.1–1.—List of Facilities Modeled 
for Radionuclide Air Emissions from LANL

FACILITIES

TA–3–29 CMR Building

TA–3–66 Sigma Building

TA–3–102 Machine Shops

TA–11 High Explosives (HE) Testing

TA–15/36 Firing Sites

TA–16 WETF

TA–18 Pajarito Site:  LACEF

TA–21 TSTA and TSFF

TA–48 Radiochemistry Laboratory

TA–53 LANSCEa

TA–54 Area G

TA–55 Plutonium Facility

Notes:
a Five specific sources were modeled from TA–53.  These 
include the TA–53 Exhaust Stack-2 (ES–2), Exhaust Stack-
3 (ES–3), Isotope Production Facility (IPF), Low- Energy 
Demonstration Accelerator (LEDA), and combined diffuse 
emissions.

CMR = Chemistry and Metallurgy Research, WETF = 
Weapons Engineering Tritium Facility, LACEF = Los 
Alamos Critical Experiments Facility, TSTA = Tritium 
System Test Assembly, TSFF = Tritium Science 
Fabrication Facility
B–4
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• Other models (such as GENII) do not have 
any significant advantages over CAP–88 
that would negate its use.

B.1.1.3 Limitations of the CAP–88 
Model

As in all computer models, there are some
limitations in the CAP–88 model.  These
limitations were considered prior to the use of
this model but were dismissed.  The most
important limitations are described below.

• While up to six sources can be modeled in a 
single run, all the sources are assumed to be 
at the same geographic point during the 
modeling run.  This was overcome by 
performing separate model runs for each 
source.

• CAP–88 assumes a flat terrain during the 
radionuclide transport.  Complex terrain 
cannot be modeled by CAP–88.  This effect 
was considered negligible when the 
distance to the exposed individuals is large 
compared to the stack height, area, or 
facility size.  The flat terrain model is 
customary and used elsewhere to model 
LANL emissions.   

• The model assumes that individuals remain 
at locations 24 hours a day, 365 days a year, 
when estimating the dose for that specific 
location.  This is obviously unlikely but 
provides worst-case bounding conditions.

• CAP–88 calculates the dose from external 
radiation from radionuclides in the air that 
envelops the receptor.  However, if the 
radionuclide cloud is only overhead and not 
in touch with the ground, the radiation dose 
is not calculated.  This is not regarded as a 
serious shortcoming because of the 
absorption of the radiation in air and 
CAP–88’s overestimate of the dose once 
the cloud has touched down.  In most past 
years, environmental monitors have shown 
lower exposures than were calculated using 
CAP–88.

B.1.1.4 Model Input Parameters

The CAP–88 model requires many inpu
parameters in order to perform dos
calculations.  Most of these parameters are b
into the model and require no input from th
user.  However, some parameters (such as 
amount of radionuclide emitted) must b
introduced by the user.  These user-defin
inputs are discussed below, along with how t
data were derived.

Radionuclide Emission Rate Data

Radionuclide emission rate projections for ea
alternative were introduced into the CAP–8
model.  Some modeled facilities have more th
one emission point, depending on the operatio
within the facilities.  For example, TA–53 ha
five emission points, which were modele
separately.  The radionuclides emitted and th
modeled emission rates for each facility a
summarized in Tables B.1.1.4–1 throug
B.1.1.4–17.

All radionuclide emissions were modeled usin
the personal computer version of CAP–8
except when the radionuclides contain mixe
activation products (MAPs).  In those cases, t
LANL mainframe version of CAP–88 was use
for modeling.  The only two modeled facilitie
that required the use of LANL mainfram
computers were TA–48 and TA–53.

Some assumptions had to be made wh
modeling some radionuclide emissions fro
LANL.  In all cases, the most conservativ
assumption was selected for use, resulting in
overestimation of the committed effective dos
equivalents.  These assumptions are:

• Actinide and particulate emissions from th
Chemistry and Metallurgy

• Research (CMR) Building and TA–55 were
not modeled by radionuclide.  All actinide 
and particulate emissions from these 
facilities were assumed to be 
plutonium-239.
B–5
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TABLE  B.1.1.4–1.—Radiological Air Emissions from TA–3–29 (CMR)

STACK NUMBER
WING 2 WING 4 WING 9

ES–14 ES–24 ES–46

STACK  PARAMETERS

Height (meters) 15.9 15.9 21.5

Diameter (meters) 1.1 1.1 2.1

Exit Velocity (meters per second) 6.8 14.6 1.9

EMISSION RATE PER STACK  (CURIES PER YEAR)

No Action Alternative

     Actinides (plutonium-239)a 0.000420

Expanded Operations Alternative

     Actinides (plutonium-239)a 0.000760

     Fission Productsb

         Krypton-85

         Xenon-131m

         Xenon-133

     Tritiumc 1,000

100

23,480

1,500

Reduced Operations Alternatived

     Actinides (plutonium-239)a 0.000380

Greener Alternatived

     Actinides (plutonium-239)a 0.000420

Notes:
a Actinides were not broken down by isotope; therefore, they were represented by plutonium-239.  Actinides are emitted from Wings 
2, 3, 4, 5, 6, 7, and 9, but no stacks were specified.  The most conservative stack was chosen (ES–14 at Wing 2) to model emissions 
from all these wings.

b Fission product emissions apply only to the Expanded Operations Alternative.  Fission products are emitted from Wing 9.  The 
most conservative stack (ES–46) was chosen for modeling.

c Tritium emissions apply only to the Expanded Operations Alternative.  Tritium is emitted from Wing 4.  A new stack will be 
installed for it; no information on the stack parameters is available.  The most conservative stack (ES–24) was chosen to model all 
tritium emissions from Wing 4.

d The No Action and Greener Alternatives are the same.  The Reduced Operations Alternative is 90 percent of the No Action 
Alternative.
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TABLE  B.1.1.4–2.—Radiological Air Emissions from TA–3–66 (Sigma)

STACK NUMBER

ES–1 ES–8 ES–9 ES–13a ES–24a ES–25/26b,c

Percent Emissionsd

Uranium-238
2 2 2 45 45 4

STACK  PARAMETERS

Height (meters) 19.8 16.8 15.4 13.7 15.9 12.2

Diameter (meters) 1.2 2.8 1.8 0.4 1.1 0.3

Exit Velocity (meters per second) 14.4 1.1 4.9 51.8 14.6 1.8

EMISSION RATE PER STACK  (CURIES PER YEAR)e

No Action Alternative

     Uranium-234 0 0 0 0 0 0.0000220

     Uranium-238 0.0000122 0.0000122 0.0000122 0.000275 0.000275 0.0000244

Expanded Operations Alternative

     Uranium-234 0 0 0 0 0 0.0000660

     Uranium-238 0.0000360 0.0000360 0.0000360 0.000810 0.000810 0.0000720

Reduced Operations Alternative

     Uranium-234 0 0 0 0 0 0.0000220

     Uranium-238 0.0000122 0.0000122 0.0000122 0.000275 0.000275 0.0000244

Greener Alternative

     Uranium-234 0 0 0 0 0 0.0000220

     Uranium-238 0.0000122 0.0000122 0.0000122 0.000275 0.000275 0.0000244

Notes:
a 90 percent of the depleted uranium (DU) (e.g., uranium-238) comes out of ES–13 and ES–24 (i.e., 45% each).
b No stack information is available for enriched uranium (EU) emissions; therefore, the most conservative emission stack (ES) is considered for 

emissions (stack ES–25).
c Stack ES–26 is added to stack ES–25 for similarity of parameters.
d All uranium-238 is assumed to be in equilibrium with thorium-234 and protactinium-234m.  All DU is considered as uranium-238, and all EU is 

considered as uranium-234.
e The No Action, Greener, and Reduced Operations Alternatives are the same.  The Expanded Operations Alternative is three times higher than the 

No Action Alternative.
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TABLE  B.1.1.4–3.—Radiological Air Emissions from TA–11 (High Explosives Testing)

RADIONUCLIDE

ALTERNATIVE (CURIES PER YEAR)

NO ACTION
EXPANDED 

OPERATIONS
REDUCED 

OPERATIONS
GREENER

Uranium-238a 3.98 x 10-7 9.96 x 10-7 2.32 x 10-7 2.32 x 10-7

Uranium-235b 7.56 x 10-9 1.89 x 10-8 4.41 x 10-9 4.41 x 10-9

Uranium-234c 1.49 x 10-7 3.71 x 10-7 8.67 x 10-8 8.67 x 10-8

Notes:
a Protactinium-234m and thorium-234 are in equilibrium with uranium-238.
b Thorium-231 is in equilibrium with uranium-235.
c No stack emissions.  This is an area source.  An area of 10,000 square meters (m2) was used.  Areas of 100 and 1,000 m2 were 

also used, with no difference in the results.

TABLE  B.1.1.4–4.—Radiological Air Emissions from TA–16 (Tritium Facility)

RADIONUCLIDE a,b

ALTERNATIVE (CURIES PER YEAR)

NO ACTION
EXPANDED 

OPERATIONS
REDUCED 

OPERATIONS
GREENER

Tritium (gaseous) 100 300 100 100

Tritium (water vapor) 300 500 300 300

Total 400 800 400 400

Notes:
a Tritium is emitted in the gaseous form (HT) as well as in the water vapor form (HTO).  CAP–88 uses the water vapor form of 

tritium for modeling for a conservative result because the vapor form produces the highest dose.  It was assumed that all tritium 
is in the vapor form.

b  Tritium is emitted from fan exhaust (FE)–4 in Building 205 (the only stack for tritium emissions at TA–16).  The stack 
parameters are:  Height = 18.3 meters, Diameter = 0.5 meter, and Exit Velocity = 19.3 meters per second.

TABLE  B.1.1.4–5.—Radiological Air Emissions from TA–18 (Pajarito Site)

RADIONUCLIDE a,b

ALTERNATIVE (CURIES PER YEAR)

NO ACTION
EXPANDED 

OPERATIONS
REDUCED 

OPERATIONS
GREENER

Argon-41 101 126 101 101

Notes:
a No stack emissions.  This is an area source.  An area of 45,200 square meters (m2) was calculated based on the air volume used 

by LANL to calculate the emission rates.
b Argon-41 is the only significant radionuclide emitted from TA–18.  Others are present in quantities too small to consider in this 

analysis.
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TABLE  B.1.1.4–6.—Radiological Air Emissions from TA–21 (Tritium Facility)

RADIONUCLIDE a

ALTERNATIVE (CURIES PER YEAR)

NO ACTION
EXPANDED 

OPERATIONS
REDUCED 

OPERATIONS
GREENER

TA–21–155b

Tritium (gaseous) 100 100 100 100

Tritium (water vapor) 100 100 100 100

Total 200 200 200 200

TA–21–209c

Tritium (gaseous) 640 640 640 640

Tritium (water vapor) 860 860 860 860

Total 1,500 1,500 1,500 1,500

Notes:
a Tritium is emitted in the gaseous form (HT) as well as in the water vapor form (HTO).  CAP–88 uses the water vapor form of 

tritium for modeling for a conservative result, because the vapor form produces the highest dose.  It was assumed that all 
tritium is in the vapor form.

b The ES–5 stack parameters for TA–21–155 are:  Height = 29.9 meters (m), Diameter = 0.8 m, Exit Velocity = 7.8 meters per 
second (m/s).

c The ES–1 stack parameters for TA–21–209 are:  Height = 23.2 m, Diameter = 1.2 m, Exit Velocity = 10.3 m/s.

TABLE  B.1.1.4–7.—Radiological Air Emissions from TA–3–102 (Shops)

RADIONUCLIDE a,b

ALTERNATIVE (CURIES PER YEAR)

NO ACTION
EXPANDED 

OPERATIONS
REDUCED 

OPERATIONS
GREENER

Uranium-238 0.00005 0.00015 0.00005 0.00005

Notes:
a Protactinium-234m and thorium-234 are in equilibrium with uranium-238.
b The ES–22 stack  parameters are:  Height = 11.9 meters, Diameter = 0.9 meter, Exit Velocity = 0.8 meters per second.
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TABLE  B.1.1.4–8.—Radiological Air Emissions from TA–48 (Radiochemistry Laboratory)

FAN EXHAUST (FE) NUMBER (STACK NUMBER) 

FE–15 (16) FE–4 (11)a FE–45/46 FE–51/54

FAN EXHAUST PARAMETERS

     Height (meters) 19.8 20.1 15.2 13.1

     Diameter (meters) 1.5 1.8 1.8 0.9

     Velocity (meters per second) 13.5 9.9 8.2 7.9

EMISSION RATE PER FAN EXHAUST (CURIES PER YEAR)

No Action Alternative

     Mixed Fission Productb 0.000015 0.00008 0.0000126 1.10 x 10-6

     Plutonium-239 4.50 x 10-6 4.70 x 10-7 4.70 x 10-7 6.20 x 10-8

Expanded Operations Alternative

     Mixed Fission Productb 0.000033 0.000088 0.000018 2.20 x 10-6

     Plutonium-239 9.60 x 10-6 5.20 x 10-7 6.50 x 10-7 1.20 x 10-7

Reduced Operations Alternative

     Mixed Fission Productb 0.000015 0.00004 0.000013 5.30 x 10-7

     Plutonium-239 4.50 x 10-6 2.40 x 10-7 4.60 x 10-7 3.10 x 10-8

Greener Alternative

     Mixed Fission Productb 0.000033 0.00008 0.000018 1.10 x 10-6

     Plutonium-239 9.60 x 10-6 4.70E x 10-7 6.50 x 10-7 6.20 x 10-8

Notes:
a Fan exhaust FE–4 exits through Stack 11.
b The mixed fission products are represented by strontium-90/yttrium-90 in equilibrium.
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TABLE  B.1.1.4–9.—Radiological Air Emissions from TA–48 (Radiochemistry Laboratory)a

ALTERNATIVE NO ACTION
EXPANDED 

OPERATIONS
REDUCED 

OPERATIONS
GREENER

FAN EXHAUST  
NUMBER  

FE–60 FE–63/64 FE–60 FE–63/64b FE–60 FE–63/64 FE–60 FE–63/64

FAN EXHAUST PARAMETERS

Height (meters) 12.4 10.3 12.4 10.3 12.4 10.3 12.4 10.3

Diameter (meters) 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4

Exit Velocity (meters per 
second)

9.4 12.5 9.4 12.5 9.4 12.5 9.4 12.5

EMISSION RATE PER FAN EXHAUST (CURIES PER YEAR)

Emission:

  Mixed Activation 
Productsc

1.60 x 10-7 1.40 x 10-6 3.20 x 10-7 2.80 x 10-6 8.00 x 10-8 7.00 x 10-7 1.60 x 10-7 1.40 x 10-6

  Arsenic-72 0 0.000056 0 0.00011 0 0.000028 0 0.000056

  Arsenic-73 0 0.000095 0 0.00019 0 0.0000475 0 0.000095

  Arsenic-74 8.50 x 10-7 0.000019 1.70 x 10-6 0.000038 4.25 x 10-7 9.50 x 10-6 8.50 x 10-7 0.000019

  Beryllium-7 7.30 x 10-6 6.10 x 10-8 0.000015 1.20 x 10-7 3.65 x 10-6 3.05 x 10-8 7.30 x 10-6 6.10 x 10-8

  Bromine-77 0.00031 0.00012 0.00062 0.00024 0.000155 0.00006 0.00031 0.00012

  Germanium-68 0 8.50 x 10-6 0 0.000017 0 4.25 x 10-6 0 8.50 x 10-6

  Rubidium-86 0 1.40 x 10-7 0 2.80 x 10-7 0 7.00 x 10-8 0 1.40 x 10-7

  Selenium-75 0.000044 0.00012 0.000089 0.00024 0.000022 0.00006 0.000044 0.00012

Notes:
a These isotopes were modeled using LANL’s mainframe computer.
b Fan exhausts FE–63/64 exit through Stack 7.
c The mixed activation products are represented by strontium-90/yttrium-90 in equilibrium.

TABLE  B.1.1.4–10.—Radiological Air Emissions from TA–55 (Plutonium Facility)

RADIONUCLIDE

ALTERNATIVE (CURIES PER YEAR)

NO ACTION
EXPANDED 

OPERATIONS
REDUCED 

OPERATIONS
GREENER

ES–15 (North Stack)a 1.52 x 10-6 2.50 x 10-6 1.38 x 10-6 2.00 x 10-6

ES–16 (South Stack)b

    Particulates (plutonium-239)c

    Tritium
0.0000162

1,000
0.000026

100
7.91 x 10-6

100
0.0000157

100

Notes:
a The ES–15 stack parameters are:  Height = 14 meters (m), Diameter = 1.1 m, and Exit Velocity = 6.8  meters per second (m/s).
b The ES–16 stack parameters are:  Height = 14 m, Diameter = 1.1 m, and Exit Velocity = 10.8 m/s.
c No isotopic breakdown of particulates is available; therefore, all particulates are represented by plutonium-239.
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TABLE  B.1.1.4–11.—Radiological Air Emissions from TA–15 and TA–36 (Firing Sites)

ALTERNATIVE
RADIONUCLIDE (CURIES PER YEAR) a,b

URANIUM-238 URANIUM-235 URANIUM-234

NO ACTION

     TA–15 0.0226 0.000437 0.00842

     TA–36 0.012 0.000233 0.00449

          Total 0.0346 0.00067 0.0129

EXPANDED OPERATIONS

     TA–15 0.0693 0.00134 0.0258

     TA–36 0.0346 0.00067 0.0129

          Total 0.104 0.00201 0.0387

REDUCED OPERATIONS

     TA–15 0.0226 0.000437 0.00842

     TA–36 0.012 0.000233 0.00449

          Total 0.0346 0.00067 0.0129

GREENER

    TA–15 0.0226 0.000437 0.00842

     TA–36 0.012 0.000233 0.00449

          Total 0.0346 0.00067 0.0129

Notes:
a No stack emissions.  This is an area source.  An area of 100 square meters was used.  This value was used based on information 

obtained from LANL personnel regarding the area of pads used for firing experiments.
b These values are for the resuspendable and/or respirable portion of the product used during the tests and as such are the values 

used as the source parameter in the CAP–88 PC Model.
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TABLE  B.1.1.4–12.—Radiological Air Emissions from TA–54 (Area G—Waste Management)

RADIONUCLIDE b

ALTERNATIVE (CURIES PER YEAR) a

NO ACTION
EXPANDED 

OPERATIONS
REDUCED 

OPERATIONS
GREENER

Tritium 21 21 21 21

Americium-241 6.60 x 10-7 6.60 x 10-7 6.60 x 10-7 6.60 x 10-7

Plutonium-238 4.80 x 10-6 4.80 x 10-6 4.80 x 10-6 4.80 x 10-6

Plutonium-239 6.80 x 10-7 6.80 x 10-7 6.80 x 10-7 6.80 x 10-7

Uranium-234 8.00 x 10-6 8.00 x 10-6 8.00 x 10-6 8.00 x 10-6

Uranium-235 4.10 x 10-7 4.10 x 10-7 4.10 x 10-7 4.10 x 10-7

Uranium-238 4.00 x 10-6 4.00 x 10-6 4.00 x 10-6 4.00 x 10-6

Notes:
a No change in emissions is expected among the SWEIS alternatives.  These emissions were back-calculated using the CAP–88 
model and are conservatively based on the average, plus two standard deviations of nearby environmental concentration 
measurements.

b No stack emissions.  This is an area source.  An area of 5,000 square meters was used.  This value was used based on information 
obtained from LANL personnel regarding the area of waste disposal.

TABLE  B.1.1.4–13.—Radiological Air Emissions from TA–53 (LANSCE—ES–2 Stack)a,b

RADIONUCLIDE

ALTERNATIVE (CURIES PER YEAR) c

NO ACTION
EXPANDED 

OPERATIONS
REDUCED 

OPERATIONS
GREENER

Argon-41 55.2 69.0 27.6 69.0

Carbon-10 2.12 2.65 1.06 2.65

Carbon-11 2,240 2,790 1,120 2,790

Nitrogen-13 348 434 174 434

Oxygen-14 5.29 6.61 2.65 6.61

Oxygen-15 464 581 233 581

Notes:
a TA–53 emissions were divided into five sources:  ES–2 stack emissions, ES–3 stack emissions, LEDA emissions, IPF–2 
emissions, and diffuse emissions.

b ES–2 stack emissions:  evacuation from the Manuel Lujan Neutron Scattering Center (MLNSC), Weapons Neutron Research 
(WNR), and Line D-South.  Parameters are:  Height = 13 meters (m), Diameter = 0.9 m, Exit Velocity = 7 meters per second.

c Increased by factor of 200/70 to account for increased beam current. 
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TABLE  B.1.1.4–14.—Radiological Air Emissions from TA–53  (LANSCE—ES–3 Stack)a,b

RADIONUCLIDE

ALTERNATIVE (CURIES PER YEAR)

NO ACTION
EXPANDED 

OPERATIONS
REDUCED 

OPERATIONS
GREENER

Argon-41 345 862 172 862

Carbon-11 3,100 7,760 1,550 7,760

Notes:
a TA–53 emissions were divided into five sources:  ES–2 stack emissions, ES–3 stack emissions, LEDA emissions, IPF–2 

emissions, and diffuse emissions.
b ES–3 stack emissions:  evacuation from experimental areas A, B, and C, and associated lines B and C tunnels.   Parameters are:  

Height = 30.5 meters (m), Diameter = 0.9 m, Exit Velocity = 12.5 meters per second.

TABLE  B.1.1.4–15.—Radiological Air Emissions from TA–53 (LANSCE—LEDA)a,b

RADIONUCLIDE

ALTERNATIVE (CURIES PER YEAR)

NO ACTION
EXPANDED 

OPERATIONS
REDUCED 

OPERATIONS
GREENER

Argon-41 2.29 2.29 2.29

Nitrogen-13 0.163 0.163 0.163 0.163

Nitrogen-16 0.0285 0.0285 0.0285 0.0285

Oxygen-15 0.00177 0.00177 0.00177 0.00177

Oxygen-19 0.00216 0.00216 0.00216 0.00216

Sulfur-37 0.00181 0.00181 0.00181 0.00181

Chlorine-39 0.00047 0.00047 0.00047 0.00047

Chlorine-40 0.00219 0.00219 0.00219 0.00219

Krypton-83m 0.00221 0.00221 0.00221 0.00221

Others 0.00111 0.00111 0.00111 0.00111

Notes:
a TA–53 emissions were divided into five sources:  ES–2 stack emissions, ES–3 stack emissions, LEDA emissions, IPF–2 

emissions, and diffuse emissions.
b LEDA emissions:  evacuation from the Low Energy Demonstration Accelerator.  Emissions were assumed to exit through the 

ES–3 stack with parameters:  Height = 30.5 meters (m), Diameter = 0.9 m, Exit Velocity = 12.5 meters per second.



Air Quality

B–15

TABLE  B.1.1.4–16.—Radiological Air Emissions from TA–53 (LANSCE—IPF–2)a,b

RADIONUCLIDE

ALTERNATIVE (CURIES PER YEAR)

NO ACTION
EXPANDED 

OPERATIONS
REDUCED 

OPERATIONS
GREENER

Carbon-11 70 87.5 35 87.5

Nitrogen-13 80 100 40 100

Oxygen-15 20 25 10 25

Notes:
a TA–53 emissions were divided into five sources:  ES–2 stack emissions, ES–3 stack emissions, LEDA emissions, IPF–2 

emissions, and diffuse emissions.
b IPF–2 emissions: evacuation from the Isotope Production Facility 2.  Emissions were assumed to exit through the ES–3 stack with 

parameters:  Height = 30.5 meters (m), Diameter = 0.9 m, Exit Velocity = 12.5 meters per second.

TABLE  B.1.1.4–17.—Radiological Air Emissions from TA–53 (LANSCE—Diffuse)a,b

RADIONUCLIDE

ALTERNATIVE (CURIES PER YEAR)

NO ACTION
EXPANDED 

OPERATIONS
REDUCED 

OPERATIONS
GREENER

Argon-41 2.56 3.2 1.28 3.2

Carbon-11 61.44 76.8 30.72 76.8

Notes:
a TA–53 emissions were divided into five sources: ES–2 stack emissions, ES–3 stack emissions, LEDA emissions, IPF–2 

emissions, and diffuse emissions.
b Diffuse emissions:  escape from the area around the high intensity beam line (Line A).  No stack emissions.
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• All uranium-238 emissions were assumed 
to be in equilibrium with its decay 
daughters, thorium-234 and protactinium-
234m.

• Unidentified mixed fission products 
(MFPs) or MAPs are modeled as strontium-
90/yttrium-90 in equilibrium.  This was 
done for some unidentified MAPs from the 
Low Energy Demonstration Accelerator 
(LEDA) emissions at the LANSCE and for 
some MAPs and MFPs from TA–48.

• Tritium can exist in gaseous (elemental 
tritium) or water vapor  (tritium oxide) 
forms.   The oxide form is used in CAP–88 
to ensure conservative results because it 
produces a higher dose.  All tritium 
emissions were modeled as oxides from 
TA–16 and TA–21 (the tritium facilities).

Source Parameters

LANL emission sources include individual
stacks and large area (diffuse) sources.  For
stack emissions, the actual stack heights,
diameters, and exit velocities were used.  These
stack parameters are reflected in Tables
B.1.1.4–1 through B.1.1.4–17.

The sizes of area sources were calculated based
on site information.  Because the sizes of area
sources could not always be precisely
determined, a sensitivity analysis was
performed using various area sizes.  This
analysis was performed by changing the sizes of
the areas modeled while fixing all other
parameters.  Areas of 1,075, 10,750,  and
107,500 square feet (100, 1,000, and 10,000
square meters) were used in separate model runs

for the same case, and the results in all th
runs were exactly the same.  The conclusion w
that the resultant dose was independent of 
size of the area source if the radionuclid
emission rates was the same due to the dista
of the modeled MEI or member of th
population from the area source.  Despite th
sensitivity analysis, the best estimate of 
area’s size was used in all cases for the act
modeling.

Agricultural Data

Radionuclides emitted to the air an
subsequently ingested with food crops is o
pathway of exposure used by CAP–88.  T
immediate region surrounding the LANL sit
does not have any major agricultural productio
activities; however, the agricultural data used
the modeling effort are reflected in Tabl
B.1.1.4–18 (EPA 1992a).

These agricultural data were provided in th
CAP–88 database for the State of New Mexic
Using these parameters may have resulted in
overestimate of the dose to individuals living 
close proximity to the LANL site.

Meteorological Data

Meteorological data are used in conjunctio
with the CAP–88 model to estimate a
dispersion of emitted nuclides.  There were fo
meteorological towers distributed over th
LANL sites used for this purpose.  Th
meteorological data used for each tower we
the average of 3 years of actual meteorologi
data.  The tower nearest to the modeled facil
was used for input data, as reflected below.

TABLE  B.1.1.4–18.—Fraction of Agricultural Products Produced in the Home,
Assessment Area, and Imported

VEGETABLE MILK MEAT

Fraction Home Produced 0.7 0.399 0.442

Fraction Assessment Area Produced 0.3 0.601 0.558

Fraction Imported 0 0 0
B–16
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• TA–6 Tower—Used for modeling emissions 
from TA–3, TA–16, TA–48, and TA–55

• TA–49 Tower—Used for modeling 
emissions from TA–15 and TA–36

• TA–53 Tower—Used for modeling 
emissions from TA–21 and TA–53

• TA–54 Tower—Used for modeling 
emissions from TA–18 and TA–54

The use of 3 years’ data for modeling purposes
is due to the fact that these towers have existed
in these locations for that period of time.  The
use of average meteorological data over this
period is expected to reflect future conditions
more accurately than data from any individual
year.

Other meteorological data needed as input to
CAP–88 are:

• Annual precipitation = 19 inches (48 
centimeters) per year (Bowen 1990)

• Annual ambient temperature = 48°F 
(8.8°C) (Bowen 1990)

• Height of lid = 5,000 feet (1,525 meters)  
The lid height (vertical extent of mixing of 
air emissions) was obtained from the 
weather center in Albuquerque and was 
verified by the National Oceanographic and 
Atmospheric Administration.

Distances Between Emission Points and 
Receptors

The distances between the emission sources and
the specific location modeled must be
introduced as input parameters for CAP–88 to
calculate the nuclide concentration and
subsequent doses at that location.  Map
coordinates for each source at LANL and each
receptor location were determined using large
maps and Geographic Information System
(GIS) graphics.  The distances were then
calculated using these coordinate points.  The
distances and direction between each modeled
facility and the facility-specific MEI location
are listed in Table B.1.1.4–19.

Population Data

Data regarding the population distributio
within a 50-mile (80-kilometer) radius aroun
LANL are needed by CAP–88 for the
calculation of the collective population dose
LANL has been using a population data file th
was prepared based on the 1990 Census (D
1991).  A new population data file was prepar
by the University of Nevada (UN) in 1995
using data from the New Mexico Bureau o
Business and Economic Research (BBE
1995).  The UN data file was used for a
CAP–88 population runs, consistent with th
socioeconomic data used for the SWEIS.  The
are no significant differences between th
LANL data file and the UN data file.

The input parameters described above we
input into the CAP–88 model to generate th
estimated radionuclide concentrations a
resulting radiation dose equivalents.  Variou
receptors were modeled as bounding estima
These receptors are discussed individua
below.

B.1.1.5 Facility-Specific Maximally 
Exposed Individual Doses

CAP–88 runs were made using each mode
facility’s air emissions to determine the CED
at various locations.  The results wer
examined, and a single point at the LAN
boundary where the highest dose occurs w
identified.  The distance and direction to the
points were determined.  These points are 
locations of the facility-specific MEIs.  The
distances and directions of all facility-specifi
MEIs are listed in Table B.1.1.5–1.  Th
distances and directions for all MEIs, wit
respect to all modeled facilities, are presented
Table B.1.1.4–19, as noted above.  The do
commitment from all facility emissions were
then calculated for each FS MEI location an
summed to provide the total dose at th
location.  The contribution from each modele
B–17
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facility to each MEI was calculated for each of
the four SWEIS alternatives.

The MEI locations do not necessarily represent
actual residences or individuals.  They are
merely points at the LANL boundary where the
highest potential dose occurs.  Some points at
the LANL boundary do have residences close to
them.  This is especially true for those TAs
located in the northern part of the LANL site,
such as TA–3 and TA–53.

Two FS MEI locations were considered for
Area G because it borders San Ildefonso Pueblo
land.  The first location is at the LANL
boundary, 1,197 feet (365 meters) northeast of
Area G next to San Ildefonso land.  No one
currently lives in that location.  The second
location is in the town of White Rock,
approximately 5,331 feet (1,625 meters)
southeast of Area G.

Some modeled facilities share the same MEI
location.  TA–3–29 (CMR) and TA–3–66
(Sigma) share the same MEI location, as do

TA–48 (Radiochemistry Facility) and TA–55
(Plutonium Facility).

B.1.1.6 LANL Site-Wide Maximally 
Exposed Individual Dose

The LANL site-wide MEI dose was determine
by examining the total dose to each FS ME
The FS MEI with the highest total dose 
considered to be the LANL site-wide MEI fo
that alternative.  For every FS MEI location, th
total dose is the dose contributed by that spec
facility, plus any doses contributed by othe
modeled facilities.

B.1.1.7 Population Dose

The dose to the population living within a 50
mile (80-kilometer) radius from LANL was
calculated by CAP–88 using the UN populatio
data prepared from BBER data (BBER 1995
For each modeled facility, a population run w
made for each of the four alternatives.  Th

TABLE  B.1.1.5–1.—Distance and Directions to Facility-Specific Maximally Exposed Individuals

FACILITY
MEI DISTANCE FEET 

(METERS)
DIRECTION

TA–3–29 (CMR) 3,575 (1,090) North

TA–3–66 (Sigma Building) 3,560 (1,085) North

TA–3–102 (Machine Shops) 3,380 (1,030) North

TA–11 (High Explosives Testing) 4,300 (1,310) South

TA–15/36 (Firing Sites) 7,415 (2,260) Northeast

TA–16 (WETF) 2,885 (880) South-Southeast

TA–18 (Pajarito Site: LACEF) 2,820 (860) Northeast

TA–21 (TSTA and TSFF) 1,050 (320) North

TA–48 (Radiochemistry Laboratory) 2,920 (890) North-Northeast

TA–53 (LANSCE) 2,625 (800) North-Northeast

TA–54 (Area G) 1,195 (365) Northeast—LANL Boundary

5,330 (1,625) Southeast—White Rock

TA–55 (Plutonium Facility) 3,690 (1,125) North

Note:  This table lists the facility-specific MEI location from each modeled facility.  These data are also contained in Table 
B.1.1.4–19.
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results from each modeled facility for each
alternative were added to obtain the total
population dose for that alternative.

B.1.1.8 Isodose Maps

Isodose maps (maps showing lines of equal
dose) were generated for the region within a 50-
mile (80-kilometer) radius from LANL.  The
isodose maps show contour lines representing
the annual individual dose at the points where
the lines pass through.  Four CAP–88 runs were
made for each emission source for each
alternative in order to generate data points
sufficient to create the isodose maps.  The
following distances (in meters) were introduced
as an input to CAP–88 runs to generate these
maps:

• Run No. 1—300, 400, 500, 600, 700, 800, 
900, 1,000, 1,100, 1,200, 1,300, 1,400, 
1,500, 1,600, 1,800, 2,000, 2,200, 2,400, 
2,600, and 2,800

• Run No. 2—3,000, 3,200, 3,400, 3,600, 
3,800, 4,000, 4,200, 4,400, 4,600, 4,800, 
5,000, 5,500, 6,000, 6,500, 7,000, 7,500, 
8,000, 8,500, 9,000, and 9,500

• Run No. 3—10,000, 11,000, 12,000, 
13,000, 14,000, 15,000, 16,000, 17,000, 
18,000, 19,000, 20,000, 22,000, 24,000, 
26,000, 28,000, 30,000, 32,000, 34,000, 
36,000, and 38,000

• Run No. 4—40,000, 42,000, 44,000, 
46,000, 48,000, 50,000, 52,000, 54,000, 
56,000, 58,000, 60,000, 62,000, 64,000, 
66,000, 68,000, 70,000, 72,500, 75,000, 
77,500, and 80,000

Dose calculations were made at each distance in
16 directions around the emission source for
each alternative.  The results were then used to
generate the isodose maps using GIS overlays.
The results of the runs for all emission sources
were summed to obtain the isodose maps for all
of LANL operations.  Two sets of isodose maps
were generated.  The first set of four maps (one
map per alternative) covers the region around

LANL with an average individual dose highe
than 1 millirem per year.  The second set of fo
maps (one map per alternative) covers the res
the 50-mile (80-kilometer) region where
average individual doses were less than
millirem per year.

B.1.2 Results of Consequence 
Analyses

B.1.2.1 Doses to Facility-Specific 
Maximally Exposed 
Individuals

For each FS MEI, the total dose at the ME
location was calculated by adding th
contributions from each modeled facility.  Th
highest dose for an alternative is the LANL ME
for that alternative.

The contribution of each modeled facility to th
FS MEIs for the four SWEIS alternatives ar
included in Tables B.1.2.1–1 through B.1.2.1–
The totals shown on these tables a
summarized in Table B.1.2.1–5.

B.1.2.2 Dose to the LANL Site-Wide 
Maximally Exposed 
Individual

As noted above, the LANL site-wide MEI is
determined by identifying the FS MEI with th
highest total dose.  The location of and model
dose to the LANL site-wide MEI for each
alternative is summarized in Table B.1.2.2–1.

The NESHAP requires that the dose resulti
from air emissions to the LANL MEI not excee
10 millirem per year.  As shown in Tabl
B.1.2.2–1, this regulatory limit would not be
exceeded under any of the SWEIS alternativ
In fact, the highest MEI dose was 5.44 millirem
per year for the Expanded Operation
Alternative, which is 54.4 percent of th
B–21
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regulatory limit.  The LANL MEI is the
LANSCE FS MEI under all alternatives.

B.1.2.3 Collective Population Dose

The collective dose to the population living
within a 50-mile (80-kilometer) radius from
LANL has been calculated for emissions from
all modeled facilities.  The population doses
from each source for all four alternatives are
presented in Table B.1.2.3–1, while the total
collective population doses for the four SWEIS
alternatives are presented in Table B.1.2.3–2.

An examination of Table B.1.2.3–1 reveals th
most of the population dose comes fro
emissions from the Firing Sites.  The Firin
Sites emit long-lived uranium isotopes that ca
travel long distances without any significan
decay.  The emissions from LANSCE ar
mainly short-lived activation products tha
decay away in a matter of minutes or eve
seconds.  Thus, the LANSCE emissions a
important contributors to doses to individua
near LANL, but these emissions are le
important to the doses for individuals farthe
away from LANL.

TABLE  B.1.2.3–1.—Collective Population Dose to Residents Within a 50-mile Radius from LAN
(person-rem/year)

NO ACTION
EXPANDED 

OPERATIONS
REDUCED 

OPERATIONS
GREENER

CMR 0.195 1.76 0.1755 0.195

Sigma 0.122 0.366 0.122 0.122

TA–11 (HE) 0.0000817 0.000204 0.000049 0.000049

TA–16 (Tritium) 0.276 0.552 0.276 0.276

TA–18 0.0720 0.900 0.0720 0.0720

TA–21 (Tritium) 0.977 0.977 0.977 0.977

Main Shops 0.0101 0.0303 0.0101 0.0101

TA–48 (GRAM) 0.00267 0.00508 0.00244 0.0051

TA–48 (LANL) 3.03 6.06 1.515 3.03

TA–55 0.81 0.0934 0.0845 0.0884

TA–15/–36 (Firing 
Sites)

7.07 21.21 7.07 7.07

TA–53

ES–3 0.538 1.345 0.269 1.345

ES–2 0.429 0.536 0.209 0.536

LEDA 0.00327 0.00327 0.00327 0.00327

IPF–2 0.0145 0.0181 0.0073 0.0181

Diffuse 0.0118 0.0148 0.0059 0.0148

TA–54
(Waste Management)

0.0288 0.0288 0.0288 0.0288

Totala 13.59 33.09 10.83 13.79

a The values reported for population doses for this alternative, as well as the other alternatives, is higher than has been reprted in 
the recent Annual Environmental Reports.  It is important to recognize that the alternatives analyzed represent increased 
operations when compared to recent history.  The material throughput at the different facilities under the various alternativ is 
presented in section 3.6.
B–27
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B.1.2.4 Isodose Maps

Individual doses have been calculated for
people living within a 50-mile (80-kilometer)
radius from LANL.  The highest individual dose
for an alternative is the dose given to the LANL
site-wide MEI for that alternative.  For the
50-mile (80-kilometer) region, an individual’s
doses are shown on the isodose maps in Figures
B.1.2.4–1 through B.1.2.4–8.  Figures B.1.2.4–1
through B.1.2.4–4 show doses that are more
than 1 millirem per year for each of the four
alternatives.  Only lines that represent a dose
larger than 1 millirem per year and extend (at
least in part) outside the LANL boundary are
shown on the isodose maps.  Figures B.1.2.4–5
through B.1.2.4–8 show doses that are less than
1 millirem per year for each alternative.  To
estimate their doses, individuals need only find
their locations on the isodose map and identify
the bounding doses nearest that location.  A
dose of 1 millirem per year is not considered
significant

B.1.2.5 Uncertainties

There are many factors that introduce
uncertainties into the process of projecting
future doses to the public from radioactive air
emissions from LANL.  Some of these factors
are listed below.

• The radionuclide emission rates estimated
by each modeled facility are based on 
current knowledge regarding future 
operations at the facility.  However, the 
level of funding, exact activities, and exac
conditions associated with future operation
cannot be predicted with certainty.  
Therefore, the emission rate estimates 
cannot be viewed as accurate or precise 
values. 

• The LANL site-wide MEI dose is sensitive
to the assumptions and operations 
associated with LANSCE.  Procedures are
in place to monitor the modeled MEI dose
and ensure that the 10 millirem per year 
limit is not exceeded.  Population doses, o
the other hand, are more sensitive to the 
assumptions and operations associated w
the Firing Sites.  For example, a 25 perce
change in uranium use (which is assumed
mean a 25 percent change in uranium 
emissions) would change the population 
dose by about 20 percent.

• The parameters introduced into the 
CAP–88 model cannot be exact, especiall
the meteorological data.  The average 
meteorology for a 3-year period was used 
the modeling, which is a reasonable and 
good prediction for future years.  However
any single, future year could be anomalou
resulting in a collective dose estimate 
different from that presented in this report
Again, active monitoring and control of 
atmospheric releases is conducted to ensu
that the public dose limits are not exceede

• The modeled dose is also very sensitive to
the assumed period of exposure.  For the 
purposes of this analysis, the very 
conservative assumption is made that the
MEI is a person who stays in the same 
location 24 hours a day, 365 days a year. 
Furthermore, it is assumed that this perso
is not shielded from the emissions by 
clothing or shelter (e.g., a building, auto, 
home, etc.).

• The area source term for TA–54 was 
calculated from AIRNET monitoring data. 

TABLE  B.1.2.3–2.—Total Collective 
Population Doses for Each of the

SWEIS Alternatives

ALTERNATIVE
DOSE

(PERSON-REM/YR)

No Action 13.59

Expanded Operations 33.09

Reduced Operations 10.83

Greener 13.79
B–28
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There are uncertainties in those data for 
tritium in its water vapor form due to a 
recent discovery that the silica gel samplers 
are not collecting water with a high 
efficiency.  It is estimated that the 

underestimation, which is being quantified
will represent only a very small addition to
the collective population dose and LANL 
MEI doses.
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FIGURE B.1.2.4–1.—Annual Average Individual Doses Higher Than 
1 Millirem per Year for the No Action Alternative.

Note:  The isodose lines are given in units of mrem.
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FIGURE B.1.2.4–2.—Annual Average Individual Doses Higher Than 
1 Millirem per Year for the Expanded Operations Alternative.

Note:  The isodose lines are given in units of mrem.
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FIGURE B.1.2.4–3.—Annual Average Individual Doses Higher 
Than 1 Millirem per Year for the Reduced Operations Alternative.

Note:  The isodose lines are given in units of mrem.
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FIGURE B.1.2.4–4.—Annual Average Individual Doses Higher 
Than 1 Millirem per Year for the Greener Alternative.

Note:  The isodose lines are given in units of mrem.
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FIGURE B.1.2.4–5.—Annual Average Individual Doses Less 
Than 1 Millirem per Year for the No Action Alternative.

Note:  The isodose lines are given in units of mrem.
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FIGURE B.1.2.4–6.—Annual Average Individual Doses Less Than 1 
Millirem per Year for the Expanded Operations Alternative.

Note:  The isodose lines are given in units of mrem.
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FIGURE B.1.2.4–7.—Annual Average Individual Doses Less Than 
1 Millirem per Year for the Reduced Operations Alternative.

Note:  The isodose lines are given in units of mrem.
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FIGURE B.1.2.4–8.—Annual Average Individual Doses Less 
Than 1 Millirem per Year for the Greener Alternative.

Note:  The isodose lines are given in units of mrem.
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B.2 NONRADIOLOGICAL  AIR 
QUALITY

The methodology description and the analysis
results presented in chapter 5 are supplemented
in this appendix with details on each aspect of
modeling and analysis for criteria pollutants and
toxic chemical emissions. 

B.2.1 Assumptions, Data Sources, 
Standards, and Models

B.2.1.1 Applicable Guidelines/
Standards and Emission 
Sources

Criteria Pollutants

The Clean Air Act mandates that the EPA
establish primary and secondary National
Ambient Air Quality Standards (NAAQS) for
pollutants of concern nationwide.  These
pollutants, known as criteria pollutants, are
carbon monoxide, sulfur dioxide, nitrogen
dioxide, ozone, lead, and particulate matter
smaller than 10 microns in aerodynamic size
(PM10).  As of September 16, 1997, in addition
to the PM10 NAAQS, a new NAAQS became
effective for particulate matter equal to or less
than 2.5 microns (micrometers) in aerodynamic
diameter (PM2.5).  These new standards will not
require imposition of local area controls until
2005, and compliance determinations will not
be required until 2008.  Additionally, EPA
revised the NAAQS and associated reference
method for determining ozone attainment on
July 18, 1997.  This standard also will be
applicable to LANL.

The State of New Mexico also has established
ambient air quality standards for carbon
monoxide, sulfur dioxide, total suspended
particulates, hydrogen sulfide, and total reduced
sulfur (New Mexico Administrative Code
[NMAC], Title 20, Chapter 2, Part 3).  State of
New Mexico ambient air quality standards are

more restrictive than the national standards a
are listed in attachment 1.

Criteria pollutants released into the atmosphe
from LANL operations are emitted primarily
from combustion facilities such as boilers
emergency generators, and motor vehicles.

Toxic Air Pollutants

Chemicals are currently used at LANL i
separately located groups of operations 
laboratory complexes (TAs) that are spread o
over a large geographic area (43 square m
[11,140 hectares]).  Toxic air pollutants from
these TAs may be released into the atmosph
from many different ongoing activities
including laboratory, maintenance, and was
management operations.  Two types of toxic 
pollutants are considered in this analys
noncarcinogenic and carcinogenic.

The two database information systems us
primarily in this analysis are the 199
Automatic Chemical Inventory System (ACIS
(LANL 1995a) purchase data and the Regulat
Air Pollutants (RAP) Report data (LANL 1990)

ACIS is a listing of chemicals purchased at ea
LANL facility in each calendar year.  The 199
ACIS list identified more than 2,000 chemical
This list was reduced to 382 chemicals b
eliminating from consideration those that do n
have adequate vapor pressure in a liquid stat
be evaporated during chemical operations 
have very low toxicity.  Fifty-one of  these 38
chemicals are considered by EPA to b
carcinogenic.  For the purpose of this analysis
was assumed that air emissions could res
from the use of any of the 382 chemicals fro
any of the 30 separate TAs that purchased th
chemicals.  A list of these chemicals is provide
in attachment 2.

RAP is a LANL site-wide nonradiological air
emissions inventory that was conducted 
LANL in 1990.  This inventory, however, was
prepared more than 7 years ago when LAN
B–38
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operations were significantly different from
current operations.  Because these data are not
current, RAPS information was used in this
analysis only to supplement ACIS data and
other information gathered for this study.

Noncarcinogens.  Short-Term Guideline
Values.  While no national or State of New
Mexico standards have been established for
noncarcinogens, the New Mexico Environment
Department (NMED) has developed guideline
values (GVs) for determining whether a new or
modified source emitting a toxic air pollutant
would be issued a construction permit (NMED/
AQCRs, revised November 17, 1994).  These
GVs are 8-hour concentrations that are 1/100 of
the Occupational Exposure Limits (OELs)
established by the American Conference of
Governmental Industrial Hygienists
(ACGIH 1997) or the National Institute of
Occupational Safety and Health (NIOSH).  The
State of New Mexico listing was supplemented
with the most current information on the lowest
values for OELs from these sources.  These GVs
were used in this analysis in screening for
potential short-term impacts of toxic releases
from LANL operations.

Annual Average Guideline Values.  The GVs
used in this analysis are the inhalation reference
concentrations (RfCs) from EPA’s Integrated
Risk Information System (IRIS) (EPA 1993b).
RfCs are daily exposure levels to the human
population (including sensitive subgroups)
during a lifetime (70 years) that could occur
without appreciable risk of deleterious effects.  

Carcinogens.  The GVs used in this analysis to
estimate potential impacts of carcinogenic toxic
air pollutants from LANL operations are based
on an incremental cancer risk of one in a million
(1.0 x 10-6) (i.e., one person in a million would
develop cancer if exposed to this concentration
over a lifetime), a level of concern established in
the Clean Air Act.

This value was used in the screening for the
estimated combined incremental cancer risk

associated with all of the carcinogen
pollutants emitted from LANL facilities at any
location.  For the purpose of screenin
individual carcinogens, a cancer risk o
1.0 x 10-8 was established as the GV.

B.2.1.2 Receptors and Receptor Set

Two sets of receptors (i.e., locations where 
quality levels were estimated) were consider
for the analyses of criteria and toxic a
pollutants.

• The first set of receptors includes nearby 
identified actual locations of human activity
that might be affected from the emissions 
from LANL facilities.  These include:  (1) 
schools, hospitals, parks and playgrounds
within Los Alamos; (2) residences 
(including those in trailer parks) in all 
directions surrounding all of LANL 
facilities in Los Alamos County; and (3) 
towns, cities, and sensitive national and 
cultural areas within approximately 50 
miles (80 kilometers) of LANL.  These 
receptors, which are listed in attachment 3
are referred to as sensitive receptors.

• The second set of receptors includes all o
the closest off-site (i.e., fence line) 
locations (in 10-degree increments) aroun
each TA to which the public could have 
access.  These receptors are referred to a
fence line receptors.

The potential impacts of air pollutants o
workers employed at the LANL facilities were
not considered as part of this analysis.  Differe
regulations apply to an occupational setting, a
the controlled nature of the work, along wit
surveillance systems associated with the
controls, restricts routine exposures for worke
This analysis is focused on exposure to t
public, and is based on a methodology th
initially assumes that chemicals that a
purchased are entirely available for release
the atmosphere outside the facility in which th
chemicals are used.
B–39
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Air quality standards have been established by
the State of New Mexico for criteria pollutants
for both short-term (i.e., 1-hour, 3-hour, 8-hour,
and 24-hour) and long-term (e.g., 30-day,
quarterly, and annual) time periods.  In addition,
GVs also were developed for toxic pollutants
for both short-term (8-hour) and long-term
(annual) time periods.  Using these standards
and GVs, the potential impacts of the pollutant
emissions from LANL operations on these
receptor sets were analyzed as discussed in the
following paragraphs.

Criteria Pollutants

Short-term and long-term impacts for CO, NO2,
and SO2, TSP, PM10, and lead were estimated at
the sensitive receptors, and the results were
compared with applicable air quality standards.
Both time frames were analyzed to address the
potential short-term (acute) and long-term
(chronic) impacts of these pollutants at
locations where the public could have both
short-term and long-term exposure to emissions
from LANL facilities.  Hydrogen sulfide and
total reduced sulfur emissions are associated
mostly with oil and gas industry; therefore,
analysis for these pollutants was not necessary
at LANL.

Short-term impacts also were analyzed at the
fence line receptors surrounding TA–3, TA–16,
and TA–21 in order to account for potential
short-term exposure near the locations with
relatively large combustion sources.  The
combustion sources at the other TAs are minor
(primarily small boiler units and emergency
generators) relative to the larger combustion
units found at TA–3, TA–16, and TA–21, and
are mostly for emergency back-up.  The
potential impacts at the fence line receptors of
these minor sources were not considered.

Toxic Air Pollutants

Noncarcinogens.  The potential short-term
(acute) and long-term (chronic) impacts of these
pollutants at locations where the public could

have both short-term and long-term exposure
emissions from LANL facilities were
considered.  

Short-term impacts were analyzed at the fen
line receptors.  Long-term impacts were n
considered at these receptors because, altho
it is possible that the public could have access
fence line areas for short periods of time, t
fence line locations are not places where visito
can freely walk around, nor is pedestrian traff
at these locations encouraged or actua
encountered on a regular (long-term) basis.

Carcinogens.  The annual impacts from the
emissions of carcinogenic toxic air pollutan
were analyzed at the sensitive recepto
Although GVs for short-term exposure wer
used in the screening steps, the more meaning
comparisons were to long-term GVs fo
sensitive receptors.

B.2.1.3 Air Quality Dispersion 
Models

The EPA’s Industrial Source Complex Ai
Quality Dispersion Model (ISC–3) was used fo
both the criteria and toxic pollutant analyse
ISC–3 is a versatile model that is often used
predict pollutant concentrations from
continuous point, area, volume, and ope
disposal cell sources (EPA 1992b).  Th
versatile model is often preferred by the EP
because of the many features that enable 
user to estimate concentrations from nearly a
type of source emitting nonreactive pollutants

EPA’s PUFF model was used for a screeni
level analysis of emissions from LANL’s High
Explosives Firing Sites (HEFSs) at TA–14
TA–15, TA–36, TA–39, and TA–40.  The PUFF
model is designed to estimate downwin
concentrations from instantaneous releases
pollutants (EPA 1992d).

The HOTSPOT code was used in combinati
with the ISC–3 model for a detailed analysis 
B–40
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emissions from HEFF in order to provide a more
readily usable input data file to the health effects
analysis used in this SWEIS than provided by
PUFF.  The HOTSPOT code is designed for
detonation of high explosives, and was used
specifically to provide input data to the ISC–3
model (ORNL-LLNL 1996).

B.2.2 Criteria Pollutants—General 
Approach

The combustion sources that were evaluated in
the analysis of criteria pollutants are listed in
attachment 1.  An atmospheric dispersion
modeling analysis was conducted to estimate
the combined potential air quality impacts of the
emissions from each of these emission sources.  

No quantitative analysis of vehicular-related
emissions was performed as part of this
analysis, but this emission source was included
in the assumed background.  Although the
project alternatives may have different effects
on the travel patterns in the study area as a result
of changes in the number of LANL employees
who would commute to Los Alamos, the future
population of Los Alamos is expected to be the
same under all of the alternatives.  Therefore,
the  change in regional emissions under any of
the future project alternatives are not expected
to be more than a few (less than 5) percent.
Because the study area is in attainment for the
pollutants that are released primarily from
motor vehicles (carbon monoxide and ozone
precursors and nitrogen oxides [NOx]) and
because there are no nearby heavily congested
traffic areas or major sources or ozone
precursors (i.e., hydrocarbons and nitrogen
oxides), no potentially significant air quality
impacts are expected from the project
alternatives.

B.2.2.1 Criteria 
Pollutants—Methodology

The analysis of combustion-related pollutan
used standard analytical modeling techniqu
based on atmospheric dispersion modeling a
emissions estimated under peak and act
annual average operating conditions of ea
major combustion unit.  This information
together with stack locations and exhau
parameters (i.e., heights, diameters, flow rate
was available from LANL’s air quality permit
applications.  Estimates of future emission rat
were based on the operations anticipated un
the Expanded Operations Alternative—th
worst-case alternative with respect to emissi
rates from the combustion sources.  The
emissions were modeled using the ISC–3 mo
and meteorological data collected at TA–6.  T
methodology and procedures used are provid
in attachment 1.

B.2.2.2 Results of Criteria Pollutant 
Analysis

The results of the analysis of criteria pollutan
from LANL’s combustion sources are presente
in attachment 1.  As shown, the highe
estimated concentration of each pollutant 
below the appropriate ambient air qualit
standard.  None of the project alternative
therefore, are predicted to significantly impa
criteria pollutant levels.

B.2.3 Toxic Air 
Pollutants—General 
Approach

Unlike a production facility with well-defined
operational processes and schedules, LANL i
research and development facility with gre
fluctuations in both the types of chemica
emitted and their emission rates.  Becau
LANL’s toxic air pollutant emission rates are
relatively low (compared to releases from
production facilities), vary greatly, are release
B–41
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from hundreds of sources spread out over a large
geographic area, and are well below the state’s
permitting threshold limits,  toxic air pollutant
emissions are not monitored.  Current emission
rates and stack parameter information necessary
to conduct a conventional air quality analysis of
the releases of toxic air pollutants are therefore
not available.

An alternative approach was developed
specifically for this analysis to estimate the
potential air quality impacts of these pollutants.
This approach is based on the use of screening
level emission values (SLEVs).  SLEVs are
conservatively estimated hypothetical emission
rates for each of the toxic air pollutants that
could potentially be emitted from each of
LANL’s TAs and that would not result in air
quality levels harmful to human health under
current or future conditions.  These SLEVs were
compared with conservatively estimated
pollutant emission rates on a TA-by-TA basis to
determine potential air quality impacts of toxic
air pollutants from LANL operations.  This
process consisted of the following steps:

• From over 2,000 chemical compounds 
listed as being used at LANL, 382 toxic air 
pollutants (including 51 carcinogens) were 
selected for consideration based on 
chemical properties, volatility, and toxicity.

• A methodology based on SLEVs was used 
to estimate the potential worst-case impacts 
of the toxic air pollutants.  SLEVs for each 
chemical for each TA were compared with 
emission rates conservatively estimated 
from chemical use rates.  If a conservatively 
estimated emission rate for a given 
pollutant from a given TA was less than 
SLEV, that pollutant emission source was 
deemed not to have the potential to cause 
significant air quality impacts, and, as such, 
no detailed analyses was required; if SLEV 
was less than the estimated emission rate 
for a given pollutant from a given TA, a 
more detailed analysis was conducted.

• An additive impact analysis was conducte
to estimate the potential total impact from 
the emissions of each pollutant from more
than one TA and the total incremental 
cancer risk from all of the carcinogenic 
pollutants combined at any of the sensitive
receptor locations considered.

The methodology used in this analysis followe
modeling guidelines for toxic pollutants
established by the EPA (EPA 1988, EPA 1992
EPA 1992e, and EPA 1992f) in that it first use
screening level evaluations based o
conservative assumptions and resulting 
maximum potential impacts, followed by mor
detailed analyses based on more realis
assumptions.  The overall procedure used 
this air quality assessment, including th
development of SLEVs, is summarized i
Figures B.2.3–1 and B.2.3–2.  Also shown o
these figures are the procedures used to comp
SLEVs with the available emission data and t
steps taken to evaluate the pollutants w
potentially significant impacts.  Each pollutan
with the potentially significant impacts (as 
result of the screening-level analyses) w
subjected to progressively more detailed a
more realistic evaluations.  

B.2.3.1 Toxic Pollutants— 
Methodology for Individual 
Pollutants

Screening Level Analysis

Once SLEVs (both short-term and long-term
were established for each of the toxic a
pollutants on a TA-specific basis (attachment
Methodology), a comparison was mad
between these values and conservative
estimated emission rates based on the Expan
Operations Alternative.  A ratio was develope
for each chemical by dividing the SLEV by th
estimated emission rate (SLEV/Q).  

These results, in the form of worksheets (
example for TA–3 is provided in attachment 5
B–42
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FIGURE B.2.3–1.—Process Used for Evaluating Toxic Air Pollutants.
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FIGURE B.2.3–2.—Procedures for Evaluating Potential Impacts of 
Toxic Air Pollutant Emissions from Each Technical Area.
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were presented to knowledgeable site personnel
who are aware of the activities and processes
that are currently occurring at each TA as well
as those that might occur in the future.  In order
to streamline the process, the relationship
between SLEVs and the estimated emission
rates for each TA were presented in two data
sets.  

The first data set included those chemicals with
SLEV/Q ratios greater than 100.  For each of
these chemicals, a determination was made as to
whether the utilization of that chemical would
increase by more than one hundred times under
future operation(s) of LANL under any of the
project alternatives considered.  Essentially, this
meant that for each TA a determination had to
be made as to whether the utilization of a
chemical would increase over current use rates
by a factor of 100.  If a determination could be
made that the future use of that chemical would
not increase by this factor, no further evaluation
of that chemical was required.  If such a
determination was not possible, a more detailed
analysis was conducted.

The second data set included all the chemicals
with a SLEV/Q ratio less than 100, and included
those chemicals with a SLEV/Q ratio greater
than 1 but less than 100, as well as those
chemicals with a ratio less than 1.  For each
chemical with a ratio greater than 1 but less than
100, an evaluation was made as to whether the
estimated emissions under any of the future
alternatives would exceed the SLEV.
Essentially, this meant that for each TA a
determination had to be made as to whether the
utilization of that chemical would increase over
current use rates by a factor greater than the
SLEV/Q ratio.  If a determination could be
made that the future use of that chemical would
not increase by this factor, no further evaluation
of that chemical was required.  If such a
determination was not possible, a more detailed
analysis was conducted.   For those chemicals
with a SLEV/Q ratio less than 1 (i.e., SLEVs
were potentially being exceeded under current

conditions), more detailed analyses we
conducted.

Two exceptions to the details associated w
this approach were made.  Information on t
TAs for high explosives operations wer
derived using a model more appropriate f
screening short-term exposure concentratio
under those conditions (attachment 13).  T
second involved screening the emissions 
chemicals from The Health Researc
Laboratory (HRL) at TA–43.  Because of th
proximity of HRL to actual receptors, al
analyses for carcinogens as well a
noncarcinogens were performed for actu
receptors rather than fence line recepto
(attachment 14).

Detailed Analysis

The detailed air quality analysis consisted 
one or both of the following steps:

• Development of emission rates and sourc
terms parameters using actual process 
knowledge

• Dispersion modeling using actual stack 
parameters and receptor locations

Two consequences may result from the detai
analysis for each chemical from each TA:  (
either there is no potential to contravene a G
(in which case no additional analyses we
required), or (2) there is a potential t
contravene a GV (in which case addition
analyses were required).  A pollutant with th
potential to contravene a GV was subject 
evaluation in the health and ecological ris
assessment process for this SWEIS.
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B.2.3.2 Results of the Toxic 
Pollutant Analysis— 
Individual Pollutants

Screening Level

The first data set considered those chemicals
with SLEV/Q ratios greater than 100.  For more
than 90 percent of the toxic air pollutants, a
determination was made (based on current and
proposed operations of the TAs) that the
utilization of these chemicals would not
increase by more than 100 times under any of
the project alternatives.  The second data set
included chemicals with SLEV/Q ratios greater
than 1 but less than 100, and ratios less than 1.
A determination was made as to whether the
utilization of that chemical would increase over
current use rates by a factor greater than the
SLEV/Q ratio.  The list of carcinogens also was
reduced from 51 to 35 because some of the
chemicals are no longer used and are not
projected for future use.  Based on worksheets
for the chemicals in these data sets, and
information on potential future use, operations
at 13 locations were identified with the potential
to exceed a GV. 

Detailed Analysis

Detailed analyses were conducted  for the
following emission sources:

• Methylene chloride emissions at TA–3 
(attachment 7)

• Beryllium emissions at TA–3 
(attachment 8)

• Nickel dust emissions at TA–3 (attachment 
9)

• Paint booth (primarily volatile organic 
compound) emissions at TA–3 and TA–60 
(attachment 10)

• Incinerator emissions (primarily metals and 
volatile organics) at TA–16 (attachment 11)

• Emissions (primarily volatile organic 
compounds) from open burning operations 

at the High Explosives Treatment and 
Disposal Facility at TA–16 (attachment 12

• Emissions (primarily metals) from High 
Explosives Firing Site (HEFS) operations a
TA–14, TA–15, TA–36, TA–39, and TA–40
(attachment 13)

• Emissions (primarily volatile organic 
compounds) from the Health Research 
Laboratory at TA–43 (attachment 14)

• Chloroform emissions at TA–53 
(attachment 15)

• Beryllium emissions at TA–55 (attachmen
16)

• Nitric and hydrochloric acid emissions at 
TA–55 (attachment 17)

• Nitric and hydrochloric acid emissions at 
TA–59 (attachment 18)

• Ozone Emissions at TA–53 (attachment 1

Detailed Analyses—Results

Emissions from two sources were referred to t
health and ecological risk analysis process.  T
analysis for TA–43 showed the potential 
exceed the GVs for four chemical carcinoge
from HRL:  chloroform, trichloroethylene,
formaldehyde,  and acrylamide.

The detailed analysis for HEFF indicated th
the same chemicals that had the potential
exceed a GV in the previous screening ste
would also have the potential to exceed th
respective GVs using somewhat differe
parameters and a different model than used
the screening analysis.  A different model w
used in the detailed analysis in order to provi
output data in a form more readily usable for t
health risk analysis.  Additional information o
the following chemicals was referred to th
health and ecological risk assessment proc
for this SWEIS:  

• Depleted uranium, beryllium, and lead from
TA–15

• Depleted uranium, beryllium, and lead from
TA–36
B–46
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• Beryllium and lead from TA–39
• Depleted uranium and lead from TA–14

B.2.3.3 Toxic Pollutants— 
Methodology for Combined 
Impacts Analyses

The following analyses were conducted to
ensure that the combined effects from the
releases of all of the chemicals from all the TAs
would not exceed the GVs.

Noncarcinogens

An analysis of potential short-term impacts at a
TA’s fence line receptors showed that the 8-
hour impacts from the releases of that TA were
significantly greater (i.e., more than two orders
of magnitude) than the impacts from the
releases of a nearby TA.  This is because the
TAs are relatively far apart in comparison to the
distances between the emission sources of a TA
and its fence line receptors.  Therefore, it is
unlikely that the additive short-term impacts of
noncarcinogenic pollutants at the fence line
receptors of a TA would be significantly
different from the maximum concentrations
previously estimated for that TA.

An analysis of annual potential impacts at
sensitive receptors showed that these impacts
were significantly less (i.e., less then two orders
of magnitude) relative to the appropriate GVs
than the corresponding short-term impacts at the
fence line receptors.  Therefore, it is unlikely
that the additive annual impacts of the
noncarcinogenic pollutants at the sensitive
receptors would be significant.

Carcinogens

Two different versions of additive impacts for
carcinogens are presented.  Both consider
impacts at sensitive receptors based on annual
ambient concentrations of pollutants.  Short-
term additive impacts for carcinogens at fence
line receptors were not considered for the same

reasons as for noncarcinogens.  However, lon
term impacts at sensitive receptors we
considered because EPA considers in th
standard setting process that risk fro
carcinogens can be additive for all carcinogen
chemicals.

The first version considered whether emissio
of the same chemical from all TAs (whether o
not it was actually used at that TA), at the SLE
rate (whether or not that maximum rate w
actually projected at that TA) would exceed th
total guideline risk value of 1 x 10-6.  The risk
due to exposure at the maximum concentrati
over a lifetime for any receptor for each of th
TAs was added to the separately calculat
maximum concentration for any receptor fo
each of the other TAs, regardless of whether 
same receptor was indicated.

The second version modeled simultaneo
emissions of the same chemical at actu
projected rates for each of the TAs, an
recorded the maximum concentration at a
receptor location.  The risk due to exposure
that concentration over a lifetime was the
added to the risks calculated in a similar fashi
for each of the other chemicals.  Risks we
added regardless of whether or not the sa
receptor was involved.  That total risk was al
compared to the guideline risk value of 1 x 10-6

of any excess cancer from a lifetime o
exposure.

B.2.3.4 Toxic Pollutants—Results of 
Combined Impact Analysis

Releases of Each Carcinogenic Pollutant 
from All TAs

The estimated combined cancer risk associa
with releases of each of these pollutants from 
TAs is 1.23 x 10-7, which is below the GV of
1.0 x 10-6.  As such, no potentially significan
air quality impacts were estimated.
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Releases of All Carcinogenic Pollutants from 
All TAs

Results of this analysis are presented in
attachment 6.  As shown, the potential
combined incremental cancer risk associated
with releases of all carcinogenic pollutants from
all TAs is slightly above the GV of 1.0 x 10-6.

The major contributors to the estimated
combined cancer risk values are chloroform,
formaldehyde, and trichloethylene from HRL at
TA–43 and multiple sources for methylene
chloride.  The estimated maximum cancer risk
for each of these individual pollutants is 8.74 x
10-7, 5.17 x 10-8, 6.73 x 10-8, and 6.84 x 10-8,
respectively.  Of these, the relative contribution
of chloroform emissions alone to the combined
cancer risk value is more than 87 percent.  The
impacts of TA–43 emissions are due to a
combination of relatively high emission rates,
close proximity between receptors and sources,
and the elevation of the receptors.

Because the result of this analysis was slightly
above the specified GV of 1.0 x 10-6 and a

simplifying but conservative approach was us
that added the maximum risk from eac
chemical even though different receptors m
have been involved, a more detailed analy
that considered the impact at each speci
receptor location was conducted.  This mo
refined analysis estimated the combined can
risk at each of the 180 sensitive recept
locations. 

As shown in attachment 6, the combine
incremental cancer risks associated wi
releases of all carcinogenic pollutants from a
TAs at the receptor locations where the
impacts actually occur are slightly above th
GV of 1.0 x 10-6 at the two locations within the
LANL medical center: 1.17 x 10-6 at a receptor
in an air intake duct and 1.07 x 10-6 at an
operable window.  Because the estimated can
risk at these two receptor locations is slight
above the GV of 1.0 x 10-6, these results were
referred to the health and ecological ris
assessment processes for this SWEIS.
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ATTACHMENT 1
ANALYSIS OF CRITERIA POLLUTANTS FROM 

COMBUSTION SOURCES

Technical Areas:  TA–3, TA–8, TA–15, TA–16, TA–18, TA–21, TA–22, TA–33, TA–35, TA–39
TA–41, TA–43, TA–46, TA–48, TA–49, TA–50, TA–53, TA–54, TA–55, TA–58, TA–59, TA–61
TA–63, and TA–64. 

Emission Sources

The sources of criteria pollutant emissions at LANL are mostly combustion facilities.  The la
contributors are steam plants and an asphalt plant.  There are also several smaller sourc
following emission sources were considered:

Note:

Emissions from the following smaller combustion sources also were considered.

• 62 miscellaneous boilers located at various TAs
• 149 standby emergency generators (7 natural gas, 50 diesel, and 92 gasoline fueled)

Pollutants Considered

As required by the Clean Air Act, NAAQS have been established for six major air pollutants:  C
NO2, ozone (O3), particulate matter smaller than 10 microns (PM10), SO2, and lead (Pb).  Each of thes
pollutants was considered.

MAJOR SOURCES LOCATION FUEL

Steam Plant TA–3–22–1 Natural gas/oil # 2

Steam Plant TA–21–357–1 Natural gas/oil # 2

Replacement Boiler TA–16–4 Natural gas

Replacement Boiler TA–16–5 Natural gas

Replacement Boiler TA–16–6 Natural gas

Replacement Boiler TA–16–13 Natural gas

Asphalt Heater TA–3–73–2 Oil #2

Water Pump TA–54–1013 Natural gas

Incinerator TA–16 Solid waste/waste oil
B–49
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Emission Rates

Major Assumptions

1. For the dual-fueled boilers, fuel oil emission rates were used to estimate short-term concent
and natural gas emission rates were used to estimate annual emission rates.

2. Emission factors were obtained from EPA’s Compilation of Air Pollution Emission Fac
(AP-42) (EPA 1995).

3. Peak load emission rates (ERpeak load) were estimated based on the capacity of each unit.

ERpeak load = Unit Capacity / Design Capacity x Emission Factor
Heating Value of Fuel

See Tables A and B of this attachment.

4. Annual average emission rates (ERannual) were based on the annual fuel consumption ra
(assuming that a 100 percent capacity was used). 

ERannual = Emission Factor x Fuel Usage

See Table C of this attachment.

5. PM10 emissions during the combustion of diesel and gasoline fuels or fuel oil were conserva
assumed to be half of the total suspended particulate (TSP) emissions.  Particulates emitte
the combustion of natural gas are less than 1 micron (1 micrometer) in diameter; hence, for
gas combustion, PM10 emissions were considered equal to TSP emissions. 

6. It was conservatively assumed, as per New Mexico Air Quality Bureau’s guidelines,
40 percent of exhausted NO was converted to NO2 when the exhaust plume reached fence l
receptors a few hundred meters away from the source.  Conversion to NO2 depends on the presenc
of ozone in the surface atmospheric layer.  It usually takes several hours for full conversion

7. Based on the LANL information, it was assumed that emergency and standby generators o
maximum of four continuous hours a day.

Dispersion Modeling Analysis

The EPA Industrial Source Complex model, Version 3 (ISC–3) was applied in the analysis of c
pollutants.  ISC–3 is a steady-state Gaussian dispersion model validated to be used in a sho
long-term mode in regulatory and nonregulatory applications.  The model is capable of ha
multiple point sources, stack-tip downwash calculation, buoyancy-induced dispersion, as w
having an algorithm to account for the aerodynamic downwash due to the nearby buildings.  The
options that were used to analyze emissions from combustion sources are as follows:

• In the ISC–3 short-term mode:
— Stack-tip downwash
— Buoyancy-induced dispersion
B–50
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— Final plume rise
— Calm winds processing
— Default wind profile exponents and potential temperature gradients
— Simple terrain
— Rural dispersion
— Aerodynamic downwash (where applicable)
— Constant emission rates throughout the modeling period
— No precipitation scavenging

Other assumptions include:

• All chemicals are released to the atmosphere rather than used in process or product, or se
waste disposal or recycling after use.

• There is no time spent indoors or inside automobiles; whereas, people actually spend more
80 percent of their time indoors.  Being inside would cut the concentration by half as a min

Modeling Procedures

1. TA–3, TA–21 and TA–16 boiler plants were modeled using actual emission locations and
stack parameters, as provided by LANL.  Wake effects of the boiler buildings and buildings
immediate vicinity of the emission sources were considered.

2. The waste incinerator at TA–16, the water pump at TA–54, and the asphalt plant heaters a
were modeled using actual locations and stack parameters, as obtained from LANL.  Wake
of the incinerator building were considered.  

3. The emission rates of the other combustion sources considered (i.e., small boilers and stan
emergency generators—natural gas, diesel and gasoline fueled) were summed up by 
modeled as if their combined emissions were released from the center of the TA where th
located.  The following prototypical stack and stack parameters were assumed for each o
sources.  

• Stack height:  6 meters
• Stack diameter:  0.5 meters
• Stack exit velocity:  9 meters per second
• Stack temperature:  127°C

4. Impacts from combustion sources were considered for both peak and normal (annual a
operating conditions.  Peak load emissions were used to estimate short-term impacts and
average emissions were used to estimate long-term impacts.

5. Emergency and standby generators were modeled to estimate short-term impacts only.

6. Five years of Los Alamos meteorological on-site observations for years 1991 through 199
used in dispersion analysis.  These 5 years of data were obtained by using the EPA PC RA
program, with surface observations and morning and afternoon mixing heights data as inpu
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surface observations were collected at the TA–6 meteorological tower at LANL.  Mixing he
data were estimated based on the Albuquerque upper air observations and Santa Fe surfa

7. Lead emissions from incinerator and oil-fired asphalt heaters (the two combustion sourc
continuously emit lead) were modeled using actual source parameters.  Concentrations
sensitive receptors were found 5 orders of magnitude lower than the NAAQS quarterly sta
for lead of 1.5 micrograms per cubic meter.  

8. Background concentrations were conservatively assumed to be 20 percent of the corres
standard.

Results:

Nitrogen Dioxide Modeling Analysis for Combustion Sources at LANL

Initial modeling of NOx concentrations resulted in a modeled 24-hour concentration
519.76 micrograms per cubic meter (based on ISCST3 modeling).  The applicable 24-hour st
per New Mexico Ambient Air Quality Control Standards (AAQS) is 147 micrograms per cubic m
(adjusted for temperature and pressure [elevation]).  Thus, based on the preliminary analysx
modeled concentrations are above the New Mexico AAQS.  Therefore, the following method
was used to evaluate the NO2 concentrations.

New Mexico Air Quality Bureau—NO2 Modeling Methodology.  The Bureau has approved tw
screening techniques for estimating NO2 concentrations from NOx point sources.  The first techniqu
is a partial conversion rate of 40 percent, which is only applicable to 24-hour concentra
Therefore, if the NOx concentration is 200 micrograms per cubic meter, the NO2 concentration can be
assumed to be 80 micrograms per cubic meter.  The second technique is that some sources 
to examine the atmospheric chemistry in a more rigorous manner.  The guidance provides fo
Ozone Limiting Method (OLM) to more accurately determine NO2 concentrations.  OLM should be
used to resolve, if possible, any NO2 standard exceedances at each receptor that shows a violatio

Modeling Analysis.  Using this partial conversion rate of 40 percent, the acceptable 24-hour sta
for LANL would be 368 micrograms per cubic meter [147 micrograms per cubic meter per 0.4
NOx.  For the annual concentration analysis, no conversion was used, and the full modeled valu
considered while comparing the results with the applicable ambient air standards.

All the receptors above the 24-hour threshold NOx value of 368 micrograms per cubic meter we
identified from the output table listing of 50-maximum 24-average concentration values.  The re
50-maximum value table includes several header records identifying the concentration, date
modeled concentration (ending hour of the averaging period), and the receptors (X and Y coordi

Based on the ISCST3 output file, there are only two 24-hour concentrations above 368 microgra
cubic meter.  To demonstrate compliance with the ambient air standard, OLM analysis was con
for these two receptors.
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Estimation of NO2 Concentrations Resulting from NOx Point Sources

• The first step is to use a screening technique (a standard Gaussian dispersion model [ISCS
estimate the maximum NOx concentrations.

• The second step involves estimating the fraction of this NOx concentration occurring as NO2.

Although NO2 may be emitted directly to the atmosphere, most of it is formed as a result of rea
between NO and various other gases.  The reaction with ozone is an effective means of conver
to NO2.  In heavily polluted areas, reaction between NO and organic radicals provides an add
source of NO2.  A third source of NO2 is the thermal conversion process: 

 2NO + O2 = 2NO2.

Ozone Limiting Method.  The Ozone Limiting Method (OLM) involves an initial comparison of t
estimated maximum NOx concentration, (NOx)max and the ambient O3 concentration to determine
which is the limiting factor to NO2 formation.

If the O3 concentration is greater than (NOx)max, total conversion is assumed.  If (NOx)max is greater
than the O3 concentration, the formation of NO2 is limited by the ambient O3 concentration.

The following expressions detail the procedure:

1. A standard dispersion model ISCST3 is used to calculate (NOx)max.

2. (NOx)max is separated into two components:

• Thermal conversion portion.  For combustion sources, this is estimated to be equal to 
0.10(NOx)max.

• The remaining NO subject to conversion by O3 equal to 0.90 (NOx)max.

3. If (O3)ambient is greater than 0.90(NOx)max, then assume that all of the NO is converted to N2,
i.e., (NO2)max = (NOx)max.

If 0.90(NOx)max is greater than (O3)ambient, then set (NO2)max = (O3)ambient + 0.10(NOx)max.

4. (NO2)max computed for the source is added to the NO2 background.

The OLM program used for this analysis was BEE-LINE Software Inc., Version 2.5 (1995).  I
OLM analysis, the default value for the NO2 factor, micrograms per cubic meter to parts per millio
is 1882.8091.  This is one of the required input values by the OLM model.  The corrected
(according to Bureau’s Dispersion Modeling Guidelines) at an elevation of 7,000 fe
1,473.4 micrograms per cubic meter, which was used in this OLM analysis. 

Based on this OLM run, none of the receptors was found to exceed the NO2 ambient air 24-hour
standard of 147 micrograms per cubic meter.  The maximum ozone corrected NO2 value was only
90 micrograms per cubic meter.  Therefore, maximum modeled NO2 concentrations are below th
applicable standards.

As shown in the  following table, estimated criteria pollutant concentrations from combustion so
at LANL were within (i.e., less than) all national or State of New Mexico AAQS.  
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Results of Criteria Pollutants Analysis—Expanded Operations Alternative

POLLUTANT
TIME 

PERIOD

MAXIMUM 
ESTIMATED 

LANL IMPACTS
(µg/m3)

ASSUMED 
BACKGROUND 

CONCENTRATIONS a

(µg/m3)

TOTAL POLLUTANT 
CONCENTRATIONS

(µg/m3)

CONTROLLING 
AMBIENT AIR 

QUALITY 
STANDARDS

(µg/m3)b

Carbon 
Monoxide

1 hour

8 hours

2,712

1,436

2,350

1,560

5,062

2,996

 11,750

7,800

Nitrogen 
Dioxidec

24 hours

Annual

90c

9

29

15

119

24

147

74

Sulfur 
Dioxide

3 hours

24 hours

Annual

254

130

18

205

41

8

459

171

26

1,025

205

41

Total 
Suspended 
Particulates

24 hours

Annual

18

2

30

12

48

14

150

60

PM10 24 hours

Annual

9

1

30

10

39

11

150

50

Lead 3 months 
(calendar 
quarter)

0.7 x 10-4 0.30 0.30 1.5

a No data exists for background values.  It was conservatively assumed that background concentrations were 20 percent of t
corresponding standard.  Because there are almost no other combustion sources in and around LANL, the background 
concentrations would be much less than the 20 percent assumed concentrations.

b New Mexico Ambient Air Quality standards for some of the pollutants are stated in parts per million (ppm).  These values w
converted to micrograms per cubic meter (µg/m3), with appropriate corrections for temperature and pressure (elevation) followi
New Mexico Dispersion Modeling Guidelines (revised January 1996). 

c New Mexico Air Quality Bureau accepts OLM to more accurately determine NO2 concentrations.  The 24-hour maximum modeled
concentration for NOx was 520 µg/m3.  This concentration, when modeled using OLM, is only 90 µg/m3 for NO2.

Note:  Ozone Analysis:  Hourly ozone monitoring data from the BNM monitoring station for 1992 to 1994 were analyzed.  The
1-hour of the fourth-highest values for the years 1992, 1993, and 1994 are 0.070 ppm, 0.066 ppm, and 0.072 ppm, respectivThe 
3-year average of the annual fourth-highest maximum 1-hour concentration is 0.069 ppm.  This value is about 58 percent o-
hour standard of 0.120 ppm.  Therefore, DOE believes that when 8-hour data are analyzed in the future, these would show
values than the new 8-hour standard of 0.08 ppm.
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Toxic Chemicals Considered for the 
Analysis

NO. TOXIC AIR POLLUTANTS

NONCARCINOGENIC  POLLUTANTS

1 1,1-Dichloroethane 

2 1,1,2-Trichloro-1,2,2-Trifluoroethane 

3 1,1-Dichloro-Nitroethane

4 1,4-Dioxane

5 1,1,1-Trichloroethane

6 1,2,4-Trimethylbenzene 

7 1,2-Dichloroethylene

8 1,3,5-Trimethylbenzene 

9 1-Chloro-1-Nitropropane

10 1-Nitropropane

11 2,4,6-Trinitrotoluene (TNT)

12 2-Aminopyridine

13 2-Butoxyethanol

14 2-Butoxyethanol Acetate 

15 2-Diethylaminoethanol 

16 2-Ethoxyethanol (EGEE) 

17 2-Ethoxyethyl Acetate (EGEEA) 

18 2-Hydroxypropyl Acrilate

19 2-Methoxyethanol (EGME) 

20 2-Methoxyethyl Acetate

21 2-Methyl-Cyclopent. Mang.Tricarbonyl 

22 4-Methoxyphenol

23 a-Methyl Styrene

24 Acetic Acid

25 Acetic Anhydride

26 Acetone 

27 Acetonitrile 

28 Acetophenone 

29 Acetylene 

30 Acetylene Tetrabromide

31 Acrolein

32 Acrylic Acid

33 Adiponitrile 

34 Allyl Alcohol

35 Allyl Glycidyl Ether (AGE) 

36 Aluminum, Metal Dust, as Al

37 Aluminum Alkyls not otherwise classified

38 Aluminum Pyro Powders, as Al

39 Aluminum, Welding Fumes, as Al

40 Amitrole

41 Ammonia

42 Ammonium Chloride (Fume)

43 Aniline and Homologues

44 Anisidine (o-, p-isomers)

45 Antimony and Compounds, as Sb

46 Arsine 

47 Asphalt (Petroleum) Fumes

48 Benzenethiol 

49 Benzoyl Peroxide

50 Biphenyl 

51 Bismuth Telluride

52 Boron Oxide 

53 Boron Trifluoride

54 Bromine 

55 Bromine Pentafluoride

56 Bromoform 

57 Butyl Mercaptan

58 Carbon Black

59 Carbon Disulfide 

60 Carbon Tetrabromide 

61 Catechol

62 Cesium Hydroxide

Toxic Chemicals Considered for the 
Analysis-Continued

NO. TOXIC AIR POLLUTANTS
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63 Chlorinated Camphene 

64 Chlorine 

65 Chlorine Trifluoride

66 Chloroacetaldehyde

67 Chloroacetyl Chloride

68 Chlorobenzene 

69 Chlorodifluoromethane

70 Chromium III comp., as Cr

71 Cobalt Carbonyl, as Co 

72 Cobalt Hydrocarbonyl, as Co 

73 Cobalt, el. & inorg. comp., as Co

74 Copper, Dusts & Mists, as Cu

75 Copper, Fume, as Cu

76 Cresol (all isomers) 

77 Crotonaldehyde

78 Cumene 

79 Cyanamide

80 Cyanogen

81 Cyanogen Chloride

82 Cyclohexane

83 Cyclohexanol

84 Cyclohexanone

85 Cyclohexene

86 Cyclohexylamine

87 Cyclopentadiene

88 Cyclopentane 

89 Decaborane

90 Di-sec, Octyl Phthalate 

91 Diacetone Alcohol

92 Diazinon 

93 Diazomethane 

94 Dibutyl Phosphate

Toxic Chemicals Considered for the 
Analysis-Continued

NO. TOXIC AIR POLLUTANTS

95 Dibutyl Phthalate 

96 Dichlorodifluoromethane 

97 Dichlorofluoromethane

98 Dichlorovos 

99 Dicyclopentadiene 

100 Dicyclopentadienyl Iron 

101 Diethyl Ketone

102 Diethyl Phthalate

103 Diethylamine

104 Diethylene Triamine

105 Diisoproprylamine

106 Dimethoxymethane 

107 Dimethyl Amine 

108 Dimethyl Phthalate 

109 Dimethyl Sulfate

110 Dinitro-o-Cresol 

111 Dinitrobenzene (all isomers)

112 Dinitrotoluene 

113 Diphenylamine 

114 Dipropyl Ketone

115 Diprop. Glycol Methyl Ether

116 Divinyl Benzene

117 Endrin

118 Enflurane 

119 Ethanol

120 Ethanolamine

121 Ethion

122 Ethyl Acetate

123 Ethyl Benzene 

124 Ethyl Bromide

125 Ethyl Chloride 

126 Ethyl Ether

Toxic Chemicals Considered for the 
Analysis-Continued

NO. TOXIC AIR POLLUTANTS
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127 Ethyl Formate

128 Ethyl Mercaptan

129 Ethylamine 

130 Ethylene Chlorohydrin

131 Ethylene Diamine

132 Fibrous Glass Dust 

133 Fluorides, as F

134 Fluorine

135 Formamide

136 Formic Acid

137 Furfural

138 Furfuryl Alcohol

139 Gasoline

140 Germanium Tetrahydride

141 Glutaraldehyde

142 Hafnium

143 Hexafluoroacetone

144 Hexamethylene Diisocyanate 

145 Hexane (other isomers)*

146 Hexylene Glycol

147 Hydrogen Bromide 

148 Hydrogen Chloride 

149 Hydrogen Cyanide 

150 Hydrogen Fluoride, as F 

151 Hydrogen Peroxide 

152 Hydrogen Sulfide 

153 Hydroquinone

154 Indene

155 Indium & compounds, as In

156 Iodine

157 Iodoform

158 Iron Oxide Fume, as Fe

Toxic Chemicals Considered for the 
Analysis-Continued

NO. TOXIC AIR POLLUTANTS

159 Iron Pentacarbonyl, as Fe

160 Iso-Amyl Acetate

161 Iso-Amyl Alcohol

162 Isobutane 

163 Isobutyl Acetate

164 Isobutyl Alcohol

165 Isobutyronitrile 

166 Isooctyl Alcohol

167 Isophorone 

168 Isophorone Diisocyanate

169 Isopropoxyethanol

170 Isopropyl Acetate

171 Isopropyl Alcohol

172 Isopropyl Ether

173 Isopropylamine

174 Kerosene 

175 Lead, el. & inorg. compounds, as Pb

176 Lithium Hydride

177 m-Cresol  

178 m-Phenylenediamine 

179 m-Toluidine

180 Magnesium Oxide Fume

181 Maleic Anhydride 

182 Malononitrile 

183 Manganese Comp., as Mn 

184 Manganese as Mn Fume

185 Mercury (in. forms, incl. m.Hg) 

186 Mercury Alkyl Compounds 

187 Mercury Aryl Compounds 

188 Methacrylic Acid

189 Methoxychlor 

190 Methyl 2-Cyanoacrylate

Toxic Chemicals Considered for the 
Analysis-Continued

NO. TOXIC AIR POLLUTANTS
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191 Methyl Acetate

192 Methyl Acetylene 

193 Methyl Acrylate

194 Methyl Alcohol 

195 Methyl Cyclohexane 

196 Methyl Ethyl Ketone (MEK) 

197 Methyl Formate

198 Methyl Hydrazine 

199 Methyl Iodide 

200 Methyl Isobutyl Carbinol

201 Methyl Isobutyl Ketone 

202 Methyl Isocyanate 

203 Methyl Mercaptan

204 Methyl Methacrylate 

205 Methyl n-Amyl Ketone

206 Methyl n-Butyl Ketone

207 Methyl Propyl Ketone

208 Methyl Silicate

209 Methylacrylonitrile

210 Methylamine

211 Methylene Bisphenyl Isocyanate 

212 Molybdenum as Mo Insol. Comp.

213 Molybdenum as Mo Sol. Comp.

214 Morpholine

215 n,n-Dimethyl Acetamide

216 n,n-Dimethylaniline 

217 n,n-Dimethylformamide 

218 n-Amyl Acetate

219 n-Butyl Acetate

220 n-Butyl Acrylate

221 n-Butyl Alcohol

222 n-Butyl Glycidyl Ether (BGE)

Toxic Chemicals Considered for the 
Analysis-Continued

NO. TOXIC AIR POLLUTANTS

223 n-Butylamine

224 n-Heptane 

225 n-Hexane 

226 n-Methylaniline

227 n-Propyl Acetate

228 Naphtalene 

229 Nickel Carbonyl, as Ni 

230 Nickel Sol. & In. Comp., as Ni

231 Nicotine

232 Nitric Acid

233 Nitric Oxide 

234 Nitrobenzene 

235 Nitroethane

236 Nitromethane

237 Nitrotoluene 

238 Nitrous Oxide 

239 Nonane

240 o-Chlorostyrene

241 o-Chlorotoluene

242 o-Dichlorobenzene

243 o-Methylcyclohexanone

244 o-Phenylenediamine 

245 o-Toluidine 

246 Octane

247 Oil Mist, Mineral

248 Osmium Tetroxide, as Os

249 Oxalic Acid

250 p-Nitroaniline 

251 p-Nitrochlorobenzene

252 p-Phenylenediamine

253 p-Toluidine 

254 Paraffin Wax Fume

Toxic Chemicals Considered for the 
Analysis-Continued

NO. TOXIC AIR POLLUTANTS
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255 Paraquat Dichloride 

256 Paraquat Respirable Sizes

257 Particulate Matter, Resp. Dust

258 Pentachlorophenol 

259 Pentaerythritol 

260 Pentane (all isomers) 

261 Perchloromethyl Mercaptan

262 Phenol 

263 Phenothiazine 

264 Phenylhydrazine

265 Phenylphosphine 

266 Phosgene 

267 Phosphoric Acid

268 Phosphorus 

269 Phosphorus Oxychloride

270 Phosphorus Pentachloride

271 Phosphorus Trichloride

272 Picric Acid

273 Platinum Metal

274 Potassium Hydroxide 

275 Propane 

276 Propargyl Alcohol

277 Propionic Acid

278 Propionitrile 

239 Propyl Alcohol

280 Propylene Glycol Monomethyl Ether 

281 Pyridine

282 Rhodium Metal

283 sec-Butyl Acetate

284 sec-Butyl Alcohol

285 Selenium Compounds, as Se

286 Silica, Cristobalite 

Toxic Chemicals Considered for the 
Analysis-Continued

NO. TOXIC AIR POLLUTANTS

287 Silica, Quartz

288 Tridymite, Respirable Dust

289 Silica, Fused (respirable) 

290 Silicon Tetrahydride

291 Silver (met. dust & sol. comp., as Ag)

292 Stoddard Solvent

293 Sulfur Hexafluoride

294 Sulfuric Acid

295 Sulfuryl Fluoride

296 Tantalum Metal 

297 Tellurium & Compounds, as Te 

298 Terphenyls

299 tert-Butyl Alcohol

300 Tetraethyl Lead 

301 Tetrahydrofuran 

302 Tetranitromethane

303 Tetrasodium Pyrophosphate

304 Thioglycolic Acid

305 Thionyl Chloride 

306 Tin, metal

307 Tin Organic Compounds, as Sn

308 Tin Oxide & Inorg. Comp., as Sn

309 Toluene 

310 Toluene-2,4-diisocyanate (TDI) 

311 Tributyl Phosphate

312 Trichloroacetic Acid

313 Triethylamine 

314 Trimethyl Benzene

315 Trimethyl Phosphite

316 Trimethylamine

317 Triphenylamine

318 Triphenylphosphate

Toxic Chemicals Considered for the 
Analysis-Continued

NO. TOXIC AIR POLLUTANTS
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319 Tungsten as W insoluble Compounds

320 Turpentine

321 Uranium (nat.) Sol. & Unsol. Comp. as U

322 Vanadium, Respirable Dust & Fume

323 Vinyl Acetate 

324 Vinyl Toluene

325 Vinylidene Fluoride 

326 VM & P Naphtha

327 Welding Fumes not otherwise listed 

328 Wood Dust (certain hard woods )

329 Xylene (o-, m-, p-Isomers) 

330 Yttrium

331 Zinc Chloride Fume

332 Zinc Oxide Fume

333 Zinc Chromate, as Cr

334 Zirconium Compounds, as Zr

CARCINOGENIC  POLLUTANTS

335 Acetaldehyde

336 Acrylamide

337 Acrylonitrile

338 Allyl Chloride

339 Aldrin

340 Arsenic, el. & inorg., exc. Arsine, as As

341 Asbestos

342 Benzene

343 Benzidine

344 Benzo(a)pyrene

345 Benzyl Chloride

346 Beryllium

347 Bis(Chloromethyl)Ether (BCME)

348 1,3-Butadiene

Toxic Chemicals Considered for the 
Analysis-Continued

NO. TOXIC AIR POLLUTANTS

349 Cadmium, el. & compounds, as Cd

350 Carbon Tetrachloride

351 Chloroform

352 Chlordane

353 Chromium VI

354 Diethanolamine

355 3,3-Dichlorobenzidine

356 Epichlorohydrin

357 Ethyl Acrylate

358 Ethylene Dibromide

359 Ethylene Dichloride

360 Ethylene Oxide

361 Formaldehyde

362 Hexachlorobenzene

363 Hexachlorobutadiene

364 Hexachloroethane

365 Hydrazine

366 Lindane

367 Methyl Chloride

368 Methylene Chloride

369 Nickel, metal (dust)

370 Polychlorinated Biphenyl (PCB)

371 Propylene Dichloride

372 Propylene Oxide

373 Styrene

374 Tetrachlorethylene

375 Trichloroethylene

376 Vinyl Chloride

377 1,1-Dichloethylene

378 1,1,2,2-Tetrachloroethane

379 1,1,1,2-Tetrachloroethane

Toxic Chemicals Considered for the 
Analysis-Continued

NO. TOXIC AIR POLLUTANTS
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380 1,1,2-Trichloroethane

381 1,2-Dibromo-3-Chloropropane

382 2-Nitropropane

Toxic Chemicals Considered for the 
Analysis-Continued

NO. TOXIC AIR POLLUTANTS
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l 

Set of Sensitive Receptors for Nonradiological 

Air Quality Analysis

RECEPTOR 
ID

RECEPTOR NAME

1 Entrance Park

2 Airport

3 East Park

4 Sombrillo Facility

5 Canyon School Park

6 Canyon Elementary School

7 Furr’s Supermarket

8 Canyon Road Park

9 Pine Street Playlot

10 YMCA

11 Post Office

12 Community Shopping Center

13 Community Center Park

14 Masonic Temple

15 Unitarian Fellowship Church and 
Sage Montessori School

16 Church of Latter Day Saints

17 Fuller Lodge and Park

18 Ashley Pond

19 Mesa Public Library

20 Senior Center

21 United Church of Los Alamos and 
Canyoncito Montessori School

22 Jewish Center

23 Orange Street Playlot

24 Larry Walkup Aquatic Center

25 Immaculate Heart of Mary Catholic 
Church

26 Los Alamos High School

27 Episcopal Church

28 Los Alamos Medical Center

29 Methodist Church and ARK Daycare 
Center

30 Sullivan Field

31 Mesa Complex

32 Ed’s Food Market

33 Western Area Park

34 Ridgeway Playlot

35 Pueblo Complex

36 37th Street Playlot

37 Aspen Elementary School

38 Walnut Street Playlot

39 Urban Park

40 Mountain School

41 Church of Christ

42 Fantasy Playlot

43 Golf Course

44 Guaje Pines Cemetery

45 Park

46 Picnic Area

47 Los Alamos Middle School

48 North Mesa Picnic Grounds

49 Rodeo Arena

50 Playlot

51 Barranca School

52 Barranca Mesa Park

53 Park

54 Overlook Park

55 Chamisa Elementary School

56 Mountain Meadow Playlot

57 Teddy Bear Junction

58 WR Shopping Center

59 Piñon Park

60 Piñon Elementary School

61 Grand Canyon Park

62 Jeffrey Playlot

63 Rover Park

64 Sage Montessori School

65 Park

66 Park

67 Community Club

68 Park

69 Park

70 Park

Set of Sensitive Receptors for Nonradiologica
Air Quality Analysis-Continued

RECEPTOR 
ID

RECEPTOR NAME
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l 
71 First Baptist Church and Busy Bee 
Daycare and Playschool

72 Little Forest Daycare

73 North Mesa Ballfields

74 36th Street Tennis Courts

75 Covenant Christian School

76 Hilltop Christian Academy

77 Los Alamos Sportman’s Club

78 Royal Crest RV and Mobile Home 
Park

79 Camp May

80 Pajarito Ski Area

81 Los Alamos Reservoir

82 Duchess Castle Ruins

83 Tsankawi Ruins

84 Mortandad Cave

85 Otowi Ruins

86 Puye Cliffs

87 Two-Mile Mesa Trail

88 LANL Fitness Trail

89 Cuba

90 Jemez Springs

91 Coyote

92 Abiquiu

93 Chimayo

94 San Ysidro

95 Bernalillo

96 Corrales

97 Cedar Crest

98 Golden 

99 Madrid

100 Lamy

101 Village of Agua Fria

102 Santa Fe

103 Tesuque

104 Española

105 Santa Cruz

Set of Sensitive Receptors for Nonradiological 
Air Quality Analysis-Continued

RECEPTOR 
ID

RECEPTOR NAME

106 El Rancho

107 Jaconita

108 Pojoaque

109 Nambe

110 Cuyamungue

111 Eldorado

112 Gallina

113 Alcalde

114 Ojo Caliente

115 Dixon

116 Taos

117 Picuris Pueblo

118 Nambe Pueblo

119 Tesuque Pueblo

120 Santa Clara Pueblo

121 San Juan Pueblo

122 San Ildefonso Pueblo

123 Cochiti Pueblo

124 San Felipe Pueblo

125 Santa Ana Pueblo

126 Jemez Pueblo

127 Jemez Pueblo

128 Jemez Pueblo

129 Sandia Pueblo

130 Taos Pueblo

131 Jicarilla Apache Indian Reservation

132 Acoma Pueblo

133 Isleta Pueblo

134 Mescalero Apaches

135 Abiquiu Lake

136 Cochiti Lake

137 Fenton Lake

138 Las Cumbres Learning Services

139 Zia Pueblo

140 Zia Pueblo

141 Zia Pueblo

142 Bandelier National Monument

Set of Sensitive Receptors for Nonradiologica
Air Quality Analysis-Continued

RECEPTOR 
ID

RECEPTOR NAME
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l 
143 Santo Domingo Pueblo

144 Crownpoint Navajo Indian 
Reservation

145 Taos Pueblo

146 Taos Pueblo

147 Trail on North Side of White Rock

148 White Rock Canyon Rim Trail

149 Red Dot Trail

150 Trail on West Side of Pajarito Acres

151 Trail on East Side of LANL

152 Trail on East Side of LANL

153 Fey Trail

154 Trail West of Frey Trail

155 Lower Frijoles Canyon Trail

156 Trail on North Side of Bandelier 
National Monument

157 North Side of Bandelier National 
Monument

158 Burnt Mesa Trail

159 Burnt Mesa Trail

160 Trail South of Burnt Mesa Trail

161 Burnt Mesa Trail

162 Burnt Mesa Trail

163 Burnt Mesa Trail

164 Upper Frijoles Crossing Trail

165 Water Canyon Trail 281

166 Canyon de Valle Trail

167 Trail South of Pajarito Canyon
Trail 280

168 Nature Loop

169 Pueblo Canyon Trail

170 Pueblo Canyon Trail

171 Pueblo Canyon Trail

172 Pueblo Canyon Trail

173 Pueblo Canyon Trail

174 Pueblo Canyon Trail

175 Elevated Receptors at TA–43

176 Elevated Receptors at TA–43

Set of Sensitive Receptors for Nonradiological 
Air Quality Analysis-Continued

RECEPTOR 
ID

RECEPTOR NAME

177 Elevated Receptors at TA–43

178 Elevated Receptors at TA–43

179 Elevated Receptors at TA–43

180 Elevated Receptors at TA–43

Set of Sensitive Receptors for Nonradiologica
Air Quality Analysis-Continued

RECEPTOR 
ID

RECEPTOR NAME
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ATTACHMENT 4
DISPERSION MODELING METHODOLOGY USED TO 
DEVELOP SCREENING LEVEL EMISSION VALUES

Dispersion Modeling Analysis

The EPA’s Industrial Source Complex Air Quality Dispersion Model (ISC–3) was used fo
dispersion analyses conducted for this study.  The ISC–3 model, which applies a steady-state G
plume equation for a continuous source, is a validated model that is often used to estimate air
impacts from existing and proposed sources of air pollutants.  The ISC–3’s short-term algorith
used to estimate 8-hour and annual concentrations at each of the receptor locations.  Flat ter
assumed.  An emission rate of 1 gram per second was used to establish the relationship 
emission rate and concentration at the maximum receptor location for each TA.

The regulatory default options that were used include:

• Rural dispersion algorithm
• Final plume rise
• Stack-tip downwash
• Building downwash
• Buoyancy-induced dispersion
• Default wind speed and vertical temperature profiles
• Terrain receptors, equal to and below the height of the lowest stack

The land use within or near Los Alamos (using the EPA-recommended Auer’s technique [Auer 
was considered to be rural.  As such, the Pasquill-Gifford rural dispersion coefficients were us
all dispersion analyses.

Five years of Los Alamos meteorological on-site observations for years 1991 through 1995 we
in dispersion analysis for nonradiological air emissions.  These 5 years of data were obtained b
the EPA PC RAMMET program, with surface observations and morning and afternoon mixing h
data as inputs.  The surface observations were collected at the TA–6 meteorological tower at
Mixing heights were estimated based on the Albuquerque upper air observations and Santa Fe
data.

Because the TA stacks and nearby buildings may be subject to building downwash (i.e., stack
may be less than good-engineering practice [GEP] stack heights), the controlling prototypical b
dimensions were entered as input into the dispersion analysis.  Trinity Consultants’ Breeze
(TCI 1996) BPIP (Building Profile Input Program [EPA 1993a]) computer software were use
determine direction-specific building dimensions (height, projected width, and GEP stack heigh

Because there are no other significant sources of toxic air pollutants near LANL facilities, backg
air toxin levels were assumed to be zero.
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 LANL
rovided
The ISC–3-estimated maximum 8-hour and annual pollutant concentrations associated with
TAs, for a test case of 1 gram per second, using 1991 through 1995 meteorological data, are p
in Table A of this attachment.
B–76



Air Quality—Attachment 4

 
TABLE  A.—The ISC–3 Estimated 8-Hour and Annual Concentrations Associated with LANL
Technical Areas Using 1991–1995 Meteorological Data

8-HOUR ESTIMATED CONCENTRATIONS (µg/m 3)a

METEOROLOGICAL DATA c

TA 1991 1992 1993 1994 1995

00 279.49560 229.43240 276.49660 248.43500 287.41440

2 513.64450 473.75730 568.91710 509.66990 560.53440

3 163.81105 198.62587 155.75540 164.33449 155.43233

5 149.90700 162.09580 128.37780 138.83980 183.12160

8 324.95227 305.07642 251.05130 273.90700 321.50980

9 310.63486 244.58514 245.01843 262.47159 260.73364

11 353.89670 481.48288 365.60450 346.11150 285.51890

15 290.83716 292.22995 225.39305 219.32697 200.88281

16 123.92935 179.15591 150.07620 113.51302 122.97661

18 910.98451 665.79895 842.05798 787.37677 946.91431

21 432.78125 312.27692 427.35263 372.58060 403.49457

22 488.72080 524.60850 435.44110 446.54640 523.14040

33 177.21200 112.63840 120.58750 139.54990 118.77170

35 576.44983 557.09857 612.55536 610.81940 592.49658

36 282.37897 204.94788 295.61194 219.22858 389.92822

39 233.96115 285.91559 159.50490 249.67120 276.70010

40 322.70642 296.88312 323.19415 479.85321 367.77228

41 490.36520 657.47140 676.38990 709.29850 666.62910

46 318.06880 460.12480 297.29060 341.28820 299.20180

48 488.90000 534.90000 568.60000 589.30000 556.10000

50 456.40000 453.60000 484.60000 593.56396 478.00000

51 359.90330 430.70670 562.89490 421.93490 494.20170

53 190.86334 150.54651 147.59128 220.65263 209.51642

54 147.87006 207.02702 169.36514 219.19812 141.96089

55 860.71283 739.73020 968.98750 821.74750 1017.25200

59 684.99225 769.20410 730.56140 653.36480 769.62010

60 223.43800 250.81170 176.93660 274.93510 179.31870

61 234.10380 177.12100 218.73490 196.43460 253.92700

64 615.90990 784.60700 499.29060 462.26250 613.96380
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ANNUAL ESTIMATED CONCENTRATIONS (µg/m 3)b

METEOROLOGICAL DATA c

TA 1991 1992 1993 1994 1995

00 2.19354 1.76703 2.02104 1.69840 1.95963

2 4.48941 4.29066 4.98455 4.54396 4.59531

3 2.15460 1.96920 2.45068 2.46536 2.30553

5 0.74664 0.76824 0.73882 0.72562 0.67348

8 1.37394 1.26414 1.25554 1.22274 1.40186

9 0.60227 0.60095 0.71872 0.61262 0.56950

11 0.86231 0.81774 0.52535 0.45393 0.53742

15 0.29479 0.31361 0.28034 0.28057 0.26807

16 0.60160 0.78717 0.48017 0.61480 0.43183

18 0.46945 0.46511 0.43969 0.50015 0.45972

21 3.49665 2.61230 3.90596 3.67452 3.96519

22 0.51278 0.54939 0.58868 0.55958 0.52204

33 1.07322 0.99352 0.97370 1.06143 1.11189

35 0.55983 0.54803 0.65824 0.64655 0.60591

36 0.37314 0.39786 0.35679 0.34646 0.37540

39 2.55763 2.26826 3.05966 2.88462 2.97997

40 0.56740 0.54473 0.54502 0.60511 0.52467

41 5.10670 4.54171 5.34982 5.40181 5.26285

46 0.66202 0.54784 0.55816 0.52594 0.57425

48 2.69000 2.25000 2.88000 2.94752 2.82000

50 0.56421 0.59867 0.64865 0.57143 0.57586

51 0.52689 0.57286 0.62493 0.71755 0.66236

53 2.13802 2.31454 2.42821 2.31592 2.25865

54 0.68160 0.61071 0.69577 0.78755 0.68274

55 0.58653 0.65019 0.67169 0.63840 0.57909

59 1.61045 1.49807 1.86697 1.76562 1.87894

60 3.53892 3.61417 3.45185 3.48662 3.48484

61 3.79212 4.02321 4.07485 4.00865 3.79064

64 1.51835 1.34770 1.40558 1.43161 1.54660

Notes:
a 8-hour pollutant concentrations were estimated at the fence line receptors located around each TA.
b Annual pollutant concentrations were estimated at the sensitive receptors.
c Bold entries indicate that the highest concentration occurs for this year of the meteorological event.

TABLE  A.—The ISC–3 Estimated 8-Hour and Annual Concentrations Associated with LANL
Technical Areas Using 1991–1995 Meteorological Data-Continued
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ATTACHMENT 5
EIGHT-HOUR SCREENING LEVEL EMISSION VALUES 

(TABLE 1) AND ANNUAL SCREENING LEVEL EMISSION 
VALUES FOR CHEMICALS (TABLE 2) TA–3 EXAMPLE 

WORKSHEETS
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Air Quality—Attachment 5
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Air Quality—Attachment 5
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Air Quality—Attachment 5
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Air Quality—Attachment 5
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Air Quality—Attachment 5
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Air Quality—Attachment 5
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Air Quality—Attachment 5
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ATTACHMENT 6
ADDITIVE IMPACT ANALYSIS ASSOCIATED WITH THE 

COMBINED RELEASES OF CARCINOGENIC 
POLLUTANTS FROM ALL TECHNICAL AREAS

Technical Area(s): TA–00, TA–2, TA–3, TA–5, TA–8, TA–9, TA–11, TA–15, TA–16, TA–18
TA–21, TA–22, TA–33, TA–35, TA–36, TA–39, TA–40, TA–41, TA–43, TA–46, TA–48, TA–50
TA–51, TA–53, TA–54, TA–55, TA–59, TA–60, TA–61, and TA–64

Emission Sources 

Releases of Noncarcinogenic and Carcinogenic Air Pollutants From All LANL TAs

Title III of the Clean Air Act (CAA) Amendments of 1990 sets a framework for regulating source
toxic air pollutants. According to the provisions of the CAA, “after the implementation of
maximum achievable control technology, it is necessary to assess the residual risks due to 
emissions to the population near each source of emissions.”

This assessment includes the determination of noncancer health effects of noncarcinoge
pollutants based on the estimation of long-term and short-term ambient concentrations o
pollutants, and the determination of lifetime cancer risk exposure of carcinogenic air pollutants
on the estimation of long-term ambient concentrations of these pollutants.  The determination in
performing analytical (modeling) simulations of the air pollutants dispersion for all emission so
of concern.  Such simulations are then coupled with health effects information and compa
available population data to quantify human exposure, noncancer health risk, cancer ris
ecological risks. 

For carcinogenic air pollutants, the level of concern is the risk of an individual contracting can
being exposed to ambient concentrations of that pollutant over the course of a lifetime, or li
cancer risk. The criteria specified in the CAA is 1.0 x 10-6 (1 in 1,000,000) lifetime cancer risk for th
individual exposed to the highest predicted concentration of a pollutant.  Lifetime cancer r
estimated by multiplying the predicted annual ambient concentration (in micrograms per cubic 
of a specific pollutant by the unit risk factor for that pollutant, where the unit risk factor is equal 
upper bound lifetime cancer risk associated with inhaling a unit concentration (1 microgram pe
meter) of that pollutant.

EPA has developed unit risk factors for a number of possible, probable, or known human carcin
which are available from its Integrated Risk Information System (IRIS) database. 

According to EPA 1992f, “cancer risks resulting from exposure to mixtures of multiple carcino
pollutants are to be assessed by summing the incremental cancer risks due to each individual p
regardless of the type of cancer that may be associated with any particular carcinogen.  Th
approach assumes that all cancer risks are additive and all worst-case impacts occur at t
location.  While this assumption may not be very realistic, it does help to insure that resu
conservative, and, therefore protective to the public.”
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Noncarcinogenic Pollutants

An analysis of potential short-term impacts at a TA’s fence line receptors showed that the 
impacts from the releases of that TA were significantly greater (i.e., more then two orde
magnitude) than the impacts from the releases of a nearby TA.  This is because the TAs are re
far apart in comparison to the distances between the emission sources of a TA and its fen
receptors.  Therefore, it is unlikely that the additive short-term impacts of noncarcinogenic poll
at the fence line receptors of a TA would be significantly different from the maximum concentra
previously estimated for that TA.

An analysis of annual potential impacts at sensitive receptors showed that these impac
significantly less (i.e., less then two orders of magnitude) relative to the appropriate Guideline 
(GVs) than the corresponding short-term impacts at the fence line receptors.  Therefore, it is u
that the additive annual impacts of the noncarcinogenic pollutants at the sensitive receptors w
significant.

Carcinogenic Pollutants

All carcinogenic air pollutants that are currently being used at LANL or are anticipated to be
under the future alternatives were included in the additive impact analysis. 

TA–2, TA–5, TA–11, TA–36, TA–40, TA–41, and TA–64 do not currently use carcinogenic pollu
and do not anticipate using them under the future alternatives.  As such, these TAs were not i
in the additive impact  evaluation.

Emission Rates of Pollutants Considered 

Annual emission rates of the carcinogenic pollutants used were those developed for both key a
key facilities for each pollutant that had an SLEV/Q ratio less than one, based on process kno
and chemical usage for the Expanded Operations Alternative.  For those carcinogenic po
released from key or non-key facilities, within both key and non-key TAs, for which such emi
data were not specifically developed for this analysis, emission rates were estimated based
either from the RAPS Report or ACIS database, or were assumed to be at SLEV levels. 

Beryllium emissions from all LANL sources (i.e., TA–3 CMR Building 29, TA–3 Machine Sh
Complex, TA–35 Building 213, and TA–55 Building 15 Chemical Laboratory) were modeled u
LANL’s permitted emission rates.

Estimated emission rates of each of the carcinogenic pollutants considered in the additive i
analysis for releases of all carcinogenic pollutants from all TAs are presented in Table A.
B–143
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Dispersion Modeling Analysis

The additive impact analysis was conducted with the EPA’s ISC–3 Model using 5 years of o
meteorological data.  All buildings near emission sources within the zone of influence at each TA
included in the downwash effects evaluation. 

The incremental cancer risk from the release of a pollutant was estimated by multiplying the ma
ISC–3-estimated annual average concentration of that pollutant by its unit risk factor.  

Major Assumptions Used in the Dispersion Analysis

• Emissions would be released simultaneously from LANL operations over 8,760 hours a ye
• Incremental cancer risks are additive. 
• There is no reduction of the ambient concentrations by entry into buildings and deposition w

them.

Results

Releases of Each Carcinogenic Pollutant from All TAs

The potential additive impact of the emissions of each of the carcinogenic pollutants from all 
TAs was estimated by assuming that each pollutant was emitted from all of the TAs at the SLEV
The maximum receptor for the release from each TA was added to the maximum receptor fro
of the other TAs.  This analysis was conducted for one of the pollutants, and the results were 
to each of the other pollutants.  This approach is legitimate because the relationship between
and GVs are identical for all of the pollutants for each TA due to the fact that they are based
same dispersion-related X/Q (concentration related to the emissions) ratio. 

Results of the analysis are presented in Table B. For illustrational purposes, the cancer risk as
with the releases of three pollutants (arsenic, benzene, and formaldehyde) at their SLEV relea
are shown in Table B. 

As shown, the combined cancer risk associated with releases of each of these pollutants from
is 1.23 x 10-7, which is below the GV of 1.0 x 10-6.

Releases of All Carcinogenic Pollutants from All TAs

A total of 35 carcinogenic pollutants were considered in the additive impacts analysis of emiss
all carcinogenic pollutants from all of the TAs.  These are the carcinogenic pollutants that are cu
being used at LANL or are anticipated to be used under the site’s future alternatives.  The 
average concentrations of each pollutant were estimated assuming that all pollutants were 
simultaneously from all of the TAs. 

The maximum concentration of each pollutant from the simultaneous release from all TA
determined by modeling the emission rates from Table A and recording the highest concentratio
a listing of 180 receptors.  The combined cancer risk was then estimated by summing up the
risk of each individual pollutant at these (maximum) concentrations, even though the recepto
B–144
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have been different.  This value was then compared with an allowable incremental cancer 
1.0 x 10-6.  Results of this analysis are presented in Table C.  As shown, the potential com
incremental cancer risk associated with releases of all carcinogenic pollutants from all TAs is
the GV of 1.0 x 10-6.

Because the predicted combined additive impact of all carcinogenic pollutants released from 
is above the specified GV of 1.0 x 10-6, a more detailed analysis that considered the impact at 
receptor locations was conducted.  This more refined analysis estimated the combined cance
each of the 180 sensitive receptor locations with a focus on the pollutants with the greatest cont
to the combined cancer risk from the previous step. 

For each of these critical pollutants (chloroform, formaldehyde, methylene chloride, 
trichloethylene), the maximum cancer risk  was estimated at each of the 180 receptor location
the highest values of the annual concentrations estimated using 5 years of meteorological data
receptor.  Cancer risk values at receptors #28 and #175 through #180 (the highest value
computed for all the other chemicals, also using the highest value of the annual concentration es
using 5 years of meteorological data for those receptors.  For receptors other than those just me
default values of the maximum concentration of any of the receptors were recorded in Table D f
of the chemicals other than the four critical pollutants.

As shown in Table D, the combined incremental cancer risk associated with releases 
carcinogenic pollutants from all TAs at the receptor locations where these impacts actually oc
above the GV of 1.0 x 10-6 at the two locations within the LANL Medical Center, 1.17 x 10-6 at
Receptor #175 (air intake duct at a height of 3.7 feet [12.2 meters]) and 1.07 x 10-6 at Receptor #180
(an operable window at a height of 0.46 feet [1.5 meters]).

The major contributors to the estimated combined cancer risk values are pollutants primarily re
from TA–43, the Health Research Laboratory (HRL). The critical pollutants are chlorof
formaldehyde, and trichloethylene from the HRL and methylene chloride from multiple so
(TA–3, TA–9, TA–16, TA–35, TA–46, and TA–48).  The estimated maximum cancer risk for ea
these individual pollutants is 8.74 x 10-7, 5.17 x 10-8, 6.73 x 10-8, and 6.84 x 10-8, respectively.  Of
these, the relative contribution of chloroform emissions alone to the combined cancer risk v
more than 87 percent. 

The impacts of TA–43 emissions are due to a combination of relatively high emission rates
proximity between receptors and sources, and the elevation of the receptors.  Receptors at or
Medical Center, where these impacts are estimated, are #28 and #175 through 180 in attach
Sensitive Receptors.  Receptor #28 is a ground level receptor.  Receptors #175 through 
elevated (i.e., air intakes at a height of up to 3.7 feet [12 meters] and operable windows at a h
0.46 feet [1.5 meters] above the ground) and are at the distance of less than 30.5 feet (100 met
the nearest stack on the roof of the HRL.

Because the estimated cancer risk at these two receptor locations is above the GV of 1.0 x 10-6, these
results are subject to a risk assessment analysis.
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Air Quality—Attachment 6-0
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Air Quality—Attachment 6
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Air Quality—Attachment 6-0
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Air Quality—Attachment 6
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Air Quality—Attachment 6
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Air Quality—Attachment 6
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Air Quality—Attachment 6
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Air Quality—Attachment 6
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LANL SWEIS

ATTACHMENT 7
AIR QUALITY IMPACT ASSESSMENT OF THE TA–3 

CHEMICAL AND METALLURGY RESEARCH FACILITY 
(CMR) METHYLENE CHLORIDE EMISSIONS

Technical Area:  TA–3, CMR Facility

Emission Source(s) 

An emission source of methylene chloride is located at the CMR Facility, Building 29 (Stack
ID FE–20).  Methylene chloride is used for analysis of soil samples.  During the concentrating phase,
the extracted methylene chloride is evaporated and emitted to the atmosphere.

Source Term Parameters

Stack parameters and their locations are provided in Table A. 

Emission Rates of Pollutants Considered

The annual emission rate of methylene chloride was estimated to be 700 pounds a year under the
Expanded Operations Alternative operating schedule (Table A).  It was assumed that these emissions
would be released over 8,760 hours of operation per year.

Dispersion Modeling Analysis

Air quality impacts analysis was conducted with the EPA’s ISC–3 Model using 5 years of on-site
meteorological data.  All nearby buildings within the zone of plume influence were considered in the
downwash analysis.  The highest annual average concentration estimated by the ISC–3 Model at any
of sensitive receptors was used to estimate the incremental cancer risk of the methylene chloride
release using its unit risk factor.

Results

Results of the analysis are presented in Tables B and C.  As shown in Table C, the maximum cancer
risk associated with release of methylene chloride from Building 29 of the TA–3 CMR facility is below
the Guideline Value of 1.0 x 10-8.
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ATTACHMENT 8
AIR QUALITY IMPACT ASSESSMENT OF THE TA–3 

BERYLLIUM EMISSIONS

Technical Area:  TA–3, Buildings 102 and SM141

Emission Source(s) 

Beryllium process development and machining operations at TA–3 are conducted in sup
ongoing beryllium research and are currently being refurbished.  Beryllium machining oper
conducted at TA–3–39 will be relocated to the new Sigma beryllium TA–3–141 in order to conso
the majority of the beryllium processing conducted at LANL.  The permitted beryllium opera
conducted at TA–3–102, TA–35–213, and TA–55, and the registered beryllium sources at TA
and TA–66 will remain in place.  The modified SM141 beryllium facility also will incorpor
operations and equipment from other DOE complexes. 

Emissions from the two stacks, one on the TA–3 Building 102, and the other on the Building S
were considered in the analysis.

Source Term Parameters

Stack parameters and their locations are shown in Table A. 

Emission Rates of Pollutants Considered

Annual emission rates of beryllium were estimated based on the draft permit application for S
and the existing air quality permit for the TA–3–102 facility.  Emissions from these facilities
released to the atmosphere through a high efficiency particulate air (HEPA) filtration system, 
removal efficiency of 99.95 percent.  Controlled emission rates are estimated to be 0.11 pou
year for SM141 facility, and 1.4 x 10-4 pounds per year for the TA–3–102 facility. 

Estimated annual emission rates of beryllium that were used in the analysis are shown in Tab
was assumed that emissions would be released over 8,760 hours of operation per year.

Dispersion Modeling Analysis

An air quality impacts analysis was conducted using EPA’s ISC–3 Model and 5 years of o
meteorological data.  All nearby buildings, including Buildings 102 and SM141, within the zo
stack plume influence were considered in the downwash analysis.  The highest annual conce
estimated by the ISC–3 Model (Table B) was used to compute the maximum combined cance
beryllium releases using its unit risk factor.
B–184
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 cancer
ity is
Results

Results of the analysis are presented in Tables B and C.  As shown in Table C, the combined
risk associated with releases of beryllium from Buildings 102 and SM141 of the TA–3 facil
2.41 x 10-9, which is below the Guideline Value of 1.0 x 10-8.
B–185
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ATTACHMENT 9
AIR QUALITY IMPACT ASSESSMENT OF THE TA–3 

SHOPS COMPLEX NICKEL DUST EMISSIONS

Technical Area:  TA–3, Shops Complex

Emission Source(s) 

The Shops Complex contains machining and inspection equipment to support LANL.  The missions
supported include nuclear weapons technology, stockpile management, nuclear materials production,
and general fabrication.  Nickel is machined in Building 102 of the Shops Complex facility.

Source Term Parameters

Stack parameters and locations are provided in Table A. 

Emission Rates of Pollutants Considered

The nickel dust generated from the machining process is exhausted through a series of in-line high
efficiency particulate air (HEPA) filters before entering a common shops baghouse control system and
exiting to the atmosphere.  The HEPA filter has a rated control efficiency of 99.97 percent, and the
baghouse has a measured control efficiency of 80 percent.  The amount of nickel currently being
machined is approximately 10 percent of what was machined in 1990.   The estimated annual emission
rate of the nickel dust used in the dispersion analysis is shown in Table A.  It was assumed that annual
emissions would be released over 8,760 hours of operation per year.

Dispersion Modeling Analysis

An air quality impacts analysis was conducted with EPA’s ISC–3 Model using 5 years of on-site
meteorological data.  All nearby buildings within the zone of plume influence were considered in the
downwash analysis.  The highest annual average concentration estimated by the ISC–3 Model at any
of sensitive receptors was used to estimate the incremental cancer risk of the nickel release using its
unit risk factor.

Results

Results of the analysis are presented in Tables B and C.  As shown in Table C, the maximum cancer
risk associated with release of the nickel dust from Shops Complex Building 102 of the TA–3 facility
is below the Guideline Value of 1.0 x 10-8.
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ATTACHMENT 10
AIR QUALITY IMPACT ASSESSMENT OF PAINT BOOTH 

EMISSIONS

Technical Areas:  TA–3, Building 38; TA–3, Building 39; and TA–60, Building 17

Emission Source: Paint Booth Operations

Paint booth operations occur at TA–3–38, TA–3–39, and TA–60–17.

Pollutant(s) Considered 

There are seven toxic, noncarcinogenic pollutants and one carcinogenic air pollutant that h
potential to be released into the atmosphere from the paint booth located at TA–3–38.
noncarcinogenic pollutants are 2-butoxyethanol, isobutyl acetate, isopropyl alcohol, toluene, tri
benzene, xylene, and particulate matter.  The carcinogenic pollutant is benzene.  These chem
constituents of oil-based paint and paint thinner.  Of these, toluene, trimethyl benzene, xylen
benzene are constituents of oil-based paint.  Isopropyl alcohol, 2-butoxyethanol, isobutyl aceta
toluene are constituents of the paint thinner. 

Because the chemical composition of the paints and thinner at TA–3–39 and TA–60–17 we
provided, it was assumed that paints and thinner compositions to be used at paint booths at T
and TA–60–17 are similar to those used at the TA–3–38 paint booth.

Emission Rates of Pollutants Considered 

To estimate annual emissions from painting operations from the paint booths, the information
the quantity of paints and thinner used annually at each TA and their density was obtained
information is presented in Tables A through E for each TA in the footnotes.  It was assumed th
and duration of painting operations conducted at TA–60–17 in 1994 (i.e., 528 hours per y
operations consisted of 240 hours per year of rack painting, plus 288 hours per year of main
painting) would apply to all painting activities conducted at the TA–3–38 and TA–3–39 paint bo
Hourly emission rates were estimated for 528 hours of operations per year using a correction f
five to approximate maximum hourly emission rates.  That is, the hourly emission rates were es
by dividing annual emission rates by 528 hours and then multiplying this value by five.

Estimated hourly and annual emission rates of toxic (noncarcinogenic and carcinogenic) air po
from paint booths at TA–3–38, TA–3–39, and TA–60–17 are presented in Tables A through F.

Emissions were modeled with EPA’s ISC–3 Model as point sources located on specified bu
(TA–3 Buildings 38 and 39, TA–60 Building 17).  The source terms were estimated bas
engineering judgment (stack height = 32.8 feet [10 meters], building height = 31.17 feet [9.5 m
stack diameter = 1.15 feet [0.35 meters], exit velocity = 16.41 feet per second [5 meters per s
and exit temperature = 293°K). 
B–189
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Two paint booth impact analyses were conducted, one to estimate short-term (8-hour) imp
noncarcinogenic and carcinogenic pollutants, and one to estimate long-term annual imp
carcinogenic pollutants.

Major Assumptions Used in the Analysis

• All paints and thinners used at TA–3–39 and TA–60–17 have similar composition and 
constituents as those identified for paints and thinner at TA–3–38.

• The type and duration of painting operations conducted at TA–60–17 would apply to all pai
activities conducted at TA–3–38 and TA–3–39 paint booths.

• Content of fine particles (less than 10 micrometers in size) is 50 percent of the total particu
matter content.

• Five percent of PM10 content would be released into the atmosphere through the emission co
equipment.

Results

Analysis of short-term (8-hour) impacts of noncarcinogenic air pollutants that have the potentia
released into the atmosphere under baseline conditions and under future alternatives show no
on ambient air quality.  The SLEV/Qh ratios for all pollutants considered are all greater than 
(Tables A, C, and E).  That is, the estimated pollutant levels are below the established Guideline
(GVs). 

Results of the annual impacts analysis of the carcinogenic pollutant presented in Tables B, D
show that benzene emitted from TA–3–38 and TA–60–17 failed the analysis with an SLEV/Qan ratio
less than one.  That is, the estimated benzene level is greater then the established GV.  This 
was further evaluated in the additive impact analysis.
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ATTACHMENT 11
AIR QUALITY IMPACT ASSESSMENT OF INCINERATOR 

EMISSIONS

Technical Area:  TA–16

Emission Source(s): Incineration of HE-Contaminated Paper and Oil

Two incinerator impact analyses were conducted, one for burning high explosives (HE)-contam
paper waste and one for burning HE-contaminated oil.

Incineration of HE-Contaminated Paper Waste

Maximum Firing Rate

The maximum HE-contaminated paper waste firing rate was estimated to be 2,204.6 p
(1,000 kilograms) per year in order to reflect the maximum amount of paper waste currently b
under baseline conditions and the expected maximum amount that is anticipated to be burne
any of the future alternatives.

Source Term Parameters (from incinerator specifications)

• Incinerator stack height above ground level = 28.15 feet (8.58 meters)
• Stack inner diameter = 1.83 feet (0.559 meters)
• Stack exit velocity = 22.97 feet per second (7 meters per second) (assumed based on eng

judgment)
• Stack exit temperature = 800°F (427°C) (assumed based on engineering judgment)
• Stack location = south-east corner of Building 1409 of TA–16

Pollutant(s) Considered 

Pollutants usually associated with the combustion of paper and wood waste are metals, acid
toxic organics such as CDD/CDF (i.e., groups of chlorinated homologs of dioxins and furans
criteria pollutants (CO, NOx, SO2, and PM10).  For conservativeness, only toxic pollutants with t
highest toxicity and  carcinogenicity, such as arsenic, hexavalent chromium, cadmium, nick
CDD/CDF were selected for evaluation.

Emission Rates of Pollutants Considered

Emission factors for toxic and criteria pollutants considered were obtained from EPA’s “Compi
of Air Pollutant Emissions Factors” (EPA 1995) (Table 2.1-9) for modular starved air combu
burning solid waste.  Emission factors for criteria pollutants were used for estimating long
emission rates because they are based only on long-term monitoring data.
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Estimated annual emission rates of the toxic and criteria pollutants that are based on the mos
AP–42 emission factors are shown in Tables A and B, respectively. 

Major Assumptions

• Incinerator would operate 250 hours a year (one burn per day, 5 days per week, and 50 we
year).

• 30 percent of the total chromium would be released in the form of hexavalent chromium.
• Emissions would be released over 8,760 hours of operation per year.
• The content of fine particulates (less than 10 micrometers in size) is 50 percent of the total

particulate matter emitted.

Results

Toxic Air Pollutants.  Because all of the toxic pollutants to be considered in the analysis
carcinogenic and annual impacts from these pollutants on ambient air are much more significa
the short-term (8-hour) impacts, only annual impacts were considered.  As shown in Table A, o
of the pollutants considered (CDD/CDF) had an estimated pollutant level greater than the esta
Guideline Value (GV) (i.e., the SLEV/Qa ratio is less than 1).  This pollutant will therefore be furth
evaluated as a part of the additive impact analysis.  None of the releases of other toxic pollutant
result in air quality impacts.

Criteria Air Pollutants.  As shown in Table C, estimated annual concentrations of the cri
pollutants (Can) are below the NAAQS.  That is, the NAAQS/Can ratios are always greater than 
None of the releases of criteria pollutants would result in air quality impacts.

Incineration of HE-Contaminated Oil

Maximum Firing Rate

The maximum HE-contaminated oil firing rate is 1,200 gallons (4,542.48 liters) annually an
gallons (37.85 liters) hourly. 

Source Term Parameters

The source term parameters are the same as were used in the analysis of HE-contaminated pa

Pollutant(s) Considered 

HE-contaminated oil generated by the High Explosives Processing Facility (HEPF) is not a “trad
waste oil,” and many of the toxic air pollutants (such as metals) are not constituents o
contaminated oil.  Therefore, metals were not considered in this analysis.  The composition of
were determined using EPA data (EPA 1995). Based on these data, it was assumed that, 
exception of metals, some specified organic compounds from VOCs, such as phenol, dichlorob
naphthalene, and benzo(p)pyrene, may be formed as products of incomplete combustion.  Th
B–201



LANL SWEIS

aste oil
.

and -5
 toxic
on rates
tively. 

eks per 

xic
d.  No
V).  As
 of toxic

teria
ne
are acid gases, such as hydrogen chloride that are usually detected in flue gases from w
combustion.  Based on these findings, toxic pollutants from waste oil burning were considered

Emission Rates of Pollutants Considered 

Emission factors for toxic and criteria air pollutants were obtained from Tables 1.11-1, -2, -3, 
of EPA 1995 for waste oil combustors.  Estimated maximum hourly emission rates of the
noncarcinogenic and criteria air pollutants are presented in Table D.  Estimated annual emissi
of the toxic carcinogenic pollutants and criteria pollutants are shown in Tables E and F, respec

Major Assumptions

• Incinerator would operate 250 hours a year (one burn per day, 5 days per week, and 50 we
year).

• Emissions would be released over 8,760 hours of operation per year.
• Percent of chlorine in oil is 0.1 percent by weight.
• Percent of ash in oil is 1 percent by weight.
• Sulfur content in oil is 1 percent by weight.

Results

Toxic Air Pollutants.  Both short-term (8-hour) and long-term (annual) impacts of the to
(carcinogenic and noncarcinogenic) air pollutants from waste oil incineration were considere
pollutants failed the analysis (i.e., the estimated pollutant levels are below the established G
shown in Tables D and E, the SLEV/Q ratios are always greater than 1.  None of the releases
pollutants would result in air quality impacts.

Criteria Air Pollutants.  As shown in Table G, estimated annual concentrations of the cri
pollutants (Can) are below the NAAQS (i.e., the NAAQS/Can ratios are always greater than 1).  No
of the releases of criteria pollutants would result in air quality impacts.
B–202
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ATTACHMENT 12
AIR QUALITY IMPACT ASSESSMENT OF OPEN 
BURNING OPERATIONS AT HIGH EXPLOSIVES 

TREATMENT AND DISPOSAL FACILITY

Technical Area:  TA–16 

Emission Source:  Open Burning Operations at High Explosives Treatment and Disposal Facil

There are three open burning emission sources at the High Explosive Processing Facilities (
These are all located at TA–16, High Explosives Treatment and Disposal Facility, and include th
burning of HE-contaminated solvents and oil, the open burning of scrap HE, and the flash
HE-contaminated materials that cannot be burned. 

Open Burning of HE-Contaminated Solvents and Oil at the Burn Pit Located at TA–16–394 

Pollutant(s) Considered 

There are two groups of emissions from open-burning operations of solvents and oil.  These 
toxic pollutants specified as volatile organics/hazardous air pollutants (VOC/HAP), and c
pollutants—primarily carbon monoxide and PM10.  There are no significant NOx emissions as a resul
of these activities because the relatively low temperatures associated with open burning s
emissions of NOx.

According to Tewerson (1985), some of the highly volatile chemicals associated with the b
solvents or oil include acetone, cyclohexane, ethanol, ethyl acetate, methyl alcohol, methy
ketone, butyl acetate, and toluene.  These chemicals were therefore selected for evaluation.

Emission Rates of Pollutants Considered 

Appropriate emission factors and fuel constituents were obtained from Tewerson (1985).
maximum amount of solvents and oil in a burn of 300 gallons (1,135.62 liters) and 1,200 g
(4,542.48 liters) per year, respectively, was obtained from site data.  Based on these values, th
of the fuel, and the assumption that the facility will operate 50 hours per year, an hourly emissio
of toxic and criteria air pollutants were estimated.  They are presented in Tables A and B, respe

Major Assumptions

• 50 hours of burn operations a year (50 burns per year at 1-hour length of burn.
• Content of fine particulates (less than 10 micrometers in size) is 50 percent of the total part

matter content.
• Emissions were modeled as surface-based volume sources using the EPA’s ISC–3 Model 

initial dispersion parameters estimated based on approximate burn tray dimensions.
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• Following the conservative technique used for estimating short-term impacts from all emiss
sources, all fence line receptor locations, regardless of whether the public has access to th
locations, were considered.

• Actual receptors will be considered for those sources where potential air quality impacts are
to occur.

Results

Toxic Air Pollutants.  Analysis of short-term (8-hour) impacts of the individual compone
comprising VOC/HAP emissions were considered at nearby fence line receptors.  The analysis
no impacts on ambient air quality; the SLEV/Qh ratios are all greater than one (Tables C and D).  T
is, the estimated pollutant levels are below the established Guideline Values (GVs).

Criteria Air Pollutants.  Two analyses were performed to estimate 8-hour SLEVs from open bur
of HE-contaminated solvents and oil at the burn pit at TA–16–394.

Because potential impacts were predicted at all fence line receptors, including locations to wh
public does not have access, the locations where the public does have access were considere
locations are along the south border of TA–16 near State Road 4, bordering Bandelier Natio
Monument, at 5,905.8 to 6,562 feet (1,800 to 2,000 meters) from the emission source.  A
locations, the estimated 8-hour SLEV/Qh ratios were all greater than one (Tables E and F). 

Annual impacts of criteria pollutants from open burning of HE-contaminated solvents and oil 
burn pit at TA–16–394 were not considered due to the fact that the annual estimated emissio
(Tewerson 1985, Tables E and F) were too small to cause impacts.

Open Burning of Scrap HE at the Burn Pit Located at TA–16–388 

Pollutant(s) Considered

The chemical constituents were selected for analysis based on information provided by Carter
Due to uncertainty in identifying these constituents and their amounts in the scrap HE, chem
different toxicities were selected to represent the range of toxic emissions that may be emitted
include hydrogen chloride, hydrogen fluoride, ammonia, ethanol, methyl alcohol, and acetylen

Emission Rates of Pollutants Considered 

Appropriate emission factors for selected VOC/HAP constituents were obtained from Table 3
document entitled “Air Emissions from Burning of Explosives” (Carter 1978).  The maximum 
amount of scrap HE burned per year, 106,526 pounds (48,320 kilograms), and the total es
amount of VOC/HAP emissions per year (257 pounds [116.57 kilograms]) were obtained fro
data.  In order to estimate emissions associated with the burning of individual VOC/HAP compo
it was assumed that the content of explosive components in scrap material is 1 percent.  Th
combustible components in scrap that account for at least 90 percent of composition are usually
or wood pallets.  Estimated hourly and annual emission rates of toxic VOC/HAP pollutants, wi
corresponding emission factors, are presented in Table G.
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Major Assumptions

• The same assumptions that were used in the analysis of open-burning HE-contaminated s
and oil at the Burn Pit Located at TA–16–394 are also made for this analysis.

• The content of explosive components in scrap material is 1 percent by weight.
• Emissions would be released over 8,760 hours of operations per year.

Results

Toxic Air Pollutants.  Two analyses were performed to estimate 8-hour SLEVs of the toxic pollu
from open burning of scrap HE.  Because potential impacts were predicted at fence line rece
which the public does not have access, the locations where the public does have acce
considered.  The highest estimated 8-hour SLEV/Q ratios at receptor locations along the south
of TA–16 near State Road 4, bordering Bandelier National  Monument, were found to be great
one for all pollutants considered (Table H).  That is, the estimated pollutant levels are belo
established GV.

Annual impact analysis of toxic air pollutants from burning of HE scrap was performed at the se
receptor locations.  Two toxic air pollutants for which inhalation reference concentrations (RfC
been established were considered:  hydrogen chloride and ammonia.  The SLEV/Qan ratios were found
to be greater than 1 for these toxic air pollutants (Table I).  That is, the estimated pollutant lev
below the established GV.  None of the releases of toxic pollutants would result in air quality im

Criteria Pollutants.  The same methodology that was used to estimate potential annual impact
toxic air pollutants was utilized to evaluate annual impacts of criteria pollutants.  Three c
pollutants were considered in the analysis, PM10, CO, and NO2.  Annual emission rates for thes
pollutants were obtained directly from site data.  The NAAQS/Qan ratios were greater than one for a
pollutants (Table J).  That is, the estimated pollutant levels are below the NAAQS.

Annual impacts of criteria pollutants from the flashing of unburnable HE-contaminated materials
not considered because the quantities of emissions from these operations on an annual basis 
smaller than those from scrap HE-burning operations, and were too small to cause any impac
B–213
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ATTACHMENT 13
AIR QUALITY IMPACT ASSESSMENT OF EMISSIONS 

FROM FIRING SITES

Technical Area(s):  TA–14, TA–15, TA–36, TA–39, and TA–40 of the High Explosives Firing 
Sites (HEFSs) 

Emission Sources   Detonation of High Explosives at HEFSs Testing Sites

Hydrodynamic experiments involving the detonation of high explosives are conducted at severa
within TA–14, TA–15, TA–36, TA–39, and TA–40.  These experiments are used to gain informat
on the physical properties and dynamic behavior of materials used in nuclear weapons and to 
the effects of aging on the nuclear weapons remaining in stockpile.  HEFSs combine the capa
testing explosives with the ability to evaluate explosion dynamics. 

Screening Analysis

Pollutant(s) Considered 

There are up to eight metals that may be emitted into the atmosphere in respirable form during
testing operations.  These include depleted uranium, beryllium, lead, aluminum, copper, tan
tungsten, and iron.  Two of these TAs (TA–15 and TA–36) have the potential to emit all of thes
metals; TA–39 may emit all of these metals with the exception of depleted uranium; TA–40 may emit
aluminum, copper, tantalum, tungsten, and iron; and TA–14 may emit depleted uranium and lead.

Three of the metals that may be emitted from HEFSs operations, beryllium, lead, and de
uranium, are highly toxic.  The 8-hour Guideline Values (GVs) developed for these pollutan
0.02 microgram per cubic meter, 0.5 microgram per cubic meter, and 2 micrograms per cubic
respectively.  The toxicity of depleted uranium is assumed to be the same as for a natural uraniu
other pollutants, copper, tungsten, tantalum, and iron, are moderately toxic, with 8-hour GVs b
10 micrograms per cubic meter and 50 micrograms per cubic meter.

These pollutants were all considered in the air quality impacts analysis.  Lithium hydride, anothe
pollutant released from HEFSs operations, was not considered because it is highly react
undergoes rapid chemical transformation to lithium hydroxide, which has a very low vapor pr
and no OEL.

Emission Rates of Pollutants Considered 

Total amounts of material that are expected to be used for HEFSs activities at each TA, togeth
the maximum annual and 8-hour respirable release rates were estimated from site operatio
Annual release rates were estimated using the assumption that the release fractions are 10 p
the total material exploded.  The 8-hour release rates of respirable particles were estimated
scale factor of 0.085.  That is, the 8-hour release was estimated by multiplying annual res
emission rate by a factor of 0.085.  This factor was derived from a consideration of the number 
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duration.  The 8-hour emission rate is needed for a comparison with the appropriate SLEV. 

Estimated emission rates of pollutants used in the dispersion modeling analysis for each 
presented in Table A.

Dispersion Modeling Analysis

EPA’s Puff Model

Total amount of materials released at each TA during HEFSs operations were modeled us
EPA’s Puff Model. 

Included in the EPA’s TSCREEN Model, the Puff Model is designed to assess the impacts of to
pollutants from instantaneous releases.  The model is applicable if the travel time to the recept
the source exceeds the release duration and if the release duration is less than the averagin
interest to the user. 

It is assumed that a HEFSs explosion in the atmosphere reasonably simulates an instantaneou
where all mass is released in less that 1 to 5 minutes. 

The Puff Model conservatively uses worst-case meteorological conditions to determine the ma
concentrations at receptors located directly downwind under the plume centerline.  The meteoro
conditions that result in a maximum concentration at each of the downwind distances are us
wind speed of 9.1 x 10-4 feet per second (1 meter per second), a low mixing height (984.2
1,640.40 feet [300 to 500 meters]), and stable atmospheric conditions.

The Puff Model assumes that all materials (emissions) are released during a very short period
(i.e., 1 to 5 minutes), with zero emissions the rest of the averaging time.  If the release duration
than the selected averaging time, the model calculates a concentration reduction based on ra
duration time to the averaging time.  That is, the estimated maximum instantaneous concentr
converted internally by the model to average 1-minute, 5-minute, 15-minute, and 60-m
concentrations.  For this analysis, 60-minute concentrations were estimated and these values w
converted to 8-hour values using a factor 0.125.

Model Inputs Used in the Dispersion Analysis

• The total amount of material released projected from the index for this operation
• The initial dispersion parameters were Y = 76.11 feet (23.2 meters) for lateral dispersion an

Z = 30.18 feet (9.2 meters) for vertical dispersion
• The downwind distances to the receptor locations were as follows:

— TA–14:  7,496.63 feet (2,285 meters)
— TA–15:  4,494.70 feet (1,370 meters)
— TA–36:  1,640.40 feet (500 meters)
B–226
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— TA–39:  3,001.93 feet (915 meters)
— TA–40:  4,215.83 feet (1,285 meters)

• Ground level release

Estimated emission rates of the pollutants are summarized in Table A.

Results

Estimated 8-hour pollutant concentrations (C8-hr) were compared with the project’s 8-hour GVs, 1/1
of  the OEL, for each pollutant.  Results of the analysis are presented in Table B. 

The GV/C8-hr ratios are less than one (i.e., the estimated concentration of a pollutants is great
its GV) for the following releases:

• Depleted uranium, beryllium, lead, aluminum, copper, tantalum, tungsten, and iron from TA
• Depleted uranium, beryllium, lead, copper, and iron from TA–36
• Beryllium, lead, aluminum, and copper from TA–39
• Depleted uranium and lead from TA–14
• Copper from TA–40

Based on the ratios, depleted uranium, beryllium, and lead are of particular concern.  Add
information for a health risk analysis was therefore provided in a further analysis.  Due to the fa
all releases from firing operations are short-term, the releases of these pollutants were not con
in the additive impact analysis, which is associated with long-term exposure. 

Detailed Analysis

Detailed dispersion modeling was done for HEFSs for the pollutants that exceeded the short-te
using the screening analysis.  This modeling was conducted using a combination of HOT
8.0 model and the ISCST3 model.  HOTSPOT was used to calculate the effective release he
lateral and vertical dimensions of the volume.  These calculated values were used in the I
modeling, which was run as a volume source model.

Modeling Assumptions

• Amount considered for each test = 154 pounds (70 kilograms)
• Using HOTSPOT, cloud top was calculated
• Cloud top = 76 (w)0.25, where w is in pounds, and cloud top height is in meters
• Cloud top for 154-pound (70-kilogram) HE detonation = 76 (154 pounds)0.25 = 878.3 feet 

(267.7 meters)
• Cloud radius = 0.2 x cloud top height
• Cloud radius = 0.2 x 267.7 meters

= 175.7 feet (53.54 meters)
• Effective release height = 0.6 (76) (w)0.25
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• Effective release height = 0.6 (76) (w)0.25

= 0.6 x 267.7 meters
= 524.9 feet (160 meters)

• Lateral dimension of the volume in meters, σy = 0.5 x cloud radius
• Vertical dimension of the volume in meters, σz= 0.2 x cloud top
• Lateral dimension of the volume in meters, σy = 0.5 x 53.54

= 87.8 feet (26.77 meters)
• Vertical dimension of the volume in meters, σz= 0.2 x cloud top

= 0.2 x 267.7
= 175.7 feet (53.54 meters)

Emission Sources Modeled

Both the Expanded Operations and the No Action Alternatives were modeled.

TA BERYLLIUM (B e) DEPLETED URANIUM (DU) LEAD (Pb)

 TA–14 —  X  X

 TA–15  X  X  X

 TA–36  X  X  X

 TA–39  X —  X
B–228
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native
of the
Modeled Emission Rates—Expanded Operations Alternative

The No Action Alternative emission rates are one-third of the Expanded Operations Alter
emission rates.  Therefore, modeling for the No Action Alternative was done using one-third 
emission rates stated in the above table.

Location of Sources and Receptors Modeled

SOURCE NUMBER POLLUTANT
ANNUAL RESPIRABLE 

EMISSION RATE
(kg/yr)

HOURLY MODELED 
EMISSION RATE (g/sec)

TA–14 Depleted 
Uranium

 3.1  0.0001

Lead  3.1  0.0001

TA–15 Beryllium  3.0  0.0001

Depleted 
Uranium

 270.0  0.0086

Lead  15.0  0.0005

TA–36 Beryllium  3.0  0.0001

Depleted 
Uranium

 120.0  0.0038

Lead  3.0  0.0001

TA–39 Beryllium  3.0  0.0001

Lead  3.0  0.0001

SOURCES AND RECEPTORS
STATE PLANE 

COORDINATES, EAST (ft)
STATE PLANE COORDINATES, 

NORTH (ft)

TA–14 1,620,310 1,763,740

Receptor for TA–14 1,620,310 1,756,250

TA–15 1,624,875 1,758,375

Receptor for TA–15 1,622,500 1,754,000

TA–36 1,641,250 1,755,875

Receptor for TA–36 1,642,000 1,757,200

TA–39 1,637,875 1,745,500

Receptor for TA–39 1,636,500 1,742,500
B–229
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Annual Average Modeled Concentrations

SOURCE NUMBER POLLUTANT
NO ACTION ALTERNATIVE 
CONCENTRATION (µg/m 3)

EXPANDED OPERATIONS 
ALTERNATIVE 

CONCENTRATION (µg/m 3)

TA–14 Depleted Uranium  0.0  0.0

Lead  0.0  0.0

TA–15 Beryllium  0.0  0.00001

Depleted Uranium  0.00015  0.00043

Lead  0.00001  0.00003

TA–36 Beryllium  0.0  0.00001

Depleted Uranium  0.00013  0.00039

Lead  0.0  0.00001

TA–39 Beryllium  0.0  0.00001

Lead  0.0  0.00001
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ATTACHMENT 14
AIR QUALITY IMPACT ASSESSMENT OF THE HEALTH 

RESEARCH LABORATORY (TA–43) EMISSIONS

Technical Area:  TA–43

Emission Source(s) 

There are four emission exhaust ducts located on the roof of the Health Research Laboratory
that emit carcinogenic pollutants from HRL operations.  The pollutants of concern for this analy
chloroform, trichloroethylene, methylene chloride, formaldehyde, and acrylamide. 

The releases of pollutants may potentially impact nearby sensitive receptors (such as air intak
and/or operable windows) at the LANL Medical Center located in close proximity to HRL.  Nume
receptor locations along the face and roof of the hospital were considered.  Closest to HRL e
duct is an air intake shaft (#1) located within distance of 328 feet (100 meters) of stack B247
roof of the HRL. 

Source Term Parameters

Annual pollutant emission rates were estimated were those projected for the Expanded Op
Alternative.  Associated stack parameters and locations are presented in Table A.  It was assu
annual emissions would be released over 8,760 hours of operation per year.

Dispersion Modeling Analysis

An air quality impacts analysis was conducted using EPA’s ISC–3 Model and 5 years of o
meteorological data.  All nearby buildings, including the Medical Center and HRL Building 1, w
the zone of the stack plume influence were considered in the downwash analysis. 

The highest annual average concentrations of these pollutants were found at the elevated rec
the Medical Center.  These values were then used to estimate the incremental cancer risk 
releases using appropriate unit risk factors.

Results

Results of the analysis are presented in Tables B and C.  As shown in Table C, four of t
pollutants considered (chloroform, trichloroethylene, formaldehyde, and acrylamide) hav
estimated maximum cancer risk values greater than Guideline Value of 1.0 x 10-8. 

The maximum annual concentration of 3.04 x 10-2 micrograms per cubic meter was estimated 
chloroform, the most critical of these carcinogens, at one of the air intake shaft of the Medical 
located at a height of 40 feet (12.2 meters) above the ground level (Refer to the Receptor #17
LANL sensitive receptors).  The maximum cancer risk of chloroform is estimated to be 6.99 x 1-7 at
B–235
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d to be
this location, and sum of the cancer risks of all of these carcinogens combined is estimate
7.79 x 10-7.  These pollutants were further evaluated as a part of the additive impact analysis.
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ATTACHMENT 15
AIR QUALITY IMPACT ASSESSMENT OF THE TA–53 

CHLOROFORM EMISSIONS

Technical Area:  TA–53, Building MPF–15

Emission Source(s) 

Chloroform is used for cleaning in preparation for surface chemistry studies using the LANSCE
neutron beam.  All of the chloroform used evaporates during this process. 

There are two emission sources of the chloroform emissions at TA–53; both are located on Building
MPF–15.  One emission source is an exhaust duct from the clean room and the other is an exhaust duct
from chemistry laboratory.

Source Term Parameters

Stack parameters and their locations are provided in Table A. 

Emission Rates of Pollutants Considered

Estimated annual emission rates of chloroform from the two emission sources are shown in Table A.
All chloroform used is assumed released into the atmosphere.  It was assumed that emissions would
be released over 8,760 hours of operation per year.

Dispersion Modeling Analysis

An air quality impacts analysis was conducted using EPA’s ISC–3 Model and 5 years of on-site
meteorological data.  All nearby buildings within the zone of stack plume influence were considered
in the downwash analysis.  The highest annual concentration estimated by the ISC–3 Model (Table B)
was used to estimate the maximum cancer risk of chloroform releases using its unit risk factor.

Results

Results of the analysis are presented in Tables B and C.  As shown in Table C, the maximum combined
cancer risk associated with releases of chloroform from two emission sources on building MPF–15 of
the TA–53 facility is 1.29 x 10-8, which is above the Guideline Value of 1.0 x 10-8.  This pollutant was,
therefore, further evaluated  as part of the additive impact analysis.
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ATTACHMENT 16
AIR QUALITY IMPACT ASSESSMENT OF THE TA–55 

BERYLLIUM EMISSIONS

Technical Area:  TA–55, Building PF–4

Emission Source(s) 

There are two beryllium emission sources at TA–55, located on Building PF–4, TA–55 FE–15 and
TA–55 FE–16. 

Source Term Parameters

Stack parameters and their locations are shown in Table A. 

Emission Rates of Pollutants Considered

Annual emission rates of the beryllium were estimated based on the existing permit application for
TA–55.  Emissions from these sources are released to the atmosphere through a HEPA filtration
system, with a removal efficiency of 99.95 percent.  Controlled emission rates are estimated to be
3.0 x 10-3 pounds per year for TA–55 FE–15 and 4.2 x 10-3 pounds per year for TA–55 FE–16. 

Estimated annual emission rates of the beryllium that were used in the analysis are shown in Table A.
It was assumed that emissions would be released over 8,760 hours of operation per year.

Dispersion Modeling Analysis

An air quality impacts analysis was conducted using EPA’s ISC–3 Model and 5 years of on-site
meteorological data.  All nearby buildings within the zone of stack plume influence were considered
in the downwash analysis.  The highest annual concentration estimated by the ISC–3 Model (Table B)
was used to compute the maximum combined cancer risk of beryllium releases using its unit risk
factor.

Results

Results of the analysis are presented in Tables B and C.  As shown in Table C, the combined cancer
risk associated with releases of beryllium from emission sources on Building PF–4, TA–55 FE–15 and
TA–55 FE–16, is 2.35 x 10-10, which is below the Guideline Value of 1.0 x 10-8.
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ATTACHMENT 17
AIR QUALITY IMPACT ASSESSMENT OF THE TA–55 

HYDROCHLORIC AND NITRIC ACID EMISSIONS

Technical Area:  TA–55, Building PF–4, Stacks FE–15 and FE–16

Emission Source(s) 

The chemistry group at TA–59 uses nitric and hydrochloric acids for the recovery of plutonium.  There
are few emission sources of hydrochloric and nitric acid at TA–55.  The two sources that were
considered in the analysis include stacks FE–15 and FE–16, located on Building PF–4.

Source Term Parameters

Stack parameters and their locations are provided in Table A. 

Emission Rates of Pollutants Considered

Estimated maximum hourly emission rates of nitric acid and hydrochloric acids associated with stacks
FE–15 and FE–16 that were used in the analysis are shown in Table A.  It was assumed that emissions
would be released over 8,760 hours of operation per year.

Dispersion Modeling Analysis

An air quality impacts analysis was conducted using EPA’s ISC–3 Model and 5 years of on-site
meteorological data.  All nearby buildings within the zone of stack plume influence were considered
in the downwash analysis. 

The ISC–3-estimated 8-hour concentrations of nitric and hydrochloric acids are shown in Table B.
Using these values and appropriate 8-hour Guideline Values (GVs), 8-hour SLEVs were estimated and
compared to hourly emission rates of these pollutants.

Results

Results of the analysis are presented in Table C. As shown in Table C, the 8-hour concentrations of
both hydrochloric acid and nitric acid are below the 8-hour GVs.  Accordingly, 8-hour SLEV/Q ratios
are all greater than one.  That is, the estimated nitric acid and hydrochloric acid levels are below the
applicable GVs.
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ATTACHMENT 18
AIR QUALITY IMPACT ASSESSMENT OF THE TA–59 
HYDROCHLORIC AND NITRIC ACIDS EMISSIONS

Technical Area:  TA–59, Building 1

Emission Source(s) 

The radio chemistry group at TA–59 uses large quantities of nitric and hydrochloric acid for the
digestion and separation processes.  One percent of each chemical is estimated to be released to the
atmosphere due to container transfer.

There are two groups of emission sources of the hydrochloric and nitric acid at TA–59.  They are both
located on Building 1 and include exhaust fume hoods from laboratory rooms.  One group of emission
sources is associated with Hoods #102 through 106, and the other with Hoods #184 through 186.  One
representative stack with equivalent source parameters was used in the dispersion analysis for each
group of these emissions sources.

Source Term Parameters

Stack parameters and their locations are provided in Table A. 

Emission Rates of Pollutants Considered

Estimated maximum hourly emission rates of nitric acid and hydrochloric acids associated with two
groups of emission sources that were used in the analysis are shown in Table A.

Dispersion Modeling Analysis

An air quality impacts analysis was conducted using EPA’s ISC–3 Model and 5 years of on-site
meteorological data.  All nearby buildings within the zone of stack plume influence were considered
in the downwash analysis. 

Due to the fact that laboratory operating schedules are related to the daytime, the 8-hour concentration
was computed for this time period.  The highest daytime 8-hour concentration of hydrochloric and
nitric acid was found to occur between 8:00 a.m. and 4:00 p.m. in 1991, at the receptor site located near
boundary of TA–59 on Pajarito Road (Table B).  These concentrations were compared to the
appropriate 8-hour Guideline Values (GVs).

Results

Results of the analysis are presented in Table C.  As shown in Table C, the 8-hour concentration of the
nitric acid is above the 8-hour GV, and the 8-hour concentration of the hydrochloric acid is below the
8-hour GV.  The results of the nitric acid analysis, therefore, were referred to the human health and
ecological risk assessment process.
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ATTACHMENT 19
AIR QUALITY IMPACT ASSESSMENT OF THE TA–53 

OZONE EMISSIONS

Technical Area:  TA–53, Building MPF–14

Emission Source(s) 

Ozone is generated as a by-product from operation of the advanced free electron laser at TA–53.  The
source of ozone emissions is located at TA–53 Building MPF–14.

Source Term Parameters

Stack parameters, locations of emission sources, and the estimated maximum hourly emission rates of
ozone are shown in Table A. 

Dispersion Modeling Analysis

An air quality impacts analysis was conducted using EPA’s ISC–3 Model and 5 years of on-site
meteorological data.  All nearby buildings within the zone of stack plume influence were considered
in the downwash analysis. 

The ISC–3-estimated 1-hour and 8-hour ozone concentrations are provided in Tables B and C,
respectively.  These values were compared with corresponding 1-hour National Ambient Air Quality
Standards (NAAQS) ozone standard, and appropriate 8-hour Guideline Values (GVs).

Results

Results of the analysis are presented in Table D.  As shown in Table D, the 1-hour and 8-hour ozone
concentrations are below the applicable standards and GVs. 
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APPENDIX C
CONTAMINANT DATA SETS SUPPORTING 

ECOLOGICAL  AND HUMAN HEALTH
CONSEQUENCE ANALYSIS

Appendix C consists of nine statistical data
tables constructed from databases maintained as
part of LANL’s Environmental Surveillance
Program and Environmental Restoration (ER)
Project.  The tables include columns for:  (1) the
number of times for which the analyte was
detected; (2) the number of times the analyte
was sampled; (3) units; (4) the minimum,
maximum, and arithmetic mean values; and
(5) the 95 percent confidence limit (mean, plus
two standard deviations).  Only analytes that
were detected at least once during the sampling
period (1990 to 1996) are shown.  Mean values
and values for the 95 percent confidence
interval are reported in exponential notation and
rounded to two significant figures.

The NPDES table, Table C–1, consists of 1994
to 1996 data tabulated by the Water Quality and
Hydrology Group (ESH–18) from laboratory
inorganic trace analysis (CST–9) reports.  The
data are arranged by watershed.

Surface water and sediment tables, Tables C–2
through C–5, consist of environmental
surveillance and compliance program data from
the years 1991 through 1996, found in the
LANL Environmental Surveillance Reports
(e.g., Environmental Surveillance at Los
Alamos During 1995, LANL 1996b).  The data
are arranged by location (on site, perimeter, and
regional) and by watershed.

Groundwater tables, Tables C–6 and C–7, also
consist of LANL environmental surveillance
compliance program data from 1991 through
1996, found in the LANL Environmental
Surveillance and Reports.  The data are arranged
by groundwater regime (alluvial, intermediate,

and main) and by watershed (for alluvial an
intermediate only).

Soils tables, Tables C–8 and C–9, consist of E
Project data.  The data are arranged by b
analyte and by watershed.  Tables C–8 and C
in the Draft SWEIS contained incorrect data a
these two tables have been complete
reconstructed to eliminate these errors.  The
errors were a result of including data collecte
in the early phases of the ER Project that had 
undergone quality assurance screening.  Th
data contained known laboratory analytic
errors, contained errors in unit conversions, a
contained errors from samples contaminat
either during sample collection or in th
chemical laboratory during analysis.  Th
problem occurred during data extractio
because these samples with known proble
were not screened.  The corrected tables o
use those data from the ER Project that ha
undergone quality assurance screening and 
known to be error free.

Tables were constructed by first summing t
total number of analyses for each analyte a
reporting the number in the “Analyzed” colum
of each table.  For radioactivity measuremen
all zero and negative results were removed fro
the data set, and the remaining results w
summed for each analyte and reported in t
“Detected” column.  Thus, for radionuclides
many results below the detection lim
determined by the analytical laboratory a
represented in the table as “Detects.” F
constituents other than radioactivit
measurements, all non-detect results we
removed from the data set, and the remain
results were summed for each analyte a
reported in the “Detected” column.  Thes
C–1
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detected results were used to calculate the
minimum, mean, maximum, and 95 percent
confidence limit.  The detected results were not
compared to either the detection limit for the
analytical laboratory or the associated counting
uncertainty for radionuclides.  Thus, for
radiochemical analyses of groundwater, surface
water, and sediment, the detected results do not
agree with LANL’s Environmental Surveillance
Program’s definition of “detects” as results that
are (1) greater than the detection limit and
(2) equal to or greater than 4.66 times the
counting uncertainty.

Because only positive “detects” were averaged,
not the total number of samples analyzed, the
number of  “detects” is thus higher than reported

in the LANL Environmental Surveillance
Reports, and the mean and 95 percent up
confidence limits appearing in the Appendix 
tables are artificially high.  When use
elsewhere in the SWEIS, such as in the analy
of human health impacts, these values th
(intentionally) result in conservative estimate
of the consequences of LANL operations.  

Data from Tables C–1 through C–7 were used
the study of the ingestion pathway in the hum
health analysis (section D.3.3 of appendix D
Data from Tables C–8 and C–9 are not used
the SWEIS but provided for additiona
information.
C–2



Contaminant Data Sets Supporting
Ecological and Human Health Consequence Analysis
T
A

B
LE

 C
–1

.—
N

P
D

E
S

 D
et

ec
tio

n 
S

ta
tis

tic
s 

by
 W

at
er

sh
ed

 (
N

P
D

E
S

 D
at

a 
19

94
 to

 1
99

6)

W
A

T
E

R
S

H
E

D
A

N
A

LY
T

E
a

U
N

IT
S

b
D

E
T

E
C

T
E

D
A

N
A

LY
Z

E
D

M
IN

IM
U

M
M

E
A

N
M

A
X

IM
U

M
95

%
 U

C
L

c

A
nc

h
o

B
o

ro
n

 (
T

)
m

g/
l

3
3

0.
0

2
2

.3
E

-0
2

0.
0

3
3

.5
E

-0
2

C
a

d
m

iu
m

 (
T

)
m

g/
l

2
3

0
.0

0
01

2
.0

E
-0

4
0

.0
0

03
4

.8
E

-0
4

C
hr

o
m

iu
m

 (
T

)
m

g/
l

2
3

0.
0

05
5

.5
E

-0
3

0.
0

0
6

6
.9

E
-0

3

C
op

p
e

r 
(T

)
m

g/
l

2
3

0.
0

12
2

.1
E

-0
2

0.
0

2
9

4
.5

E
-0

2

L
e

a
d

 (
T

)
m

g/
l

2
3

0.
0

03
3

.0
E

-0
3

0.
0

0
3

3
.0

E
-0

3

R
a

d
iu

m
-2

26
, 

R
a

di
u

m
-2

2
8

p
C

i/l
3

3
0.

3
86

6.
5

E
+

00
1

8.
5

03
2.

7
E

+
01

T
ri

tiu
m

p
C

i/l
1

3
4

00
4.

0
E

+
02

4
00

V
a

na
d

iu
m

 (
T

)
m

g/
l

3
3

0.
0

09
1

.0
E

-0
2

0.
0

1
2

1
.3

E
-0

2

Z
in

c 
(T

)
m

g/
l

2
3

0.
0

4
6

.0
E

-0
2

0.
0

8
1

.2
E

-0
1

C
a

ñ
a

da
 d

e
l B

u
e

y
A

lu
m

in
um

 (
T

)
m

g/
l

2
2

0.
0

97
9

.9
E

-0
2

0
.1

1
.0

E
-0

1

A
rs

e
n

ic
 (

T
)

m
g/

l
1

1
0

.0
0

34
3

.4
E

-0
3

0
.0

0
34

B
o

ro
n

 (
T

)
m

g/
l

2
2

0.
0

6
6

.1
E

-0
2

0.
0

6
1

6
.2

E
-0

2

C
a

d
m

iu
m

 (
T

)
m

g/
l

1
2

0
.0

0
01

1
.0

E
-0

4
0

.0
0

01

C
hr

o
m

iu
m

 (
T

)
m

g/
l

2
2

0.
0

15
2

.1
E

-0
2

0.
0

2
7

3
.8

E
-0

2

R
a

d
iu

m
-2

26
, 

R
a

di
u

m
-2

2
8

p
C

i/l
2

2
0.

2
69

1.
5

E
+

00
2.

6
9

5
4.

9
E

+
00

S
e

le
ni

um
 (

T
)

m
g/

l
1

2
0

.0
0

22
2

.2
E

-0
3

0
.0

0
22

T
rit

iu
m

p
C

i/l
1

2
1

00
0

1.
0

E
+

03
1

00
0

V
a

na
d

iu
m

 (
T

)
m

g/
l

2
2

0.
0

09
1

.5
E

-0
2

0.
0

2
1

3
.2

E
-0

2

Z
in

c 
(T

)
m

g/
l

1
2

0.
0

26
2

.6
E

-0
2

0.
0

2
6

C–3



LANL SWEIS
G
ua

je
A

lu
m

in
um

 (
T

)
m

g/
l

4
6

0
.1

2
.4

E
-0

1
0

.4
5

.1
E

-0
1

A
rs

e
n

ic
 (

T
)

m
g/

l
4

6
0.

0
03

1
.1

E
-0

2
0.

0
2

7
3

.3
E

-0
2

B
o

ro
n

 (
T

)
m

g/
l

6
6

0.
0

2
4

.8
E

-0
2

0.
0

6
5

8
.1

E
-0

2

C
a

d
m

iu
m

 (
T

)
m

g/
l

1
6

0.
0

02
2

.0
E

-0
3

0.
0

0
2

C
hr

o
m

iu
m

 (
T

)
m

g/
l

1
6

0.
0

16
1

.6
E

-0
2

0.
0

1
6

C
o

ba
lt 

(T
)

m
g/

l
2

6
0.

0
05

6
.5

E
-0

3
0.

0
0

8
1

.1
E

-0
2

C
op

p
e

r 
(T

)
m

g/
l

3
6

0.
0

32
1

.0
E

-0
1

0.
2

3
3

.2
E

-0
1

L
e

a
d

 (
T

)
m

g/
l

1
6

0.
0

45
4

.5
E

-0
2

0.
0

4
5

R
a

d
iu

m
-2

26
, 

R
a

di
u

m
-2

2
8

p
C

i/l
6

6
0.

3
86

2.
0

E
+

00
5.

4
6

9
6.

3
E

+
00

T
rit

iu
m

p
C

i/l
3

6
6

3.
0

E
+

02
7

00
1.

0
E

+
03

V
a

na
d

iu
m

 (
T

)
m

g/
l

6
6

0.
0

14
2

.7
E

-0
2

0.
0

5
8

6
.1

E
-0

2

Z
in

c 
(T

)
m

g/
l

6
6

0.
0

2
1

.6
E

-0
1

0.
5

2
5

.7
E

-0
1

Lo
s 

A
la

m
o

s
A

lu
m

in
um

 (
T

)
m

g/
l

5
21

0
.1

1
.0

E
-0

1
0

.1
1

.0
E

-0
1

A
rs

e
n

ic
 (

T
)

m
g/

l
11

13
0.

0
02

1
.3

E
-0

2
0.

0
7

2
5

.3
E

-0
2

B
o

ro
n

 (
T

)
m

g/
l

21
21

0.
0

1
6

.7
E

-0
2

0.
1

5
1

.4
E

-0
1

C
a

d
m

iu
m

 (
T

)
m

g/
l

2
21

0
.0

0
01

1
.0

E
-0

4
0

.0
0

01
1

.0
E

-0
4

C
hr

o
m

iu
m

 (
T

)
m

g/
l

17
20

0.
0

04
9

.5
E

-0
3

0.
0

2
2

2
.0

E
-0

2

C
o

ba
lt 

(T
)

m
g/

l
2

21
0.

0
03

4
.0

E
-0

3
0.

0
0

5
6

.8
E

-0
3

C
op

p
e

r 
(T

)
m

g/
l

15
20

0.
0

04
5

.8
E

-0
2

0.
5

9
3

.5
E

-0
1

L
e

a
d

 (
T

)
m

g/
l

3
21

0.
0

03
1

.5
E

-0
2

0.
0

4
5

.8
E

-0
2

R
a

d
iu

m
-2

26
, 

R
a

di
u

m
-2

2
8

p
C

i/l
21

21
0.

0
2

1.
1

E
+

00
7.

9
6

8
4.

6
E

+
00

S
e

le
ni

um
 (

T
)

m
g/

l
7

21
0.

0
01

1
.9

E
-0

3
0.

0
0

2
2

.6
E

-0
3

T
ri

tiu
m

p
C

i/l
11

21
1

00
3.

2
E

+
02

7
00

7.
1

E
+

02

V
a

na
d

iu
m

 (
T

)
m

g/
l

21
21

0.
0

1
2

.6
E

-0
2

0.
0

6
5

.0
E

-0
2

Z
in

c 
(T

)
m

g/
l

19
21

0.
0

2
8

.6
E

-0
2

0
.3

2
.2

E
-0

1

T
A

B
LE

 C
–1

.—
N

P
D

E
S

 D
et

ec
tio

n 
S

ta
tis

tic
s 

by
 W

at
er

sh
ed

 (
N

P
D

E
S

 D
at

a 
19

94
 to

 1
99

6)
-C

on
tin

ue
d

W
A

T
E

R
S

H
E

D
A

N
A

LY
T

E
a

U
N

IT
S

b
D

E
T

E
C

T
E

D
A

N
A

LY
Z

E
D

M
IN

IM
U

M
M

E
A

N
M

A
X

IM
U

M
95

%
 U

C
L

c

C–4



Contaminant Data Sets Supporting
Ecological and Human Health Consequence Analysis
M
or

ta
n

da
d

A
lu

m
in

um
 (

T
)

m
g/

l
8

19
0.

0
6

1
.6

E
-0

1
0

.3
3

.4
E

-0
1

A
rs

e
n

ic
 (

T
)

m
g/

l
10

14
0.

0
02

3
.5

E
-0

3
0

.0
0

52
5

.9
E

-0
3

B
o

ro
n

 (
T

)
m

g/
l

19
19

0.
0

2
6

.9
E

-0
2

0.
2

3
1

.8
E

-0
1

C
a

d
m

iu
m

 (
T

)
m

g/
l

5
18

0
.0

0
02

4
.9

E
-0

3
0.

0
2

3
2

.5
E

-0
2

C
hr

o
m

iu
m

 (
T

)
m

g/
l

15
18

0.
0

05
1

.4
E

-0
2

0.
0

6
3

4
.5

E
-0

2

C
o

ba
lt 

(T
)

m
g/

l
2

19
0.

0
06

1
.7

E
-0

2
0.

0
2

8
4

.8
E

-0
2

C
op

p
e

r 
(T

)
m

g/
l

12
18

0.
0

04
7

.6
E

-0
2

0.
5

4
3

.8
E

-0
1

L
e

a
d

 (
T

)
m

g/
l

3
18

0.
0

02
6

.3
E

-0
3

0
.0

11
1

.5
E

-0
2

M
e

rc
u

ry
 (

T
)

m
g/

l
1

18
0

.0
0

06
6

.0
E

-0
4

0
.0

0
06

R
a

d
iu

m
-2

26
, 

R
a

di
u

m
-2

2
8

p
C

i/l
18

18
0.

0
2

3.
2

E
+

00
11

.9
1.

1
E

+
01

S
e

le
ni

um
 (

T
)

m
g/

l
2

19
0

.0
0

28
4

.6
E

-0
3

0
.0

0
63

9
.5

E
-0

3

T
rit

iu
m

p
C

i/l
14

19
82

1.
2

E
+

04
13

41
4

3
8.

4
E

+
04

V
a

na
d

iu
m

 (
T

)
m

g/
l

16
19

0.
0

03
1

.6
E

-0
2

0.
0

3
7

3
.6

E
-0

2

Z
in

c 
(T

)
m

g/
l

15
18

0.
0

2
1

.5
E

-0
1

1
.2

7
.5

E
-0

1

P
a

ja
rit

o
A

lu
m

in
um

 (
T

)
m

g/
l

8
22

0
.1

3
.5

E
-0

1
1

1.
0

E
+

00

A
rs

e
n

ic
 (

T
)

m
g/

l
10

22
0

.0
0

16
3

.0
E

-0
3

0.
0

0
9

7
.6

E
-0

3

B
o

ro
n

 (
T

)
m

g/
l

23
23

0.
0

2
1

.5
E

-0
1

2
.5

1.
2

E
+

00

C
a

d
m

iu
m

 (
T

)
m

g/
l

9
23

0
.0

0
01

1
.0

E
-0

3
0.

0
0

3
3

.3
E

-0
3

C
hr

o
m

iu
m

 (
T

)
m

g/
l

16
23

0.
0

04
1

.2
E

-0
2

0.
0

7
4

.4
E

-0
2

C
o

ba
lt 

(T
)

m
g/

l
6

23
0

.0
0

05
3

.8
E

-0
3

0.
0

0
5

7
.3

E
-0

3

C
op

p
e

r 
(T

)
m

g/
l

13
23

0.
0

04
2

.5
E

-0
2

0.
1

5
1

.0
E

-0
1

L
e

a
d

 (
T

)
m

g/
l

6
23

0.
0

02
6

.5
E

-0
3

0.
0

1
4

1
.5

E
-0

2

M
e

rc
u

ry
 (

T
)

m
g/

l
3

23
0

.0
0

03
5

3
.8

E
-0

4
0

.0
0

04
4

.4
E

-0
4

T
A

B
LE

 C
–1

.—
N

P
D

E
S

 D
et

ec
tio

n 
S

ta
tis

tic
s 

by
 W

at
er

sh
ed

 (
N

P
D

E
S

 D
at

a 
19

94
 to

 1
99

6)
-C

on
tin

ue
d

W
A

T
E

R
S

H
E

D
A

N
A

LY
T

E
a

U
N

IT
S

b
D

E
T

E
C

T
E

D
A

N
A

LY
Z

E
D

M
IN

IM
U

M
M

E
A

N
M

A
X

IM
U

M
95

%
 U

C
L

c

C–5



LANL SWEIS
P
a

ja
ri

to
 (

co
n

t.
)

R
a

d
iu

m
-2

26
, 

R
a

di
u

m
-2

2
8

p
C

i/l
23

23
0.

0
26

1.
7

E
+

00
8.

1
9

8
7.

2
E

+
00

S
e

le
ni

um
 (

T
)

m
g/

l
3

23
0.

0
01

1
.3

E
-0

3
0.

0
0

2
2

.5
E

-0
3

T
ri

tiu
m

p
C

i/l
11

23
1

62
6.

0
E

+
02

2
90

0
2.

2
E

+
03

V
a

na
d

iu
m

 (
T

)
m

g/
l

23
23

0.
0

05
1

.2
E

-0
2

0.
0

3
7

2
.7

E
-0

2

Z
in

c 
(T

)
m

g/
l

21
23

0.
0

2
6

.2
E

-0
2

0.
1

9
1

.6
E

-0
1

S
a

n
di

a
A

lu
m

in
um

 (
T

)
m

g/
l

6
17

0
.1

3
.0

E
-0

1
0

.8
8

.4
E

-0
1

A
rs

e
n

ic
 (

T
)

m
g/

l
10

14
0.

0
03

6
.2

E
-0

3
0.

0
2

6
2

.0
E

-0
2

B
o

ro
n

 (
T

)
m

g/
l

17
17

0.
0

3
6

.9
E

-0
2

0.
1

8
1

.4
E

-0
1

C
a

d
m

iu
m

 (
T

)
m

g/
l

3
17

0
.0

0
01

1
.7

E
-0

4
0

.0
0

03
4

.0
E

-0
4

C
hr

o
m

iu
m

 (
T

)
m

g/
l

12
17

0.
0

04
1

.9
E

-0
2

0.
0

6
5

.5
E

-0
2

C
o

ba
lt 

(T
)

m
g/

l
6

17
0.

0
03

6
.5

E
-0

3
0.

0
1

1
.2

E
-0

2

C
op

p
e

r 
(T

)
m

g/
l

11
17

0.
0

04
1

.3
E

-0
2

0.
0

3
4

3
.3

E
-0

2

L
e

a
d

 (
T

)
m

g/
l

3
17

0.
0

04
1

.0
E

-0
2

0.
0

2
3

3
.2

E
-0

2

M
e

rc
u

ry
 (

T
)

m
g/

l
1

17
0

.0
0

17
1

.7
E

-0
3

0
.0

0
17

R
a

d
iu

m
-2

26
, 

R
a

di
u

m
-2

2
8

p
C

i/l
17

17
0.

2
02

1.
4

E
+

00
6.

4
5

7
4.

5
E

+
00

S
e

le
ni

um
 (

T
)

m
g/

l
3

17
0

.0
0

14
5

2
.3

E
-0

3
0

.0
0

34
4

.3
E

-0
3

T
rit

iu
m

p
C

i/l
9

17
1

00
2.

8
E

+
02

7
00

6.
9

E
+

02

V
a

na
d

iu
m

 (
T

)
m

g/
l

16
16

0.
0

07
1

.7
E

-0
2

0.
0

3
6

3
.6

E
-0

2

Z
in

c 
(T

)
m

g/
l

17
17

0.
0

16
5

.9
E

-0
2

0.
1

6
1

.5
E

-0
1

W
a

te
r

A
lu

m
in

um
 (

T
)

m
g/

l
7

27
0

.1
2

.9
E

-0
1

1
.2

1.
1

E
+

00

A
rs

e
n

ic
 (

T
)

m
g/

l
14

26
0.

0
02

4
.0

E
-0

3
0.

0
1

8
1

.2
E

-0
2

B
o

ro
n

 (
T

)
m

g/
l

27
27

0.
0

18
6

.8
E

-0
2

0.
4

5
2

.4
E

-0
1

C
a

d
m

iu
m

 (
T

)
m

g/
l

4
27

0
.0

0
02

1
.1

E
-0

3
0.

0
0

2
3

.2
E

-0
3

C
hr

o
m

iu
m

 (
T

)
m

g/
l

14
26

0.
0

04
6

.6
E

-0
3

0.
0

1
7

1
.4

E
-0

2

C
o

ba
lt 

(T
)

m
g/

l
5

27
0.

0
04

5
.0

E
-0

3
0.

0
0

8
8

.5
E

-0
3

C
op

p
e

r 
(T

)
m

g/
l

13
26

0.
0

04
3

.2
E

-0
2

0.
3

1
2

.0
E

-0
1

T
A

B
LE

 C
–1

.—
N

P
D

E
S

 D
et

ec
tio

n 
S

ta
tis

tic
s 

by
 W

at
er

sh
ed

 (
N

P
D

E
S

 D
at

a 
19

94
 to

 1
99

6)
-C

on
tin

ue
d

W
A

T
E

R
S

H
E

D
A

N
A

LY
T

E
a

U
N

IT
S

b
D

E
T

E
C

T
E

D
A

N
A

LY
Z

E
D

M
IN

IM
U

M
M

E
A

N
M

A
X

IM
U

M
95

%
 U

C
L

c

C–6



Contaminant Data Sets Supporting
Ecological and Human Health Consequence Analysis
W
a

te
r 

(c
o

nt
.)

L
e

a
d

 (
T

)
m

g/
l

6
27

0
.0

0
02

2
.5

E
-0

3
0.

0
0

4
5

.1
E

-0
3

M
e

rc
u

ry
 (

T
)

m
g/

l
1

27
0

.0
0

03
3

.0
E

-0
4

0
.0

0
03

R
a

d
iu

m
-2

26
, 

R
a

di
u

m
-2

2
8

p
C

i/l
27

27
0

.0
5

98
7

.9
E

-0
1

3.
4

1
4

2.
8

E
+

00

S
e

le
ni

um
 (

T
)

m
g/

l
2

27
0.

0
01

1
.5

E
-0

3
0.

0
0

2
2

.9
E

-0
3

T
rit

iu
m

p
C

i/l
15

27
1

00
3.

9
E

+
02

1
90

0
1.

4
E

+
03

V
a

na
d

iu
m

 (
T

)
m

g/
l

24
27

0.
0

04
1

.8
E

-0
2

0.
1

2
6

.4
E

-0
2

Z
in

c 
(T

)
m

g/
l

25
27

0.
0

2
5

.5
E

-0
2

0.
1

5
1

.3
E

-0
1

a  (
T

) 
si

g
ni

fie
s 

th
at

 t
he

 t
ot

a
l a

m
ou

n
t o

f 
th

e 
an

al
yt

e 
in

 t
he

 s
a

m
pl

e 
w

as
 m

e
as

u
re

d,
 t

ha
t 

is
, b

ot
h 

th
e

 d
is

so
lv

ed
 a

m
ou

n
t a

nd
 th

e 
am

o
u

n
t 

ad
so

rb
ed

 t
o 

su
sp

en
de

d 
pa

rt
ic

le
s.

b  m
g/

l i
s 

m
ill

ig
ra

m
s 

o
f a

na
ly

te
 p

er
 li

te
r 

o
f s

am
p

le
; p

C
i/l

 is
 p

ic
oc

ur
ie

s 
of

 r
ad

io
ac

tiv
e 

an
a

ly
te

 p
er

 li
te

r 
o

f s
am

p
le

.
c  U

pp
er

 c
o

nf
id

en
ce

 li
m

it 
(U

C
L

) 
no

t c
al

cu
la

te
d

 fo
r 

nu
m

be
r 

o
f d

et
ec

te
d

 a
na

ly
se

s 
le

ss
 t

ha
n 

tw
o.

T
A

B
LE

 C
–1

.—
N

P
D

E
S

 D
et

ec
tio

n 
S

ta
tis

tic
s 

by
 W

at
er

sh
ed

 (
N

P
D

E
S

 D
at

a 
19

94
 to

 1
99

6)
-C

on
tin

ue
d

W
A

T
E

R
S

H
E

D
A

N
A

LY
T

E
a

U
N

IT
S

b
D

E
T

E
C

T
E

D
A

N
A

LY
Z

E
D

M
IN

IM
U

M
M

E
A

N
M

A
X

IM
U

M
95

%
 U

C
L

c

C–7



LANL SWEIS
T
A

B
LE

 C
–2

.—
S

ur
fa

ce
 W

at
er

 D
et

ec
tio

n 
S

ta
tis

tic
s 

by
 L

oc
at

io
n 

an
d 

A
na

ly
te

(E
nv

iro
nm

en
ta

l S
ur

ve
ill

an
ce

 R
ep

or
t D

at
a 

19
91

 to
 1

99
6)

LO
C

A
T

IO
N

a
A

N
A

LY
T

E
U

N
IT

S
b

D
E

T
E

C
T

E
D

A
N

A
LY

Z
E

D
M

IN
IM

U
M

M
E

A
N

M
A

X
IM

U
M

95
%

 U
C

L
c

O
n

 S
ite

A
ce

to
n

e
µ

g/
l

4
1

5
1

.5
E

+
0

1
3

.2
E

+
0

1
4

.9
E

+
0

1
6

.1
E

+
0

1

A
lu

m
in

u
m

µ
g/

l
5

8
6

3
5

.0
E

+
0

1
4

.2
E

+
0

3
6

.4
E

+
0

4
2

.4
E

+
0

4

A
m

e
ric

iu
m

-2
41

pC
i/l

4
6

5
2

6
.0

E
-0

4
2

.5
E

-0
1

2
.2

E
+

0
0

1
.2

E
+

0
0

A
n

tim
on

y
µ

g/
l

1
4

6
2

3
.0

E
-0

1
8

.9
E

-0
1

3
.0

E
+

0
0

2
.5

E
+

0
0

A
rs

e
ni

c
µ

g/
l

3
9

6
0

2
.0

E
+

0
0

5
.0

E
+

0
0

1
.3

E
+

0
1

1
.0

E
+

0
1

B
a

ri
u

m
µ

g/
l

5
4

5
4

7
.3

E
+

0
0

1
.1

E
+

0
2

8
.1

E
+

0
2

4
.7

E
+

0
2

B
e

n
zo

ic
 a

ci
d

µ
g/

l
1

11
1

.1
E

+
0

1
1

.1
E

+
0

1
1

.1
E

+
0

1

B
er

yl
liu

m
µ

g/
l

11
6

3
5

.0
E

-0
1

1
.3

E
+

0
1

1
.2

E
+

0
2

8
.4

E
+

0
1

B
ic

a
rb

on
a

te
m

g
/l

5
8

6
0

1
.2

E
+

0
1

9
.6

E
+

0
1

2
.3

E
+

0
2

1
.8

E
+

0
2

B
is

(2
-e

th
yl

he
xy

l)
 

p
ht

ha
la

te
µ

g/
l

2
11

8
.0

E
+

0
0

1
.1

E
+

0
1

1
.4

E
+

0
1

1
.9

E
+

0
1

B
o

ro
n

µ
g/

l
6

0
6

3
1

.1
E

+
0

1
8

.0
E

+
0

1
4

.0
E

+
0

2
2

.5
E

+
0

2

B
ro

m
in

e
µ

g/
l

1
3

1
.1

E
+

0
2

1
.1

E
+

0
2

1
.1

E
+

0
2

C
a

d
m

iu
m

µ
g/

l
8

6
0

3
.0

E
-0

1
2

.1
E

+
0

1
1

.5
E

+
0

2
1

.3
E

+
0

2

C
a

lc
iu

m
m

g
/l

6
3

6
3

7
.3

E
+

0
0

2
.4

E
+

0
1

1
.9

E
+

0
2

7
.0

E
+

0
1

C
a

rb
on

a
te

m
g

/l
1

2
6

0
2

.0
E

+
0

0
1

.2
E

+
0

1
2

.8
E

+
0

1
2

.9
E

+
0

1

C
e

si
u

m
-1

3
7

pC
i/l

6
4

9
3

1
.1

E
-0

1
2

.2
E

+
0

1
3

.3
E

+
0

2
1

.4
E

+
0

2

C
hl

o
ri

n
e

m
g

/l
6

0
6

0
2

.0
E

+
0

0
3

.3
E

+
0

1
1

.1
E

+
0

2
8

.5
E

+
0

1

C
h

ro
m

iu
m

µ
g/

l
3

8
6

3
1

.0
E

+
0

0
3

.3
E

+
0

1
7

.6
E

+
0

2
2

.8
E

+
0

2

C
o

b
a

lt
µ

g/
l

1
4

5
7

4
.0

E
+

0
0

2
.8

E
+

0
1

1
.6

E
+

0
2

1
.1

E
+

0
2

C
op

p
e

r
µ

g/
l

3
7

6
3

4
.0

E
+

0
0

3
.7

E
+

0
1

7
.5

E
+

0
2

2
.8

E
+

0
2

C
ya

n
id

e
m

g
/l

1
3

4
8

1
.0

E
-0

2
2

.6
E

-0
2

1
.1

E
-0

1
7

.9
E

-0
2

D
i-

n
-b

u
ty

l 
p

ht
ha

la
te

µ
g/

l
4

11
2

.0
E

+
0

0
6

.3
E

+
0

0
1

.4
E

+
0

1
1

.8
E

+
0

1

D
i-

n
-o

ct
yl

 
p

ht
ha

la
te

µ
g/

l
1

11
8

.0
E

+
0

0
8

.0
E

+
0

0
8

.0
E

+
0

0

C–8



Contaminant Data Sets Supporting
Ecological and Human Health Consequence Analysis
O
n

 S
ite

 (
co

n
t.)

F
lu

or
in

e
m

g
/l

5
8

6
0

1
.0

E
-0

1
7

.0
E

-0
1

2
.5

E
+

0
0

1
.8

E
+

0
0

G
ro

ss
 A

lp
ha

pC
i/l

6
0

8
8

2
.0

E
-0

1
7

.6
E

+
0

0
2

.1
E

+
0

2
6

.4
E

+
0

1

G
ro

ss
 B

e
ta

pC
i/l

8
8

8
8

1
.0

E
+

0
0

2
.7

E
+

0
1

3
.5

E
+

0
2

1
.3

E
+

0
2

G
ro

ss
 G

a
m

m
a

pC
i/l

5
2

8
6

1
.0

E
+

0
1

1
.3

E
+

0
2

6
.0

E
+

0
2

4
.1

E
+

0
2

H
a

rd
n

e
ss

m
g

/l
6

3
6

3
2

.2
E

+
0

1
7

.8
E

+
0

1
6

.1
E

+
0

2
2

.3
E

+
0

2

H
M

X
 (

O
ct

og
e

n)
µ

g/
l

1
5

4
.9

E
+

0
0

4
.9

E
+

0
0

4
.9

E
+

0
0

Ir
o

n
µ

g/
l

6
2

6
3

2
.0

E
+

0
1

3
.1

E
+

0
3

6
.0

E
+

0
4

2
.0

E
+

0
4

Le
a

d
µ

g/
l

4
2

6
8

2
.0

E
-0

1
7

.4
E

+
0

0
4

.5
E

+
0

1
2

.8
E

+
0

1

Li
th

iu
m

m
g

/l
11

1
3

4
.0

E
-0

3
2

.6
E

-0
2

5
.9

E
-0

2
6

.4
E

-0
2

M
a

g
ne

si
u

m
m

g
/l

6
3

6
3

1
.3

E
+

0
0

4
.6

E
+

0
0

3
.3

E
+

0
1

1
.3

E
+

0
1

M
a

n
ga

n
e

se
µ

g/
l

5
7

6
3

1
.0

E
+

0
0

1
.6

E
+

0
2

2
.1

E
+

0
3

8
.2

E
+

0
2

M
e

rc
u

ry
µ

g/
l

1
6

6
2

1
.0

E
-0

1
2

.8
E

-0
1

1
.0

E
+

0
0

7
.4

E
-0

1

M
o

ly
b

de
n

um
µ

g/
l

4
1

6
2

1
.0

E
+

0
0

2
.5

E
+

0
2

1
.2

E
+

0
3

8
.6

E
+

0
2

N
ic

ke
l

µ
g/

l
1

2
6

3
2

.0
E

+
0

0
1

.4
E

+
0

2
7

.9
E

+
0

2
6

.8
E

+
0

2

N
itr

at
e,

 a
s 

N
itr

o
ge

n
m

g
/l

5
0

6
3

3
.0

E
-0

2
3

.7
E

+
0

0
2

.0
E

+
0

1
1

.4
E

+
0

1

N
itr

ite
, 

as
 

N
itr

o
ge

n
m

g
/l

1
3

4
.6

E
-0

1
4

.6
E

-0
1

4
.6

E
-0

1

p
H

6
0

6
0

3
.6

E
+

0
0

9
.3

E
+

0
0

P
h

os
ph

a
te

m
g

/l
1

3
1

.7
E

+
0

0
1

.7
E

+
0

0
1

.7
E

+
0

0

P
h

o
sp

ha
te

, a
s 

P
h

os
ph

o
ro

u
s

m
g

/l
4

6
5

7
3

.0
E

-0
2

1
.8

E
+

0
0

1
.6

E
+

0
1

7
.4

E
+

0
0

P
lu

to
ni

um
-2

3
8

pC
i/l

11
6

1
7

6
1

.0
E

-0
3

1
.0

E
-0

1
4

.7
E

+
0

0
1

.1
E

+
0

0

P
lu

to
n

iu
m

-2
3

9,
 

P
lu

to
ni

um
-2

4
0

pC
i/l

1
4

9
1

7
8

1
.0

E
-0

3
7

.3
E

-0
1

5
.2

E
+

0
1

1
.0

E
+

0
1

P
o

ta
ss

iu
m

m
g

/l
5

8
5

8
1

.2
E

+
0

0
7

.4
E

+
0

0
4

.3
E

+
0

1
2

.0
E

+
0

1

R
D

X
 (

C
yc

lo
n

ite
)

µ
g/

l
1

6
7

.6
E

-0
1

7
.6

E
-0

1
7

.6
E

-0
1

T
A

B
LE

 C
–2

.—
S

ur
fa

ce
 W

at
er

 D
et

ec
tio

n 
S

ta
tis

tic
s 

by
 L

oc
at

io
n 

an
d 

A
na

ly
te

(E
nv

iro
nm

en
ta

l S
ur

ve
ill

an
ce

 R
ep

or
t D

at
a 

19
91

 to
 1

99
6)-C
on

tin
ue

d

LO
C

A
T

IO
N

a
A

N
A

LY
T

E
U

N
IT

S
b

D
E

T
E

C
T

E
D

A
N

A
LY

Z
E

D
M

IN
IM

U
M

M
E

A
N

M
A

X
IM

U
M

95
%

 U
C

L
c

C–9



LANL SWEIS
O
n

 S
ite

 (
co

n
t.

)
S

e
le

n
iu

m
µ

g/
l

1
2

6
3

1
.0

E
+

0
0

6
.3

E
+

0
1

6
.7

E
+

0
2

4
.5

E
+

0
2

S
ili

ca
m

g
/l

6
6

6
7

1
.5

E
+

0
1

6
.1

E
+

0
1

1
.7

E
+

0
2

1
.2

E
+

0
2

S
ilv

e
r

µ
g/

l
2

0
6

3
5

.0
E

-0
1

4
.8

E
+

0
1

6
.9

E
+

0
2

3
.5

E
+

0
2

S
od

iu
m

m
g

/l
6

3
6

3
5

.0
E

+
0

0
4

.8
E

+
0

1
1

.8
E

+
0

2
1

.2
E

+
0

2

S
tr

o
n

tiu
m

µ
g/

l
6

3
6

3
4

.7
E

+
0

1
1

.2
E

+
0

2
9

.1
E

+
0

2
3

.9
E

+
0

2

S
tr

o
nt

iu
m

-9
0

pC
i/l

4
4

5
1

6
.0

E
-0

2
2

.7
E

+
0

1
7

.0
E

+
0

2
2

.4
E

+
0

2

S
u

lfa
te

m
g

/l
6

0
6

0
2

.0
E

+
0

0
2

.9
E

+
0

1
1

.1
E

+
0

2
9

.3
E

+
0

1

T
h

al
liu

m
µ

g/
l

11
6

3
1

.7
E

-0
1

8
.4

E
-0

1
6

.0
E

+
0

0
4

.3
E

+
0

0

T
in

µ
g/

l
1

4
5

8
1

.0
E

+
0

1
5

.6
E

+
0

1
2

.4
E

+
0

2
1

.9
E

+
0

2

To
ta

l D
is

so
lv

ed
 

S
o

lid
s

m
g

/l
6

0
6

0
9

.0
E

+
0

1
3

.5
E

+
0

2
1

.8
E

+
0

3
8

.4
E

+
0

2

To
ta

l S
u

sp
en

d
e

d
 

S
o

lid
s

m
g

/l
5

0
5

4
1

.2
E

+
0

0
7

.3
E

+
0

2
1

.5
E

+
0

4
5

.3
E

+
0

3

T
ri

tiu
m

nC
i/l

7
1

9
6

1
.0

E
-0

4
1

.2
E

+
0

0
1

.8
E

+
0

1
7

.7
E

+
0

0

U
ra

ni
u

m
µ

g/
l

6
3

7
9

6
.0

E
-0

2
8

.0
E

-0
1

9
.5

E
+

0
0

3
.4

E
+

0
0

V
a

na
d

iu
m

µ
g/

l
4

4
6

3
1

.0
E

+
0

0
2

.1
E

+
0

1
9

.0
E

+
0

1
6

.0
E

+
0

1

Z
in

c
µ

g/
l

5
0

6
2

5
.0

E
+

0
0

7
.3

E
+

0
1

4
.2

E
+

0
2

2
.2

E
+

0
2

P
e

ri
m

e
te

r
A

ce
to

n
e

µ
g/

l
4

1
2

2
.3

E
+

0
1

2
.6

E
+

0
1

3
.2

E
+

0
1

3
.4

E
+

0
1

A
lu

m
in

u
m

µ
g/

l
3

8
4

7
1

.0
E

+
0

1
9

.5
E

+
0

2
3

.3
E

+
0

3
2

.8
E

+
0

3

A
m

e
ric

iu
m

-2
41

pC
i/l

2
4

3
2

7
.0

E
-0

3
5

.4
E

-0
2

1
.7

E
-0

1
1

.5
E

-0
1

A
n

tim
on

y
µ

g/
l

6
4

7
2

.0
E

-0
1

4
.8

E
-0

1
1

.2
E

+
0

0
1

.2
E

+
0

0

A
rs

e
ni

c
µ

g/
l

2
2

4
6

2
.0

E
+

0
0

3
.5

E
+

0
0

7
.8

E
+

0
0

6
.8

E
+

0
0

B
a

ri
u

m
µ

g/
l

3
9

4
0

6
.8

E
+

0
0

1
.8

E
+

0
2

5
.2

E
+

0
3

1
.8

E
+

0
3

B
er

yl
liu

m
µ

g/
l

9
4

7
5

.0
E

-0
1

1
.4

E
+

0
2

1
.2

E
+

0
3

9
.4

E
+

0
2

B
ic

a
rb

on
a

te
m

g
/l

4
7

4
8

2
.4

E
+

0
1

6
.3

E
+

0
1

1
.5

E
+

0
2

1
.2

E
+

0
2

T
A

B
LE

 C
–2

.—
S

ur
fa

ce
 W

at
er

 D
et

ec
tio

n 
S

ta
tis

tic
s 

by
 L

oc
at

io
n 

an
d 

A
na

ly
te

(E
nv

iro
nm

en
ta

l S
ur

ve
ill

an
ce

 R
ep

or
t D

at
a 

19
91

 to
 1

99
6)-C
on

tin
ue

d

LO
C

A
T

IO
N

a
A

N
A

LY
T

E
U

N
IT

S
b

D
E

T
E

C
T

E
D

A
N

A
LY

Z
E

D
M

IN
IM

U
M

M
E

A
N

M
A

X
IM

U
M

95
%

 U
C

L
c

C–10



Contaminant Data Sets Supporting
Ecological and Human Health Consequence Analysis
P
e

ri
m

e
te

r 
(c

o
n

t.
)

B
is

(2
-e

th
yl

he
xy

l)
 

p
ht

ha
la

te
µ

g/
l

1
8

2
.0

E
+

0
0

2
.0

E
+

0
0

2
.0

E
+

0
0

B
o

ro
n

µ
g/

l
2

9
4

7
1

.0
E

+
0

1
2

.5
E

+
0

2
4

.2
E

+
0

3
1

.8
E

+
0

3

C
a

d
m

iu
m

µ
g/

l
1

0
4

7
2

.0
E

-0
1

1
.2

E
+

0
2

1
.0

E
+

0
3

7
.4

E
+

0
2

C
a

lc
iu

m
m

g
/l

4
6

4
8

6
.0

E
+

0
0

3
.2

E
+

0
1

8
.1

E
+

0
2

2
.7

E
+

0
2

C
a

rb
on

a
te

m
g

/l
3

4
8

4
.0

E
+

0
0

8
.3

E
+

0
0

1
.2

E
+

0
1

1
.6

E
+

0
1

C
e

si
u

m
-1

3
7

pC
i/l

3
9

5
7

2
.0

E
-0

2
3

.0
E

+
0

1
3

.2
E

+
0

2
1

.6
E

+
0

2

C
hl

o
ri

n
e

m
g

/l
4

7
4

8
9

.2
E

-0
1

2
.7

E
+

0
1

2
.1

E
+

0
2

1
.1

E
+

0
2

C
h

ro
m

iu
m

µ
g/

l
2

1
4

7
2

.0
E

+
0

0
2

.7
E

+
0

2
5

.0
E

+
0

3
2

.4
E

+
0

3

C
o

b
a

lt
µ

g/
l

5
4

2
3

.0
E

+
0

0
2

.1
E

+
0

2
8

.5
E

+
0

2
9

.4
E

+
0

2

C
op

p
e

r
µ

g/
l

2
2

4
8

2
.0

E
+

0
0

1
.1

E
+

0
3

1
.7

E
+

0
4

8
.7

E
+

0
3

C
ya

n
id

e
m

g
/l

6
3

6
1

.0
E

-0
2

1
.3

E
-0

2
2

.0
E

-0
2

2
.4

E
-0

2

D
i-

n
-b

u
ty

l 
p

ht
ha

la
te

µ
g/

l
1

8
4

.0
E

+
0

0
4

.0
E

+
0

0
4

.0
E

+
0

0

D
in

itr
o

to
lu

e
n

e
 

[2
,4

-]
µ

g/
l

1
1

0
3

.4
E

+
0

0
3

.4
E

+
0

0
3

.4
E

+
0

0

F
lu

or
in

e
m

g
/l

4
4

4
8

6
.0

E
-0

2
3

.4
E

-0
1

1
.1

E
+

0
0

8
.5

E
-0

1

G
ro

ss
 A

lp
ha

pC
i/l

3
5

5
1

5
.0

E
-0

2
1

.9
E

+
0

0
2

.5
E

+
0

1
1

.0
E

+
0

1

G
ro

ss
 B

e
ta

pC
i/l

4
9

5
1

1
.0

E
+

0
0

9
.3

E
+

0
0

1
.4

E
+

0
2

4
.9

E
+

0
1

G
ro

ss
 G

a
m

m
a

pC
i/l

3
6

5
4

1
.0

E
+

0
1

1
.6

E
+

0
2

9
.0

E
+

0
2

5
.6

E
+

0
2

H
a

rd
n

e
ss

m
g

/l
4

7
4

9
1

.0
E

+
0

1
5

.0
E

+
0

1
1

.1
E

+
0

2
1

.0
E

+
0

2

Ir
o

n
µ

g/
l

4
3

4
7

2
.0

E
+

0
1

6
.1

E
+

0
2

2
.2

E
+

0
3

1
.8

E
+

0
3

Le
a

d
µ

g/
l

2
1

4
8

5
.0

E
-0

1
4

.6
E

+
0

0
5

.5
E

+
0

1
2

.8
E

+
0

1

Li
th

iu
m

m
g

/l
8

9
1

.0
E

-0
2

2
.0

E
-0

2
3

.0
E

-0
2

3
.7

E
-0

2

M
a

g
ne

si
u

m
m

g
/l

4
6

4
8

1
.2

E
+

0
0

3
.6

E
+

0
0

8
.8

E
+

0
0

7
.1

E
+

0
0

M
a

n
ga

n
e

se
µ

g/
l

4
0

4
7

2
.0

E
+

0
0

1
.7

E
+

0
2

5
.4

E
+

0
3

1
.9

E
+

0
3

T
A

B
LE

 C
–2

.—
S

ur
fa

ce
 W

at
er

 D
et

ec
tio

n 
S

ta
tis

tic
s 

by
 L

oc
at

io
n 

an
d 

A
na

ly
te

(E
nv

iro
nm

en
ta

l S
ur

ve
ill

an
ce

 R
ep

or
t D

at
a 

19
91

 to
 1

99
6)-C
on

tin
ue

d

LO
C

A
T

IO
N

a
A

N
A

LY
T

E
U

N
IT

S
b

D
E

T
E

C
T

E
D

A
N

A
LY

Z
E

D
M

IN
IM

U
M

M
E

A
N

M
A

X
IM

U
M

95
%

 U
C

L
c

C–11



LANL SWEIS
P
e

ri
m

e
te

r 
(c

o
n

t.
)

M
e

rc
u

ry
µ

g/
l

5
4

6
1

.0
E

-0
1

2
.2

E
-0

1
4

.0
E

-0
1

5
.5

E
-0

1

M
e

th
yl

e
n

e
 

ch
lo

ri
de

µ
g/

l
1

1
2

2
.0

E
+

0
1

2
.0

E
+

0
1

2
.0

E
+

0
1

M
o

ly
b

de
n

um
µ

g/
l

1
2

4
5

1
.0

E
+

0
0

1
.0

E
+

0
2

1
.0

E
+

0
3

6
.7

E
+

0
2

N
ic

ke
l

µ
g/

l
6

4
7

1
.0

E
+

0
1

9
.9

E
+

0
2

5
.5

E
+

0
3

5
.4

E
+

0
3

N
itr

at
e,

 a
s 

N
itr

o
ge

n
m

g
/l

3
7

5
2

4
.5

E
-0

3
1

.9
E

+
0

0
1

.7
E

+
0

1
8

.6
E

+
0

0

p
H

4
8

4
8

1
.7

E
+

0
0

8
.6

E
+

0
0

P
h

os
ph

a
te

m
g

/l
1

3
1

.1
E

-0
1

1
.1

E
-0

1
1

.1
E

-0
1

P
h

o
sp

ha
te

, a
s 

P
h

os
ph

o
ro

u
s

m
g

/l
3

1
4

5
2

.0
E

-0
2

1
.4

E
+

0
0

9
.0

E
+

0
0

6
.5

E
+

0
0

P
lu

to
ni

um
-2

3
8

pC
i/l

6
4

1
0

3
1

.0
E

-0
3

2
.3

E
-0

2
2

.3
E

-0
1

9
.8

E
-0

2

P
lu

to
n

iu
m

-2
3

9,
 

P
lu

to
ni

um
-2

4
0

pC
i/l

8
7

1
0

3
3

.0
E

-0
3

5
.8

E
-0

1
1

.2
E

+
0

1
4

.6
E

+
0

0

P
o

ta
ss

iu
m

m
g

/l
4

1
4

6
5

.7
E

-0
1

5
.0

E
+

0
0

1
.7

E
+

0
1

1
.5

E
+

0
1

S
e

le
n

iu
m

µ
g/

l
6

4
6

2
.0

E
+

0
0

4
.7

E
+

0
0

7
.0

E
+

0
0

9
.2

E
+

0
0

S
ili

ca
m

g
/l

5
1

5
1

1
.7

E
+

0
1

5
.3

E
+

0
1

9
.9

E
+

0
1

9
.7

E
+

0
1

S
ilv

e
r

µ
g/

l
9

4
7

4
.0

E
-0

1
5

.9
E

+
0

1
3

.7
E

+
0

2
3

.0
E

+
0

2

S
od

iu
m

m
g

/l
4

6
4

8
3

.0
E

+
0

0
2

.9
E

+
0

1
8

.5
E

+
0

1
8

.5
E

+
0

1

S
tr

o
n

tiu
m

µ
g/

l
4

6
4

7
3

.8
E

+
0

1
2

.0
E

+
0

2
5

.3
E

+
0

3
1

.7
E

+
0

3

S
tr

o
nt

iu
m

-9
0

pC
i/l

2
1

3
2

1
.0

E
-0

1
5

.4
E

+
0

1
5

.0
E

+
0

2
3

.5
E

+
0

2

S
u

lfa
te

m
g

/l
4

8
4

8
2

.5
E

+
0

0
1

.1
E

+
0

1
3

.5
E

+
0

1
3

.1
E

+
0

1

T
h

al
liu

m
µ

g/
l

2
4

7
1

.0
E

-0
1

2
.0

E
-0

1
3

.0
E

-0
1

4
.8

E
-0

1

T
in

µ
g/

l
5

3
3

3
.0

E
+

0
1

2
.2

E
+

0
2

9
.2

E
+

0
2

1
.0

E
+

0
3

To
ta

l D
is

so
lv

ed
 

S
o

lid
s

m
g

/l
4

8
4

8
6

.6
E

+
0

1
2

.6
E

+
0

2
1

.1
E

+
0

3
6

.8
E

+
0

2

To
ta

l S
u

sp
en

d
e

d
 

S
o

lid
s

m
g

/l
2

6
3

2
2

.0
E

+
0

0
1

.9
E

+
0

3
1

.4
E

+
0

4
9

.4
E

+
0

3

T
A

B
LE

 C
–2

.—
S

ur
fa

ce
 W

at
er

 D
et

ec
tio

n 
S

ta
tis

tic
s 

by
 L

oc
at

io
n 

an
d 

A
na

ly
te

(E
nv

iro
nm

en
ta

l S
ur

ve
ill

an
ce

 R
ep

or
t D

at
a 

19
91

 to
 1

99
6)-C
on

tin
ue

d

LO
C

A
T

IO
N

a
A

N
A

LY
T

E
U

N
IT

S
b

D
E

T
E

C
T

E
D

A
N

A
LY

Z
E

D
M

IN
IM

U
M

M
E

A
N

M
A

X
IM

U
M

95
%

 U
C

L
c

C–12



Contaminant Data Sets Supporting
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Contaminant Data Sets Supporting
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Contaminant Data Sets Supporting
Ecological and Human Health Consequence Analysis
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Contaminant Data Sets Supporting
Ecological and Human Health Consequence Analysis
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Contaminant Data Sets Supporting
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Contaminant Data Sets Supporting
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TABLE  C–7.—Groundwater Detection Statistics by Watershed and by A
(Environmental Surveillance Report Data 1991 to 1996)

GROUNDWATER 
REGIME a ANALYTE UNITS b DETECTED ANALYZED MINIMUM MEAN

Alluvial 
Groundwater

     Cañada del Buey

Aluminum µg/l 8 8 4.7E+03 5.9E+04

Americium-241 pCi/l 6 6 1.8E-02 2.7E-02

Ammonia, as 
Nitrogen

mg/l 4 11 3.0E-02 1.0E-01

Antimony µg/l 1 6 1.0E+00 1.0E+00

Arsenic µg/l 8 8 5.0E+00 2.3E+01

Barium µg/l 8 8 8.3E+01 6.9E+02

Beryllium µg/l 5 8 3.0E+00 8.6E+00

Bicarbonate mg/l 8 8 6.6E+01 7.6E+01

Boron µg/l 8 8 3.7E+01 5.5E+01

Cadmium µg/l 3 8 1.0E+00 3.0E+00

Calcium mg/l 8 8 1.3E+01 2.5E+01

Cesium-137 pCi/l 1 8 2.1E+00 2.1E+00

Chlorine mg/l 8 8 7.0E+00 1.1E+01

Chromium µg/l 6 8 1.2E+01 4.0E+01

Cobalt µg/l 5 8 4.0E+00 1.2E+01

Copper µg/l 6 8 5.0E+00 2.8E+01

Cyanide mg/l 2 7 5.0E-02 5.5E-02

Fluorine mg/l 8 8 1.0E-01 1.9E-01

Gross Alpha pCi/l 8 8 3.0E+00 1.3E+01

Gross Beta pCi/l 8 8 7.0E+00 1.8E+01

Gross Gamma pCi/l 6 8 4.0E+01 1.2E+02

Hardness mg/l 8 8 5.3E+01 1.0E+02

Iron µg/l 8 8 2.2E+03 3.6E+04

Lead µg/l 5 6 3.0E+00 8.3E+01

Lithium mg/l 2 2 3.4E-02 6.5E-02
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E+00 2.1E+01 2.0E+01

6E+02 2.4E+03 2.6E+03

E-01 6.0E-01 8.0E-01

E+00 2.0E+00

E+01 8.0E+01 8.2E+01

E+00 1.7E+01 1.0E+01

5E-02 9.0E-02 1.1E-01

9.0E+00

E-01 6.0E-01 7.2E-01

E-02 3.4E-02 5.0E-02

E-02 3.9E-02 4.3E-02

E+01 2.2E+01 2.6E+01

E+00 1.6E+01 1.6E+01

E+01 6.7E+01 6.9E+01

E+01 3.0E+01 3.1E+01

E+02 3.3E+02 3.4E+02

E-01 1.1E+00 1.4E+00

E+00 9.0E+00 1.2E+01

E+00 6.0E+00 9.7E+00

E+01 5.0E+01 6.2E+01

+02 2.1E+02 2.5E+02

E-01 2.5E+00 2.2E+00

 by Analyte
ed

MAXIMUM 95% UCL c
Alluvial 
Groundwater

     Cañada del Buey 
(cont.)

Magnesium mg/l 8 8 3.8E+00 9.7

Manganese µg/l 8 8 4.0E+00 8.

Mercury µg/l 3 8 2.0E-01 3.3

Molybdenum µg/l 1 8 2.0E+00 2.0

Nickel µg/l 6 8 1.0E+01 3.3

Nitrate, as 
Nitrogen

mg/l 15 18 4.0E-02 1.4

Nitrite, as Nitrogen mg/l 4 11 2.0E-02 4.

pH 8 8 6.8E+00

Phosphate, as 
Phosphorous

mg/l 7 7 1.0E-01 3.9

Plutonium-238 pCi/l 4 8 2.0E-03 1.9

Plutonium-239, 
Plutonium-240

pCi/l 5 8 3.0E-03 1.6

Potassium mg/l 8 8 2.1E+00 1.1

Selenium µg/l 6 8 1.0E+00 5.4

Silica mg/l 8 8 5.3E+01 6.0

Sodium mg/l 8 8 2.0E+01 2.4

Strontium µg/l 8 8 1.0E+02 1.8

Strontium-90 pCi/l 5 5 2.0E-01 5.6

Sulfate mg/l 8 8 2.0E+00 7.0

Thallium µg/l 2 6 2.0E+00 4.0

Tin µg/l 3 8 3.0E+01 4.1

Total Dissolved 
Solids

mg/l 8 8 9.6E+01 1.8E

Total Kjeldahl 
Nitrogen

mg/l 9 11 4.0E-02 6.8

TABLE  C–7.—Groundwater Detection Statistics by Watershed and
(Environmental Surveillance Report Data 1991 to 1996)-Continu
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1 4.6E+01 6.7E+01

9.0E-01 9.1E-01

0 5.8E+00 6.1E+00

1 1.5E+02 1.5E+02

2 7.2E+02 6.8E+02

00 4.0E+00 5.8E+00

3 2.4E+05 7.1E+04

0 9.4E+01 3.2E+01

0 2.0E+00 2.6E+00

0 8.3E+01 4.2E+01

2 3.1E+03 1.5E+03

0 1.1E+01 1.3E+01

0 3.0E+01 2.4E+01

01 1.0E+02 1.0E+02

1 2.7E+02 1.6E+02

0 3.6E+01 3.3E+01

1 3.2E+02 9.2E+01

1 1.1E+02 1.1E+02

1 2.6E+02 1.1E+02

1 1.1E+02 8.7E+01

1 2.0E+01

1 1.0E+01

2 7.0E+03 3.7E+03

1 7.1E+01 7.1E+01

 Analyte

MAXIMUM 95% UCL c
Alluvial 
Groundwater

     Cañada del Buey 
(cont.)

Total Suspended 
Solids

mg/l 3 3 3.0E+00 1.8E+0

Tritium nCi/l 8 8 2.9E-02 4.0E-01

Uranium µg/l 7 8 2.8E-01 2.6E+0

Vanadium µg/l 7 8 1.4E+01 5.8E+0

Zinc µg/l 7 8 8.6E+01 2.4E+0

     Los Alamos Acetone µg/l 2 16 2.0E+00 3.0E+

Aluminum µg/l 69 75 1.0E+02 7.7E+0

Americium-241 pCi/l 75 95 9.0E-04 3.5E+0

Antimony µg/l 3 74 7.0E-01 1.2E+0

Arsenic µg/l 24 74 1.0E+00 8.0E+0

Barium µg/l 57 69 3.0E-02 2.2E+0

Barium-140 pCi/l 7 11 2.5E+00 7.0E+0

Beryllium µg/l 16 75 3.0E-01 5.9E+0

Bicarbonate mg/l 59 59 2.6E+01 6.3E+

Boron µg/l 44 81 1.3E+01 5.7E+0

Cadmium µg/l 9 74 1.2E+00 9.3E+0

Calcium mg/l 75 75 7.5E+00 2.1E+0

Cerium-144 pCi/l 18 27 1.0E+00 3.1E+0

Cesium-137 pCi/l 52 73 1.3E-02 1.6E+0

Chlorine mg/l 63 63 6.0E+00 4.3E+0

Chloro-3-
methylphenol[4-]

µg/l 1 16 2.0E+01 2.0E+0

Chlorophenol[o-] µg/l 1 16 1.0E+01 1.0E+0

Chromium µg/l 28 75 1.8E+00 5.1E+0

Cobalt µg/l 7 75 4.0E+00 2.5E+0

TABLE  C–7.—Groundwater Detection Statistics by Watershed and by
(Environmental Surveillance Report Data 1991 to 1996)-Continued
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E+00 1.8E+01 1.7E+01

E+00 3.7E+01 3.4E+01

E+01 8.7E+02 4.5E+02

E-02 4.0E-02

E+01 1.0E+01

E+01 1.0E+01

E+01 1.1E+01

E+01 5.0E+01

E+01 1.2E+02 1.1E+02

E-01 1.0E+00 1.2E+00

E+00 7.4E+01 3.2E+01

9E+01 1.5E+02 1.2E+02

3E+02 9.0E+02 4.6E+02

0E+01 1.1E+03 3.8E+02

E+00 3.1E+00

E+03 1.9E+05 5.3E+04

E+01 4.1E+02 2.0E+02

E-02 1.3E-01 9.8E-02

E+00 7.7E+01 2.4E+01

2E+02 1.4E+04 6.8E+03

E+00 1.4E+01 1.1E+01

E+01 5.0E+01

 by Analyte
ed

MAXIMUM 95% UCL c
     Los Alamos 
(cont.)

Cobalt-57 pCi/l 10 16 1.4E-01 5.6

Cobalt-60 pCi/l 24 27 1.4E-01 9.7

Copper µg/l 19 75 1.3E+00 6.0

Cyanide mg/l 1 57 4.0E-02 4.0

Dichlorophenol 
[2,4-]

µg/l 1 16 1.0E+01 1.0

Dimethylphenol 
[2,4-]

µg/l 1 16 1.0E+01 1.0

Di-n-butyl 
phthalate

µg/l 1 16 1.1E+01 1.1

Dinitrophenol
 [2,4-]

µg/l 1 16 5.0E+01 5.0

Europium-152 pCi/l 20 27 1.4E+00 3.3

Fluorine mg/l 69 73 1.2E-01 6.6

Gross Alpha pCi/l 56 73 2.0E-01 5.1

Gross Beta pCi/l 72 73 2.0E+00 3.

Gross Gamma pCi/l 61 69 2.0E+00 1.

Hardness mg/l 48 48 2.5E+01 8.

Iodine-129 pCi/l 1 2 3.1E+00 3.1

Iron µg/l 71 75 5.0E+01 5.4

Lead µg/l 24 74 6.0E-01 3.4

Lithium mg/l 24 44 3.0E-03 3.5

Magnesium mg/l 63 75 2.2E+00 5.3

Manganese µg/l 50 75 7.0E-01 9.

Mercury µg/l 13 74 1.0E-01 2.2

Methyl-4,6-
dinitrophenol[2-]

µg/l 1 16 5.0E+01 5.0

TABLE  C–7.—Groundwater Detection Statistics by Watershed and
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1 1.0E+01

1 1.0E+01

2 1.0E+03 9.1E+02

1 1.0E+02 9.6E+01

1 1.7E+02 1.6E+02

7.3E+00 2.9E+00

1 1.0E+01

1 5.0E+01

01 5.0E+01

8.0E+00

1 1.0E+01

2.9E+01 9.2E+00

01 2.3E-01 2.5E-01

2 3.6E-01 1.4E-01

1.6E+00 5.3E-01

00 3.0E+01 1.4E+01

02 5.0E+02 5.7E+02

01 1.5E+02 1.3E+02

0 1.0E+01 1.2E+01

1 6.7E+01 5.7E+01

1 2.6E+01 3.5E+01

1 5.9E+01 5.1E+01

0 1.1E+01 9.9E+00

 Analyte

MAXIMUM 95% UCL c
     Los Alamos 
(cont.)

Methylphenol[2-] µg/l 1 16 1.0E+01 1.0E+0

Methylphenol[4-] µg/l 1 16 1.0E+01 1.0E+0

Molybdenum µg/l 45 76 2.0E+00 2.9E+0

Neptunium-237 pCi/l 18 27 4.9E-02 2.8E+0

Nickel µg/l 9 75 1.1E+00 4.9E+0

Nitrate, as 
Nitrogen

mg/l 54 75 4.0E-02 5.9E-01

Nitrophenol[2-] µg/l 1 16 1.0E+01 1.0E+0

Nitrophenol[4-] µg/l 1 16 5.0E+01 5.0E+0

Pentachlorophenol µg/l 1 16 5.0E+01 5.0E+

pH 63 63 1.0E-01

Phenol µg/l 1 16 1.0E+01 1.0E+0

Phosphate, as 
Phosphorous

mg/l 49 55 2.0E-02 8.9E-01

Phosphorous mg/l 8 15 4.3E-02 1.3E-

Plutonium-238 pCi/l 44 74 1.0E-03 2.6E-0

Plutonium-239, 
Plutonium-240

pCi/l 65 74 1.0E-03 7.8E-02

Potassium mg/l 69 75 1.7E+00 6.3E+

Potassium-40 pCi/l 13 16 2.2E+00 2.4E+

Ruthenium-106 pCi/l 12 27 2.2E+00 3.8E+

Selenium µg/l 4 74 3.0E+00 5.3E+0

Silica mg/l 61 61 2.2E+01 4.0E+0

Silver µg/l 4 75 4.0E-01 1.4E+0

Sodium mg/l 75 75 4.0E+00 3.2E+0

Sodium-22 pCi/l 16 27 2.9E-02 3.1E+0

TABLE  C–7.—Groundwater Detection Statistics by Watershed and by
(Environmental Surveillance Report Data 1991 to 1996)-Continued
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E+02 9.3E+02 3.5E+02

E+01 3.7E+02 1.2E+02

E+00 3.1E+01 1.7E+01

E+00 3.0E+00 3.3E+00

E+01 7.0E+01 1.1E+02

E+02 8.0E+02 4.5E+02

E+01 4.2E+02 3.4E+02

E+01 5.0E+01

E+01 1.0E+01

E-01 9.3E+00 3.8E+00

E+00 8.0E+01 4.8E+01

E+00 5.0E+01 1.5E+01

E+01 3.5E+02 1.8E+02

E+02 1.6E+03 6.5E+02

.1E+01 2.1E+01

E+00 9.8E+00 1.5E+01

E+03 4.4E+04 2.5E+04

E+00 6.6E+01 2.3E+01

E+00 3.0E+00 3.4E+00

E+00 1.2E+01 9.7E+00

E+02 9.1E+02 5.5E+02

E+00 1.9E+01 2.0E+01

 by Analyte
ed

MAXIMUM 95% UCL c
     Los Alamos 
(cont.)

Strontium µg/l 76 76 4.8E+01 1.2

Strontium-90 pCi/l 65 68 3.0E-01 2.2

Sulfate mg/l 75 75 4.0E+00 8.9

Thallium µg/l 9 74 3.0E-01 1.2

Tin µg/l 2 71 3.0E+01 5.0

Total Dissolved 
Solids

mg/l 63 63 7.4E+01 2.2

Total Suspended 
Solids

mg/l 14 26 2.0E+00 8.1

Trichlorophenol 
[2,4,5-]

µg/l 1 16 5.0E+01 5.0

Trichlorophenol 
[2,4,6-]

µg/l 1 16 1.0E+01 1.0

Tritium nCi/l 60 74 4.6E-02 8.2

Turbidity NTU 15 15 6.0E-01 8.3

Uranium µg/l 61 73 2.0E-02 1.8

Vanadium µg/l 22 75 1.7E+00 2.8

Zinc µg/l 34 75 9.0E-02 1.1

     Mortandad Acetone µg/l 1 17 2.1E+01 2

Actinium-228 pCi/l 3 6 1.2E+00 6.2

Aluminum µg/l 59 63 2.5E+01 5.4

Americium-241 pCi/l 64 75 1.2E-01 2.9

Antimony µg/l 10 63 2.0E-01 1.6

Arsenic µg/l 27 63 2.0E+00 4.6

Barium µg/l 51 57 4.0E+01 2.1

Barium-140 pCi/l 8 10 6.7E-01 7.1

TABLE  C–7.—Groundwater Detection Statistics by Watershed and
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01 2.0E+01

0 1.2E+01 9.5E+00

02 2.5E+02 2.4E+02

0 4.0E+00

1 4.8E+01 6.1E+01

1 7.6E+01 8.5E+01

0 8.3E+00

1 1.1E+02 1.1E+02

1 1.0E+00 1.4E+00

1 5.7E+01 6.9E+01

1 7.3E+01 6.4E+01

00 3.0E+00 4.8E+00

1 5.0E-01 9.1E-01

1 1.6E+02 1.4E+02

1 2.4E-01

0 3.2E+01 1.7E+01

1 3.1E+01 2.9E+01

01 1.1E+01

1 2.8E+01 2.9E+01

0 1.2E+01 1.2E+01

0 1.5E+01 1.5E+01

1 4.6E+01 4.3E+01

1 1.0E+02 7.6E+01

2 3.4E-02 3.7E-02

 Analyte

MAXIMUM 95% UCL c
     Mortandad (cont.) Benzidine[m-] µg/l 1 15 2.0E+01 2.0E+

Beryllium µg/l 11 63 1.2E+00 3.2E+0

Bicarbonate mg/l 52 53 5.9E+01 1.6E+

Bis(2-ethylhexyl) 
phthalate

µg/l 1 16 4.0E+00 4.0E+0

Bismuth-211 pCi/l 2 6 3.3E+01 4.1E+0

Bismuth-212 pCi/l 5 6 2.2E+01 3.8E+0

Bismuth-214 pCi/l 1 6 8.3E+00 8.3E+0

Boron µg/l 59 65 3.0E+01 7.5E+0

Cadmium µg/l 2 63 6.0E-01 8.0E-0

Cadmium-109 pCi/l 5 6 2.5E+01 4.0E+0

Calcium mg/l 63 63 1.4E+01 3.2E+0

Carbonate mg/l 2 53 1.0E+00 2.0E+

Cerium-139 pCi/l 2 6 5.5E-02 2.8E-0

Cerium-144 pCi/l 13 18 1.6E+00 4.1E+0

Cesium-134 pCi/l 1 6 2.4E-01 2.4E-0

Cesium-137 pCi/l 33 57 3.6E-01 4.1E+0

Chlorine mg/l 53 53 7.0E+00 1.8E+0

Chloromethane µg/l 1 17 1.1E+01 1.1E+

Chromium µg/l 23 63 1.1E+00 1.4E+0

Cobalt µg/l 8 63 5.0E+00 7.5E+0

Cobalt-57 pCi/l 10 14 1.7E-01 5.0E+0

Cobalt-60 pCi/l 16 18 3.0E-01 1.3E+0

Copper µg/l 24 63 5.6E+00 3.1E+0

Cyanide mg/l 12 53 1.0E-02 2.0E-0

TABLE  C–7.—Groundwater Detection Statistics by Watershed and by
(Environmental Surveillance Report Data 1991 to 1996)-Continued
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E+01 1.2E+01

E+01 1.2E+02 9.2E+01

E+00 2.2E+00 2.4E+00

E+01 1.4E+02 8.8E+01

6E+02 6.3E+02 4.7E+02

2E+02 4.0E+02 2.9E+02

1E+02 2.4E+02 2.1E+02

E+03 3.1E+04 1.8E+04

E+02 3.8E+02

E+01 5.8E+01 5.1E+01

E+03 1.7E+03 2.3E+03

E+01 2.6E+01 3.7E+01

E+00 6.2E+00 1.0E+01

E+00 1.1E+01 1.6E+01

E-02 8.0E-02 6.6E-02

5E+00 2.0E+01 1.2E+01

0E+02 8.6E+02 7.0E+02

2E-01 5.3E-01 5.3E-01

E-01 1.9E+00 1.4E+00

E+00 3.2E+00 4.1E+00

E+02 9.4E+02 4.0E+02

E+01 6.4E+01 6.1E+01

E+01 1.1E+02 6.9E+01

E+01 6.6E+01 6.0E+01

 by Analyte
ed

MAXIMUM 95% UCL c
     Mortandad (cont.) Di-n-butyl 
phthalate

µg/l 1 16 1.2E+01 1.2

Europium-152 pCi/l 15 18 9.8E-01 2.5

Fluorine mg/l 60 60 3.0E-01 1.6

Gross Alpha pCi/l 52 57 6.0E-01 2.2

Gross Beta pCi/l 56 57 2.0E+01 1.

Gross Gamma pCi/l 43 57 1.0E+01 1.

Hardness mg/l 47 47 4.9E+01 1.

Iron µg/l 56 63 4.0E+01 3.8

Lanthanum-140 pCi/l 1 6 3.8E+02 3.8

Lead µg/l 23 67 2.0E+00 2.2

Lead-210 pCi/l 4 6 1.5E+02 1.0

Lead-211 pCi/l 3 6 1.8E+00 1.2

Lead-212 pCi/l 3 6 1.2E-01 3.8

Lead-214 pCi/l 2 6 5.0E+00 7.9

Lithium mg/l 30 37 2.0E-03 2.9

Magnesium mg/l 57 63 2.1E+00 5.

Manganese µg/l 41 63 2.0E+00 2.

Manganese-54 pCi/l 2 6 5.2E-01 5.

Mercury µg/l 17 63 3.0E-02 4.3

Mercury-203 pCi/l 6 6 9.9E-02 1.7

Molybdenum µg/l 59 63 2.0E-01 1.5

Neptunium-237 pCi/l 12 18 1.3E+00 1.7

Nickel µg/l 18 63 4.8E+00 2.1

Nitrate, as 
Nitrogen

mg/l 63 63 4.8E+00 2.7
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+01 1.1E+01

8.6E+00

9.0E-01 7.9E-01

01 1.5E-01 1.6E-01

1 2.4E+00 9.2E-01

7.6E+00 2.9E+00

01 3.6E+01 3.4E+01

02 3.9E+02 4.3E+02

1 1.5E+01 1.8E+01

1 1.3E+00 1.8E+00

5.0E+02 6.2E+02

1 1.0E+01 1.0E+01

0 8.3E+00 1.3E+01

1 3.2E+01

1 1.8E+02 2.2E+02

0 1.1E+01 2.1E+01

1 6.1E+01 7.8E+01

1 9.0E+01 9.9E+01

1 1.8E+00 2.5E+00

1 1.6E+02 8.5E+01

1 1.7E+02 1.3E+02

1 1.5E+02 1.4E+02

1 3.3E+01 2.8E+01

 Analyte

MAXIMUM 95% UCL c
     Mortandad (cont.) Pentachlorophenol µg/l 1 16 1.1E+01 1.1E

pH 53 53 2.2E+00

Phosphate, as 
Phosphorous

mg/l 47 47 6.0E-02 3.3E-01

Phosphorous mg/l 5 10 7.0E-02 1.0E-

Plutonium-238 pCi/l 55 57 3.0E-03 1.3E-0

Plutonium-239, 
Plutonium-240

pCi/l 53 57 1.0E-02 3.5E-01

Potassium mg/l 63 63 3.8E+00 1.9E+

Potassium-40 pCi/l 8 14 2.8E+01 1.9E+

Protactinium-231 pCi/l 4 6 6.5E+00 1.0E+0

Protactinium-233 pCi/l 3 6 1.5E-01 6.6E-0

Protactinium-
234M

pCi/l 5 6 2.9E+01 2.5E+02

Pyridine µg/l 2 5 1.0E+01 1.0E+0

Radium-223 pCi/l 2 6 2.8E+00 5.5E+0

Radium-224 pCi/l 1 6 3.2E+01 3.2E+0

Radium-226 pCi/l 5 6 2.5E+01 9.4E+0

Radon-219 pCi/l 2 6 5.9E-01 5.8E+0

Ruthenium-106 pCi/l 8 18 2.1E+00 3.2E+0

Selenium µg/l 17 63 1.0E+00 2.7E+0

Selenium-75 pCi/l 3 6 3.3E-01 9.6E-0

Silica mg/l 53 53 2.0E+01 4.2E+0

Silver µg/l 9 62 1.0E+00 2.7E+0

Sodium mg/l 63 63 1.8E+01 9.2E+0

Sodium-22 pCi/l 18 18 3.6E+00 1.2E+0

TABLE  C–7.—Groundwater Detection Statistics by Watershed and by
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.6E+02 3.9E+02 2.9E+02

E+00 3.5E+00 3.6E+00

E+01 1.3E+02 1.0E+02

E+01 8.1E+01 4.6E+01

E+00 2.2E+00 3.1E+00

E+00 6.8E+00 1.0E+01

E+00 1.3E+01 1.7E+01

E+02 3.1E+02 5.8E+02

E+01 1.6E+01

E+00 1.6E+00 2.0E+00

E+02 7.9E+02 7.2E+02

E+02 8.6E+02 6.2E+02

E+00 5.0E+00

E+01 1.1E+02 6.9E+01

+00 1.7E+01 1.6E+01

E+00 6.5E+00 5.1E+00

E+01 7.0E+01 5.5E+01

E+00 2.3E+00 3.0E+00

E+01 1.7E+02 1.3E+02

E+00 1.6E+00 2.0E+00

5E+04 1.0E+05 8.2E+04

E-02 6.3E-02 7.7E-02

E+00 2.0E+00 2.5E+00

 by Analyte
ed

MAXIMUM 95% UCL c
     Mortandad (cont.) Strontium µg/l 63 63 7.5E+01 1

Strontium-85 pCi/l 2 6 3.5E+00 3.5

Strontium-90 pCi/l 52 57 1.0E-01 3.1

Sulfate mg/l 62 62 5.0E+00 2.1

Thallium µg/l 10 63 4.0E-02 1.1

Thallium-208 pCi/l 3 6 9.4E-02 3.3

Thorium-227 pCi/l 3 6 5.8E+00 8.7

Thorium-234 pCi/l 2 6 6.0E+00 1.6

Tin µg/l 1 57 1.6E+01 1.6

Tin-113 pCi/l 3 6 6.7E-01 1.1

Total Dissolved 
Solids

mg/l 55 55 2.0E+02 4.3

Total Suspended 
Solids

mg/l 13 21 1.0E+00 1.2

Trichlorobenzene 
[1,2,4-]

µg/l 1 22 5.0E+00 5.0

Tritium nCi/l 57 57 1.4E+01 2.9

Turbidity NTU 8 8 3.5E-01 3.9E

Uranium µg/l 58 58 4.0E-01 2.3

Vanadium µg/l 21 63 3.0E+00 2.3

Yttrium-88 pCi/l 3 6 1.0E+00 1.7

Zinc µg/l 34 63 6.0E+00 5.6

Zinc-65 pCi/l 5 6 7.8E-01 1.2

     Pajarito Aluminum µg/l 16 16 5.0E+01 1.

Americium-241 pCi/l 8 8 1.0E-02 3.8

Antimony µg/l 6 16 5.0E-01 1.2

TABLE  C–7.—Groundwater Detection Statistics by Watershed and
(Environmental Surveillance Report Data 1991 to 1996)-Continu
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REGIME a ANALYTE UNITS b DETECTED ANALYZED MINIMUM MEAN



C
–

95

C
o

n
ta

m
in

a
n
t D

a
ta

 S
e

ts S
u

p
p
o

rtin
g

E
co

lo
g

ica
l a

n
d
 H

u
m

a
n
 H

e
a

lth
 C

o
n
se

q
u

e
n

ce
 A

n
a

lysis

01 6.8E+01 6.3E+01

2 2.8E+03 2.5E+03

1 1.9E+01 2.7E+01

01 3.2E+02 2.4E+02

1 5.8E+01 5.6E+01

0 7.0E+00 6.6E+00

1 2.1E+02 1.4E+02

01 2.4E+02 2.0E+02

1 4.5E+02 2.9E+02

2 7.4E+02 8.1E+02

1 5.9E+01 8.6E+01

1 1.3E+02 1.1E+02

1 4.4E-01 3.6E-01

0 5.0E+01 3.5E+01

00 5.4E+01 3.4E+01

01 3.4E+02 2.5E+02

02 7.8E+02 6.1E+02

4 1.2E+05 9.5E+04

1 2.1E+02 1.8E+02

1.0E-03 1.0E-03

00 4.8E+01 3.3E+01

03 1.3E+04 8.6E+03

1 6.0E-01 6.6E-01

0 2.0E+01 2.2E+01

1 9.8E+01 1.5E+02

 Analyte

MAXIMUM 95% UCL c
     Pajarito (cont.) Arsenic µg/l 8 15 3.0E+00 1.6E+

Barium µg/l 13 13 2.9E+01 5.2E+0

Beryllium µg/l 3 13 3.0E+00 1.1E+0

Bicarbonate mg/l 17 17 2.8E+01 8.9E+

Boron µg/l 12 16 2.0E+01 3.3E+0

Cadmium µg/l 7 16 3.0E-01 1.8E+0

Calcium mg/l 17 17 6.0E+00 4.1E+0

Cesium-137 pCi/l 10 16 1.8E+00 4.2E+

Chlorine mg/l 17 17 6.0E+00 6.9E+0

Chromium µg/l 6 13 2.0E+00 2.1E+0

Cobalt µg/l 4 16 4.0E+00 3.0E+0

Copper µg/l 9 16 2.0E+00 2.8E+0

Fluorine mg/l 13 17 1.0E-01 1.9E-0

Gross Alpha pCi/l 12 16 7.9E-01 7.7E+0

Gross Beta pCi/l 16 16 2.0E+00 9.1E+

Gross Gamma pCi/l 15 16 2.2E+01 9.1E+

Hardness mg/l 17 17 2.0E+01 1.7E+

Iron µg/l 16 16 2.6E+02 1.9E+0

Lead µg/l 11 17 1.4E+00 4.0E+0

Lithium mg/l 2 3 1.0E-03 1.0E-03

Magnesium mg/l 17 17 1.4E+00 9.9E+

Manganese µg/l 16 16 3.0E+00 1.8E+

Mercury µg/l 8 16 1.0E-01 3.4E-0

Molybdenum µg/l 7 16 1.0E+00 7.7E+0

Nickel µg/l 3 16 1.0E+01 5.8E+0

TABLE  C–7.—Groundwater Detection Statistics by Watershed and by
(Environmental Surveillance Report Data 1991 to 1996)-Continued

GROUNDWATER 
REGIME a ANALYTE UNITS b DETECTED ANALYZED MINIMUM MEAN
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E+00 1.7E+01 1.3E+01

7.5E+00

E-01 3.1E+00 2.1E+00

E-02 5.9E-02 5.9E-02

E-02 3.6E-02 3.5E-02

1E+00 1.6E+01 1.1E+01

E+00 6.0E+00 1.1E+01

E+01 4.7E+01 4.8E+01

E+00 5.0E+00 5.9E+00

E+01 1.6E+02 1.1E+02

E+02 1.5E+03 1.0E+03

E-01 1.7E+00 1.9E+00

E+01 1.5E+02 9.3E+01

E+00 2.0E+00 3.2E+00

E+01 4.4E+01 5.2E+01

E+02 1.4E+03 9.2E+02

+00 1.0E+00

E-01 8.0E-01 8.8E-01

E+00 1.8E+01 1.3E+01

E+01 1.4E+02 1.9E+02

E+02 6.4E+02 4.9E+02

 by Analyte
ed

MAXIMUM 95% UCL c
     Pajarito (cont.) Nitrate, as 
Nitrogen

mg/l 13 17 6.0E-02 2.9

pH 17 17 6.5E+00

Phosphate, as 
Phosphorous

mg/l 13 14 2.0E-02 4.1

Plutonium-238 pCi/l 7 16 2.0E-03 2.0

Plutonium-239, 
Plutonium-240

pCi/l 14 16 4.0E-03 1.6

Potassium mg/l 14 14 1.0E+00 4.

Selenium µg/l 2 15 1.0E+00 3.5

Silica mg/l 17 17 2.7E+01 3.6

Silver µg/l 5 16 3.0E-01 2.0

Sodium mg/l 17 17 4.0E+00 3.3

Strontium µg/l 16 16 5.0E+01 3.0

Strontium-90 pCi/l 10 10 2.0E-01 8.7

Sulfate mg/l 17 17 3.3E+00 2.1

Thallium µg/l 4 16 9.0E-02 1.1

Tin µg/l 4 13 1.0E+01 2.4

Total Dissolved 
Solids

mg/l 17 17 1.1E+01 2.8

Total Suspended 
Solids

mg/l 1 4 1.0E+00 1.0E

Tritium nCi/l 13 16 1.0E-01 4.3

Uranium µg/l 12 16 6.0E-02 2.5

Vanadium µg/l 6 13 1.0E+01 5.8

Zinc µg/l 12 16 3.0E+00 1.0

TABLE  C–7.—Groundwater Detection Statistics by Watershed and
(Environmental Surveillance Report Data 1991 to 1996)-Continu
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REGIME a ANALYTE UNITS b DETECTED ANALYZED MINIMUM MEAN
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E+00 5.0E+00 5.0E+00

+03 8.5E+03 8.6E+03

+00 1.4E+01 1.2E+01

+00 2.0E+00 2.4E+00

+00 1.1E+01 1.3E+01

+01 2.4E+02 2.6E+02

+00 8.0E+00 9.8E+00

+00 8.0E+00

E+02 1.7E+02 1.8E+02

+00 8.0E+00

+02 5.0E+02 4.5E+02

-01 1.0E+00 1.7E+00

+01 2.7E+01 2.9E+01

+00 3.4E+00 6.3E+00

+00 1.3E+01 1.3E+01

+01 4.7E+01 4.5E+01

+03 7.7E+03 1.1E+04

+00 1.7E+01 1.9E+01

+00 1.8E+00 2.5E+00

+00 1.9E+01 2.6E+01

+01 5.1E+01 5.6E+01

+01 7.1E+01 8.2E+01

-01 7.0E-01 7.2E-01

+00 9.0E+00 1.0E+01

by Analyte
d

MAXIMUM 95% UCL c
     Pueblo Acetone µg/l 2 6 5.0E+00 5.0

Aluminum µg/l 9 12 1.3E+02 2.3E

Americium-241 pCi/l 13 17 1.8E-02 2.4E

Antimony µg/l 2 12 1.6E+00 1.8E

Arsenic µg/l 10 12 3.8E+00 8.1E

Barium µg/l 10 12 6.0E-02 8.9E

Barium-140 pCi/l 2 2 6.0E+00 7.0E

Beryllium µg/l 1 12 8.0E+00 8.0E

Bicarbonate mg/l 10 10 1.1E+02 1.4

Bis(2-ethylhexyl) 
phthalate

µg/l 1 5 8.0E+00 8.0E

Boron µg/l 11 11 2.0E+02 2.7E

Cadmium µg/l 2 12 2.0E-01 6.0E

Calcium mg/l 12 12 1.7E+01 2.1E

Cerium-144 pCi/l 2 6 2.8E-01 1.8E

Cesium-137 pCi/l 7 11 7.8E-01 3.6E

Chlorine mg/l 10 10 3.5E+01 3.8E

Chromium µg/l 4 12 6.0E+00 3.3E

Cobalt µg/l 5 12 3.1E+00 8.3E

Cobalt-57 pCi/l 3 4 3.3E-01 1.0E

Cobalt-60 pCi/l 5 6 1.2E+00 8.1E

Copper µg/l 5 12 2.5E+00 1.5E

Europium-152 pCi/l 5 6 3.0E+00 2.4E

Fluorine mg/l 12 12 4.0E-01 5.6E

Gross Alpha pCi/l 6 12 2.0E-01 3.6E

TABLE  C–7.—Groundwater Detection Statistics by Watershed and 
(Environmental Surveillance Report Data 1991 to 1996)-Continue

GROUNDWATER 
REGIME a ANALYTE UNITS b DETECTED ANALYZED MINIMUM MEAN
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1.4E+01 1.9E+01 2.0E+01

.2E+02 2.8E+02 2.8E+02

.2E+01 8.7E+01 9.5E+01

7E-01 7.7E-01

4E+03 5.6E+03 5.7E+03

0E+00 1.8E+01 2.0E+01

E-02 4.7E-02 5.0E-02

.6E+00 5.8E+00 6.4E+00

.5E+03 6.6E+03 5.0E+03

6E+00 6.0E+00 1.0E+01

.8E+01 1.1E+02 1.9E+02

E+00 1.0E+01 1.2E+01

E+00 1.4E+01 1.1E+01

7.7E+00

E+00 4.9E+00 5.5E+00

.4E+00 4.8E+00 7.9E+00

.1E-02 8.9E-02 8.3E-02

E-01 4.0E-01 3.4E-01

.4E+01 2.1E+01 2.0E+01

.2E+02 1.3E+03 2.2E+03

.9E+00 1.1E+01 1.6E+01

.0E+00 3.0E+00

6E+01 7.8E+01 9.0E+01

d by Analyte
ed

MAXIMUM 95% UCL c
     Pueblo (cont.) Gross Beta pCi/l 12 12 1.0E+01

Gross Gamma pCi/l 10 10 3.6E+01 1

Hardness mg/l 6 6 7.0E+01 8

Iodine-129 pCi/l 1 1 7.7E-01 7.

Iron µg/l 10 12 5.0E+01 1.

Lead µg/l 5 12 1.0E+00 6.

Lithium mg/l 5 8 2.0E-02 2.8

Magnesium mg/l 10 12 3.5E+00 4

Manganese µg/l 12 12 1.3E+02 1

Molybdenum µg/l 2 12 1.2E+00 3.

Neptunium-237 pCi/l 2 6 9.0E+00 5

Nickel µg/l 3 12 4.7E+00 6.7

Nitrate, as 
Nitrogen

mg/l 11 12 3.4E-01 3.0

pH 10 10 6.9E+00

Phosphate, as 
Phosphorous

mg/l 7 7 2.2E+00 3.4

Phosphorous mg/l 4 4 8.2E-02 2

Plutonium-238 pCi/l 7 12 3.0E-03 2

Plutonium-239, 
Plutonium-240

pCi/l 12 12 2.4E-02 1.1

Potassium mg/l 12 12 1.0E+01 1

Potassium-40 pCi/l 3 4 6.7E+00 8

Ruthenium-106 pCi/l 3 6 3.2E+00 7

Selenium µg/l 1 12 3.0E+00 3

Silica mg/l 10 10 3.5E+01 5.

TABLE  C–7.—Groundwater Detection Statistics by Watershed an
(Environmental Surveillance Report Data 1991 to 1996)-Continu
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00 2.0E+00

1 6.9E+01 7.0E+01

0 1.2E+01 1.5E+01

2 3.0E+02 2.4E+02

0 4.2E+00 4.2E+00

1 2.7E+01 3.0E+01

1 6.0E-01 9.7E-01

2 4.0E+02 3.9E+02

2.4E+00

1.1E+00 1.0E+00

0 5.6E+00 6.6E+00

1 1.8E+00 1.6E+00

1 3.0E+01 3.2E+01

1 1.6E+02 1.4E+02

3 1.5E+04 1.5E+04

2 1.1E-01 1.5E-01

1.0E+00 1.4E+00

0 1.3E+01 1.3E+01

1 1.7E+02 1.8E+02

0 3.0E+00

1 1.2E+02 1.5E+02

2 2.7E+02 3.3E+02

1 8.0E+01

0 5.0E+00

 Analyte

MAXIMUM 95% UCL c
     Pueblo (cont.) Silver µg/l 1 12 2.0E+00 2.0E+

Sodium mg/l 12 12 6.0E+01 6.5E+0

Sodium-22 pCi/l 4 6 1.0E-01 3.6E+0

Strontium µg/l 12 12 8.7E+01 1.3E+0

Strontium-90 pCi/l 9 11 2.0E-01 1.5E+0

Sulfate mg/l 11 11 6.8E+00 1.5E+0

Thallium µg/l 2 11 2.0E-01 4.0E-0

Total Dissolved 
Solids

mg/l 10 10 2.4E+02 3.0E+0

Total Suspended 
Solids

mg/l 1 5 2.4E+00 2.4E+00

Tritium nCi/l 7 12 1.0E-01 3.4E-01

Turbidity NTU 4 4 1.5E+00 2.5E+0

Uranium µg/l 12 12 4.0E-02 6.0E-0

Vanadium µg/l 8 12 3.4E+00 1.3E+0

Zinc µg/l 9 12 7.8E+00 5.0E+0

Intermediate Perched 
Groundwater

     Los Alamos

Aluminum µg/l 6 7 6.0E+01 3.1E+0

Americium-241 pCi/l 3 6 3.0E-02 6.0E-0

Antimony µg/l 4 7 4.0E-01 7.5E-01

Arsenic µg/l 6 7 3.0E+00 6.0E+0

Barium µg/l 6 6 4.8E+01 9.0E+0

Beryllium µg/l 1 7 3.0E+00 3.0E+0

Bicarbonate mg/l 7 7 5.3E+01 9.1E+0

Boron µg/l 7 7 6.3E+01 1.5E+0

Bromine µg/l 1 1 8.0E+01 8.0E+0

Cadmium µg/l 1 7 5.0E+00 5.0E+0

TABLE  C–7.—Groundwater Detection Statistics by Watershed and by
(Environmental Surveillance Report Data 1991 to 1996)-Continued

GROUNDWATER 
REGIME a ANALYTE UNITS b DETECTED ANALYZED MINIMUM MEAN
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E+01 3.7E+01 4.2E+01

E+00 1.3E+01 1.6E+01

E+01 6.1E+01 6.4E+01

1E+01 2.1E+01

E+00 5.0E+00 6.7E+00

E+01 1.5E+01

E+01 3.0E+01 3.5E+01

E-02 2.3E-02

E-01 8.0E-01 7.9E-01

E+00 4.0E+00 5.4E+00

E+01 5.2E+01 4.8E+01

2E+01 1.9E+02 1.9E+02

E+01 1.3E+02 1.4E+02

E+03 1.1E+04 1.0E+04

E+00 2.8E+01 3.1E+01

E+00 9.4E+00 1.1E+01

6E+02 6.8E+02 8.9E+02

E-01 8.0E-01 1.1E+00

E+01 6.9E+01 9.6E+01

E+01 3.4E+01

+00 1.5E+01 1.5E+01

2E-01 9.2E-01

8.3E+00

6E+00 6.9E+00 7.8E+00

7E+00 5.7E+00

 by Analyte
ed

MAXIMUM 95% UCL c
Intermediate Perched 
Groundwater

     Los Alamos 
(cont.)

Calcium mg/l 7 7 1.2E+01 2.6

Cesium-137 pCi/l 4 7 1.2E+00 4.9

Chlorine mg/l 7 7 2.1E+01 3.6

Chloroethane µg/l 1 2 2.1E+01 2.

Chromium µg/l 3 7 1.5E+00 3.2

Cobalt µg/l 1 7 1.5E+01 1.5

Copper µg/l 5 7 3.0E+00 1.3

Cyanide mg/l 1 5 2.3E-02 2.3

Fluorine mg/l 7 7 3.0E-01 4.5

Gross Alpha pCi/l 5 7 1.0E+00 2.5

Gross Beta pCi/l 7 7 5.0E+00 1.4

Gross Gamma pCi/l 6 7 2.0E+01 6.

Hardness mg/l 7 7 4.3E+01 8.7

Iron µg/l 7 7 3.0E+01 1.9

Lead µg/l 5 8 1.0E+00 7.4

Magnesium mg/l 7 7 3.1E+00 6.1

Manganese µg/l 6 7 1.7E+01 2.

Mercury µg/l 3 7 1.0E-01 4.3

Molybdenum µg/l 5 7 3.0E+00 3.0

Nickel µg/l 1 7 3.4E+01 3.4

Nitrate, as 
Nitrogen

mg/l 8 8 5.0E-01 4.7E

Nitrite, as Nitrogen mg/l 1 1 9.2E-01 9.

pH 7 7 6.7E+00

Phoisphate mg/l 6 6 2.0E-01 2.

Phosphate mg/l 1 1 5.7E+00 5.

TABLE  C–7.—Groundwater Detection Statistics by Watershed and
(Environmental Surveillance Report Data 1991 to 1996)-Continu

GROUNDWATER 
REGIME a ANALYTE UNITS b DETECTED ANALYZED MINIMUM MEAN



C
–

1
01

C
o

n
ta

m
in

a
n
t D

a
ta

 S
e

ts S
u

p
p
o

rtin
g

E
co

lo
g

ica
l a

n
d
 H

u
m

a
n
 H

e
a

lth
 C

o
n
se

q
u

e
n

ce
 A

n
a

lysis

2 3.0E-02 3.4E-02

1.4E-01 1.5E-01

0 1.2E+01 1.4E+01

1 8.1E+01 8.5E+01

0 1.0E+00

1 6.7E+01 7.1E+01

2 2.0E+02 2.5E+02

0 2.1E+01 2.3E+01

1 3.4E+01 3.7E+01

4.0E-01 7.3E-01

2 3.8E+02 4.1E+02

1 3.0E+01 5.4E+01

2.0E+00 2.1E+00

0 3.3E+00 3.4E+00

1 3.0E+01 3.1E+01

1 8.2E+01 9.9E+01

02 2.3E+02 3.2E+02

2 6.5E-02 8.8E-02

1 1.3E+02 2.0E+02

0 7.0E+00 9.0E+00

1 8.2E+01 8.6E+01

02 1.6E+02 1.6E+02

2 2.3E+02 2.8E+02

 Analyte

MAXIMUM 95% UCL c
Intermediate Perched 
Groundwater

     Los Alamos 
(cont.)

Plutonium-238 pCi/l 4 7 1.2E-02 1.7E-0

Plutonium-239, 
Plutonium-240

pCi/l 6 7 1.4E-02 5.6E-02

Potassium mg/l 6 6 4.0E+00 8.0E+0

Silica mg/l 8 8 3.9E+01 5.8E+0

Silver µg/l 1 7 1.0E+00 1.0E+0

Sodium mg/l 7 7 2.7E+01 4.2E+0

Strontium µg/l 7 7 6.0E+01 1.4E+0

Strontium-90 pCi/l 5 6 4.0E-01 4.6E+0

Sulfate mg/l 7 7 8.0E+00 1.9E+0

Thallium µg/l 2 7 4.0E-02 2.2E-01

Total Dissolved 
Solids

mg/l 7 7 2.4E+02 3.1E+0

Total Suspended 
Solids

mg/l 2 2 3.7E+00 1.7E+0

Tritium nCi/l 6 7 2.0E-01 6.8E-01

Uranium µg/l 7 7 5.9E-01 1.3E+0

Vanadium µg/l 7 7 7.0E+00 1.5E+0

Zinc µg/l 4 7 1.0E+01 3.6E+0

     Pueblo Aluminum µg/l 3 12 4.0E+01 1.0E+

Americium-241 pCi/l 5 7 1.1E-02 3.5E-0

Antimony µg/l 3 12 1.0E-01 4.5E+0

Arsenic µg/l 4 12 2.0E+00 4.4E+0

Barium µg/l 8 10 3.0E+01 4.7E+0

Bicarbonate mg/l 12 12 6.8E+01 1.0E+

Boron µg/l 11 12 3.0E+01 1.5E+0

TABLE  C–7.—Groundwater Detection Statistics by Watershed and by
(Environmental Surveillance Report Data 1991 to 1996)-Continued
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.9E+00 1.0E+01 1.6E+01

E+01 3.8E+01 4.7E+01

E+01 5.6E+01 4.9E+01

E+01 6.0E+01 6.9E+01

E+00 6.4E+00 1.1E+01

E+00 9.0E+00

E+01 5.5E+01 7.7E+01

E-01 9.0E-01 1.0E+00

E+00 2.0E+00 2.7E+00

2E+00 9.0E+00 1.0E+01

0E+02 2.4E+02 2.4E+02

6E+01 1.2E+02 1.6E+02

E+03 5.7E+04 4.1E+04

E+01 9.1E+01 1.1E+02

E-02 3.5E-02 5.5E-02

E+00 8.6E+00 1.0E+01

2E+02 2.0E+02 2.1E+02

E-01 7.0E-01 9.4E-01

E+00 1.5E+01 1.6E+01

E+01 4.1E+01 6.0E+01

E+00 1.9E+01 1.8E+01

8.6E+00

E+00 4.1E+00 4.1E+00

E-03 1.9E-02 2.1E-02

 by Analyte
ed

MAXIMUM 95% UCL c
     Pueblo (cont.) Cadmium µg/l 3 12 4.0E-01 5

Calcium mg/l 12 12 1.0E+01 2.8

Cesium-137 pCi/l 8 12 3.2E-01 1.0

Chlorine mg/l 12 12 4.6E+00 3.7

Chromium µg/l 2 12 1.6E+00 4.0

Cobalt µg/l 1 12 9.0E+00 9.0

Copper µg/l 4 12 8.0E+00 3.3

Fluorine mg/l 12 12 2.0E-01 4.9

Gross Alpha pCi/l 4 12 1.0E+00 1.5

Gross Beta pCi/l 12 12 1.2E+00 5.

Gross Gamma pCi/l 9 12 1.0E+01 1.

Hardness mg/l 12 12 3.3E+01 9.

Iron µg/l 12 12 4.5E+02 7.9

Lead µg/l 10 14 4.6E+00 3.6

Lithium mg/l 2 2 1.3E-02 2.4

Magnesium mg/l 12 12 1.8E+00 6.7

Manganese µg/l 12 12 5.6E+01 1.

Mercury µg/l 3 12 2.0E-01 3.7

Molybdenum µg/l 5 12 5.0E+00 8.8

Nickel µg/l 2 12 2.0E+01 3.1

Nitrate, as 
Nitrogen

mg/l 10 12 9.0E-02 6.0

pH 6 6 7.1E+00

Phosphate, as 
Phosphorous

mg/l 9 10 1.0E-01 1.2

Plutonium-238 pCi/l 5 15 3.0E-03 8.2

TABLE  C–7.—Groundwater Detection Statistics by Watershed and
(Environmental Surveillance Report Data 1991 to 1996)-Continu

GROUNDWATER 
REGIME a ANALYTE UNITS b DETECTED ANALYZED MINIMUM MEAN
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1.3E+00 1.0E+00

00 9.6E+00 9.7E+00

0 2.0E+00

1 6.8E+01 8.3E+01

1 8.8E+01 8.6E+01

2 2.1E+02 2.7E+02

1 7.0E-01 9.6E-01

1 3.1E+01 3.6E+01

1 1.1E+00 2.0E+00

1 7.0E+01

2 3.3E+02 3.7E+02

0 1.1E+01 1.4E+01

0 3.1E+00 3.7E+00

1 8.0E-01 8.0E-01

0 1.1E+01 1.5E+01

3 9.5E+03 9.3E+03

alyte per liter of sample, mg/l is milligrams 

 Analyte

MAXIMUM 95% UCL c
     Pueblo (cont.) Plutonium-239, 
Plutonium-240

pCi/l 9 15 7.0E-03 1.6E-01

Potassium mg/l 11 12 1.6E+00 4.9E+

Selenium µg/l 1 12 2.0E+00 2.0E+0

Silica mg/l 11 12 7.0E+00 4.3E+0

Sodium mg/l 12 12 1.8E+01 4.3E+0

Strontium µg/l 11 12 3.3E+01 1.5E+0

Strontium-90 pCi/l 5 8 1.0E-01 4.6E-0

Sulfate mg/l 11 12 7.3E+00 2.2E+0

Thallium µg/l 2 12 1.0E-01 6.0E-0

Tin µg/l 1 10 7.0E+01 7.0E+0

Total Dissolved 
Solids

mg/l 10 12 1.8E+02 2.6E+0

Total Suspended 
Solids

mg/l 2 4 7.6E+00 9.3E+0

Tritium nCi/l 12 12 1.8E-01 1.2E+0

Uranium µg/l 10 12 8.0E-02 3.7E-0

Vanadium µg/l 3 12 2.0E+00 6.0E+0

Zinc µg/l 11 12 1.4E+02 3.0E+0

a Groundwater regime designations are in accordance with the Environmental Surveillance Program.
b pCi/l is picocuries of radioactive analyte per liter of sample, nCi/l is nanocuries of radioactive analyte per liter, µg/l is micrograms of an

of analyte per liter of sample, NTU is nephelometric turbidity units.
c Upper confidence limit (UCL) not calculated when the number of detected analyses equals 1.

TABLE  C–7.—Groundwater Detection Statistics by Watershed and by
(Environmental Surveillance Report Data 1991 to 1996)-Continued

GROUNDWATER 
REGIME a ANALYTE UNITS b DETECTED ANALYZED MINIMUM MEAN
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base [LANL 1998]—Organics)

MAXIMUM UCL

1.8E+00 1.8E+00

.0E-02 4.5E-02 5.1E-02

.2E+00 2.2E+00

2.5E+00 2.5E+00

2.6E+00 2.6E+00

1.5E+00 2.7E+00 3.9E+00

1.3E+00 1.3E+00

1.0E+00 1.0E+00

5.0E-03 5.0E-03

6.6E-03 6.6E-03

.3E+00 2.3E+00

.2E-02 2.2E-02

.6E+00 1.6E+00

.7E-03 4.7E-03

5.2E+00 5.2E+00

.7E+00 2.7E+00

.2E+00 1.2E+00

7.0E-03 7.0E-03

2.3E+00 2.3E+00

8.5E+00 8.5E+00

7.6E+00 7.6E+00

.5E+00 4.7E+00 3.7E+00

2.7E+00 1.0E+01 4.5E+00

.4E-01 4.5E-01 4.6E-01
TABLE  C–8.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Data

WATERSHED ANALYTE NAME UNITS DETECTED ANALYZED MINIMUM MEAN

Acid Canyon 
(Part of Pueblo/
Acid Canyon)

Acenaphthene mg/kg 1 26 1.8E+00

Acetone mg/kg 2 3 3.4E-02 4

Anthracene mg/kg 1 26 2.2E+00 2

Benzo(a)anthracene mg/kg 1 26 2.5E+00

Benzo(a)pyrene mg/kg 1 26 2.6E+00

Benzo(b)fluoranthene mg/kg 2 26 3.6E-01

Benzo(g,h,i)perylene mg/kg 1 26 1.3E+00

Benzo(k)fluoranthene mg/kg 1 26 1.0E+00

Chlordane[alpha-] mg/kg 1 2 5.0E-03

Chlordane[gamma-] mg/kg 1 2 6.6E-03

Chrysene mg/kg 1 26 2.3E+00 2

DDT[4,4’-] mg/kg 1 2 2.2E-02 2

Dibenzofuran mg/kg 1 26 1.6E+00 1

Dieldrin mg/kg 1 2 4.7E-03 4

Fluoranthene mg/kg 1 26 5.2E+00

Fluorene mg/kg 1 26 2.7E+00 2

Indeno(1,2,3-cd) 
pyrene

mg/kg 1 26 1.2E+00 1

Methylene Chloride mg/kg 1 3 7.0E-03

Methylnaphthalene[2-] mg/kg 1 26 2.3E+00

Naphthalene mg/kg 1 29 8.5E+00

Phenanthrene mg/kg 1 26 7.6E+00

Pyrene mg/kg 4 26 3.8E-01 1

Ancho Canyon Acenaphthene mg/kg 12 279 3.3E-02

Amino-2,6-
dinitrotoluene[4-]

mg/kg 3 242 9.7E-02 2
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01 5.5E-01 6.2E-01

+00 1.6E+01 5.7E+00

-01 7.0E-01 5.7E-01

-01 1.4E+00 1.1E+00

-01 7.0E-01 5.7E-01

+02 3.1E+03 6.7E+02

+00 2.1E+01 5.1E+00

+00 2.2E+01 3.1E+00

+00 7.4E+00 2.5E+00

+02 3.1E+03 5.9E+02

E+00 3.2E+01 1.0E+01

+00 2.9E+01 9.2E+00

E+00 3.5E+01 9.5E+00

+00 9.6E+00 3.4E+00

+00 1.1E+01 3.9E+00

-01 1.1E+00 9.3E-01

01 1.7E+00 7.4E-01

-01 2.2E-01

+00 3.3E+01 9.5E+00

02 1.1E-02

02 7.9E-02

02 1.5E-02 2.0E-02

+00 1.3E+01 3.9E+00

+00 4.5E+00

E+00 4.0E+00 3.3E+00

+00 5.6E+00 3.0E+00

NL 1998]—Organics)-Continued

MAXIMUM UCL
Ancho Canyon 
(Cont.)

Amino-4,6-
dinitrotoluene[2-]

mg/kg 2 242 4.3E-01 4.9E-

Anthracene mg/kg 16 279 6.6E-02 3.4E

Aroclor-1016 mg/kg 4 96 1.8E-01 3.1E

Aroclor-1221 mg/kg 4 96 3.5E-01 6.2E

Aroclor-1232 mg/kg 4 96 1.8E-01 3.1E

Aroclor-1242 mg/kg 14 144 1.8E-01 2.3E

Aroclor-1248 mg/kg 13 96 3.6E-02 2.0E

Aroclor-1254 mg/kg 32 144 3.7E-02 1.5E

Aroclor-1260 mg/kg 14 144 3.6E-02 1.5E

Aroclors (Mixed) mg/kg 16 64 3.7E-02 2.0E

Benzo(a)anthracene mg/kg 19 279 2.3E-01 6.1

Benzo(a)pyrene mg/kg 21 279 1.6E-01 5.8E

Benzo(b)fluoranthene mg/kg 23 279 2.0E-01 5.7

Benzo(g,h,i)perylene mg/kg 22 279 1.3E-01 2.2E

Benzo(k)fluoranthene mg/kg 21 279 2.0E-01 2.7E

Benzoic Acid mg/kg 5 279 4.9E-02 5.7E

Bis(2-ethylhexyl) 
phthalate

mg/kg 21 279 3.8E-02 5.4E-

Butylbenzylphthalate mg/kg 1 279 2.2E-01 2.2E

Chrysene mg/kg 23 279 1.8E-01 5.7E

DDD[4,4’-] mg/kg 1 42 1.1E-02 1.1E-

DDE[4,4’-] mg/kg 1 42 7.9E-02 7.9E-

DDT[4,4’-] mg/kg 2 42 5.5E-03 1.0E-

Di-n-butylphthalate mg/kg 26 279 3.6E-02 2.4E

Di-n-octylphthalate mg/kg 1 279 4.5E+00 4.5E

Dibenz(a,h)anthracene mg/kg 7 279 3.3E-02 2.0

Dibenzofuran mg/kg 8 279 4.1E-01 1.8E

TABLE  C–8.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Database [LA

WATERSHED ANALYTE NAME UNITS DETECTED ANALYZED MINIMUM MEAN
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IS.8E+00 1.0E+01 4.7E+00

2E+01 2.5E+01 2.3E+01

.9E+00 1.7E+01 6.4E+00

7.5E-01 1.1E+00 1.0E+00

2.7E+00 8.4E+00 4.4E+00

.4E+00 1.9E+00 2.1E+00

.0E+00 4.8E+00 4.8E+00

.3E+00 5.4E+00 6.5E+00

1.4E+01 7.9E+01 2.4E+01

.2E+01 7.3E+01 2.0E+01

.2E+00 9.2E+00 9.2E+00

.7E-01 2.0E+00 2.0E+00

3.1E+00 8.0E+00 8.0E+00

.0E+00 1.0E+00

.6E-01 1.6E-01

.9E-01 7.9E-01

6E+00 1.6E+00

1.3E-01 1.5E-01 1.8E-01

.1E-01 2.1E-01

.4E-01 4.4E-01

.7E-01 4.7E-01

9.8E-02 9.8E-02

.1E-01 2.1E-01 2.1E-01

[LANL 1998]—Organics)-Continued

MAXIMUM UCL
Ancho Canyon 
(Cont.)

Fluorene mg/kg 12 279 3.6E-01 2

HMX mg/kg 4 242 1.3E+00 1.

Indeno(1,2,3-cd) 
pyrene

mg/kg 20 279 1.3E-01 3

Methylnaphthalene[2-] mg/kg 5 279 4.0E-01

Naphthalene mg/kg 10 279 1.7E-01

Nitrotoluene[2-] mg/kg 3 242 7.9E-01 1

Nitrotoluene[3-] mg/kg 3 242 6.0E-01 2

Nitrotoluene[4-] mg/kg 2 242 3.2E+00 4

Phenanthrene mg/kg 21 279 3.0E-01

Pyrene mg/kg 23 279 4.3E-01 1

RDX mg/kg 1 242 9.2E+00 9

Tetryl mg/kg 3 242 3.5E-01 9

Trinitrobenzene[1,3,5-] mg/kg 3 242 3.1E-01

Trinitrotoluene[2,4,6-] mg/kg 1 242 1.0E+00 1

Barrancas 
Canyon

Amino-2,6-
dinitrotoluene[4-]

mg/kg 1 8 1.6E-01 1

Dinitrotoluene[2,6-] mg/kg 1 8 7.9E-01 7

HMX mg/kg 1 8 1.6E+00 1.

Nitrobenzene mg/kg 2 8 1.0E-01

Nitrotoluene[2-] mg/kg 1 8 2.1E-01 2

Nitrotoluene[3-] mg/kg 1 8 4.4E-01 4

Nitrotoluene[4-] mg/kg 1 8 4.7E-01 4

Bayo Canyon Nitrobenzene mg/kg 1 36 9.8E-02

Nitrotoluene[3-] mg/kg 2 28 2.1E-01 2

TABLE  C–8.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Database 

WATERSHED ANALYTE NAME UNITS DETECTED ANALYZED MINIMUM MEAN
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+00 7.8E+00 4.4E+00

+00 2.8E+00 3.2E+00

-01 4.2E-01 6.1E-01

02 4.9E-02

+00 1.3E+01 4.1E+00

+00 2.2E+01 1.0E+01

-01 3.7E-01 3.2E-01

01 2.2E+01 3.2E+01

-03 4.0E-03

-01 1.6E-01

-02 8.2E-02 8.2E-02

E+00 1.7E+01 3.6E+00

+00 1.6E+01 3.3E+00

E+00 2.1E+01 4.8E+00

+00 1.1E+01 3.2E+00

+00 2.8E+01 5.4E+00

00 4.4E+00 1.8E+00

+00 2.9E+00 2.3E+00

+00 2.6E+01 4.5E+00

02 2.1E-02 2.9E-02

02 8.4E-02 4.9E-02

02 4.9E-02 2.5E-02

+00 1.8E+00 1.6E+00

-01 7.4E-01

E+00 4.8E+00 3.6E+00

+00 1.2E+01 6.4E+00

NL 1998]—Organics)-Continued

MAXIMUM UCL
Cañada del 
Buey

Acenaphthene mg/kg 10 172 4.5E-01 2.6E

Acenaphthylene mg/kg 3 172 6.3E-01 1.9E

Acetone mg/kg 2 80 4.1E-02 2.3E

Aldrin mg/kg 1 74 4.9E-02 4.9E-

Anthracene mg/kg 16 172 4.1E-01 2.4E

Aroclor-1254 mg/kg 10 159 7.0E-02 4.6E

Aroclor-1260 mg/kg 4 159 4.3E-02 1.7E

Aroclors (Mixed) mg/kg 2 85 7.0E-02 1.1E+

BHC[alpha-] mg/kg 1 74 4.0E-03 4.0E

BHC[delta-] mg/kg 1 74 1.6E-01 1.6E

BHC[gamma-] mg/kg 3 74 2.8E-03 3.1E

Benzo(a)anthracene mg/kg 36 172 3.6E-01 2.4

Benzo(a)pyrene mg/kg 33 172 4.7E-01 2.3E

Benzo(b)fluoranthene mg/kg 38 172 4.1E-01 3.3

Benzo(g,h,i)perylene mg/kg 16 172 4.3E-01 1.9E

Benzo(k)fluoranthene mg/kg 22 172 4.1E-01 2.9E

Bis(2-ethylhexyl) 
phthalate

mg/kg 24 172 3.7E-01 1.4E+

Butylbenzylphthalate mg/kg 4 172 4.3E-01 1.1E

Chrysene mg/kg 40 172 3.6E-01 2.8E

DDD[4,4’-] mg/kg 2 74 4.5E-03 1.3E-

DDE[4,4’-] mg/kg 6 74 6.2E-03 2.4E-

DDT[4,4’-] mg/kg 8 74 6.1E-03 1.5E-

Di-n-butylphthalate mg/kg 6 172 4.4E-01 1.1E

Di-n-octylphthalate mg/kg 1 172 7.4E-01 7.4E

Dibenz(a,h)anthracene mg/kg 5 172 4.5E-01 1.9

Dibenzofuran mg/kg 7 172 4.5E-01 3.2E

TABLE  C–8.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Database [LA

WATERSHED ANALYTE NAME UNITS DETECTED ANALYZED MINIMUM MEAN
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IS-02 1.1E-01 2.6E-02

-03 2.1E-02 1.4E-02

E-03 2.0E-03 2.1E-03

-02 2.7E-02 1.8E-02

-02 1.8E-01 9.5E-02

E+00 7.4E+01 1.0E+01

+00 1.1E+01 6.4E+00

-02 2.8E-02

E-03 1.5E-02 1.0E-02

E+00 1.1E+01 3.4E+00

-02 3.5E-02

+01 2.8E+02 1.2E+02

E-02 5.1E-02 2.7E-02

E+00 9.8E+00 7.9E+00

-01 1.2E+00 1.5E+00

+00 3.9E+01 1.7E+01

E+00 8.3E+01 1.2E+01

-01 5.6E-01

+00 6.2E+01 9.0E+00

00 3.0E+00 4.5E+00

+01 2.1E+01 3.1E+01

E-01 1.3E+00 1.9E+00

E-03 6.0E-03

E+00 1.3E+01 2.5E+00

E-01 4.9E-01

-02 4.2E-02 4.9E-02

NL 1998]—Organics)-Continued

MAXIMUM UCL
Cañada del 
Buey (Cont.)

Dieldrin mg/kg 15 75 7.9E-04 1.2E

Endosulfan II mg/kg 9 74 2.5E-03 9.2E

Endosulfan Sulfate mg/kg 2 75 1.8E-03 1.9

Endrin mg/kg 6 74 2.3E-03 1.1E

Endrin Aldehyde mg/kg 6 74 3.1E-03 3.9E

Fluoranthene mg/kg 52 172 3.7E-01 6.3

Fluorene mg/kg 8 172 4.7E-01 3.5E

Heptachlor mg/kg 1 75 2.8E-02 2.8E

Heptachlor Epoxide mg/kg 6 75 3.0E-03 6.8

Indeno(1,2,3-cd)pyrene mg/kg 20 172 3.6E-01 2.0

Isopropyltoluene[4-] mg/kg 1 80 3.5E-02 3.5E

Methoxychlor[4,4’-] mg/kg 7 75 2.6E-02 4.0E

Methylene Chloride mg/kg 7 80 6.8E-03 1.4

Methylnaphthalene[2-] mg/kg 4 172 4.3E-01 3.8

Methylphenol[4-] mg/kg 2 172 5.4E-01 8.7E

Naphthalene mg/kg 8 179 4.7E-01 8.0E

Phenanthrene mg/kg 44 172 3.8E-01 6.8

Phenol mg/kg 1 172 5.6E-01 5.6E

Pyrene mg/kg 49 172 3.8E-01 5.8E

Trichloro-1,2,2-
trifluoroethane[1,1,2-]

mg/kg 2 80 6.0E-03 1.5E+

Trichloroethane[1,1,1-] mg/kg 2 80 7.0E-03 1.1E

Trichloroethene mg/kg 2 80 2.1E-02 6.6

Trichlorofluoromethane mg/kg 1 80 6.0E-03 6.0

Chaquehui 
Canyon

Acenaphthene mg/kg 20 235 4.5E-02 1.2

Acenaphthylene mg/kg 1 235 4.9E-01 4.9

Aldrin mg/kg 2 34 2.9E-02 3.6E

TABLE  C–8.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Database [LA

WATERSHED ANALYTE NAME UNITS DETECTED ANALYZED MINIMUM MEAN
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5.4E+00 5.4E+00

5.4E+00 5.4E+00

4.1E-01

00 1.9E+01 3.2E+00

0 3.6E+00 3.1E+00

0 7.2E+00 6.2E+00

0 3.6E+00 3.1E+00

0 3.6E+00 3.1E+00

0 3.6E+00 3.1E+00

1 3.6E+00 1.3E+00

0 1.1E+01 4.7E+00

1 2.3E+00 1.4E+00

1 4.3E-01

2 4.1E-02 4.8E-02

3 2.4E-03 2.5E-03

2 3.7E-02 4.3E-02

00 2.7E+01 3.3E+00

00 2.9E+01 3.8E+00

00 2.8E+01 3.8E+00

00 1.3E+01 2.3E+00

00 2.1E+01 4.0E+00

1 2.2E-01 2.3E-01

3.2E+00 1.4E+00

01 9.8E-01 9.3E-01

0 3.0E+00 2.0E+00

L 1998]—Organics)-Continued

MAXIMUM UCL
Chaquehui 
Canyon (Cont.)

Amino-2,6-
dinitrotoluene[4-]

mg/kg 3 92 3.6E-01 2.1E+00

Amino-4,6-
dinitrotoluene[2-]

mg/kg 3 98 3.6E-01 2.1E+00

Aniline mg/kg 1 193 4.1E-01 4.1E-01

Anthracene mg/kg 24 235 1.8E-01 1.7E+

Aroclor-1016 mg/kg 4 41 3.4E-02 1.5E+0

Aroclor-1221 mg/kg 4 41 6.7E-02 3.1E+0

Aroclor-1232 mg/kg 4 41 3.4E-02 1.5E+0

Aroclor-1242 mg/kg 4 45 3.4E-02 1.5E+0

Aroclor-1248 mg/kg 4 41 3.4E-02 1.5E+0

Aroclor-1254 mg/kg 21 48 3.4E-02 9.1E-0

Aroclor-1260 mg/kg 12 48 7.0E-02 2.7E+0

Aroclors (Mixed) mg/kg 8 19 1.0E-01 8.2E-0

Azobenzene mg/kg 1 193 4.3E-01 4.3E-0

BHC[alpha-] mg/kg 2 34 2.7E-02 3.4E-0

BHC[beta-] mg/kg 2 34 2.3E-03 2.4E-0

BHC[delta-] mg/kg 2 34 2.6E-02 3.2E-0

Benzo(a)anthracene mg/kg 42 235 5.2E-02 2.0E+

Benzo(a)pyrene mg/kg 37 235 7.4E-02 2.2E+

Benzo(b)fluoranthene mg/kg 43 235 6.4E-02 2.4E+

Benzo(g,h,i)perylene mg/kg 27 235 5.5E-02 1.3E+

Benzo(k)fluoranthene mg/kg 30 230 6.3E-02 2.5E+

Benzoic Acid mg/kg 2 235 2.0E-01 2.1E-0

Bis(2-ethylhexyl) 
phthalate

mg/kg 15 235 4.5E-02 9.9E-01

Butylbenzylphthalate mg/kg 4 235 4.4E-01 6.9E-

Carbazole mg/kg 5 16 1.9E-01 1.0E+0

TABLE  C–8.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Database [LAN

WATERSHED ANALYTE NAME UNITS DETECTED ANALYZED MINIMUM MEAN
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IS2.0E+00 2.9E+01 3.4E+00

.8E-03 1.2E-02 1.4E-02

.9E-03 2.4E-03 2.2E-03

.0E-02 2.3E-02 1.6E-02

.1E+00 2.3E+00 2.5E+00

1.2E+00 4.8E+00 1.9E+00

9.3E-01 4.7E+00 2.0E+00

9.7E-01 5.6E+00 2.1E+00

1.8E-01 1.8E-01

.7E-04 8.3E-04 9.0E-04

3.0E+01 3.0E+01

7.0E-01 7.0E-01

.0E+00 2.0E+00

.9E-01 6.9E-01

6.1E-03 6.1E-03

.4E-03 1.1E-02 7.2E-03

1.8E-02 1.8E-02

.5E-03 2.7E-03 2.9E-03

8.7E-03 8.7E-03

2.7E+00 5.4E+01 4.5E+00

.6E+00 1.5E+01 3.7E+00

1.4E+00 1.4E+01 2.4E+00

4.6E-03 5.0E-03 5.4E-03

2.6E+00 9.3E+00 7.1E+00

.7E-01 3.7E-01

.8E-01 9.8E-01

2.6E+00 2.7E+01 6.3E+00

[LANL 1998]—Organics)-Continued

MAXIMUM UCL
Chaquehui 
Canyon (Cont.)

Chrysene mg/kg 46 235 6.4E-02

DDD[4,4’-] mg/kg 2 34 7.5E-03 9

DDE[4,4’-] mg/kg 6 34 1.4E-03 1

DDT[4,4’-] mg/kg 6 34 4.4E-03 1

D[2,4-] mg/kg 2 51 1.9E+00 2

Di-n-butylphthalate mg/kg 21 235 3.4E-02

Dibenz(a,h)anthracene mg/kg 8 235 8.3E-02

Dibenzofuran mg/kg 9 235 4.6E-02

Dichlorobenzene[1,4-] mg/kg 1 238 1.8E-01

Dieldrin mg/kg 2 34 7.0E-04 7

Diethylphthalate mg/kg 1 235 3.0E+01

Dimethylphenol[2,4-] mg/kg 1 235 7.0E-01

Dinitrotoluene[2,4-] mg/kg 1 364 2.0E+00 2

Dinoseb mg/kg 1 51 6.9E-01 6

Endosulfan I mg/kg 1 34 6.1E-03

Endosulfan II mg/kg 6 34 2.0E-03 4

Endosulfan Sulfate mg/kg 1 34 1.8E-02

Endrin mg/kg 2 34 2.3E-03 2

Endrin Aldehyde mg/kg 1 26 8.7E-03

Fluoranthene mg/kg 63 235 4.2E-02

Fluorene mg/kg 14 235 8.8E-02 1

Indeno(1,2,3-cd)pyrene mg/kg 30 235 5.0E-02

Methylene Chloride mg/kg 2 3 4.2E-03

Methylnaphthalene[2-] mg/kg 4 235 4.9E-02

Methylphenol[2-] mg/kg 1 235 3.7E-01 3

Methylphenol[4-] mg/kg 1 235 9.8E-01 9

Naphthalene mg/kg 14 237 6.0E-02

TABLE  C–8.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Database 

WATERSHED ANALYTE NAME UNITS DETECTED ANALYZED MINIMUM MEAN
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01 5.1E-01 6.4E-01

01 1.6E-01

01 5.1E-01

01 5.1E-01

+00 6.7E+01 6.3E+00

00 5.1E+01 5.3E+00

00 1.6E+00

1 5.4E-01 5.6E-01

1 6.9E-01

-01 1.7E-01

01 2.7E-01

+00 1.1E+01 5.9E+00

-01 3.5E-01

02 2.1E-01 4.1E-02

00 2.1E+01 9.4E+00

00 1.1E+00

00 1.7E+01 3.4E+00

00 1.7E+01 3.6E+00

00 3.0E+00

+00 9.8E+01 1.5E+01

+00 7.4E+01 1.5E+01

+00 7.6E+01 7.3E+00

+00 3.7E+01 1.3E+01

+00 6.6E+01 1.7E+01

00 3.7E+00 3.2E+00

1 7.0E-01

1 3.5E-01

L 1998]—Organics)-Continued

MAXIMUM UCL
Chaquehui 
Canyon (Cont.)

Nitrobenzene mg/kg 2 364 2.5E-01 3.8E-

Nitrotoluene[2-] mg/kg 1 123 1.6E-01 1.6E-

Nitrotoluene[3-] mg/kg 1 123 5.1E-01 5.1E-

Nitrotoluene[4-] mg/kg 1 123 5.1E-01 5.1E-

Phenanthrene mg/kg 49 235 6.4E-02 3.5E

Pyrene mg/kg 68 235 1.1E-01 3.3E+

Pyridine mg/kg 1 16 1.6E+00 1.6E+

RDX mg/kg 2 129 5.0E-01 5.2E-0

Tetryl mg/kg 1 129 6.9E-01 6.9E-0

Trinitrobenzene[1,3,5-] mg/kg 1 129 1.7E-01 1.7E

Trinitrotoluene[2,4,6-] mg/kg 1 129 2.7E-01 2.7E-

DP Canyon 
(Part of Los 
Alamos 
Canyon)

Acenaphthene mg/kg 6 665 3.5E-01 2.5E

Acenaphthylene mg/kg 1 665 3.5E-01 3.5E

Acetone mg/kg 46 223 6.3E-03 3.2E-

Anthracene mg/kg 7 665 3.4E-01 3.6E+

Aroclor-1254 mg/kg 1 36 1.1E+00 1.1E+

Aroclor-1260 mg/kg 19 36 7.0E-02 1.7E+

Aroclors (Mixed) mg/kg 18 26 7.0E-02 1.8E+

Benzene mg/kg 1 223 3.0E+00 3.0E+

Benzo(a)anthracene mg/kg 21 665 4.4E-02 5.5E

Benzo(a)pyrene mg/kg 16 665 2.2E-01 5.6E

Benzo(b)fluoranthene mg/kg 35 665 9.2E-02 3.0E

Benzo(g,h,i)perylene mg/kg 9 664 1.4E-01 4.7E

Benzo(k)fluoranthene mg/kg 12 664 5.3E-02 6.3E

Benzoic Acid mg/kg 5 665 3.6E-01 2.1E+

Benzyl Alcohol mg/kg 1 665 7.0E-01 7.0E-0

Bis(2-chloroethoxy) 
methane

mg/kg 1 664 3.5E-01 3.5E-0

TABLE  C–8.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Database [LAN

WATERSHED ANALYTE NAME UNITS DETECTED ANALYZED MINIMUM MEAN
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E+00 6.2E+01 8.5E+00

5E-01 3.5E-01

.3E-02 6.3E-02

.3E-01 5.0E-01 5.8E-01

.5E-01 3.5E-01

.1E-02 1.2E-02 1.3E-02

E+00 2.9E+00 4.0E+00

.0E-01 7.0E-01

.5E+00 2.5E+00

.0E-01 7.0E-01

.5E-01 3.5E-01

4E+00 2.5E+00 3.6E+00

5E-01 3.5E-01

.5E+00 1.1E+02 1.5E+01

E-02 2.0E-02

.0E+00 5.2E+00 1.9E+00

.6E-01 5.6E-01 6.7E-01

5.7E+00 1.6E+01 1.6E+01

.1E+00 5.8E+00 8.5E+00

.5E-01 3.5E-01

.5E-01 3.5E-01

.8E-01 1.4E+00 1.9E+00

0E-01 7.0E-01

LANL 1998]—Organics)-Continued

MAXIMUM UCL
DP Canyon 
(Part of Los 
Alamos 
Canyon) 
(Cont.)

Bis(2-chloroethyl)ether mg/kg 1 665 3.5E-01 3

Bis(2-ethylhexyl) 
phthalate

mg/kg 29 665 6.4E-02 4.2

Bromophenyl-
phenylether[4-]

mg/kg 1 665 3.5E-01 3.

Butanone[2-] mg/kg 1 223 6.3E-02 6

Butylbenzylphthalate mg/kg 2 665 3.5E-01 4

Carbazole mg/kg 1 6 3.5E-01 3

Carbon Disulfide mg/kg 2 223 9.2E-03 1

Chloro-3-methylphenol 
[4-]

mg/kg 2 664 7.0E-01 1.8

Chloroaniline[4-] mg/kg 1 665 7.0E-01 7

Chlorobenzene mg/kg 1 223 2.5E+00 2

Chloronaphthalene[1-] mg/kg 1 6 7.0E-01 7

Chloronaphthalene[2-] mg/kg 1 665 3.5E-01 3

Chlorophenol[2-] mg/kg 2 665 3.5E-01 1.

Chlorophenyl-phenyl 
[4-] Ether

mg/kg 1 665 3.5E-01 3.

Chrysene mg/kg 24 664 9.3E-02 5

DDT[4,4’-] mg/kg 1 2 2.0E-02 2.0

Di-n-butylphthalate mg/kg 12 665 5.8E-02 1

Di-n-octylphthalate mg/kg 2 665 3.5E-01 4

Dibenz(a,h)anthracene mg/kg 3 665 3.5E-01

Dibenzofuran mg/kg 2 665 3.5E-01 3

Dichlorobenzene[1,2-] mg/kg 1 882 3.5E-01 3

Dichlorobenzene[1,3-] mg/kg 1 881 3.5E-01 3

Dichlorobenzene[1,4-] mg/kg 2 881 3.5E-01 8

Dichlorobenzidine 
[3,3’-]

mg/kg 1 665 7.0E-01 7.

TABLE  C–8.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Database [

WATERSHED ANALYTE NAME UNITS DETECTED ANALYZED MINIMUM MEAN
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2 3.8E-02 4.0E-02

00 2.9E+00

01 3.5E-01

01 9.0E+01 6.8E+01

-01 3.5E-01

01 3.5E-01

0 1.7E+00

00 1.7E+00

00 1.7E+00 2.4E+00

01 3.5E-01

00 1.1E+00

0 1.7E+00

00 3.2E+02 2.5E+01

00 1.1E+01 8.4E+00

-01 3.5E-01

-01 3.5E-01

1 3.5E-01

-01 3.5E-01

0 3.8E+01 1.1E+01

01 3.5E-01

02 2.5E-02 2.1E-02

02 5.9E-02 2.8E-02

-01 3.5E-01 3.5E-01

01 3.5E-01

L 1998]—Organics)-Continued

MAXIMUM UCL
DP Canyon 
(Part of Los 
Alamos 
Canyon) 
(Cont.)

Dichlorodifluoro 
methane

mg/kg 2 216 3.4E-02 3.6E-0

Dichloroethene[1,1-] mg/kg 1 222 2.9E+00 2.9E+

Dichlorophenol[2,4-] mg/kg 1 665 3.5E-01 3.5E-

Diethylphthalate mg/kg 4 665 3.5E-01 2.5E+

Dimethyl Phthalate mg/kg 1 665 3.5E-01 3.5E

Dimethylphenol[2,4-] mg/kg 1 664 3.5E-01 3.5E-

Dinitro-2-methylphenol 
[4,6-]

mg/kg 1 665 1.7E+00 1.7E+0

Dinitrophenol[2,4-] mg/kg 1 665 1.7E+00 1.7E+

Dinitrotoluene[2,4-] mg/kg 2 664 3.5E-01 1.0E+

Dinitrotoluene[2,6-] mg/kg 1 658 3.5E-01 3.5E-

Diphenylamine mg/kg 1 6 1.1E+00 1.1E+

Diphenylhydrazine 
[1,2-]

mg/kg 1 6 1.7E+00 1.7E+0

Fluoranthene mg/kg 41 664 3.4E-01 9.1E+

Fluorene mg/kg 4 665 3.5E-01 3.1E+

Hexachlorobenzene mg/kg 1 665 3.5E-01 3.5E

Hexachlorobutadiene mg/kg 1 730 3.5E-01 3.5E

Hexachlorocyclopenta 
diene

mg/kg 1 664 3.5E-01 3.5E-0

Hexachloroethane mg/kg 1 664 3.5E-01 3.5E

Indeno(1,2,3-cd) 
pyrene”

mg/kg 11 665 1.1E-01 4.0E+0

Isophorone mg/kg 1 664 3.5E-01 3.5E-

Isopropyltoluene[4-] mg/kg 4 217 9.0E-03 1.4E-

Methylene Chloride mg/kg 8 223 4.7E-03 1.6E-

Methylnaphthalene[2-] mg/kg 1 665 3.5E-01 3.5E

Methylphenol[2-] mg/kg 1 665 3.5E-01 3.5E-

TABLE  C–8.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Database [LAN

WATERSHED ANALYTE NAME UNITS DETECTED ANALYZED MINIMUM MEAN
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.5E-01 3.5E-01

4.0E-01 4.4E-01 4.9E-01

.7E+00 1.7E+00

.7E+00 1.7E+00

.7E+00 1.7E+00

3.5E-01 3.5E-01

.5E-01 3.5E-01

.4E+00 3.1E+00 3.8E+00

.3E-01 1.5E+00 2.1E+00

.5E-01 3.5E-01

.5E-01 3.5E-01

.5E-01 3.5E-01

2.8E+00 3.9E+00 5.0E+00

6.7E+00 1.6E+02 1.8E+01

.2E+00 2.6E+00 1.9E+00

.3E+00 2.3E+02 1.6E+01

6.1E-02 6.1E-02

8.9E-02 2.6E+00 2.2E-01

.3E-01 1.5E+00 2.1E+00

2.4E+00 2.4E+00

1.7E-02 2.6E-02 2.4E-02

[LANL 1998]—Organics)-Continued

MAXIMUM UCL
DP Canyon 
(Part of Los 
Alamos 
Canyon) 
(Cont.)

Methylphenol[3-] mg/kg 1 6 3.5E-01 3

Methylphenol[4-] mg/kg 1 665 3.5E-01 3

Naphthalene mg/kg 2 730 3.5E-01

Nitroaniline[2-] mg/kg 1 665 1.7E+00 1

Nitroaniline[3-] mg/kg 1 665 1.7E+00 1

Nitroaniline[4-] mg/kg 1 665 1.7E+00 1

Nitrobenzene mg/kg 1 664 3.5E-01

Nitrophenol[2-] mg/kg 1 664 3.5E-01 3

Nitrophenol[4-] mg/kg 2 664 1.7E+00 2

Nitroso-di-n-
propylamine[N-]

mg/kg 2 665 3.5E-01 9

Nitrosodimethylamine 
[N-]

mg/kg 1 567 3.5E-01 3

Nitrosodiphenylamine 
[N-]

mg/kg 1 665 3.5E-01 3

Oxybis(1-chloro 
propane)[2,2’-]

mg/kg 1 655 3.5E-01 3

Pentachlorophenol mg/kg 2 664 1.7E+00

Phenanthrene mg/kg 29 664 5.0E-02

Phenol mg/kg 5 665 3.5E-01 1

Pyrene mg/kg 45 665 7.4E-02 6

Tetrachloroethene mg/kg 1 222 6.1E-02

Toluene mg/kg 39 223 5.0E-03

Trichlorobenzene 
[1,2,4-]

mg/kg 2 730 3.5E-01 9

Trichloroethene mg/kg 1 223 2.4E+00

Trichlorofluoromethane mg/kg 4 216 1.1E-02

TABLE  C–8.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Database 

WATERSHED ANALYTE NAME UNITS DETECTED ANALYZED MINIMUM MEAN
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-01 3.5E-01

-01 3.5E-01

-02 2.1E-02 2.1E-02

+00 4.6E+00 3.4E+00

-02 2.5E-02

01 9.1E-01 1.2E+00

+00 1.2E+01 6.5E+00

-01 1.3E+00 9.7E-01

+00 1.7E+01 5.7E+00

00 1.7E+01 1.7E+01

-02 1.0E-02

E+00 2.3E+01 7.3E+00

+00 1.6E+01 6.7E+00

E+00 1.7E+01 3.9E+00

+00 6.0E+00 4.0E+00

+00 9.7E+00 4.6E+00

+00 3.5E+00 3.0E+00

00 5.5E+00 2.7E+00

-01 1.5E+00 1.7E+00

-03 7.2E-03

-03 6.8E-03

-01 3.7E-01

+00 1.8E+01 5.5E+00

03 9.7E-03 9.7E-03

02 4.8E-02 3.1E-02

NL 1998]—Organics)-Continued

MAXIMUM UCL
DP Canyon 
(Part of Los 
Alamos 
Canyon) 
(Cont.)

Trichlorophenol[2,4,5-] mg/kg 1 665 3.5E-01 3.5E

Trichlorophenol[2,4,6-] mg/kg 1 665 3.5E-01 3.5E

Xylene (Total) mg/kg 5 222 6.0E-03 1.5E

Los Alamos 
Canyon

Acenaphthene mg/kg 6 259 6.1E-01 1.9E

Acetone mg/kg 1 7 2.5E-02 2.5E

Aniline mg/kg 2 257 4.0E-01 6.6E-

Anthracene mg/kg 8 259 6.1E-01 3.5E

Aroclor-1254 mg/kg 5 37 1.6E-01 5.8E

Aroclor-1260 mg/kg 10 37 7.6E-02 2.4E

Aroclors (Mixed) mg/kg 3 14 1.5E+00 7.5E+

Benzene mg/kg 1 7 1.0E-02 1.0E

Benzo(a)anthracene mg/kg 15 259 7.7E-02 3.9

Benzo(a)pyrene mg/kg 11 259 8.3E-02 3.5E

Benzo(b)fluoranthene mg/kg 27 259 9.6E-02 2.4

Benzo(g,h,i)perylene mg/kg 7 259 4.4E-01 2.1E

Benzo(k)fluoranthene mg/kg 10 259 8.1E-02 2.7E

Benzoic Acid mg/kg 4 259 8.1E-01 1.7E

Bis(2-ethylhexyl) 
phthalate

mg/kg 7 259 5.5E-02 1.2E+

Butylbenzylphthalate mg/kg 3 259 8.2E-02 8.9E

Chlordane[alpha-] mg/kg 1 21 7.2E-03 7.2E

Chlordane[gamma-] mg/kg 1 21 6.8E-03 6.8E

Chlorophenol[2-] mg/kg 1 259 3.7E-01 3.7E

Chrysene mg/kg 19 259 9.6E-02 3.3E

DDE[4,4’-] mg/kg 3 21 8.5E-03 8.9E-

DDT[4,4’-] mg/kg 7 21 5.9E-03 2.0E-

TABLE  C–8.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Database [LA

WATERSHED ANALYTE NAME UNITS DETECTED ANALYZED MINIMUM MEAN
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3.0E+00 4.3E+00 5.7E+00

.7E+00 2.5E+00 2.9E+00

3.7E-01 3.7E-01

6.1E-01 6.1E-01

.2E-03 4.2E-03

4.3E+00 4.1E+01 7.7E+00

.2E+00 4.7E+00 3.9E+00

.1E+00 5.7E+00 3.9E+00

1.1E+00 1.2E+00 1.3E+00

.7E-01 3.7E-01

1.9E+00 2.7E+00 3.2E+00

5.7E+00 3.9E+01 1.0E+01

.6E+00 3.9E+01 7.8E+00

.6E-02 2.9E-02 2.5E-02

.1E-02 1.2E-02 1.3E-02

1.4E+00 2.6E+00 2.7E+00

.6E-02 1.6E-02

.1E-01 3.1E-01

.7E+00 5.1E+00 5.2E+00

.5E-01 1.5E-01

.6E-02 5.3E-02 5.4E-02

.9E-02 1.5E-01 1.1E-01

1.0E-03 1.0E-03

5.7E+00 2.3E+01 1.1E+01

4.8E+00 2.3E+01 9.1E+00

[LANL 1998]—Organics)-Continued

MAXIMUM UCL
Los Alamos 
Canyon (Cont.)

Di-n-butylphthalate mg/kg 17 259 4.2E-01

Dibenz(a,h)anthracene mg/kg 2 259 1.6E+00

Dibenzofuran mg/kg 3 259 5.2E-01 1

Dichlorobenzene[1,3-] mg/kg 1 264 3.7E-01

Diethylphthalate mg/kg 1 259 6.1E-01

Endosulfan II mg/kg 1 21 4.2E-03 4

Fluoranthene mg/kg 29 259 1.8E-01

Fluorene mg/kg 5 259 6.1E-01 2

Indeno(1,2,3-cd) 
pyrene

mg/kg 7 259 4.2E-01 2

Methylnaphthalene[2-] mg/kg 2 259 1.0E+00

Methylphenol[4-] mg/kg 1 259 3.7E-01 3

Naphthalene mg/kg 3 259 5.7E-01

Phenanthrene mg/kg 19 259 8.5E-02

Pyrene mg/kg 30 259 2.1E-01 4

Toluene mg/kg 4 7 1.0E-02 1

Xylene (Total) mg/kg 2 7 9.5E-03 1

Mortandad 
Canyon

Acenaphthene mg/kg 3 88 4.1E-01

Acetone mg/kg 1 51 1.6E-02 1

Aniline mg/kg 1 88 3.1E-01 3

Anthracene mg/kg 3 88 8.4E-01 2

Aroclor-1254 mg/kg 1 30 1.5E-01 1

Aroclor-1260 mg/kg 4 30 2.0E-02 3

Aroclors (Mixed) mg/kg 5 30 2.0E-02 5

Benzene mg/kg 1 51 1.0E-03

Benzo(a)anthracene mg/kg 10 88 1.7E-01

Benzo(a)pyrene mg/kg 12 88 1.5E-01

TABLE  C–8.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Database 

WATERSHED ANALYTE NAME UNITS DETECTED ANALYZED MINIMUM MEAN



C
–

1
17

C
o

n
ta

m
in

a
n
t D

a
ta

 S
e

ts S
u

p
p
o

rtin
g

E
co

lo
g

ica
l a

n
d
 H

u
m

a
n
 H

e
a

lth
 C

o
n
se

q
u

e
n

ce
 A

n
a

lysis

+00 2.6E+01 1.0E+01

+00 1.3E+01 1.1E+01

+00 1.1E+01 9.1E+00

1 1.8E-01 1.8E-01

0 3.8E+00 2.4E+00

-03 4.0E-03

03 8.0E-03

03 5.8E-03

00 2.6E+01 1.0E+01

+00 2.7E+00 2.8E+00

01 9.4E-01

1 7.0E-01

00 2.7E+01 9.6E+00

00 2.1E+00 2.8E+00

+00 1.4E+01 8.8E+00

02 4.4E-02

3 3.0E-03

-01 6.1E-01 9.1E-01

+00 2.6E+01 1.2E+01

00 4.4E+01 1.5E+01

-03 5.0E-03 3.8E-03

03 1.6E-02 1.2E-02

3 2.0E-03

-02 1.9E-02

L 1998]—Organics)-Continued

MAXIMUM UCL
Mortandad 
Canyon

Benzo(b)fluoranthene mg/kg 13 88 2.8E-01 5.2E

Benzo(g,h,i)perylene mg/kg 4 88 2.1E+00 6.2E

Benzo(k)fluoranthene mg/kg 4 84 2.0E+00 5.2E

Benzoic Acid mg/kg 3 88 1.1E-01 1.4E-0

Bis(2-ethylhexyl) 
phthalate

mg/kg 5 88 7.3E-02 1.1E+0

Bromodichloromethane mg/kg 1 51 4.0E-03 4.0E

Butanone[2-] mg/kg 1 51 8.0E-03 8.0E-

Carbon Disulfide mg/kg 1 51 5.8E-03 5.8E-

Chrysene mg/kg 12 88 1.8E-01 5.4E+

Dibenz(a,h)anthracene mg/kg 3 88 6.3E-01 1.6E

Dibenzofuran mg/kg 1 88 9.4E-01 9.4E-

Dichlorobenzidine 
[3,3’-]

mg/kg 1 88 7.0E-01 7.0E-0

Fluoranthene mg/kg 13 88 1.1E-01 4.8E+

Fluorene mg/kg 2 88 7.2E-01 1.4E+

Indeno(1,2,3-cd)pyrene mg/kg 6 88 3.9E-01 4.7E

Isopropyltoluene[4-] mg/kg 1 51 4.4E-02 4.4E-

Methyl-2-pentanone
[4-]

mg/kg 1 51 3.0E-03 3.0E-0

Naphthalene mg/kg 2 105 2.0E-03 3.1E

Phenanthrene mg/kg 10 88 8.7E-02 6.5E

Pyrene mg/kg 14 88 1.0E-01 8.0E+

Tetrachloroethene mg/kg 9 51 1.0E-03 2.8E

Toluene mg/kg 10 51 2.0E-03 8.9E-

Trichlorobenzene 
[1,2,3-]

mg/kg 1 17 2.0E-03 2.0E-0

Trichlorofluoromethane mg/kg 1 51 1.9E-02 1.9E

TABLE  C–8.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Database [LAN

WATERSHED ANALYTE NAME UNITS DETECTED ANALYZED MINIMUM MEAN
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2.4E+01 1.6E+02 6.9E+01

1.7E+01 1.3E+02 4.9E+01

1.6E+01 2.0E+02 4.7E+01

1.6E+01 6.4E+01 4.8E+01

3.9E+01 7.7E+01 1.1E+02

1.8E-01 2.1E-01 2.5E-01
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9.6E-03 1.2E-02 1.2E-02

1.6E-02 1.6E-02

2.0E+01 1.9E+02 5.8E+01

 [LANL 1998]—Organics)-Continued

MAXIMUM UCL
Mortandad 
Canyon (Cont.)

Trimethylbenzene 
[1,24-]

mg/kg 4 51 3.0E-03 9

Trimethylbenzene 
[1,3,5-]

mg/kg 1 51 8.2E-03 8

Xylene[1,2-] mg/kg 1 10 1.0E-03

Xylene[1,3-] mg/kg 6 10 1.0E-03 2

Pajarito 
Canyon

Acenaphthene mg/kg 1 87 5.1E-01

Acetone mg/kg 2 41 5.3E-02

Aldrin mg/kg 1 38 2.4E-03 2

Amino-2,6-
dinitrotoluene[4-]

mg/kg 1 88 1.0E+00 1

Amino-4,6-
dinitrotoluene[2-]

mg/kg 2 88 4.1E-01 7

Anthracene mg/kg 2 87 1.2E+00

Aroclor-1254 mg/kg 2 38 1.6E+00 2

BHC[gamma-] mg/kg 1 38 4.1E-03

Benzo(a)anthracene mg/kg 7 87 3.7E-01

Benzo(a)pyrene mg/kg 8 87 4.4E-01

Benzo(b)fluoranthene mg/kg 13 87 3.9E-01

Benzo(g,h,i)perylene mg/kg 4 87 4.1E-01

Benzo(k)fluoranthene mg/kg 2 87 1.5E+00

Benzoic Acid mg/kg 2 85 1.4E-01

Bis(2-ethylhexyl) 
phthalate

mg/kg 6 87 3.8E-01 1

Butylbenzylphthalate mg/kg 2 87 4.6E-02

Carbon Disulfide mg/kg 3 41 7.0E-03

Chlordane[alpha-] mg/kg 1 38 1.6E-02

Chrysene mg/kg 10 85 4.5E-01

TABLE  C–8.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Database

WATERSHED ANALYTE NAME UNITS DETECTED ANALYZED MINIMUM MEAN
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02 3.9E-02 3.1E-02

02 5.1E-02 2.3E-02

+01 9.2E+01 1.4E+02

-01 4.0E-01

E+00 2.3E+01 2.3E+01

02 4.8E-02

-01 4.6E-01

-01 6.0E-01

-01 6.0E-01

-02 1.7E-02 2.2E-02

-02 2.4E-02

01 1.3E-01 1.5E-01

+01 3.1E+02 6.6E+01

-03 6.1E-03

+01 8.0E+01 4.8E+01

-02 5.7E-02

+00 1.1E+00

02 5.2E-02 6.5E-02

-02 6.4E-02 2.9E-02

+00 7.1E+00 9.6E+00

+01 1.5E+02 4.6E+01

+01 2.8E+02 7.1E+01

-03 8.0E-03 9.0E-03

02 1.7E-02

-01 1.7E-01

NL 1998]—Organics)-Continued

MAXIMUM UCL
Pajarito 
Canyon (Cont.)

DDE[4,4’-] mg/kg 4 38 4.5E-03 1.5E-

DDT[4,4’-] mg/kg 11 38 3.8E-03 1.4E-

Di-n-butylphthalate mg/kg 2 87 8.5E-01 4.6E

Di-n-octylphthalate mg/kg 1 87 4.0E-01 4.0E

Dibenz(a,h)anthracene mg/kg 3 87 5.8E-01 8.1

Dieldrin mg/kg 1 38 4.8E-02 4.8E-

Diethylphthalate mg/kg 1 87 4.6E-01 4.6E

Dinitrotoluene[2,4-] mg/kg 1 175 6.0E-01 6.0E

Dinitrotoluene[2,6-] mg/kg 1 176 6.0E-01 6.0E

Endosulfan I mg/kg 2 38 6.4E-03 1.2E

Endosulfan II mg/kg 1 38 2.4E-02 2.4E

Endrin mg/kg 2 38 8.2E-02 1.1E-

Fluoranthene mg/kg 15 87 5.2E-02 2.5E

Heptachlor mg/kg 1 38 6.1E-03 6.1E

Indeno(1,2,3-cd)pyrene mg/kg 5 87 3.6E-01 1.7E

Isopropylbenzene mg/kg 1 17 5.7E-02 5.7E

Isopropyltoluene[4-] mg/kg 1 17 1.1E+00 1.1E

Methoxychlor[4,4’-] mg/kg 2 38 2.7E-02 4.0E-

Methylene Chloride mg/kg 16 41 1.1E-02 2.2E

Nitrobenzene mg/kg 2 175 2.0E+00 4.5E

Phenanthrene mg/kg 10 87 4.9E-01 1.6E

Pyrene mg/kg 12 87 5.1E-01 2.4E

Toluene mg/kg 3 41 5.0E-03 7.0E

Trichloro-1,2,2-
trifluoroethane[1,1,2-]

mg/kg 1 17 1.7E-02 1.7E-

Trinitrobenzene[1,3,5-] mg/kg 1 88 1.7E-01 1.7E

TABLE  C–8.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Database [LA

WATERSHED ANALYTE NAME UNITS DETECTED ANALYZED MINIMUM MEAN
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.6E-02 4.6E-02

7.0E-02 7.0E-02 7.0E-02

5.7E-01 5.7E-01

5.4E-01 1.9E+00 7.9E-01

6.3E-01 7.8E-01 9.4E-01

.9E-01 2.1E+00 1.5E+00

.2E+00 3.8E+00 1.6E+00
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2.5E+00 4.6E+00 4.2E+00

6.2E+00 2.2E+01 1.2E+01

6.8E+00 3.1E+01 1.4E+01

1.1E+00 1.8E+00 1.9E+00

1.9E+00 3.6E+00 3.1E+00

.9E+01 9.5E+01 4.0E+01

1.0E-01 3.1E-01 1.8E-01

9.2E-01 9.2E-01

3.0E-02 1.3E-01 6.4E-02

3.4E-02 1.5E-01 7.3E-02

3.4E+00 9.6E+00 5.9E+00

.9E-01 6.1E-01 4.7E-01

.6E-01 2.5E-01 2.6E-01

4.6E+01 4.6E+01

[LANL 1998]—Organics)-Continued

MAXIMUM UCL
Pueblo Canyon 
(Part of Pueblo/
Acid Canyon

Aroclor-1260 mg/kg 1 4 4.6E-02 4

Rio Grande Acetone mg/kg 2 5 7.0E-02

Sandia Canyon Acenaphthene mg/kg 1 74 5.7E-01

Acetone mg/kg 23 64 4.2E-03

Anthracene mg/kg 2 92 4.7E-01

Aroclor-1248 mg/kg 6 110 4.7E-02 7

Aroclor-1254 mg/kg 26 113 2.1E-02 1

Aroclor-1260 mg/kg 46 113 2.2E-02

Aroclors (Mixed) mg/kg 7 28 2.1E-02 6

BHC[alpha-] mg/kg 2 82 5.1E-02 8

Benzo(a)anthracene mg/kg 4 92 5.3E-01

Benzo(a)pyrene mg/kg 7 92 5.0E-01

Benzo(b)fluoranthene mg/kg 8 92 1.0E-01

Benzo(g,h,i)perylene mg/kg 3 92 4.3E-01

Benzo(k)fluoranthene mg/kg 5 92 1.3E-01

Bis(2-ethylhexyl) 
phthalate

mg/kg 18 92 3.6E-01 2

Butanone[2-] mg/kg 8 63 3.0E-02

Butylbenzylphthalate mg/kg 1 92 9.2E-01

Chlordane[alpha-] mg/kg 7 36 4.7E-03

Chlordane[gamma-] mg/kg 7 36 3.8E-03

Chrysene mg/kg 7 92 1.6E-01

DDE[4,4’-] mg/kg 7 82 8.4E-02 2

DDT[4,4’-] mg/kg 5 82 5.9E-03 1

Di-n-butylphthalate mg/kg 1 92 4.6E+01

TABLE  C–8.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Database 

WATERSHED ANALYTE NAME UNITS DETECTED ANALYZED MINIMUM MEAN



C
–

1
21

C
o

n
ta

m
in

a
n
t D

a
ta

 S
e

ts S
u

p
p
o

rtin
g

E
co

lo
g

ica
l a

n
d
 H

u
m

a
n
 H

e
a

lth
 C

o
n
se

q
u

e
n

ce
 A

n
a

lysis

E-01 4.5E-01

02 1.6E-02

-01 6.9E-01

-01 2.3E-01 2.1E-01

-03 9.9E-03 1.1E-02

-01 6.1E-01 6.1E-01

-03 6.0E-03 6.1E-03

+01 6.0E+01 2.6E+01

-01 3.8E-01

-01 5.1E-01 6.7E-01

E+00 1.2E+01 9.1E+00

-01 2.8E-01

02 7.9E-02 8.4E-02

-03 2.5E-02 1.6E-02

+01 5.0E+01 2.7E+01

+00 1.9E+00

+00 4.3E+01 1.9E+01

E-03 2.6E-03

-02 1.5E-02 1.6E-02

-01 1.6E-01

-02 3.5E-02

NL 1998]—Organics)-Continued

MAXIMUM UCL
Sandia Canyon 
(Cont.)

Dibenz(a,h)anthracene mg/kg 1 92 4.5E-01 4.5

Dieldrin mg/kg 1 82 1.6E-02 1.6E-

Diethylphthalate mg/kg 1 92 6.9E-01 6.9E

Endosulfan I mg/kg 4 82 8.3E-02 1.5E

Endosulfan II mg/kg 3 82 5.0E-03 8.2E

Endrin mg/kg 3 82 6.0E-01 6.0E

Endrin Aldehyde mg/kg 2 82 5.8E-03 5.9E

Fluoranthene mg/kg 9 92 3.2E-01 1.3E

Fluorene mg/kg 1 92 3.8E-01 3.8E

Hexanone[2-] mg/kg 2 64 2.0E-01 3.6E

Indeno(1,2,3-cd)pyrene mg/kg 4 92 6.6E-01 3.9

Isopropyltoluene[4-] mg/kg 1 29 2.8E-01 2.8E

Methyl-2-pentanone 
[4-]

mg/kg 3 63 6.7E-03 4.2E-

Methylene Chloride mg/kg 6 63 2.7E-03 8.7E

Phenanthrene mg/kg 7 92 5.9E-01 1.3E

Phenol mg/kg 1 92 1.9E+00 1.9E

Pyrene mg/kg 9 92 2.2E-01 9.8E

Tetrachloroethene mg/kg 1 63 2.6E-03 2.6

Toluene mg/kg 3 63 8.0E-03 1.2E

Trichloroethane[1,1,1-] mg/kg 1 64 1.6E-01 1.6E

Xylene (Total) mg/kg 1 63 3.5E-02 3.5E

TABLE  C–8.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Database [LA

WATERSHED ANALYTE NAME UNITS DETECTED ANALYZED MINIMUM MEAN
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.0E-01 6.1E-01 4.8E-01
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[LANL 1998]—Organics)-Continued

MAXIMUM UCL
Starmer’s 
Gulch (Part of 
Pajarito 
Canyon)

Amino-2,6-
dinitrotoluene[4-]

mg/kg 1 33 4.0E-01 4

Amino-4,6-
dinitrotoluene[2-]

mg/kg 1 33 4.0E-01 4

Bis(2-ethylhexyl) 
phthalate

mg/kg 2 32 1.1E+00 1

HMX mg/kg 1 53 1.7E+00 1.

Trinitrotoluene[2,4,6-] mg/kg 1 53 1.7E-01

Ten-Site 
Canyon (Part of 
Mortandad 
Canyon)

Acenaphthene mg/kg 26 315 3.5E-02

Acenaphthylene mg/kg 1 315 4.1E-02

Acetone mg/kg 23 92 7.0E-03 3

Aldrin mg/kg 1 19 2.6E-03 2

Aniline mg/kg 1 250 2.1E-01 2

Anthracene mg/kg 27 315 6.9E-02

Aroclor-1254 mg/kg 21 337 5.0E-02 7

Aroclor-1260 mg/kg 58 341 3.0E-02 2

Aroclors (Mixed) mg/kg 48 281 0.0E+00 4

Azobenzene mg/kg 1 249 1.1E+01

Benzo(a)anthracene mg/kg 43 315 2.6E-02

Benzo(a)pyrene mg/kg 46 315 4.0E-02

Benzo(b)fluoranthene mg/kg 44 315 3.6E-02

“Benzo(g,h,i)perylene” mg/kg 36 315 5.7E-02

Benzo(k)fluoranthene mg/kg 31 313 2.7E-02

Benzoic Acid mg/kg 4 311 4.0E-02 2

Bis(2-ethylhexyl) 
phthalate

mg/kg 55 311 4.6E-02 1

Butanone[2-] mg/kg 1 92 3.0E-03 3

Butylbenzylphthalate mg/kg 3 311 9.1E-02

TABLE  C–8.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Database 

WATERSHED ANALYTE NAME UNITS DETECTED ANALYZED MINIMUM MEAN
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+00 6.4E+00 2.1E+00
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03 8.6E+03 7.1E+03
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-02 6.0E-02 5.1E-02
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-02 3.8E-02
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NL 1998]—Organics)-Continued

MAXIMUM UCL
Ten-Site 
Canyon (Part of 
Mortandad 
Canyon) 
(Cont.)

Carbon Disulfide mg/kg 1 92 4.0E-03 4.0E

Chloroaniline[4-] mg/kg 1 311 1.4E-01 1.4E

Chrysene mg/kg 50 315 3.8E-02 4.7E

Di-n-butylphthalate mg/kg 35 311 3.5E-02 9.5E

Di-n-octylphthalate mg/kg 2 311 3.7E-02 5.2E

Dibenz(a,h)anthracene mg/kg 14 315 5.5E-02 1.3

Dibenzofuran mg/kg 20 311 4.7E-02 8.1E

Dichloroethene
[cis-1,2-]

mg/kg 3 79 1.0E-03 2.3E-

Dieldrin mg/kg 1 19 5.7E-03 5.7E-

Dimethyl Phthalate mg/kg 1 311 6.0E-02 6.0E

Endosulfan II mg/kg 1 19 1.6E-02 1.6E

Fluoranthene mg/kg 63 315 3.5E-02 7.6E

Fluorene mg/kg 20 315 1.1E-01 1.4E

Hexachlorobenzene mg/kg 2 311 7.1E-02 1.8

Hexanone[2-] mg/kg 2 92 6.0E-03 1.0E

Hydrocarbons, Total 
Petroleum

mg/kg 8 10 4.5E+01 4.7E+

Indeno(1,2,3-cd)pyrene mg/kg 34 315 5.1E-02 3.5

Methylene Chloride mg/kg 4 90 7.3E-03 2.7E

Methylnaphthalene[2-] mg/kg 15 311 3.5E-02 4.3E

Methylphenol[4-] mg/kg 1 311 3.8E-02 3.8E

Naphthalene mg/kg 21 319 0.0E+00 1.1E

Organics, Diesel Range mg/kg 17 40 4.9E+00 1.5

Pentachlorophenol mg/kg 2 311 2.3E-01 1.1E

Phenanthrene mg/kg 46 315 8.0E-02 8.4E

Phenol mg/kg 3 311 5.8E-02 1.0E

Pyrene mg/kg 64 315 3.4E-02 7.9E

TABLE  C–8.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Database [LA

WATERSHED ANALYTE NAME UNITS DETECTED ANALYZED MINIMUM MEAN
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.1E-03 2.2E-02 1.4E-02

.4E-01 1.4E-01

1.4E-02 2.1E-02 1.8E-02

8.7E-03 1.7E-02 1.7E-02

.0E-03 3.0E-03

1.1E+01 3.2E+01 2.5E+01

1.6E+01 6.3E+01 3.5E+01

4.2E+01 2.4E+02 9.9E+01

4.2E+01 2.5E+02 1.0E+02

4.7E+01 2.9E+02 1.2E+02

2.2E+01 1.3E+02 5.3E+01

2.4E+01 1.1E+02 5.1E+01

.1E-01 3.5E-01 3.0E-01

.7E+00 3.3E+00 3.3E+00

8.7E-01 8.7E-01

.5E+01 2.6E+02 1.1E+02

.1E+00 2.6E+01 2.0E+01

4.2E+00 9.3E+00 7.9E+00

.5E+00 2.3E+00 3.1E+00

7.1E+01 5.2E+02 1.7E+02

.1E+01 3.2E+01 2.5E+01

.6E+02 2.2E+03 4.5E+02

2.5E+01 1.4E+02 5.8E+01

2.6E+01 2.6E+01

4.2E+01 2.9E+02 9.9E+01

[LANL 1998]—Organics)-Continued

MAXIMUM UCL
Ten-Site 
Canyon (Part of 
Mortandad 
Canyon) 
(Cont.)

Tetrachloroethene mg/kg 2 92 2.0E-03

Toluene mg/kg 7 92 2.0E-03 8

Trichlorobenzene 
[1,2,4-]

mg/kg 1 313 1.4E-01 1

Trichloroethene mg/kg 6 92 9.0E-03

Trichlorofluoromethane mg/kg 3 91 3.0E-03

Xylene (Total) mg/kg 1 90 3.0E-03 3

Three-Mile 
Canyon (Part of 
Pajarito 
Canyon)

Acenaphthene mg/kg 4 37 8.3E-01

Anthracene mg/kg 6 37 1.1E+00

Benzo(a)anthracene mg/kg 8 37 6.4E-01

Benzo(a)pyrene mg/kg 8 37 7.8E-01

Benzo(b)fluoranthene mg/kg 8 37 6.3E-01

Benzo(g,h,i)perylene mg/kg 8 37 4.5E-01

Benzo(k)fluoranthene mg/kg 8 37 8.6E-01

Benzoic Acid mg/kg 5 37 1.3E-01 2

Bis(2-ethylhexyl) 
phthalate

mg/kg 3 37 6.3E-01 1

Butylbenzylphthalate mg/kg 1 37 8.7E-01

Chrysene mg/kg 8 37 8.0E-01 4

Di-n-butylphthalate mg/kg 4 37 1.5E+00 8

Dibenz(a,h)anthracene mg/kg 4 37 1.4E+00

Dibenzofuran mg/kg 2 37 6.3E-01 1

Fluoranthene mg/kg 10 37 8.0E-01

Fluorene mg/kg 4 37 9.7E-01 1

HMX mg/kg 15 102 1.3E-01 1

Indeno(1,2,3-cd)pyrene mg/kg 8 37 5.2E-01

Naphthalene mg/kg 1 37 2.6E+01

Phenanthrene mg/kg 10 37 7.7E-01

TABLE  C–8.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Database 

WATERSHED ANALYTE NAME UNITS DETECTED ANALYZED MINIMUM MEAN
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+01 4.4E+02 1.8E+02

02 1.9E+03 9.5E+02

-01 3.7E-01

-02 7.4E-02 4.1E-02

01 1.6E-01 2.0E-01

-01 4.8E-01 4.9E-01

-01 4.8E-01 4.9E-01

E+00 8.0E+00 8.0E+00

-02 5.3E-02

E-01 9.0E-01 1.3E+00

E-01 1.8E-01

E-02 8.0E-02 9.1E-02

-01 1.9E-01 2.2E-01

00 5.1E+01 1.1E+01

-03 9.0E-03

E-01 2.7E-01

+00 7.3E+00

+00 1.5E+02 2.2E+01

-01 2.0E+00 2.0E+00

-01 3.2E-01

-01 3.1E-01

-02 4.1E-02

-01 5.4E-01

-01 2.6E-01

-01 2.6E-01

NL 1998]—Organics)-Continued

MAXIMUM UCL
Three-Mile 
Canyon (Part of 
Pajarito 
Canyon)

Pyrene mg/kg 8 37 1.2E+00 7.6E

RDX mg/kg 6 102 6.3E-01 3.2E+

Trinitrobenzene[1,3,5-] mg/kg 1 102 3.7E-01 3.7E

Two-Mile 
Canyon (Part of 
Pajarito 
Canyon)

Acetone mg/kg 14 61 5.0E-03 2.9E

Amino-2,6-
dinitrotoluene[4-]

mg/kg 2 300 9.1E-02 1.3E-

Aroclor-1254 mg/kg 2 13 4.7E-01 4.8E

Aroclors (Mixed) mg/kg 2 13 4.7E-01 4.8E

Benzo(a)anthracene mg/kg 3 154 5.5E-02 3.0

Benzo(a)pyrene mg/kg 1 154 5.3E-02 5.3E

Benzo(b)fluoranthene mg/kg 2 154 4.5E-02 4.7

Benzo(g,h,i)perylene mg/kg 1 154 1.8E-01 1.8

Benzo(k)fluoranthene mg/kg 2 154 5.8E-02 6.9

Benzoic Acid mg/kg 2 138 1.2E-01 1.5E

Bis(2-ethylhexyl) 
phthalate

mg/kg 17 154 3.8E-02 4.7E+

Butanone[2-] mg/kg 1 62 9.0E-03 9.0E

Chloronaphthalene[2-] mg/kg 1 154 2.7E-01 2.7

Chrysene mg/kg 1 152 7.3E+00 7.3E

Di-n-butylphthalate mg/kg 25 154 4.6E-02 9.3E

Di-n-octylphthalate mg/kg 3 154 1.0E-01 7.4E

Dichlorobenzene[1,2-] mg/kg 1 216 3.2E-01 3.2E

Dichlorobenzene[1,3-] mg/kg 1 216 3.1E-01 3.1E

Diethylphthalate mg/kg 1 154 4.1E-02 4.1E

Dinitrobenzene[1,3-] mg/kg 1 300 5.4E-01 5.4E

Dinitrotoluene[2,4-] mg/kg 1 454 2.6E-01 2.6E

Dinitrotoluene[2,6-] mg/kg 1 454 2.6E-01 2.6E

TABLE  C–8.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Database [LA

WATERSHED ANALYTE NAME UNITS DETECTED ANALYZED MINIMUM MEAN
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IS1.0E+01 2.0E+01 3.0E+01

.7E+00 3.8E+01 1.1E+01

2.7E-01 2.7E-01

2.3E+00 2.3E+00

1.8E-01 1.8E-01

.6E-01 1.6E-01

7.6E+00 1.5E+01 2.2E+01

.2E-02 7.2E-02

.1E+00 2.3E+01 1.7E+01

.0E+00 1.8E+00 1.4E+00

.0E+00 9.5E+00 1.2E+01

.0E-03 3.0E-03

.3E-03 1.5E-02 1.5E-02

.7E-01 3.7E-01

1.0E-03 1.0E-03

9.0E-01 2.3E+00 2.3E+00

3.5E+00 5.0E+01

2.7E-01 1.9E+00 5.7E-01

.8E-01 5.2E-01 3.1E-01

.5E+00 6.4E+01 9.9E+00

.0E+01 8.3E+01 1.4E+01

.9E+00 1.9E+00

5.0E+00 1.2E+02 8.6E+00

.7E+00 3.1E+00 2.8E+00

[LANL 1998]—Organics)-Continued

MAXIMUM UCL
Two-Mile 
Canyon (Part of 
Pajarito 
Canyon) 
(Cont.)

Fluoranthene mg/kg 2 154 7.6E-01

HMX mg/kg 11 300 8.5E-03 4

Hexachlorobenzene mg/kg 1 154 2.7E-01

Naphthalene mg/kg 1 170 2.3E+00

Nitrobenzene mg/kg 1 454 1.8E-01

Nitrotoluene[3-] mg/kg 1 300 1.6E-01 1

Phenanthrene mg/kg 2 154 1.4E-01

Phenol mg/kg 1 154 7.2E-02 7

Pyrene mg/kg 4 154 1.9E-01 6

RDX mg/kg 7 300 1.8E-01 1

Tetryl mg/kg 3 300 4.3E-01 6

Toluene mg/kg 1 62 3.0E-03 3

Trichloro-1,2,2-
trifluoroethane[1,1,2-]

mg/kg 3 62 6.0E-03 9

Trichlorobenzene 
[1,2,4-]

mg/kg 1 169 3.7E-01 3

Trichloroethene mg/kg 1 62 1.0E-03

Trinitrotoluene[2,4,6-] mg/kg 3 300 1.2E-01

Water Canyon Acenaphthene mg/kg 67 473 4.2E-02

Acenaphthylene mg/kg 12 473 4.5E-02

Acetone mg/kg 7 106 8.0E-03 1

Amino-2,6-
dinitrotoluene[4-]

mg/kg 64 485 9.7E-02 6

Amino-4,6-
dinitrotoluene[2-]

mg/kg 74 462 8.4E-02 1

Aniline mg/kg 1 470 1.9E+00 1

Anthracene mg/kg 93 473 3.7E-02

Aroclor-1260 mg/kg 6 32 3.8E-02 1

TABLE  C–8.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Database 

WATERSHED ANALYTE NAME UNITS DETECTED ANALYZED MINIMUM MEAN
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+00 3.1E+00 3.2E+00

+00 1.9E+00

-03 2.0E-03

E+01 4.2E+02 1.9E+01

E+00 4.6E+02 1.7E+01

E+01 5.8E+02 2.2E+01

E+00 3.5E+02 1.4E+01

E+00 1.5E+02 1.1E+01

-01 9.5E+00 9.1E-01

+00 3.8E+00 2.9E+00

+00 1.9E+00

E+00 1.9E+00

+00 1.5E+02 8.4E+00

+00 1.9E+00

-02 3.2E-02 2.8E-02

E+00 1.3E+01 1.0E+01

+00 1.8E+00

+00 5.3E+00 6.1E+00

+00 3.8E+00

E+00 1.9E+00 2.7E+00

+00 1.9E+00 2.7E+00

+00 1.9E+00

+01 6.1E+02 2.3E+01

NL 1998]—Organics)-Continued

MAXIMUM UCL
Water Canyon 
(Cont.)

Aroclors (Mixed) mg/kg 4 6 2.0E+00 2.6E

Azobenzene mg/kg 1 411 1.9E+00 1.9E

Benzene mg/kg 1 109 2.0E-03 2.0E

Benzo(a)anthracene mg/kg 111 473 3.6E-02 1.0

Benzo(a)pyrene mg/kg 121 473 5.3E-02 8.9

Benzo(b)fluoranthene mg/kg 137 474 4.3E-02 1.2

Benzo(g,h,i)perylene mg/kg 97 473 3.8E-02 6.7

Benzo(k)fluoranthene mg/kg 84 451 4.2E-02 6.3

Benzoic Acid mg/kg 49 472 3.5E-02 5.2E

Benzyl Alcohol mg/kg 4 472 5.2E-02 1.0E

Bis(2-chloroethoxy) 
methane

mg/kg 1 472 1.9E+00 1.9E

Bis(2-chloroethyl)ether mg/kg 1 472 1.9E+00 1.9

Bis(2-ethylhexyl) 
phthalate

mg/kg 119 472 3.8E-02 5.3E

Bromophenyl-
phenylether[4-]

mg/kg 1 472 1.9E+00 1.9E

Butanone[2-] mg/kg 6 106 9.0E-03 2.1E

Butylbenzylphthalate mg/kg 4 472 3.0E-01 3.9

Carbazole mg/kg 1 51 1.8E+00 1.8E

Chloro-3-
methylphenol[4-]

mg/kg 2 472 3.8E+00 4.6E

Chloroaniline[4-] mg/kg 1 472 3.8E+00 3.8E

Chloronaphthalene[2-] mg/kg 2 471 3.6E-01 1.1

Chlorophenol[2-] mg/kg 2 471 3.5E-01 1.1E

Chlorophenyl-
phenyl[4-] Ether

mg/kg 1 472 1.9E+00 1.9E

Chrysene mg/kg 130 473 3.8E-02 1.2E

TABLE  C–8.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Database [LA

WATERSHED ANALYTE NAME UNITS DETECTED ANALYZED MINIMUM MEAN
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IS7.6E-01 1.4E+01 1.6E+00

1.4E+00 4.5E+00 3.1E+00

2.5E+00 6.8E+01 5.0E+00

2.7E+00 3.1E+01 4.5E+00

1.9E+00 1.9E+00

1.9E+00 1.9E+00

9.8E-01 1.9E+00 2.8E+00

.8E+00 3.8E+00

.4E-03 6.7E-02 1.9E-02

.9E+00 1.9E+00

3.3E-01 1.9E+00 8.6E-01

1.9E+00 1.9E+00

.0E+00 1.9E+00 2.8E+00

.5E+00 9.5E+00

5.8E+00 2.9E+01 1.4E+01

.5E+00 9.5E+00

6.4E-01 4.0E+00 8.5E-01

3.7E-01 1.9E+00 6.9E-01

1.7E+01 9.8E+02 3.2E+01

.3E+00 5.4E+01 5.6E+00

1.9E+00 1.9E+00

1.9E+00 1.9E+00

.9E+00 1.9E+00

1.9E+00 1.9E+00

[LANL 1998]—Organics)-Continued

MAXIMUM UCL
Water Canyon 
(Cont.)

Di-n-butylphthalate mg/kg 33 472 3.7E-02

Di-n-octylphthalate mg/kg 5 472 7.8E-02

Dibenz(a,h)anthracene mg/kg 56 473 3.8E-02

Dibenzofuran mg/kg 47 472 3.6E-02

Dichlorobenzene[1,2-] mg/kg 1 581 1.9E+00

Dichlorobenzene[1,3-] mg/kg 1 581 1.9E+00

Dichlorobenzene[1,4-] mg/kg 2 581 5.0E-02

Dichlorobenzidine 
[3,3’-]

mg/kg 1 472 3.8E+00 3

Dichloroethene
[cis-1,2-]

mg/kg 11 98 1.0E-03 7

Dichlorophenol[2,4-] mg/kg 1 472 1.9E+00 1

Diethylphthalate mg/kg 7 472 5.6E-02

Dimethyl Phthalate mg/kg 1 472 1.9E+00

Dimethylphenol[2,4-] mg/kg 2 472 1.3E-01 1

Dinitro-2-methylphenol 
[4,6-]

mg/kg 1 472 9.5E+00 9

Dinitrobenzene[1,3-] mg/kg 7 496 7.2E-02

Dinitrophenol[2,4-] mg/kg 1 472 9.5E+00 9

Dinitrotoluene[2,4-] mg/kg 53 967 4.6E-02

Dinitrotoluene[2,6-] mg/kg 11 968 5.3E-02

Fluoranthene mg/kg 163 475 3.4E-02

Fluorene mg/kg 64 473 4.0E-02 3

Hexachlorobenzene mg/kg 1 472 1.9E+00

Hexachlorobutadiene mg/kg 1 477 1.9E+00

Hexachlorocyclo
pentadiene

mg/kg 1 472 1.9E+00 1

Hexachloroethane mg/kg 1 472 1.9E+00

TABLE  C–8.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Database 

WATERSHED ANALYTE NAME UNITS DETECTED ANALYZED MINIMUM MEAN
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E+00 2.7E+02 1.2E+01

+00 1.9E+00

-03 3.0E-02 1.3E-02

02 2.0E-02

-02 1.3E-01 3.5E-02

+00 1.6E+01 3.5E+00

-01 1.9E+00 1.6E+00

-01 1.9E+00 6.9E-01

+00 4.1E+01 5.7E+00

00 9.5E+00

00 9.5E+00

00 3.8E+00 5.4E+00

-01 1.9E+00 1.5E+00

+00 1.9E+00

+00 9.5E+00

00 1.9E+00

00 1.9E+00

01 1.9E+00 1.9E+00

+00 1.6E+00

+00 2.1E+00

+00 6.7E+00 7.4E+00

+00 9.5E+00

E+01 6.1E+02 2.4E+01

-01 1.9E+00 1.9E+00

NL 1998]—Organics)-Continued

MAXIMUM UCL
Water Canyon 
(Cont.)

Indeno(1,2,-cd)pyrene mg/kg 99 473 3.9E-02 6.2

Isophorone mg/kg 1 472 1.9E+00 1.9E

Isopropyltoluene[4-] mg/kg 15 109 1.0E-03 9.0E

Methyl-2-pentanone
[4-]

mg/kg 1 106 2.0E-02 2.0E-

Methylene Chloride mg/kg 17 109 3.0E-03 2.0E

Methylnaphthalene[2-] mg/kg 30 472 4.3E-02 2.1E

Methylphenol[2-] mg/kg 5 472 6.4E-02 7.6E

Methylphenol[4-] mg/kg 17 427 4.2E-02 4.3E

Naphthalene mg/kg 52 478 2.6E-03 3.5E

Nitroaniline[2-] mg/kg 1 472 9.5E+00 9.5E+

Nitroaniline[3-] mg/kg 1 472 9.5E+00 9.5E+

Nitroaniline[4-] mg/kg 2 472 6.8E-01 2.2E+

Nitrobenzene mg/kg 5 968 9.1E-02 7.8E

Nitrophenol[2-] mg/kg 1 472 1.9E+00 1.9E

Nitrophenol[4-] mg/kg 1 472 9.5E+00 9.5E

Nitroso-di-n-
propylamine[N-]

mg/kg 1 472 1.9E+00 1.9E+

Nitrosodimethylamine 
[N-]

mg/kg 1 471 1.9E+00 1.9E+

Nitrosodiphenylamine 
[N-]

mg/kg 3 472 5.7E-02 7.7E-

Nitrotoluene[2-] mg/kg 1 494 1.6E+00 1.6E

Nitrotoluene[3-] mg/kg 1 494 2.1E+00 2.1E

Nitrotoluene[4-] mg/kg 3 494 7.9E-01 4.0E

Pentachlorophenol mg/kg 1 472 9.5E+00 9.5E

Phenanthrene mg/kg 142 474 4.0E-02 1.3

Phenol mg/kg 3 472 4.3E-02 7.0E

TABLE  C–8.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Database [LA

WATERSHED ANALYTE NAME UNITS DETECTED ANALYZED MINIMUM MEAN
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.3E+03 3.0E+04 3.6E+03

3E+00 3.3E+00

3.3E-03 7.0E-03 7.0E-03

.1E-01 3.0E+00 1.2E+00

8.2E-03 2.8E-02 1.1E-02

.9E+00 1.9E+00

3.5E-03 5.0E-03 6.5E-03

1.3E-02 1.1E-01 2.2E-02

2.5E-03 5.0E-03 3.0E-03

9.5E+00 9.5E+00

1.9E+00 1.9E+00

.2E-02 1.2E-01 1.2E-01

6.7E-01 3.4E+00 1.2E+00

1.7E+02 4.6E+03 3.4E+02

.6E-02 1.4E-01 1.4E-01

and Dy (FIMAD) in August, 1998. The data represent 
pth ln or equal to 12 inches. The data were obtained 
 and inonics; LANL-approved methods for 
hemical specic data (e.g. gross radioactivity) were excluded. 
ntary corrtive actions subsequent to sampling; therefore, 

[LANL 1998]—Organics)-Continued

MAXIMUM UCL
Water Canyon 
(Cont.)

Pyrene mg/kg 167 474 3.6E-02

RDX mg/kg 85 498 1.8E-01 2

TATB mg/kg 1 15 3.3E+00 3.

Tetrachloroethene mg/kg 3 109 1.0E-03

Tetryl mg/kg 21 496 9.1E-02 7

Toluene mg/kg 26 109 2.0E-03

Trichlorobenzene 
[1,2,4-]

mg/kg 1 477 1.9E+00 1

Trichloroethane[1,1,1-] mg/kg 2 109 2.0E-03

Trichloroethene mg/kg 23 109 2.0E-03

Trichlorofluoromethane mg/kg 21 109 1.0E-03

Trichlorophenol[2,4,5-] mg/kg 1 472 9.5E+00

Trichlorophenol[2,4,6-] mg/kg 1 472 1.9E+00

Trimethylbenzene 
[1,2,4-]

mg/kg 3 109 5.5E-02 8

Trinitrobenzene[1,3,5-] mg/kg 13 496 9.0E-02

Trinitrotoluene[2,4,6-] mg/kg 58 496 9.3E-02

Xylene (Total) mg/kg 3 109 5.5E-02 8

Note:  Watersheds are defined in ER Project FIMAD map G105700, July 24, 1997. 
Note:  The analytical data provided in these tables were obtained from the Facility for Information Management, Analysis, ispla
analytical results for surface soil samples collected by the ER Project with a begin depth equal to 0 inches and an end deess tha
from ER Project-approved fixed-site analytical laboratories using standard analytical methods (EPA methods for organicsrga
radionuclides). Field measurements, non-standard measurements (e.g. x-ray fluorescence), and measurements for non-cif
Quality assurance/quality control data were also excluded.  The ER Project may have removed contaminated soil in voluec
some analytical results may represent contaminants that have been removed since the samples were taken.  

TABLE  C–8.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Database 

WATERSHED ANALYTE NAME UNITS DETECTED ANALYZED MINIMUM MEAN
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e [LANL 1998]—Inorganics 

MAXIMUM UCL

+03 1.3E+04 5.5E+03

+00 1.7E+00

+01 1.2E+02 1.0E+02

+00 3.1E+00 1.7E+00

+01 3.1E+02 9.2E+01

+00 3.3E+00 2.7E+00

+03 7.4E+03 2.6E+03

-01 1.3E+00 7.5E-01

+00 1.2E+01 6.9E+00

+00 5.0E+00 3.5E+00

+00 1.7E+01 1.0E+01

-02 5.0E-02

+03 1.4E+04 8.4E+03

+01 1.6E+02 3.7E+01

+02 3.0E+03 1.2E+03

E+02 3.3E+02 2.7E+02

-01 1.0E+00 4.5E-01

+00 2.8E+00 2.8E+00

+00 7.6E+00 7.1E+00

-02 9.8E-02 8.5E-02

+00 2.4E+01 1.1E+01

+02 1.7E+03 9.7E+02

+01 1.9E+01

-01 8.6E-01

-01 5.5E-01
TABLE  C–9.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Databas
and Radiochemistry)

WATERSHED ANALYTE UNITS DETECTED ANALYZED MINIMUM MEAN

Acid Canyon 
(Part of Pueblo/
Acid Canyon)

Aluminum mg/kg 38 38 9.6E+02 4.6E

Americium-241 pCi/g 1 3 1.7E+00 1.7E

Antimony mg/kg 7 50 9.0E-01 5.9E

Arsenic mg/kg 37 46 4.0E-01 1.5E

Barium mg/kg 43 46 1.1E+01 7.0E

Beryllium mg/kg 7 46 4.3E-01 1.8E

Calcium mg/kg 37 38 4.3E+02 2.1E

Cesium-137 pCi/g 11 26 1.8E-01 5.2E

Chromium, Total mg/kg 38 46 2.7E+00 6.0E

Cobalt mg/kg 17 38 1.6E+00 3.0E

Copper mg/kg 10 13 1.2E+00 7.5E

Cyanide, Total mg/kg 1 7 5.0E-02 5.0E

Iron mg/kg 38 38 3.6E+03 7.6E

Lead mg/kg 44 46 4.4E+00 2.9E

Magnesium mg/kg 33 38 1.7E+02 9.3E

Manganese mg/kg 13 13 1.5E+02 2.4

Mercury mg/kg 21 43 1.8E-02 3.3E

Molybdenum mg/kg 3 25 2.2E+00 2.5E

Nickel mg/kg 5 46 4.4E+00 6.0E

Plutonium-238 pCi/g 4 39 2.6E-02 5.5E

Plutonium-239 pCi/g 21 39 1.3E-02 8.3E

Potassium mg/kg 20 38 2.2E+02 7.9E

Potassium-40 pCi/g 1 1 1.9E+01 1.9E

Radium-226 pCi/g 1 1 8.6E-01 8.6E

Selenium mg/kg 1 46 5.5E-01 5.5E
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E+00 9.0E+00 8.0E+00

7E+02 4.1E+02 2.0E+02

8E+00 2.2E+01 1.3E+01

3E+00 1.7E+00 2.0E+00

E+01 6.4E+01 4.8E+01

E-02 2.3E-01 8.1E-02

1E+00 2.2E+00 1.2E+00

.1E-01 1.7E+00 1.0E+00

0E+01 2.3E+01 1.2E+01

E+01 1.0E+02 5.2E+01

.5E+00 4.3E+00 1.6E+00

2E+03 2.1E+04 5.6E+03

3E+00 9.3E+00 4.5E+00

3E+01 1.8E+02 3.3E+01

5E+00 1.5E+02 4.3E+00

2E+01 7.5E+02 8.8E+01

0E+00 5.5E+00 5.5E+00

2E+00 3.5E+02 5.1E+00

8E+00 7.8E+00 3.2E+00

0E+00 5.2E+00 2.6E+00

.3E+00 3.5E+00 1.4E+00

.9E+01 1.5E+03 4.8E+01

.2E+00 3.8E+00 2.6E+00

1E+03 5.8E+04 3.6E+03

.0E-01 4.0E-01

.2E-01 1.7E+01 6.5E-01

ase [LANL 1998]—Inorganics 

MAXIMUM UCL
Acid Canyon 
(Part of Pueblo/
Acid Canyon) 
(Cont.)

Silver mg/kg 4 46 3.3E+00 5.3

Sodium mg/kg 25 38 7.2E+01 1.

Strontium mg/kg 21 25 2.4E+00 9.

Strontium-90 pCi/g 2 25 9.7E-01 1.

Thallium mg/kg 4 46 5.0E-02 1.6

Tritium pCi/g 46 46 2.3E-02 6.5

Uranium-234 pCi/g 24 25 5.3E-01 1.

Uranium-238 pCi/g 22 25 5.3E-01 9

Vanadium mg/kg 32 38 3.0E+00 1.

Zinc mg/kg 38 38 2.4E+01 4.6

Ancho Canyon Actinium-228 pCi/g 116 161 4.8E-01 1

Aluminum mg/kg 356 356 6.6E+02 5.

Americium-241 pCi/g 8 363 1.6E-01 2.

Antimony mg/kg 18 410 7.3E-02 1.

Arsenic mg/kg 169 410 3.7E-01 2.

Barium mg/kg 411 447 4.4E+00 8.

Barium-140 pCi/g 3 184 2.1E-01 2.

Beryllium mg/kg 242 447 1.5E-01 2.

Bismuth-211 pCi/g 60 145 3.7E-01 2.

Bismuth-212 pCi/g 19 145 5.4E-01 2.

Bismuth-214 pCi/g 112 167 3.2E-01 1

Cadmium mg/kg 108 449 7.6E-03 1

Cadmium-109 pCi/g 17 47 1.3E+00 2

Calcium mg/kg 326 358 2.9E+00 3.

Cesium-134 pCi/g 1 126 4.0E-01 4

Cesium-137 pCi/g 268 468 2.5E-02 5

TABLE  C–9.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Datab
and Radiochemistry)-Continued

WATERSHED ANALYTE UNITS DETECTED ANALYZED MINIMUM MEAN



C
–

1
33

C
o

n
ta

m
in

a
n
t D

a
ta

 S
e

ts S
u

p
p
o

rtin
g

E
co

lo
g

ica
l a

n
d
 H

u
m

a
n
 H

e
a

lth
 C

o
n
se

q
u

e
n

ce
 A

n
a

lysis

+00 1.3E+02 8.7E+00

+00 4.4E+02 1.2E+01

-01 2.2E-01

+00 2.8E+01 2.8E+01

+02 7.8E+04 8.6E+02

+00 7.7E+00 2.8E+00

-01 4.5E-01 3.1E-01

03 3.2E+04 7.3E+03

+01 1.0E+04 1.0E+02

+01 1.6E+02 2.5E+01

+00 3.6E+00 1.4E+00

+00 3.1E+00 1.2E+00

+03 7.2E+03 1.3E+03

+02 8.3E+02 2.4E+02

-01 2.4E-01 2.4E-01

00 4.4E+01 2.8E+00

-01 3.3E-01 4.6E-01

-01 1.5E+00 1.0E+00

01 4.3E+02 1.6E+01

-02 1.1E+00 7.4E-02

-01 1.4E+01 9.6E-01

+03 8.4E+03 1.4E+03

+01 4.4E+01 2.8E+01

+00 5.4E+00 2.6E+00

+00 1.3E+01 8.6E+00

+02 1.0E+04 1.6E+03

e [LANL 1998]—Inorganics 

MAXIMUM UCL
Ancho Canyon 
(Cont.)

Chromium, Total mg/kg 371 449 1.0E+00 7.4E

Cobalt mg/kg 214 395 2.7E-01 7.0E

Cobalt-57 pCi/g 1 162 2.2E-01 2.2E

Cobalt-60 pCi/g 3 379 8.1E-02 9.6E

Copper mg/kg 327 393 8.4E-01 3.8E

Cyanide, Total mg/kg 13 218 2.0E-01 1.7E

Europium-152 pCi/g 12 223 1.3E-01 2.6E

Iron mg/kg 355 356 1.1E+03 6.9E+

Lead mg/kg 431 445 1.0E+00 5.3E

Lead-210 pCi/g 30 161 1.7E+00 1.4E

Lead-212 pCi/g 152 188 3.7E-01 1.3E

Lead-214 pCi/g 147 183 2.9E-01 1.1E

Magnesium mg/kg 301 356 9.2E+01 1.2E

Manganese mg/kg 356 356 5.6E+01 2.3E

Manganese-54 pCi/g 3 126 4.5E-02 1.1E

Mercury mg/kg 96 433 3.5E-03 1.6E+

Mercury-203 pCi/g 2 29 6.1E-02 1.9E

Neptunium-237 pCi/g 11 243 4.6E-01 7.9E

Nickel mg/kg 241 447 1.1E+00 1.1E+

Plutonium-238 pCi/g 66 156 2.0E-03 4.0E

Plutonium-239 pCi/g 66 78 5.0E-03 5.2E

Potassium mg/kg 261 355 1.8E+02 1.3E

Potassium-40 pCi/g 227 264 1.5E+01 2.8E

Protactinium-231 pCi/g 16 127 1.1E+00 2.1E

Protactinium-234 pCi/g 9 112 9.4E-01 5.9E

Protactinium-234M pCi/g 29 126 6.5E+00 8.5E

TABLE  C–9.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Databas
and Radiochemistry)-Continued

WATERSHED ANALYTE UNITS DETECTED ANALYZED MINIMUM MEAN
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4.5E-01 1.2E+00 8.4E-01

.1E+00 7.4E+00 3.6E+00

2.5E+01 1.7E+03 5.5E+01

.1E+00 4.0E+00 5.9E+00

3.6E+00 3.6E+00

.8E+00 1.0E+02 2.2E+01

.1E+01 1.0E+02 2.1E+01

.8E+02 5.9E+03 2.3E+02

.9E-01 3.8E-01 4.8E-01

.0E+01 2.3E+02 5.9E+01

.8E-01 1.4E+00 5.1E-01

.4E+00 1.6E+01 1.1E+01

.7E+00 9.6E+00 5.1E+00

.5E+00 3.5E+00 1.7E+00

.5E+00 3.2E+00 1.6E+00

.7E+00 4.4E+00 1.9E+00

.8E+02 3.6E+03 3.1E+02

.4E+02 3.5E+04 8.1E+02

.1E+00 5.6E+01 1.1E+01

.2E+00 1.1E+02 1.2E+01

.5E+01 6.9E+02 1.1E+02

.1E+01 1.3E+02 1.2E+01

.0E-01 3.0E-01

.5E+01 4.0E+03 8.7E+01

base [LANL 1998]—Inorganics 

MAXIMUM UCL
Ancho Canyon 
(Cont.)

Radium-223 pCi/g 5 126 1.7E-01

Radium-224 pCi/g 47 151 8.4E-01 3

Radium-226 pCi/g 132 213 7.9E-01

Radon-219 pCi/g 2 135 2.2E-01 2

Ruthenium-106 pCi/g 1 321 3.6E+00

Selenium mg/kg 15 409 6.7E-02 7

Silver mg/kg 28 449 2.5E-01 1

Sodium mg/kg 236 355 3.4E+01 1

Sodium-22 pCi/g 2 321 1.9E-01 2

Thallium mg/kg 12 433 1.1E-01 2

Thallium-208 pCi/g 161 179 1.4E-01 4

Thorium mg/kg 27 54 3.7E+00 9

Thorium-227 pCi/g 7 127 9.4E-01 2

Thorium-228 pCi/g 111 111 4.2E-01 1

Thorium-230 pCi/g 93 111 3.8E-01 1

Thorium-232 pCi/g 121 151 5.5E-01 1

Thorium-234 pCi/g 62 158 1.1E+00 1

Uranium mg/kg 233 405 4.5E-01 4

Uranium-234 pCi/g 19 20 5.0E-01 5

Uranium-235 pCi/g 42 166 1.1E-01 6

Uranium-238 pCi/g 20 20 7.4E-01 4

Vanadium mg/kg 255 356 7.2E-01 1

Yttrium-88 pCi/g 1 28 3.0E-01 3

Zinc mg/kg 407 407 8.9E+00 6

TABLE  C–9.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Data
and Radiochemistry)-Continued

WATERSHED ANALYTE UNITS DETECTED ANALYZED MINIMUM MEAN
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03 7.1E+03 3.1E+03

00 3.4E+00 3.1E+00

01 1.0E+02 8.8E+01

00 1.0E+00

+03 1.4E+04 6.6E+03

-01 3.4E-01 3.4E-01

+00 4.9E+00 3.9E+00

+00 1.8E+01 1.1E+01

03 1.0E+04 5.3E+03

+00 2.8E+01 1.2E+01

+03 1.7E+03 1.5E+03

+02 3.9E+02 2.4E+02

-01 1.2E-01

02 1.0E+02

+03 1.4E+03 1.4E+03

-01 1.1E+00 1.3E+00

01 6.7E+02 8.1E+01

+03 6.9E+04 1.2E+04

00 3.4E+00 2.4E+00

02 5.2E+02 1.3E+02

00 1.1E+00

+00 1.1E+00

+03 3.4E+04 4.0E+03

-01 6.2E-01 4.4E-01

+00 2.1E+01 5.4E+00

00 1.8E+01 1.5E+01

e [LANL 1998]—Inorganics 

MAXIMUM UCL
Barrancas 
Canyon

Aluminum mg/kg 38 38 6.3E+02 2.5E+

Arsenic mg/kg 6 38 2.1E+00 2.7E+

Barium mg/kg 7 38 4.4E+01 7.3E+

Beryllium mg/kg 1 38 1.0E+00 1.0E+

Calcium mg/kg 12 38 1.1E+03 4.1E

Cesium-137 pCi/g 3 3 2.9E-01 3.1E

Chromium, Total mg/kg 9 38 2.1E+00 3.2E

Copper mg/kg 9 38 6.2E+00 8.9E

Iron mg/kg 38 38 1.3E+03 4.6E+

Lead mg/kg 38 38 1.4E+00 9.9E

Magnesium mg/kg 6 38 1.1E+03 1.4E

Manganese mg/kg 38 38 7.2E+01 2.1E

Mercury mg/kg 1 38 1.2E-01 1.2E

Nickel mg/kg 1 38 1.0E+02 1.0E+

Potassium mg/kg 4 38 1.2E+03 1.3E

Strontium-90 pCi/g 3 38 5.3E-01 9.1E

Zinc mg/kg 38 38 8.2E+00 4.7E+

Bayo Canyon Aluminum mg/kg 90 90 1.1E+03 8.7E

Arsenic mg/kg 9 90 8.0E-01 1.7E+

Barium mg/kg 43 90 4.4E+01 1.0E+

Beryllium mg/kg 1 90 1.1E+00 1.1E+

Cadmium mg/kg 1 90 1.1E+00 1.1E

Calcium mg/kg 52 90 1.1E+03 2.8E

Cesium-137 pCi/g 7 7 3.2E-02 2.8E

Chromium, Total mg/kg 53 90 2.0E+00 4.5E

Cobalt mg/kg 4 90 4.0E+00 8.5E+

TABLE  C–9.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Databas
and Radiochemistry)-Continued

WATERSHED ANALYTE UNITS DETECTED ANALYZED MINIMUM MEAN
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.1E+01 5.1E+01 1.5E+01

.5E-01 3.5E-01 4.5E-01

.3E+03 1.9E+04 7.0E+03

.5E+01 1.6E+02 1.9E+01

6E+01 2.9E+01 2.8E+01

.3E+03 3.4E+03 1.6E+03

2.6E+02 8.7E+02 2.9E+02

.2E-01 5.2E-01

.0E+00 4.0E+00

.5E+00 1.2E+01 1.2E+01

7.4E+03 3.8E+04 1.2E+04

.6E+04 3.1E+04 3.1E+04

.9E+01 1.2E+02 8.9E+01

.7E+00 1.3E+01 1.3E+01

.0E+01 1.0E+01

.5E+01 4.5E+01 2.0E+01

.1E+01 8.8E+01 3.4E+01

.7E+03 1.7E+04 5.1E+03

.3E-01 1.0E+00 2.3E-01

.0E+01 7.6E+01 5.7E+01

.1E+00 2.1E+02 9.6E+00

.4E+01 4.1E+02 9.3E+01

.4E-01 6.0E+00 1.1E+00

.1E+00 4.7E+01 7.2E+00

.4E+03 2.3E+04 2.9E+03

.5E+00 9.1E+00 4.3E+00

base [LANL 1998]—Inorganics 

MAXIMUM UCL
Bayo Canyon 
(Cont.)

Copper mg/kg 24 90 5.2E+00 1

Europium-152 pCi/g 2 7 1.5E-01 2

Iron mg/kg 90 90 1.7E+03 6

Lead mg/kg 90 90 3.3E+00 1

Lithium mg/kg 7 7 2.1E+01 2.

Magnesium mg/kg 29 90 4.8E+02 1

Manganese mg/kg 90 90 9.2E+01

Mercury mg/kg 1 83 5.2E-01 5

Molybdenum mg/kg 1 7 4.0E+00 4

Nickel mg/kg 3 90 8.0E+00 9

Potassium mg/kg 37 90 1.1E+03

Sodium mg/kg 7 90 1.6E+04 2

Strontium mg/kg 7 7 3.0E+01 5

Strontium-90 pCi/g 6 86 1.7E+00 8

Thallium mg/kg 1 90 1.0E+01 1

Vanadium mg/kg 19 90 4.0E+00 1

Zinc mg/kg 90 90 1.1E+01 3

Cañada del 
Buey

Aluminum mg/kg 157 157 6.7E+02 4

Americium-241 pCi/g 23 88 5.0E-03 1

Antimony mg/kg 4 194 8.0E-02 2

Arsenic mg/kg 92 194 9.0E-01 5

Barium mg/kg 147 194 1.1E+01 8

Beryllium mg/kg 48 194 3.9E-01 8

Cadmium mg/kg 30 194 6.2E-01 4

Calcium mg/kg 132 157 3.6E+02 2

Cesium mg/kg 13 27 3.0E-01 2

TABLE  C–9.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Data
and Radiochemistry)-Continued

WATERSHED ANALYTE UNITS DETECTED ANALYZED MINIMUM MEAN
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-01 1.2E+00 3.7E-01

+01 8.1E+02 2.6E+01

+00 6.0E+01 1.4E+01

+02 8.1E+03 3.9E+02

+00 1.2E+00

03 3.3E+04 8.1E+03

+02 4.4E+04 7.4E+02

00 2.2E+01 1.0E+01

+03 4.3E+03 1.4E+03

+02 7.1E+02 2.4E+02

00 1.6E+02 9.9E+00

01 4.9E+02 4.1E+01

-01 1.7E+01 1.3E+00

-01 8.7E+00 9.5E-01

+03 2.2E+03 1.4E+03

+01 4.4E+01 3.4E+01

+00 4.2E+00 3.0E+00

+01 3.6E+02 1.0E+02

01 1.8E+02 7.2E+01

+02 6.3E+02 3.2E+02

00 2.3E+02 2.1E+01

-01 1.8E+00 6.0E-01

-01 1.4E+00 4.9E-01

-01 4.3E+00 8.8E-01

02 2.0E-01 7.6E-02

+01 6.0E+02 2.0E+01

e [LANL 1998]—Inorganics 

MAXIMUM UCL
Cañada del 
Buey (Cont.)

Cesium-137 pCi/g 61 170 3.6E-02 3.0E

Chromium, Total mg/kg 178 194 1.3E+00 1.6E

Cobalt mg/kg 22 157 8.0E-01 7.6E

Copper mg/kg 122 157 8.1E-01 2.2E

Cyanide, Total mg/kg 1 2 1.2E+00 1.2E

Iron mg/kg 157 157 1.7E+03 7.3E+

Lead mg/kg 190 194 2.9E+00 2.8E

Lithium mg/kg 9 27 2.1E+00 6.0E+

Magnesium mg/kg 72 157 1.9E+02 1.3E

Manganese mg/kg 157 157 4.5E+01 2.2E

Mercury mg/kg 97 171 2.0E-02 5.6E+

Nickel mg/kg 70 194 2.3E+00 2.4E+

Plutonium-238 pCi/g 53 100 4.5E-03 6.1E

Plutonium-239 pCi/g 52 79 3.8E-03 5.8E

Potassium mg/kg 58 159 2.6E+02 1.2E

Potassium-40 pCi/g 36 38 2.0E+01 3.2E

Radium-226 pCi/g 22 37 1.8E+00 2.7E

Selenium mg/kg 11 194 6.2E-01 3.6E

Silver mg/kg 18 194 7.9E-01 4.3E+

Sodium mg/kg 12 157 5.2E+01 2.0E

Thallium mg/kg 33 194 4.0E-02 7.0E+

Thorium-228 pCi/g 92 103 3.0E-02 5.2E

Thorium-230 pCi/g 94 103 3.4E-02 4.2E

Thorium-232 pCi/g 99 140 2.6E-02 7.1E

Tritium pCi/g 31 31 1.3E-02 6.2E-

Uranium-234 pCi/g 189 189 1.7E-01 1.1E

TABLE  C–9.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Databas
and Radiochemistry)-Continued

WATERSHED ANALYTE UNITS DETECTED ANALYZED MINIMUM MEAN
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.2E+00 4.2E+01 2.3E+00

.2E+00 1.7E+01 1.5E+00

.5E+01 7.6E+01 1.7E+01

.5E+02 3.4E+03 2.1E+02

.5E-02 4.5E-02

.3E+03 1.4E+04 5.7E+03

.2E+00 7.0E+01 6.6E+00

.8E+00 1.8E+01 3.2E+00

.0E+02 1.3E+03 1.1E+02

.0E-01 7.8E+00 7.8E-01

.1E+01 6.2E+02 2.8E+01

.8E+03 3.8E+04 4.7E+03

9.4E-01 1.7E+01 1.2E+00

1.1E+01 6.7E+02 1.5E+01

.3E+00 1.9E+01 5.7E+00

.0E+02 2.5E+04 1.5E+03

9.3E-01 2.6E+00 1.3E+00

.2E+03 6.1E+04 9.7E+03

.1E+01 2.0E+03 5.6E+01

1.4E+03 3.7E+03 1.5E+03

2.3E+02 8.9E+02 2.5E+02

.0E+00 2.3E+01 3.9E+00

.2E+01 3.1E+03 7.4E+01

1.7E-02 1.7E-02

5.4E-02 9.5E-01 8.4E-02

1.4E+03 3.1E+03 1.6E+03

base [LANL 1998]—Inorganics 

MAXIMUM UCL
Cañada del 
Buey (Cont.)

Uranium-235 pCi/g 97 206 2.0E-02 1

Uranium-238 pCi/g 189 226 1.7E-01 1

Vanadium mg/kg 80 157 2.5E+00 1

Zinc mg/kg 157 157 1.1E+01 1

Chaquehui 
Canyon

Acetone mg/kg 1 3 4.5E-02 4

Aluminum mg/kg 138 138 1.4E+03 5

Antimony mg/kg 58 348 2.2E-02 3

Arsenic mg/kg 233 345 6.2E-01 2

Barium mg/kg 332 345 2.0E+01 1

Beryllium mg/kg 219 345 1.6E-01 7

Cadmium mg/kg 73 345 4.0E-01 1

Calcium mg/kg 126 139 5.9E+02 3

Cesium-137 pCi/g 123 323 4.0E-02

Chromium, Total mg/kg 325 344 1.4E+00

Cobalt mg/kg 33 139 1.6E+00 4

Copper mg/kg 123 139 3.1E+00 9

Cyanide, Total mg/kg 15 27 2.2E-01

Iron mg/kg 139 139 2.3E+03 8

Lead mg/kg 323 350 2.9E+00 4

Magnesium mg/kg 95 139 1.6E+02

Manganese mg/kg 139 139 8.0E+01

Mercury mg/kg 29 151 2.0E-02 2

Nickel mg/kg 211 345 2.3E+00 4

Plutonium-238 pCi/g 1 112 1.7E-02

Plutonium-239 pCi/g 66 112 1.1E-02

Potassium mg/kg 96 139 2.4E+02

TABLE  C–9.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Data
and Radiochemistry)-Continued

WATERSHED ANALYTE UNITS DETECTED ANALYZED MINIMUM MEAN
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+00 1.1E+01 2.7E+00

01 4.6E+01 1.5E+01

+02 3.2E+02 1.6E+02

00 2.2E+00 2.4E+00

02 1.2E+04 4.1E+02

+00 1.3E+02 1.7E+01

+00 2.7E+00

-01 1.8E-01

+00 6.2E+00

+01 2.8E+01 1.3E+01

02 9.4E+03 1.7E+02

+01 1.1E+02 9.5E+01

00 1.1E+02 6.7E+00

+03 3.4E+04 7.1E+03

+01 2.6E+03 2.2E+01

01 6.4E+01 2.0E+01

+00 3.5E+01 2.9E+00

+02 1.7E+03 1.6E+02

00 1.2E+02 2.4E+00

+00 4.3E+01 4.9E+00

+00 7.4E+01 1.4E+01

+00 5.0E+00 1.3E+00

+00 1.1E+02 4.1E+00

+00 1.2E+01 1.8E+01

+03 4.4E+04 3.3E+03

-01 1.9E-01

e [LANL 1998]—Inorganics 

MAXIMUM UCL
Chaquehui 
Canyon (Cont.)

Selenium mg/kg 27 345 5.8E-01 1.8E

Silver mg/kg 30 345 3.6E-01 1.0E+

Sodium mg/kg 32 139 6.1E+01 1.3E

Thallium mg/kg 2 139 1.8E+00 2.0E+

Tritium pCi/g 125 126 1.5E-02 1.9E+

Uranium mg/kg 31 323 2.5E-01 8.3E

Uranium-234 pCi/g 1 1 2.7E+00 2.7E

Uranium-235 pCi/g 1 1 1.8E-01 1.8E

Uranium-238 pCi/g 1 1 6.2E+00 6.2E

Vanadium mg/kg 57 139 4.2E+00 1.2E

Zinc mg/kg 345 345 1.2E+01 1.1E+

DP Canyon 
(Part of Los 
Alamos 
Canyon)

Actinium-227 pCi/g 4 112 1.8E+01 5.5E

Actinium-228 pCi/g 80 82 6.6E-01 3.6E+

Aluminum mg/kg 713 936 6.3E+00 6.8E

Americium-241 pCi/g 476 805 5.0E-03 1.1E

Antimony mg/kg 26 936 2.2E-01 1.4E+

Arsenic mg/kg 649 935 4.8E-01 2.7E

Barium mg/kg 909 935 9.0E-01 1.5E

Beryllium mg/kg 462 936 1.1E-01 1.8E+

Bismuth-211 pCi/g 73 85 7.8E-02 3.7E

Bismuth-212 pCi/g 22 76 8.7E-01 6.6E

Bismuth-214 pCi/g 71 74 5.0E-01 1.1E

Cadmium mg/kg 205 936 6.0E-02 2.8E

Cadmium-109 pCi/g 2 2 1.1E+00 6.6E

Calcium mg/kg 683 935 6.0E-02 3.1E

Cerium-144 pCi/g 1 92 1.9E-01 1.9E

TABLE  C–9.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Databas
and Radiochemistry)-Continued

WATERSHED ANALYTE UNITS DETECTED ANALYZED MINIMUM MEAN
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.4E+00 4.9E+00 3.3E+00

3.7E+01 2.7E+03 6.6E+01

1.7E+01 1.0E+03 2.1E+01

.1E+00 4.3E+02 9.8E+00

.2E+00 8.1E+00 6.5E+00

.5E-02 5.8E-02 7.1E-02

.1E+01 1.9E+03 2.8E+01

.2E+00 2.0E+00 2.0E+00

.9E-01 7.1E-01 9.4E-01

.4E+03 1.1E+05 8.9E+03

.1E+01 6.9E+03 5.9E+01

.1E+00 1.1E+01 3.6E+00

.2E+01 2.2E+01

.4E+00 1.2E+02 3.8E+00

.2E+00 3.5E+00 1.2E+00

.6E+01 6.1E+01 1.7E+01

1.4E+03 4.7E+03 1.5E+03

2.9E+02 9.2E+02 3.0E+02

1.5E+00 4.9E+00 3.8E+00

.0E+00 1.8E+01 1.6E+00

.2E+00 2.1E+01 7.2E+00

.1E+01 2.7E+02 1.4E+01

1.2E+00 1.3E+02 1.8E+00

6.8E+00 7.7E+02 9.2E+00

1.3E+03 4.2E+03 1.4E+03

2.7E+01 7.2E+01 2.8E+01

base [LANL 1998]—Inorganics 

MAXIMUM UCL
DP Canyon 
(Part of Los 
Alamos 
Canyon) 
(Cont.)

Cesium-134 pCi/g 5 77 5.7E-02 1

Cesium-137 pCi/g 229 369 5.0E-02

Chromium, Total mg/kg 857 936 1.7E+00

Cobalt mg/kg 469 936 8.1E-01 7

Cobalt-57 pCi/g 4 85 5.2E-01 3

Cobalt-60 pCi/g 2 92 3.2E-02 4

Copper mg/kg 731 936 1.4E+00 2

Cyanide, Total mg/kg 3 5 7.6E-01 1

Europium-152 pCi/g 2 23 2.6E-01 4

Iron mg/kg 705 936 5.9E+00 8

Lead mg/kg 816 936 3.7E+00 4

Lead-210 pCi/g 46 162 1.7E+00 3

Lead-211 pCi/g 1 71 2.2E+01 2

Lead-212 pCi/g 205 207 3.4E-01 2

Lead-214 pCi/g 196 199 4.5E-01 1

Lithium mg/kg 443 579 2.0E+00 1

Magnesium mg/kg 619 936 1.1E+00

Manganese mg/kg 933 935 1.2E+00

Manganese-54 pCi/g 4 72 3.7E-02

Mercury mg/kg 91 355 4.0E-02 1

Molybdenum mg/kg 29 601 1.6E+00 5

Nickel mg/kg 338 935 1.9E+00 1

Plutonium-238 pCi/g 529 977 4.0E-04

Plutonium-239 pCi/g 910 946 3.9E-03

Potassium mg/kg 556 937 1.4E+00

Potassium-40 pCi/g 214 221 1.4E+01

TABLE  C–9.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Data
and Radiochemistry)-Continued

WATERSHED ANALYTE UNITS DETECTED ANALYZED MINIMUM MEAN
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+00 1.2E+01 4.9E+00

+01 2.9E+02 1.5E+02

+00 3.4E+01 1.9E+01

+00 5.8E+00 3.9E+00

+00 1.9E+01 2.9E+00

+00 1.4E+00

+01 2.7E+01 2.4E+01

+00 9.3E+00

+00 5.9E+01 6.0E+00

01 1.1E+02 1.9E+01

+02 2.1E+04 5.6E+02

-01 2.7E-01 2.9E-01

+01 2.7E+02 4.8E+01

-01 1.8E-01

+01 1.8E+03 5.9E+01

00 5.9E+01 6.0E+00

-01 3.8E+01 1.6E+00

+01 2.4E+02 7.4E+01

+00 9.1E+01 4.3E+00

-01 2.9E-01

+00 5.7E+01 3.1E+00

+00 1.1E+02 4.8E+00

+00 1.6E+01 3.0E+00

00 8.9E+02 1.4E+01

+02 7.2E+04 1.4E+03

+02 4.6E+03 3.3E+02

e [LANL 1998]—Inorganics 

MAXIMUM UCL
DP Canyon 
(Part of Los 
Alamos 
Canyon) 
(Cont.)

Protactinium-231 pCi/g 18 72 2.1E+00 3.8E

Protactinium-234M pCi/g 6 72 9.3E+00 6.4E

Radium-223 pCi/g 8 77 4.0E-01 9.8E

Radium-224 pCi/g 90 107 5.0E-01 3.6E

Radium-226 pCi/g 116 130 6.9E-01 2.5E

Radium-228 pCi/g 1 1 1.4E+00 1.4E

Radon-219 pCi/g 4 73 7.8E-01 1.1E

Ruthenium-106 pCi/g 1 93 9.3E+00 9.3E

Selenium mg/kg 33 935 2.0E-01 2.5E

Silver mg/kg 33 933 2.0E-01 1.1E+

Sodium mg/kg 263 855 4.0E+01 3.9E

Sodium-22 pCi/g 2 94 2.3E-01 2.5E

Strontium mg/kg 577 587 2.5E+00 4.5E

Strontium-85 pCi/g 1 2 1.8E-01 1.8E

Strontium-90 pCi/g 169 969 3.7E-02 3.1E

Thallium mg/kg 44 938 1.1E-01 3.0E+

Thallium-208 pCi/g 119 121 1.4E-01 9.5E

Thorium-227 pCi/g 13 75 4.3E+00 3.5E

Thorium-228 pCi/g 114 130 7.0E-01 2.6E

Thorium-229 pCi/g 1 3 2.9E-01 2.9E

Thorium-230 pCi/g 109 114 6.0E-01 2.0E

Thorium-232 pCi/g 111 114 6.4E-01 2.7E

Thorium-234 pCi/g 98 166 1.1E+00 2.6E

Tritium pCi/g 386 406 1.7E-03 7.9E+

Uranium-234 pCi/g 178 178 5.8E-01 5.7E

Uranium-235 pCi/g 78 306 3.0E-02 1.7E

TABLE  C–9.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Databas
and Radiochemistry)-Continued

WATERSHED ANALYTE UNITS DETECTED ANALYZED MINIMUM MEAN
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.7E+00 3.7E+02 1.1E+01

.8E+01 1.3E+02 1.9E+01

.2E+01 3.0E+03 8.2E+01

1.4E+00 1.9E+00 1.7E+00

.8E-01 1.0E+00 1.0E+00

.0E-01 1.0E+00 7.7E-01

.3E+01 1.8E+01 2.0E+01

.4E+00 1.7E+00 1.6E+00

.0E+00 1.2E+00 1.2E+00

.4E-01 9.4E-01

3.0E+01 3.5E+01 3.3E+01

.8E-01 1.0E+00 1.0E+00

.1E-01 4.9E-01 4.7E-01

.8E+03 6.6E+03 5.6E+03

.2E-02 2.5E-02 2.4E-02

.6E-01 6.5E-01 6.0E-01

.1E+00 3.2E+00 2.7E+00

.5E+01 1.2E+02 1.0E+02

.9E-01 5.5E-01 5.3E-01

.5E-01 9.5E-01 9.5E-01

.8E+03 6.9E+03 6.0E+03

.5E+00 1.8E+00 1.9E+00

.0E+00 7.2E+00 6.1E+00

.0E+00 3.5E+00 4.1E+00

.6E+00 1.6E+01 1.0E+01

base [LANL 1998]—Inorganics 

MAXIMUM UCL
DP Canyon 
(Part of Los 
Alamos 
Canyon) 
(Cont.)

Uranium-238 pCi/g 179 180 6.3E-01 5

Vanadium mg/kg 826 936 2.6E+00 1

Zinc mg/kg 934 936 2.4E+00 7

Frijoles Canyon Actinium-228 pCi/g 6 6 9.8E-01

Bismuth-214 pCi/g 6 6 6.0E-01 8

Cesium-137 pCi/g 5 6 3.3E-01 5

Lead mg/kg 3 3 6.1E+00 1

Lead-212 pCi/g 6 6 1.1E+00 1

Lead-214 pCi/g 6 6 7.2E-01 1

Neptunium-237 pCi/g 1 6 9.4E-01 9

Potassium-40 pCi/g 6 6 2.5E+01

Radium-226 pCi/g 6 6 6.0E-01 8

Thallium-208 pCi/g 6 6 2.9E-01 4

Graduation 
Canyon (Part of 
Pueblo/Acid 
Canyon)

Aluminum mg/kg 8 8 3.6E+03 4

Americium-241 pCi/g 8 8 1.5E-02 2

Antimony mg/kg 6 8 2.7E-01 4

Arsenic mg/kg 7 8 1.1E+00 2

Barium mg/kg 8 8 4.6E+01 8

Beryllium mg/kg 8 8 3.9E-01 4

Cadmium mg/kg 4 8 7.2E-01 8

Calcium mg/kg 8 8 3.0E+03 4

Cesium-137 pCi/g 5 8 7.3E-01 1

Chromium, Total mg/kg 8 8 3.0E+00 5

Cobalt mg/kg 2 8 2.4E+00 3

Copper mg/kg 8 8 4.4E+00 7

TABLE  C–9.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Data
and Radiochemistry)-Continued

WATERSHED ANALYTE UNITS DETECTED ANALYZED MINIMUM MEAN
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03 8.1E+03 7.0E+03

01 4.7E+01 3.9E+01

00 5.6E+00 5.0E+00

+03 1.7E+03 1.4E+03

+02 4.0E+02 3.5E+02

00 5.8E+00 5.5E+00

-01 6.2E-01 4.8E-01

+03 1.6E+03 1.3E+03

-01 6.4E-01

01 4.0E+01 3.1E+01

01 7.9E-01 4.8E-01

+00 2.8E+00 2.4E+00

+00 3.0E+00 2.5E+00

+00 1.3E+01 1.1E+01

01 6.6E+01 5.6E+01

00 2.0E+00 1.7E+00

+03 2.7E+04 4.7E+03

-01 3.3E+00 5.2E-01

01 1.1E+02 3.0E+01

+00 1.8E+01 2.1E+00

+01 9.2E+02 8.9E+01

00 1.0E+01 1.4E+00

-01 1.8E+00 1.1E+00

+00 2.1E+00 1.5E+00

00 1.4E+00

-01 5.6E+00 1.0E+00

e [LANL 1998]—Inorganics 

MAXIMUM UCL
Graduation 
Canyon (Part of 
Pueblo/Acid 
Canyon) 
(Cont.)

Iron mg/kg 8 8 4.5E+03 6.2E+

Lead mg/kg 8 8 2.0E+01 3.2E+

Lithium mg/kg 8 8 2.8E+00 4.4E+

Magnesium mg/kg 8 8 8.2E+02 1.2E

Manganese mg/kg 8 8 2.2E+02 3.1E

Nickel mg/kg 4 8 3.5E+00 4.6E+

Plutonium-239 pCi/g 8 8 1.7E-01 3.8E

Potassium mg/kg 8 8 4.9E+02 1.0E

Selenium mg/kg 1 8 6.4E-01 6.4E

Strontium mg/kg 8 8 1.7E+01 2.5E+

Tritium pCi/g 7 8 1.1E-01 3.1E-

Uranium-234 pCi/g 8 8 1.9E+00 2.2E

Uranium-238 pCi/g 8 8 1.8E+00 2.3E

Vanadium mg/kg 8 8 5.2E+00 9.2E

Zinc mg/kg 8 8 3.7E+01 4.9E+

Los Alamos 
Canyon

Actinium-228 pCi/g 24 34 9.2E-01 1.6E+

Aluminum mg/kg 133 145 3.7E+02 4.1E

Americium-241 pCi/g 49 121 7.0E-03 3.2E

Antimony mg/kg 55 421 4.0E-02 2.1E+

Arsenic mg/kg 277 416 2.6E-01 1.9E

Barium mg/kg 368 382 5.8E+00 8.0E

Beryllium mg/kg 163 383 4.0E-02 1.2E+

Bismuth-211 pCi/g 12 33 6.5E-01 9.4E

Bismuth-214 pCi/g 18 34 8.4E-01 1.3E

Boron mg/kg 1 21 1.4E+00 1.4E+

Cadmium mg/kg 51 383 5.0E-02 7.7E

TABLE  C–9.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Databas
and Radiochemistry)-Continued

WATERSHED ANALYTE UNITS DETECTED ANALYZED MINIMUM MEAN
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.5E+03 2.2E+04 3.0E+03

3.1E+00 4.5E+01 4.5E+00

2.9E+01 4.4E+02 3.7E+01

.0E+00 1.6E+01 3.3E+00

.4E-01 1.8E+00 1.3E+00

.1E+00 1.7E+02 1.2E+01

.2E-01 3.8E-01 4.5E-01

.5E+03 2.2E+04 7.0E+03

.2E+01 1.6E+03 6.4E+01

.9E+00 7.9E+00

.5E+00 2.3E+00 1.6E+00

.2E+00 1.8E+00 1.3E+00

.4E+01 2.5E+01 1.7E+01

8.9E+02 3.9E+03 9.9E+02

2.6E+02 1.3E+03 2.8E+02

.9E+01 6.4E+02 2.8E+01

.0E+00 3.9E+01 9.4E+00

1.5E+00 4.4E+01 2.7E+00

9.7E+01 7.3E+03 1.6E+02

8.3E+02 2.6E+03 9.0E+02

2.6E+01 3.4E+01 2.7E+01

.4E+00 1.4E+00

.8E+00 6.2E+00 2.5E+00

.7E+01 7.0E+01 3.3E+01

.9E+01 8.3E+01 8.4E+01

.6E+01 1.5E+02 2.5E+01

base [LANL 1998]—Inorganics 

MAXIMUM UCL
Los Alamos 
Canyon (Cont.)

Calcium mg/kg 129 145 3.1E+02 2

Cesium-137 pCi/g 78 147 8.2E-02

Chromium, Total mg/kg 334 411 3.8E-01

Cobalt mg/kg 102 145 5.2E-01 3

Cobalt-60 pCi/g 7 74 1.8E-01 7

Copper mg/kg 123 145 1.6E+00 9

Europium-152 pCi/g 2 53 2.5E-01 3

Iron mg/kg 132 144 2.1E+03 6

Lead mg/kg 370 418 1.9E+00 5

Lead-210 pCi/g 1 12 7.9E+00 7

Lead-212 pCi/g 33 35 4.3E-01 1

Lead-214 pCi/g 22 35 7.1E-01 1

Lithium mg/kg 24 109 5.7E+00 1

Magnesium mg/kg 130 145 2.2E+02

Manganese mg/kg 145 145 1.0E+02

Mercury mg/kg 218 331 1.0E-04 1

Nickel mg/kg 116 383 1.2E+00 8

Plutonium-238 pCi/g 107 451 5.0E-03

Plutonium-239 pCi/g 304 385 1.4E-02

Potassium mg/kg 112 145 1.8E+02

Potassium-40 pCi/g 66 67 1.7E+01

Radium-224 pCi/g 1 33 1.4E+00 1

Radium-226 pCi/g 14 34 1.1E+00 1

Selenium mg/kg 56 417 1.2E-01 2

Silicon mg/kg 3 7 5.8E+01 6

Silver mg/kg 34 383 5.2E-01 1

TABLE  C–9.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Data
and Radiochemistry)-Continued

WATERSHED ANALYTE UNITS DETECTED ANALYZED MINIMUM MEAN



C
–

1
45

C
o

n
ta

m
in

a
n
t D

a
ta

 S
e

ts S
u

p
p
o

rtin
g

E
co

lo
g

ica
l a

n
d
 H

u
m

a
n
 H

e
a

lth
 C

o
n
se

q
u

e
n

ce
 A

n
a

lysis

+02 5.7E+02 1.5E+02

+01 1.3E+02 2.8E+01

+00 1.2E+01 9.1E+00

01 1.7E+02 6.2E+01

-01 8.1E-01 5.4E-01

00 2.3E+00 2.0E+00

00 1.9E+00 1.8E+00

00 2.1E+00 1.9E+00

+00 6.6E+00

02 1.8E-01 1.2E-01

+00 2.2E+00 1.5E+00

+00 4.4E+01 3.5E+00

-01 1.3E+00 3.2E-01

+00 3.9E+01 3.5E+00

+00 5.9E+01 1.1E+01

01 3.7E+02 6.1E+01

00 7.2E+00 2.0E+00

03 5.0E+04 7.8E+03

+00 2.4E+01 9.1E+00

-01 1.6E+00 6.3E-01

+00 5.2E+00 2.2E+00

+02 4.6E+03 2.8E+02

00 4.8E+01 3.0E+00

+00 3.8E+00

+00 6.5E+00 1.6E+00

+00 5.4E+01 1.1E+01

e [LANL 1998]—Inorganics 

MAXIMUM UCL
Los Alamos 
Canyon (Cont.)

Sodium mg/kg 82 144 2.8E+01 1.3E

Strontium mg/kg 98 109 4.8E+00 2.3E

Strontium-90 pCi/g 4 122 1.8E-01 3.5E

Thallium mg/kg 21 392 2.0E-01 3.8E+

Thallium-208 pCi/g 29 34 2.8E-01 4.9E

Thorium-228 pCi/g 5 5 7.3E-01 1.5E+

Thorium-230 pCi/g 5 5 5.7E-01 1.4E+

Thorium-232 pCi/g 5 5 7.0E-01 1.5E+

Thorium-234 pCi/g 1 33 6.6E+00 6.6E

Tritium pCi/g 11 12 1.8E-02 8.9E-

Uranium mg/kg 14 253 3.7E-01 1.2E

Uranium-234 pCi/g 155 155 3.4E-01 2.7E

Uranium-235 pCi/g 53 177 3.2E-02 2.4E

Uranium-238 pCi/g 155 155 3.0E-01 2.7E

Vanadium mg/kg 139 145 2.4E+00 9.9E

Zinc mg/kg 141 145 1.3E+01 5.2E+

Mortandad 
Canyon

Actinium-228 pCi/g 23 25 8.1E-01 1.5E+

Aluminum mg/kg 74 74 5.0E+02 6.0E+

Americium-241 pCi/g 23 100 7.1E-03 5.9E

Antimony mg/kg 23 100 8.5E-02 4.8E

Arsenic mg/kg 82 100 4.8E-01 2.0E

Barium mg/kg 102 102 1.1E+01 1.7E

Beryllium mg/kg 60 102 1.6E-01 1.4E+

Bismuth-212 pCi/g 1 25 3.8E+00 3.8E

Bismuth-214 pCi/g 23 25 7.2E-01 1.1E

Cadmium mg/kg 17 102 1.2E-01 4.5E

TABLE  C–9.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Databas
and Radiochemistry)-Continued

WATERSHED ANALYTE UNITS DETECTED ANALYZED MINIMUM MEAN
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.7E+00 3.8E+00 3.2E+00

.4E+03 5.7E+04 3.9E+03

.4E+00 7.8E+01 1.4E+01

5.9E+00 5.9E+00

1.9E+01 4.5E+02 3.2E+01

.4E+00 5.0E+00 2.7E+00

.9E+00 3.2E+00 2.3E+00

.7E+02 5.4E+03 5.2E+02

.8E+03 5.0E+04 9.6E+03

.4E+01 1.0E+03 7.5E+01

.6E+00 8.2E+00 2.1E+00

.2E+00 5.7E+00 1.6E+00

.0E+00 1.4E+01 9.4E+00

.0E+03 8.8E+03 1.3E+03

2.4E+02 1.6E+03 2.9E+02

.6E+00 4.6E+01 1.6E+01

.5E+00 3.2E+00 3.9E+00

.1E+01 5.3E+02 2.3E+01

.3E+00 8.4E+00 1.9E+00

.6E+00 2.8E+01 5.0E+00

8.3E+02 5.6E+03 1.0E+03

3.3E+01 2.2E+02 4.0E+01

.5E+00 3.5E+00

.4E+00 8.9E+00 8.9E+00

.8E+00 4.6E+00 3.1E+00

8.0E-01 1.2E+00 9.8E-01

base [LANL 1998]—Inorganics 

MAXIMUM UCL
Mortandad 
Canyon (Cont.)

Cadmium-109 pCi/g 6 25 2.2E+00 2

Calcium mg/kg 73 73 2.1E+02 2

Cesium-137 pCi/g 49 79 4.7E-02 9

Chromium, Hexavalent mg/kg 1 1 5.9E+00

Chromium, Total mg/kg 90 102 8.8E-01

Cobalt mg/kg 49 72 7.0E-01 2

Cobalt-60 pCi/g 14 79 9.3E-01 1

Copper mg/kg 61 74 8.3E-01 2

Iron mg/kg 74 74 1.4E+03 7

Lead mg/kg 85 100 3.0E+00 4

Lead-212 pCi/g 25 25 1.1E+00 1

Lead-214 pCi/g 23 25 7.1E-01 1

Lithium mg/kg 12 12 3.0E+00 7

Magnesium mg/kg 73 73 1.3E+02 1

Manganese mg/kg 74 74 5.9E+01

Mercury mg/kg 16 63 4.0E-02 8

Molybdenum mg/kg 2 12 1.8E+00 2

Nickel mg/kg 86 102 1.3E+00 1

Plutonium-238 pCi/g 73 122 2.0E-03 1

Plutonium-239 pCi/g 76 108 5.0E-03 3

Potassium mg/kg 74 74 1.5E+02

Potassium-40 pCi/g 54 54 2.1E+01

Protactinium-231 pCi/g 1 25 3.5E+00 3

Radium-224 pCi/g 3 25 1.7E+00 4

Radium-226 pCi/g 18 53 1.7E+00 2

Selenium mg/kg 7 100 5.5E-01

TABLE  C–9.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Data
and Radiochemistry)-Continued

WATERSHED ANALYTE UNITS DETECTED ANALYZED MINIMUM MEAN
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lysis

-01 1.5E-01

+02 4.6E+02 2.0E+02

+01 1.4E+02 4.5E+01

+00 5.1E+00 2.6E+00

-01 4.0E-01 1.4E-01

-01 3.3E+00 9.0E-01

+00 2.0E+00 1.3E+00

-01 3.9E+00 1.1E+00

+00 4.4E+00 1.5E+00

00 9.8E+01 1.7E+01

+00 2.6E+01 2.1E+00

-01 4.0E-01 1.7E-01

+00 2.6E+01 2.2E+00

+01 6.0E+02 3.5E+01

01 1.2E+03 1.0E+02

00 1.7E+00 1.2E+00

+03 2.6E+04 7.0E+03

02 2.7E+02 2.7E+02

+00 1.1E+02 9.6E+00

+02 2.1E+03 2.9E+02

-01 1.3E+00 9.5E-01

+00 1.6E+00 1.5E+00

+00 2.6E+00 3.1E+00

-01 2.4E+00 1.1E+00

+00 2.6E+01 6.7E+00

+03 1.2E+05 1.0E+04

e [LANL 1998]—Inorganics 

MAXIMUM UCL
Mortandad 
Canyon (Cont.)

Silver mg/kg 1 102 1.5E-01 1.5E

Sodium mg/kg 41 73 8.3E-01 1.7E

Strontium mg/kg 12 12 4.2E+00 2.3E

Strontium-90 pCi/g 13 43 1.2E+00 2.0E

Thallium mg/kg 30 100 2.0E-02 1.1E

Thallium-208 pCi/g 19 25 3.2E-01 5.9E

Thorium-228 pCi/g 59 60 5.3E-01 1.2E

Thorium-230 pCi/g 61 61 4.0E-01 9.4E

Thorium-232 pCi/g 63 89 6.5E-01 1.3E

Tritium pCi/g 28 29 5.2E-02 8.6E+

Uranium-234 pCi/g 122 128 3.2E-01 1.7E

Uranium-235 pCi/g 23 141 2.0E-02 1.3E

Uranium-238 pCi/g 121 156 1.4E-01 1.7E

Vanadium mg/kg 74 74 1.1E+00 1.8E

Zinc mg/kg 74 74 7.4E+00 6.4E+

Pajarito 
Canyon

Actinium-228 pCi/g 13 17 5.9E-01 1.0E+

Aluminum mg/kg 118 118 5.4E+02 6.1E

Antimony mg/kg 3 117 1.8E+01 1.0E+

Arsenic mg/kg 59 118 7.8E-01 5.8E

Barium mg/kg 109 118 2.4E+01 2.1E

Beryllium mg/kg 16 118 4.5E-01 7.9E

Bismuth-211 pCi/g 4 17 6.1E-01 1.0E

Bismuth-212 pCi/g 2 17 1.6E+00 2.1E

Bismuth-214 pCi/g 14 17 1.6E-01 7.8E

Cadmium mg/kg 46 118 1.2E-01 5.0E

Calcium mg/kg 110 118 8.6E+02 6.8E

TABLE  C–9.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Databas
and Radiochemistry)-Continued

WATERSHED ANALYTE UNITS DETECTED ANALYZED MINIMUM MEAN
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4.2E-01 1.9E+00 6.0E-01

9.1E+00 7.3E+01 1.1E+01

.1E+00 2.5E+01 1.2E+01

.5E-01 1.5E-01

.9E+02 1.0E+04 5.5E+02

9.5E-01 4.2E+00 1.7E+00

.2E+04 8.9E+04 1.4E+04

.9E+02 1.2E+04 7.1E+02

.0E+00 1.6E+00 1.2E+00

.7E-01 1.1E+00 8.8E-01

2.0E+03 1.0E+04 2.4E+03

3.5E+02 1.3E+03 3.9E+02

.0E+00 2.9E+01 5.1E+00

.3E+01 8.6E+01 3.1E+01

.9E-01 1.0E+00 4.2E-01

.1E-01 7.0E-01 2.8E-01

1.4E+03 3.2E+03 1.6E+03

2.5E+01 4.0E+01 2.8E+01

.8E+00 9.8E+00

.4E+00 5.8E+00 3.4E+00

.0E+00 2.8E+00 2.3E+00

.2E+00 1.7E+00 1.7E+00

.4E+01 1.8E+02 6.5E+01

.7E+02 1.5E+03 6.8E+02

.3E-02 1.3E-02

.6E+00 2.5E+00 3.3E+00

base [LANL 1998]—Inorganics 

MAXIMUM UCL
Pajarito 
Canyon (Cont.)

Cesium-137 pCi/g 22 31 7.1E-02

Chromium, Total mg/kg 113 119 1.7E+00

Cobalt mg/kg 18 118 1.1E+00 8

Cobalt-60 pCi/g 1 28 1.5E-01 1

Copper mg/kg 92 118 2.7E+00 2

Cyanide, Total mg/kg 10 40 5.2E-01

Iron mg/kg 118 118 4.9E+02 1

Lead mg/kg 117 117 3.1E+00 3

Lead-212 pCi/g 14 17 3.8E-01 1

Lead-214 pCi/g 12 17 4.1E-01 7

Magnesium mg/kg 73 117 4.9E+02

Manganese mg/kg 117 117 3.6E+00

Mercury mg/kg 18 165 8.0E-02 2

Nickel mg/kg 34 117 2.3E+00 2

Plutonium-238 pCi/g 8 18 1.0E-02 1

Plutonium-239 pCi/g 8 18 1.0E-02 1

Potassium mg/kg 84 117 4.4E+02

Potassium-40 pCi/g 21 24 1.4E+01

Protactinium-234M pCi/g 1 17 9.8E+00 9

Radium-224 pCi/g 12 17 1.2E+00 2

Radium-226 pCi/g 9 17 1.2E+00 2

Selenium mg/kg 3 117 8.3E-01 1

Silver mg/kg 23 119 1.0E+00 4

Sodium mg/kg 12 117 7.4E+01 4

Sodium-22 pCi/g 1 28 1.3E-02 1

Strontium-90 pCi/g 2 15 6.7E-01 1

TABLE  C–9.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Data
and Radiochemistry)-Continued

WATERSHED ANALYTE UNITS DETECTED ANALYZED MINIMUM MEAN
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lysis

-01 5.2E-01 4.0E-01

-01 9.6E-01 9.8E-01

+00 2.5E+00 1.3E+00

+00 5.6E+00 1.6E+00

+00 2.5E+00 1.3E+00

00 5.0E+00 4.0E+00

+01 1.5E+02 9.1E+01

+00 7.0E+00 4.2E+00

+01 1.5E+02 9.0E+01

+01 3.6E+01 1.8E+01

02 4.6E+03 3.8E+02

00 2.1E+00 2.0E+00

03 4.8E+03 3.9E+03

00 2.6E+00 2.2E+00

01 8.9E+01 6.5E+01

01 7.6E-01 7.6E-01

+00 2.1E+00 1.7E+00

+00 6.9E+00 7.0E+00

03 3.6E+03 2.2E+03

-01 5.6E-01 6.8E-01

+00 5.3E+00 4.1E+00

00 3.3E+00 2.8E+00

+00 9.7E+00 8.8E+00

03 7.4E+03 6.8E+03

01 2.4E+01 2.0E+01

+00 2.4E+00 2.1E+00

e [LANL 1998]—Inorganics 

MAXIMUM UCL
Pajarito 
Canyon (Cont.)

Thallium-208 pCi/g 13 17 2.6E-01 3.6E

Thorium-227 pCi/g 3 17 8.1E-01 9.0E

Thorium-228 pCi/g 34 34 5.3E-02 1.1E

Thorium-230 pCi/g 32 34 7.1E-02 1.2E

Thorium-232 pCi/g 34 34 7.4E-02 1.1E

Uranium mg/kg 8 69 2.2E+00 3.3E+

Uranium-234 pCi/g 5 5 5.2E-01 3.1E

Uranium-235 pCi/g 5 22 2.9E-02 1.4E

Uranium-238 pCi/g 5 5 5.3E-01 3.1E

Vanadium mg/kg 71 117 3.7E+00 1.6E

Zinc mg/kg 117 117 1.1E+01 2.6E+

Pueblo Canyon 
(Part of Pueblo/
Acid Canyon)

Actinium-228 pCi/g 6 7 8.2E-01 1.6E+

Aluminum mg/kg 7 7 8.8E+02 3.1E+

Arsenic mg/kg 5 7 1.5E+00 1.8E+

Barium mg/kg 7 7 1.5E+01 4.8E+

Beryllium mg/kg 5 7 6.0E-01 7.0E-

Bismuth-214 pCi/g 6 7 1.0E+00 1.4E

Cadmium-109 pCi/g 2 7 6.5E+00 6.7E

Calcium mg/kg 7 7 3.7E+02 1.5E+

Cesium-137 pCi/g 2 7 3.3E-01 4.5E

Chromium, Total mg/kg 7 7 1.3E+00 3.2E

Cobalt mg/kg 7 7 1.3E+00 2.3E+

Copper mg/kg 7 7 3.9E+00 7.0E

Iron mg/kg 7 7 4.4E+03 6.0E+

Lead mg/kg 7 7 6.4E+00 1.5E+

Lead-212 pCi/g 7 7 6.0E-01 1.6E

TABLE  C–9.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Databas
and Radiochemistry)-Continued

WATERSHED ANALYTE UNITS DETECTED ANALYZED MINIMUM MEAN
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.3E+00 2.2E+00 1.8E+00

.7E+02 1.2E+03 8.8E+02

2.6E+02 3.4E+02 3.0E+02

.5E-01 1.5E-01

.6E+00 5.0E+00 4.4E+00

.0E-01 2.0E-01

.1E+01 4.7E+01 2.4E+01

.3E+02 1.3E+03 1.1E+03

2.6E+01 2.9E+01 2.8E+01

.3E+00 5.1E+00 5.8E+00

.9E-01 9.8E-01 8.9E-01

.5E+02 1.5E+02 1.6E+02

.2E-01 7.6E-01 6.2E-01

.6E+00 1.2E+01 9.1E+00

.5E+01 4.4E+01 3.9E+01

.3E+03 1.4E+04 1.1E+04

.4E+00 3.9E+00 4.0E+00

.6E+01 1.2E+02 9.9E+01

.2E-01 1.0E+00 8.2E-01

.6E+03 2.2E+03 2.1E+03

.0E+00 1.1E+01 1.1E+01

.5E+00 6.0E+00 6.5E+00

.4E+00 7.2E+00 5.5E+00

.1E+03 1.2E+04 9.8E+03

.2E+00 1.7E+01 1.3E+01

.2E+03 2.4E+03 1.9E+03

base [LANL 1998]—Inorganics 

MAXIMUM UCL
Pueblo Canyon 
(Part of Pueblo/
Acid Canyon) 
(Cont.)

Lead-214 pCi/g 7 7 4.2E-01 1

Magnesium mg/kg 7 7 2.2E+02 6

Manganese mg/kg 7 7 1.6E+02

Mercury mg/kg 1 7 1.5E-01 1

Nickel mg/kg 5 7 2.8E+00 3

Plutonium-238 pCi/g 1 51 2.0E-01 2

Plutonium-239 pCi/g 7 8 2.3E-01 1

Potassium mg/kg 7 7 2.4E+02 8

Potassium-40 pCi/g 7 7 2.2E+01

Radium-226 pCi/g 2 6 3.6E+00 4

Selenium mg/kg 4 7 5.0E-01 6

Sodium mg/kg 2 7 1.5E+02 1

Thallium-208 pCi/g 6 7 3.7E-01 5

Vanadium mg/kg 7 7 5.5E+00 7

Zinc mg/kg 7 7 2.8E+01 3

Rendija 
Canyon (Part of 
Guaje Canyon)

Aluminum mg/kg 5 5 2.5E+03 6

Arsenic mg/kg 3 5 1.1E+00 2

Barium mg/kg 5 5 2.1E+01 5

Beryllium mg/kg 5 5 2.0E-01 5

Calcium mg/kg 5 5 1.0E+03 1

Chromium, Total mg/kg 4 5 1.8E+00 6

Cobalt mg/kg 2 5 5.0E+00 5

Copper mg/kg 11 11 1.7E+00 4

Iron mg/kg 5 5 2.6E+03 6

Lead mg/kg 6 11 1.6E+00 8

Magnesium mg/kg 5 5 5.7E+02 1

TABLE  C–9.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Data
and Radiochemistry)-Continued

WATERSHED ANALYTE UNITS DETECTED ANALYZED MINIMUM MEAN
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lysis

+02 3.4E+02 3.1E+02

00 1.0E+01 1.1E+01

+02 1.9E+03 1.5E+03

-01 8.0E-01

02 4.3E+02 3.9E+02

+01 2.2E+01 1.8E+01

01 8.0E+01 4.2E+01

+03 6.9E+03 5.5E+03

01 3.0E+01 3.4E+01

02 5.3E+02 4.2E+02

+00 3.1E+00 3.1E+00

03 3.7E+03 3.5E+03

+00 3.9E+00 3.7E+00

+00 7.2E+00 7.4E+00

03 8.2E+03 7.1E+03

01 1.9E+02 1.1E+02

+03 1.3E+03

+02 8.6E+02 6.1E+02

01 1.1E+00 1.1E+00

+03 1.4E+03

01 5.2E+01 4.6E+01

E+00 2.1E+00 1.8E+00

+03 1.5E+04 6.2E+03

-02 6.8E-02

-01 5.5E+00 9.2E-01

+00 1.9E+01 4.1E+00

e [LANL 1998]—Inorganics 

MAXIMUM UCL
Rendija 
Canyon (Part of 
Guaje Canyon) 
(Cont.)

Manganese mg/kg 5 5 6.7E+01 1.9E

Nickel mg/kg 2 5 7.6E+00 8.8E+

Potassium mg/kg 5 5 3.3E+02 9.4E

Selenium mg/kg 1 5 8.0E-01 8.0E

Sodium mg/kg 5 5 8.1E+01 2.3E+

Vanadium mg/kg 5 5 4.0E+00 1.0E

Zinc mg/kg 11 11 1.8E+01 3.1E+

Rio Grande Aluminum mg/kg 6 6 3.0E+03 4.4E

Arsenic mg/kg 3 6 2.6E+00 1.8E+

Barium mg/kg 6 6 5.4E+01 2.4E+

Cadmium mg/kg 3 6 2.2E+00 2.6E

Calcium mg/kg 5 6 1.1E+03 2.4E+

Chromium, Total mg/kg 5 6 2.6E+00 3.3E

Copper mg/kg 3 6 5.6E+00 6.5E

Iron mg/kg 6 6 4.0E+03 6.0E+

Lead mg/kg 6 6 7.6E+00 5.5E+

Magnesium mg/kg 1 6 1.3E+03 1.3E

Manganese mg/kg 6 6 2.5E+02 4.1E

Mercury mg/kg 3 6 4.3E-01 7.4E-

Potassium mg/kg 1 6 1.4E+03 1.4E

Zinc mg/kg 6 6 3.5E+01 4.1E+

Sandia Canyon Actinium-228 pCi/g 12 13 1.1E+00 1.6

Aluminum mg/kg 105 105 5.9E+02 5.8E

Americium-241 pCi/g 1 60 6.8E-02 6.8E

Antimony mg/kg 37 135 3.0E-02 5.4E

Arsenic mg/kg 79 132 4.8E-01 3.5E

TABLE  C–9.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Databas
and Radiochemistry)-Continued

WATERSHED ANALYTE UNITS DETECTED ANALYZED MINIMUM MEAN
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.9E+01 3.4E+02 1.1E+02

.9E-01 2.3E+00 7.8E-01

.2E+00 4.9E+00 4.5E+00

.9E+00 1.9E+00

.5E+00 2.2E+00 1.7E+00

.2E+00 3.0E+01 4.5E+00

.6E+00 4.7E+00 5.6E+00

.1E+03 1.6E+04 3.6E+03

4.0E-01 2.4E+00 5.5E-01

2.2E+01 2.4E+02 3.0E+01

.5E+00 7.2E+00 3.9E+00

.0E-02 7.0E-02

.6E+01 5.7E+02 1.0E+02

.2E+01 3.4E+01 2.5E+01

.0E-01 4.4E-01 3.7E-01

.4E+03 1.7E+04 7.9E+03

.1E+01 1.6E+03 1.1E+02

.6E+00 1.9E+00 1.7E+00

.7E+00 2.6E+00 2.0E+00

1.4E+03 3.6E+03 1.5E+03

2.2E+02 1.4E+03 2.4E+02

.5E+02 5.7E+03 3.0E+02

.5E+00 4.4E+01 1.0E+01

4.1E-02 2.1E-01 6.2E-02

3.0E-01 1.4E+00 4.3E-01

1.2E+03 2.0E+03 1.3E+03

base [LANL 1998]—Inorganics 

MAXIMUM UCL
Sandia Canyon 
(Cont.)

Barium mg/kg 117 132 2.3E+01 9

Beryllium mg/kg 76 133 1.2E-01 6

Bismuth-211 pCi/g 8 13 3.6E+00 4

Bismuth-212 pCi/g 1 8 1.9E+00 1

Bismuth-214 pCi/g 11 13 1.2E+00 1

Cadmium mg/kg 54 132 1.4E-01 3

Cadmium-109 pCi/g 3 4 1.7E+00 3

Calcium mg/kg 97 105 5.5E+02 3

Cesium-137 pCi/g 40 87 6.7E-02

Chromium, Total mg/kg 121 132 1.5E+00

Cobalt mg/kg 51 105 9.5E-01 3

Cobalt-60 pCi/g 1 60 7.0E-02 7

Copper mg/kg 106 124 1.8E+00 7

Cyanide, Total mg/kg 5 25 9.3E-01 1

Europium-152 pCi/g 6 56 2.1E-01 3

Iron mg/kg 104 104 2.9E+03 7

Lead mg/kg 135 135 3.4E+00 7

Lead-212 pCi/g 12 13 9.6E-01 1

Lead-214 pCi/g 12 13 7.6E-01 1

Magnesium mg/kg 79 105 4.9E+02

Manganese mg/kg 124 124 5.4E+01

Mercury mg/kg 85 155 2.4E-03 1

Nickel mg/kg 68 132 2.5E+00 8

Plutonium-238 pCi/g 29 42 2.0E-03

Plutonium-239 pCi/g 32 36 5.0E-03

Potassium mg/kg 62 105 3.1E+02

TABLE  C–9.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Data
and Radiochemistry)-Continued

WATERSHED ANALYTE UNITS DETECTED ANALYZED MINIMUM MEAN
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+01 3.9E+01 3.5E+01

+01 6.5E+01 6.5E+01

+00 4.4E+00 3.5E+00

-01 2.6E+00 1.2E+00

01 1.1E+02 3.6E+01

+02 8.4E+02 2.4E+02

-01 6.6E-01

-01 2.2E+00 5.7E-01

-01 6.7E-01 5.8E-01

+01 3.6E+01 1.8E+01

01 5.6E+02 1.6E+02

+00 6.9E+01 9.8E+00

+00 3.5E+01 3.7E+00

-01 2.0E+00 4.3E-01

-04 5.3E-04

+00 2.6E+00 1.3E+00

+01 3.4E+01 1.8E+01

02 8.4E+02 1.5E+02

03 1.6E+04 8.5E+03

+00 2.1E+01 1.0E+01

02 5.3E+02 2.2E+02

01 5.0E-01 4.0E-01

+01 4.3E+01 2.2E+01

+03 8.4E+03 3.4E+03

-01 4.0E-01 4.0E-01

e [LANL 1998]—Inorganics 

MAXIMUM UCL
Sandia Canyon 
(Cont.)

Potassium-40 pCi/g 12 13 3.0E+01 3.3E

Protactinium-234M pCi/g 3 8 4.6E+01 5.4E

Radium-226 pCi/g 7 10 8.7E-01 2.3E

Selenium mg/kg 29 132 1.6E-01 9.9E

Silver mg/kg 37 132 5.6E-01 2.6E+

Sodium mg/kg 45 105 4.1E+01 1.9E

Strontium-90 pCi/g 1 60 6.6E-01 6.6E

Thallium mg/kg 35 132 1.4E-01 4.5E

Thallium-208 pCi/g 12 13 3.0E-01 5.2E

Thorium-234 pCi/g 10 12 2.9E+00 1.0E

Tritium pCi/g 23 23 3.2E-02 8.3E+

Tritium 6 0

Uranium mg/kg 47 48 1.5E+00 6.0E

Uranium-234 pCi/g 67 69 4.8E-01 2.3E

Uranium-235 pCi/g 46 73 1.1E-02 2.8E

Uranium-238 mg/kg 1 1 5.3E-04 5.3E

Uranium-238 pCi/g 64 68 5.0E-01 1.1E

Vanadium mg/kg 93 124 4.3E+00 1.7E

Zinc mg/kg 124 124 2.2E-02 1.2E+

Starmer’s 
Gulch (Part of 
Pajarito 
Canyon)

Aluminum mg/kg 37 37 4.4E+03 7.7E+

Arsenic mg/kg 16 37 2.2E+00 7.3E

Barium mg/kg 43 47 4.7E+01 1.9E+

Beryllium mg/kg 10 47 1.9E-01 3.4E-

Cadmium mg/kg 13 49 1.6E+00 1.5E

Calcium mg/kg 34 37 1.2E+03 2.7E

Cesium-137 pCi/g 4 5 1.6E-01 2.9E

TABLE  C–9.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Databas
and Radiochemistry)-Continued

WATERSHED ANALYTE UNITS DETECTED ANALYZED MINIMUM MEAN
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1.8E-01 1.9E-01 2.0E-01

.0E+01 5.9E+02 9.7E+01

.8E+00 1.7E+01 1.3E+01

.1E+03 1.2E+04 2.0E+03

.1E+00 1.1E+00 1.1E+00

.2E+04 5.2E+04 1.5E+04

.7E+01 4.2E+02 9.3E+01

.4E+03 2.7E+03 1.6E+03

3.5E+02 9.9E+02 4.2E+02

.1E-01 5.6E-01 3.2E-01

.2E+02 1.5E+03 1.1E+03

.0E+01 2.2E+01 2.1E+01

1.4E+03 2.8E+03 1.5E+03

.2E+01 3.4E+01 1.7E+01

.3E+02 1.6E+02 1.5E+02

.0E+00 1.7E+00 1.4E+00

.9E+00 1.9E+00

.3E+01 8.8E+01 2.8E+01

.0E+01 2.1E+02 9.8E+01

.4E+00 2.2E+00 1.5E+00

.1E+03 1.5E+04 5.9E+03

.6E+00 1.7E+02 9.8E+00

.1E-01 8.2E+00 1.7E+00

.3E+00 1.2E+01 2.5E+00

.9E+01 8.0E+02 9.8E+01

.4E+00 1.5E+02 2.8E+00

base [LANL 1998]—Inorganics 

MAXIMUM UCL
Starmer’s 
Gulch (Part of 
Pajarito 
Canyon) 
(Cont.)

Chromium, Hexavalent mg/kg 2 5 1.7E-01

Chromium, Total mg/kg 49 49 3.5E+00 6

Cobalt mg/kg 7 37 3.1E+00 8

Copper mg/kg 35 37 6.0E+00 1

Cyanide, Total mg/kg 3 21 1.0E+00 1

Iron mg/kg 37 37 6.4E+03 1

Lead mg/kg 43 49 7.6E+00 6

Magnesium mg/kg 31 37 7.0E+02 1

Manganese mg/kg 37 37 8.2E+01

Mercury mg/kg 9 47 4.0E-02 2

Nickel mg/kg 10 37 1.4E+02 8

Platinum mg/kg 5 5 1.7E+01 2

Potassium mg/kg 27 37 6.9E+02

Silver mg/kg 14 39 2.5E+00 1

Sodium mg/kg 6 37 1.0E+02 1

Strontium-90 pCi/g 6 9 7.1E-01 1

Thallium mg/kg 1 37 1.9E+00 1

Vanadium mg/kg 36 37 1.3E+01 2

Zinc mg/kg 36 37 2.2E+01 8

Ten-Site 
Canyon (Part of 
Mortandad 
Canyon)

Actinium-228 pCi/g 37 61 4.2E-01 1

Aluminum mg/kg 108 108 1.6E+02 5

Americium-241 pCi/g 55 356 8.0E-03 3

Antimony mg/kg 23 266 3.0E-02 8

Arsenic mg/kg 215 267 2.4E-01 2

Barium mg/kg 249 266 5.4E-01 8

Beryllium mg/kg 212 266 6.0E-02 1

TABLE  C–9.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Data
and Radiochemistry)-Continued

WATERSHED ANALYTE UNITS DETECTED ANALYZED MINIMUM MEAN
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+00 3.7E+00 3.3E+00

-01 1.3E+00 9.8E-01

+00 1.7E+02 1.7E+01

+03 1.1E+04 2.8E+03

+00 7.3E+01 6.7E+00

+00 2.5E+00 3.3E+00

+01 8.1E+02 1.9E+01

+00 1.1E+01 3.6E+00

-01 1.5E+00 1.1E+00

+01 4.3E+02 3.7E+01

-01 4.7E-01 4.8E-01

03 1.5E+04 7.3E+03

+01 9.8E+01 1.6E+01

+00 5.6E+00 6.3E+00

+00 3.3E+00 1.4E+00

-01 1.5E+00 1.0E+00

00 6.8E+00 7.0E+00

+03 2.7E+03 1.1E+03

+02 3.7E+02 1.9E+02

-01 4.0E+00 6.7E-01

01 8.7E+02 2.1E+01

+01 5.2E+03 1.4E+02

+00 4.5E+02 8.3E+00

+02 3.1E+03 1.1E+03

+01 4.7E+01 2.8E+01

+01 1.5E+01 1.5E+01

e [LANL 1998]—Inorganics 

MAXIMUM UCL
Ten-Site 
Canyon (Part of 
Mortandad 
Canyon) 
(Cont.)

Bismuth-211 pCi/g 7 61 1.6E+00 2.6E

Bismuth-214 pCi/g 43 61 4.8E-01 9.1E

Cadmium mg/kg 42 266 3.6E-02 7.6E

Calcium mg/kg 107 108 1.6E+02 2.5E

Cesium-137 pCi/g 58 292 1.2E-01 3.3E

Chromium, Hexavalent mg/kg 2 5 9.8E-01 1.7E

Chromium, Total mg/kg 256 267 1.1E+00 1.2E

Cobalt mg/kg 62 108 3.3E-01 3.2E

Cobalt-60 pCi/g 8 292 1.0E-01 6.9E

Copper mg/kg 100 108 1.1E+00 2.6E

Europium-152 pCi/g 3 134 3.6E-01 4.2E

Iron mg/kg 108 108 4.6E+02 6.6E+

Lead mg/kg 249 272 1.1E+00 1.5E

Lead-210 pCi/g 3 19 3.2E+00 4.7E

Lead-212 pCi/g 59 62 1.9E-01 1.3E

Lead-214 pCi/g 49 62 4.0E-01 9.2E

Lithium mg/kg 2 4 6.5E+00 6.7E+

Magnesium mg/kg 102 108 4.0E+01 1.0E

Manganese mg/kg 108 108 1.7E+00 1.8E

Mercury mg/kg 36 168 2.0E-02 4.2E

Nickel mg/kg 187 266 2.0E+00 1.2E+

Plutonium-238 pCi/g 114 328 3.0E-03 4.8E

Plutonium-239 pCi/g 185 262 2.0E-03 3.4E

Potassium mg/kg 102 110 6.9E+01 9.4E

Potassium-40 pCi/g 228 282 7.0E+00 2.7E

Radium-224 pCi/g 7 61 4.6E+00 1.3E

TABLE  C–9.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Databas
and Radiochemistry)-Continued

WATERSHED ANALYTE UNITS DETECTED ANALYZED MINIMUM MEAN
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.2E+00 6.7E+00 3.5E+00

5.6E-01 5.6E-01

5.9E-01 1.0E+00 6.8E-01

.8E+01 4.1E+02 6.1E+01

.5E+02 3.7E+02 1.7E+02

.1E+01 1.5E+01 1.8E+01

.1E+02 9.0E+02 2.6E+02

.4E+00 1.4E+02 3.7E+00

.3E-01 1.6E+00 6.3E-01

.1E+00 2.2E+00 2.2E+00

.7E-01 7.2E-01 7.0E-01

.3E-01 8.2E-01 8.7E-01

.9E+00 4.8E+00 3.4E+00

.0E+00 1.8E+02 4.1E+00

.4E+00 4.9E+01 1.8E+00

1.4E-01 1.5E+00 2.1E-01

.2E+00 3.6E+00 1.2E+00

.3E+01 6.9E+01 1.5E+01

.2E+01 7.5E+02 9.6E+01

.7E+00 1.8E+00 1.9E+00

.1E+03 9.7E+04 7.5E+03

.1E+00 1.8E+01 5.5E+00

.2E+01 5.2E+02 2.9E+01

.1E+02 8.7E+02 1.3E+02

.3E+00 1.0E+02 1.1E+01

.1E+00 1.6E+00 2.0E+00

base [LANL 1998]—Inorganics 

MAXIMUM UCL
Ten-Site 
Canyon (Part of 
Mortandad 
Canyon) 
(Cont.)

Radium-226 pCi/g 55 223 1.5E+00 3

Ruthenium-106 pCi/g 1 132 5.6E-01

Selenium mg/kg 18 267 2.3E-01

Silver mg/kg 25 266 3.9E-01 2

Sodium mg/kg 91 108 2.6E+01 1

Strontium mg/kg 3 4 3.8E+00 1

Strontium-90 pCi/g 12 223 1.2E+00 1

Thallium mg/kg 122 268 3.0E-02 1

Thallium-208 pCi/g 40 62 1.7E-01 5

Thorium-227 pCi/g 3 61 2.0E+00 2

Thorium-228 pCi/g 5 5 1.9E-01 4

Thorium-230 pCi/g 4 5 2.9E-01 6

Thorium-232 pCi/g 27 164 2.1E-01 2

Tritium pCi/g 185 217 4.7E-03 2

Uranium-234 pCi/g 328 383 1.6E-01 1

Uranium-235 pCi/g 56 521 2.0E-02

Uranium-238 pCi/g 328 435 1.5E-01 1

Vanadium mg/kg 94 108 8.6E-01 1

Zinc mg/kg 105 105 3.9E+00 7

Three-Mile 
Canyon (Part of 
Pajarito 
Canyon)

Actinium-228 pCi/g 2 2 1.5E+00 1

Aluminum mg/kg 145 145 6.1E+02 6

Antimony mg/kg 25 145 1.1E-01 3

Arsenic mg/kg 59 145 1.7E+00 1

Barium mg/kg 130 145 2.8E+01 1

Beryllium mg/kg 67 146 3.2E-01 7

Bismuth-211 pCi/g 2 2 6.0E-01 1

TABLE  C–9.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Data
and Radiochemistry)-Continued

WATERSHED ANALYTE UNITS DETECTED ANALYZED MINIMUM MEAN
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+00 2.3E+00

+00 1.3E+00 1.3E+00

-01 2.7E+00 9.6E-01

+03 2.0E+04 3.0E+03

-01 2.5E+00 9.3E-01

+01 8.8E+02 3.9E+01

+00 1.3E+01 6.2E+00

+02 7.2E+03 6.7E+02

+01 1.3E+02 1.3E+02

-01 2.6E-01

+03 9.8E+04 9.9E+03

+03 1.3E+05 2.8E+03

+00 1.8E+00 1.7E+00

+00 1.4E+00 1.4E+00

+03 2.8E+03 1.3E+03

E+02 1.3E+03 3.0E+02

-01 2.8E+00 6.4E-01

+01 4.1E+02 5.0E+01

-02 3.0E-02 2.5E-02

-03 7.0E-03

E+03 2.8E+03 1.2E+03

+01 2.9E+01 2.9E+01

+00 4.9E+00

-01 8.2E-01

+02 5.6E+02

+00 2.9E+00 3.2E+00

e [LANL 1998]—Inorganics 

MAXIMUM UCL
Three-Mile 
Canyon (Part of 
Pajarito 
Canyon) 
(Cont.)

Bismuth-212 pCi/g 1 2 2.3E+00 2.3E

Bismuth-214 pCi/g 2 2 1.1E+00 1.2E

Cadmium mg/kg 38 145 1.3E-02 6.8E

Calcium mg/kg 138 145 5.3E+02 2.6E

Cesium-137 pCi/g 12 17 6.4E-02 5.5E

Chromium, Total mg/kg 140 144 1.3E+00 2.4E

Cobalt mg/kg 31 145 1.8E+00 5.4E

Copper mg/kg 126 145 2.8E+00 4.7E

Cyanide, Total mg/kg 3 5 1.6E+00 4.5E

Europium-152 pCi/g 1 14 2.6E-01 2.6E

Iron mg/kg 145 145 1.0E+03 8.4E

Lead mg/kg 146 147 2.4E+00 1.0E

Lead-212 pCi/g 4 4 1.5E+00 1.6E

Lead-214 pCi/g 4 4 8.8E-01 1.2E

Magnesium mg/kg 100 145 3.8E+02 1.2E

Manganese mg/kg 145 145 6.5E+01 2.7

Mercury mg/kg 36 207 5.1E-03 3.9E

Nickel mg/kg 46 145 4.3E+00 2.9E

Plutonium-238 pCi/g 5 10 9.0E-03 1.8E

Plutonium-239 pCi/g 1 10 7.0E-03 7.0E

Potassium mg/kg 104 145 2.6E+02 1.1

Potassium-40 pCi/g 4 4 2.0E+01 2.5E

Protactinium-231 pCi/g 1 17 4.9E+00 4.9E

Protactinium-234 pCi/g 1 17 8.2E-01 8.2E

Protactinium-234M pCi/g 1 17 5.6E+02 5.6E

Radium-224 pCi/g 2 2 2.1E+00 2.5E

TABLE  C–9.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Databas
and Radiochemistry)-Continued

WATERSHED ANALYTE UNITS DETECTED ANALYZED MINIMUM MEAN
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.6E+00 2.9E+00 2.5E+00

6.6E-01 6.6E-01

9.5E-01 2.0E+00 1.3E+00

.1E+02 4.1E+02 1.9E+02

.4E+02 7.8E+02 2.1E+02

.2E+00 4.6E+00 4.8E+00

.2E-01 6.0E-01 6.1E-01

.1E+00 3.0E+00 1.3E+00

.0E+00 1.8E+00 1.1E+00

.0E-01 9.0E-01

.1E+00 2.4E+00 1.2E+00

.2E+01 2.8E+02 5.9E+01

.1E+01 3.8E+01 1.5E+01

.4E+00 1.8E+00 1.5E+00

.3E+00 1.7E+01 6.4E+00

.7E+01 2.6E+02 7.5E+01

.2E+01 2.8E+01 1.4E+01

.5E+01 2.9E+03 1.4E+02

.2E-02 2.2E-02

.8E+00 2.0E+00 2.2E+00

.9E+03 2.5E+04 7.4E+03

.7E+00 2.3E+01 1.1E+01

.5E+00 1.7E+02 7.5E+00

.2E+02 1.6E+04 5.1E+02

.4E-01 3.3E+00 7.2E-01

.5E+00 1.5E+00

base [LANL 1998]—Inorganics 

MAXIMUM UCL
Three-Mile 
Canyon (Part of 
Pajarito 
Canyon) 
(Cont.)

Radium-226 pCi/g 4 4 9.6E-01 1

Ruthenium-106 pCi/g 1 16 6.6E-01

Selenium mg/kg 11 145 1.4E-01

Silver mg/kg 14 145 3.1E+00 1

Sodium mg/kg 25 145 5.4E+01 1

Thallium mg/kg 3 145 2.0E-01 2

Thallium-208 pCi/g 3 3 4.5E-01 5

Thorium-228 pCi/g 29 29 1.8E-01 1

Thorium-230 pCi/g 44 44 1.2E-01 1

Thorium-231 pCi/g 1 15 9.0E-01 9

Thorium-232 pCi/g 29 29 1.4E-01 1

Thorium-234 pCi/g 15 17 2.9E+00 2

Tritium pCi/g 27 32 3.9E-01 1

Uranium-234 pCi/g 20 20 9.1E-01 1

Uranium-235 pCi/g 8 22 4.1E-02 2

Uranium-238 pCi/g 11 20 8.6E-01 2

Vanadium mg/kg 97 145 4.5E+00 1

Zinc mg/kg 145 145 1.2E+01 9

Two-Mile 
Canyon (Part of 
Pajarito 
Canyon)

Acetone mg/kg 1 61 2.2E-02 2

Actinium-228 pCi/g 2 16 1.6E+00 1

Aluminum mg/kg 267 267 1.2E+03 6

Antimony mg/kg 19 273 1.0E-01 7

Arsenic mg/kg 201 273 3.7E-01 5

Barium mg/kg 254 273 2.8E+01 3

Beryllium mg/kg 106 274 1.0E-01 6

Bismuth-214 pCi/g 1 16 1.5E+00 1

TABLE  C–9.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Data
and Radiochemistry)-Continued

WATERSHED ANALYTE UNITS DETECTED ANALYZED MINIMUM MEAN
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+00 1.4E+02 1.3E+01

+03 1.9E+05 6.2E+03

-01 5.4E+00 9.1E-01

+01 1.7E+03 7.3E+01

+00 2.3E+01 6.8E+00

+02 2.8E+04 8.9E+02

+00 6.6E+00 2.8E+00

+00 1.1E+01 7.0E+00

02 3.1E+03 1.9E+03

04 2.2E+05 1.3E+04

+02 7.3E+03 1.8E+02

+00 1.7E+00 1.7E+00

+00 1.4E+00 1.3E+00

+03 4.3E+03 1.5E+03

+02 4.0E+03 3.7E+02

01 1.2E+02 2.0E+01

02 1.6E+03 1.6E+02

+01 1.9E+02 6.7E+01

-02 2.8E-02 3.5E-02

-01 1.6E+00 1.1E+00

+03 3.1E+03 1.4E+03

+01 3.6E+01 3.5E+01

+00 1.4E+00 1.3E+00

-01 5.7E+00 1.3E+00

01 2.7E+02 3.4E+01

+02 8.0E+02 1.3E+02

e [LANL 1998]—Inorganics 

MAXIMUM UCL
Two-Mile 
Canyon (Part of 
Pajarito 
Canyon) 
(Cont.)

Cadmium mg/kg 82 273 5.0E-02 8.5E

Calcium mg/kg 249 267 6.1E+02 4.3E

Cesium-137 pCi/g 119 159 3.9E-02 7.9E

Chromium, Total mg/kg 268 273 1.2E+00 5.0E

Cobalt mg/kg 110 267 7.7E-01 6.0E

Copper mg/kg 234 273 1.1E+00 5.5E

Cyanide, Total mg/kg 24 160 3.8E-01 2.0E

Fluorine mg/kg 12 12 2.0E+00 5.2E

Gold mg/kg 5 25 7.1E+00 7.0E+

Iron mg/kg 267 267 1.4E+03 1.1E+

Lead mg/kg 273 273 1.0E+00 1.1E

Lead-212 pCi/g 4 16 7.8E-01 1.3E

Lead-214 pCi/g 4 16 5.3E-01 1.0E

Magnesium mg/kg 218 267 3.8E+02 1.4E

Manganese mg/kg 273 273 1.7E+01 3.4E

Mercury mg/kg 39 278 5.0E-02 1.2E+

Nickel mg/kg 147 273 1.4E+00 1.1E+

Platinum mg/kg 17 25 1.4E+01 4.6E

Plutonium-238 pCi/g 2 7 1.4E-02 2.1E

Plutonium-239 pCi/g 5 7 3.8E-02 6.1E

Potassium mg/kg 195 267 1.0E+02 1.3E

Potassium-40 pCi/g 5 19 3.3E+01 3.4E

Radium-226 pCi/g 6 16 5.6E-01 1.0E

Selenium mg/kg 27 273 2.2E-01 9.5E

Silver mg/kg 55 273 1.4E+00 2.3E+

Sodium mg/kg 103 267 3.3E+01 1.1E

TABLE  C–9.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Databas
and Radiochemistry)-Continued

WATERSHED ANALYTE UNITS DETECTED ANALYZED MINIMUM MEAN
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9.8E-01 8.4E+00 1.5E+00

.9E-01 5.5E-01 3.7E-01

.0E-01 6.5E-01 5.8E-01

.1E+00 4.1E+00

2E+01 3.5E+01 2.4E+01

.5E+00 9.3E+00 5.6E+00

.1E+00 1.2E+01 1.4E+00

.9E-02 4.8E-01 6.0E-02

.2E+00 1.2E+01 1.4E+00

.2E+01 2.3E+02 2.4E+01

.7E+02 1.5E+04 2.8E+02

.0E+03 2.6E+03 2.3E+03

.3E-01 4.3E-01

.3E+00 1.6E+00 1.5E+00

.1E+01 5.0E+01 4.4E+01

.1E-01 2.2E-01 2.4E-01

.1E-01 2.2E-01 2.3E-01

.9E+02 1.7E+03 1.4E+03

.6E-01 5.6E-01 4.8E-01

.6E+00 4.9E+00 4.5E+00

.0E+00 4.4E+00 3.9E+00

.7E+00 8.7E+00 9.7E+00

.4E+03 7.6E+03 7.5E+03

.7E+01 3.2E+01 3.0E+01

.5E+02 5.6E+02 5.3E+02

3.3E+02 4.3E+02 5.3E+02

base [LANL 1998]—Inorganics 

MAXIMUM UCL
Two-Mile 
Canyon (Part of 
Pajarito 
Canyon)

Strontium-90 pCi/g 35 153 1.7E-01

Thallium mg/kg 15 273 1.2E-01 2

Thallium-208 pCi/g 10 16 2.0E-01 5

Thorium-234 pCi/g 1 16 4.1E+00 4

Tritium pCi/g 6 6 2.2E-02 1.

Uranium mg/kg 21 22 1.4E+00 4

Uranium-234 pCi/g 80 80 3.7E-01 1

Uranium-235 pCi/g 76 96 2.0E-02 4

Uranium-238 pCi/g 80 80 3.6E-01 1

Vanadium mg/kg 230 273 3.5E+00 2

Zinc mg/kg 269 273 4.9E+00 1

Walnut Canyon 
(Part of Pueblo/
Acid Canyon)

Aluminum mg/kg 5 5 1.7E+03 2

Americium-241 pCi/g 1 2 4.3E-01 4

Arsenic mg/kg 5 5 1.1E+00 1

Barium mg/kg 5 5 1.7E+01 3

Beryllium mg/kg 2 5 1.9E-01 2

Cadmium mg/kg 2 5 2.0E-01 2

Calcium mg/kg 5 5 6.7E+02 9

Cesium-137 pCi/g 5 5 2.5E-01 3

Chromium, Total mg/kg 4 5 3.1E+00 3

Cobalt mg/kg 4 5 2.2E+00 3

Copper mg/kg 2 2 6.7E+00 7

Iron mg/kg 5 5 4.6E+03 6

Lead mg/kg 5 5 2.5E+01 2

Magnesium mg/kg 5 5 3.5E+02 4

Manganese mg/kg 2 2 2.3E+02

TABLE  C–9.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Data
and Radiochemistry)-Continued

WATERSHED ANALYTE UNITS DETECTED ANALYZED MINIMUM MEAN
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01 3.2E-01 4.5E-01

00 1.2E+00 1.3E+00

-01 1.4E-01

+00 8.4E+00 8.7E+00

+02 5.9E+02 7.0E+02

+01 2.9E+01 3.0E+01

01 6.7E-01

01 1.4E+02 1.3E+02

02 2.4E-02 2.5E-02

-01 7.4E-01 7.6E-01

-01 5.5E-01 5.5E-01

+00 9.2E+00 9.1E+00

01 5.8E+01 5.4E+01

+00 2.5E+00 1.8E+00

+03 3.4E+04 8.3E+03

+00 5.8E+00 6.6E+00

+00 1.4E+01 1.7E+00

+00 2.1E+01 2.8E+00

+03 3.8E+04 1.5E+03

00 2.6E+02 3.0E+00

+00 3.9E+00 3.4E+00

+00 1.6E+00 1.6E+00

+00 3.4E+00 1.9E+00

+00 1.3E+01 1.2E+00

+00 4.9E+00

+03 3.9E+04 2.9E+03

e [LANL 1998]—Inorganics 

MAXIMUM UCL
Walnut Canyon 
(Part of Pueblo/
Acid Canyon) 
(Cont.)

Mercury mg/kg 2 5 6.0E-02 1.9E-

Nickel mg/kg 2 5 1.0E+00 1.1E+

Plutonium-238 pCi/g 1 16 1.4E-01 1.4E

Plutonium-239 pCi/g 3 3 5.2E+00 6.8E

Potassium mg/kg 2 5 3.7E+02 4.8E

Potassium-40 pCi/g 2 2 2.7E+01 2.8E

Silver mg/kg 1 5 6.7E-01 6.7E-

Sodium mg/kg 5 5 3.8E+01 8.8E+

Tritium pCi/g 2 6 2.2E-02 2.3E-

Uranium-234 pCi/g 3 3 4.8E-01 6.1E

Uranium-238 pCi/g 3 3 5.0E-01 5.1E

Vanadium mg/kg 5 5 5.6E+00 7.8E

Zinc mg/kg 5 5 3.4E+01 4.5E+

Water Canyon Actinium-228 pCi/g 17 24 5.8E-01 1.6E

Aluminum mg/kg 587 587 9.1E+02 7.9E

Americium-241 pCi/g 3 112 2.0E-01 3.3E

Antimony mg/kg 118 587 3.8E-02 1.3E

Arsenic mg/kg 494 587 4.4E-01 2.7E

Barium mg/kg 564 587 2.4E+00 1.2E

Beryllium mg/kg 401 614 1.1E-01 1.7E+

Bismuth-211 pCi/g 8 18 3.1E-01 2.4E

Bismuth-212 pCi/g 3 19 1.0E+00 1.2E

Bismuth-214 pCi/g 13 20 1.2E-01 1.4E

Cadmium mg/kg 168 586 1.9E-02 1.0E

Cadmium-109 pCi/g 1 10 4.9E+00 4.9E

Calcium mg/kg 556 587 3.1E+02 2.6E

TABLE  C–9.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Databas
and Radiochemistry)-Continued

WATERSHED ANALYTE UNITS DETECTED ANALYZED MINIMUM MEAN
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5.2E-01 3.3E+00 6.4E-01

9.5E+00 4.1E+02 1.1E+01

.2E+00 1.1E+02 5.9E+00

.1E+01 7.7E+03 1.0E+02

5.4E-01 1.6E+00 1.3E+00

2.1E-01 3.5E-01 2.5E-01

.0E+04 1.1E+05 1.1E+04

.8E+01 1.7E+03 4.6E+01

.4E+00 8.6E+00 4.8E+00

.5E+00 2.3E+00 1.6E+00

.1E+00 2.4E+00 1.2E+00

1.4E+03 4.8E+03 1.5E+03

3.3E+02 1.9E+03 3.4E+02

.2E-01 3.5E+01 8.6E-01

.9E+01 3.9E+01

.3E+00 1.5E+00 1.7E+00

.4E+01 4.5E+02 1.7E+01

3.0E-02 1.0E-01 4.9E-02

5.6E-02 1.0E-01 7.3E-02

1.3E+03 5.4E+03 1.4E+03

2.3E+01 3.2E+01 2.4E+01

3.6E+00 5.0E+00 4.1E+00

.5E+00 2.3E+01 1.4E+01

.1E+02 2.5E+03 5.4E+02

.0E+00 5.1E+00 4.6E+00

base [LANL 1998]—Inorganics 

MAXIMUM UCL
Water Canyon 
(Cont.)

Cesium-137 pCi/g 89 129 5.9E-02

Chromium, Total mg/kg 571 587 7.6E-01

Cobalt mg/kg 415 587 2.8E-01 5

Copper mg/kg 567 603 9.1E-01 7

Cyanide, Total mg/kg 4 216 8.1E-02

Europium-152 pCi/g 10 103 1.2E-01

Iron mg/kg 586 587 9.2E+00 1

Lead mg/kg 617 623 1.6E+00 3

Lead-210 pCi/g 11 27 1.8E+00 3

Lead-212 pCi/g 40 43 2.1E-01 1

Lead-214 pCi/g 43 47 2.8E-01 1

Magnesium mg/kg 548 587 2.3E+02

Manganese mg/kg 587 587 3.4E+01

Mercury mg/kg 224 596 5.2E-03 5

Neodymium-147 pCi/g 1 1 3.9E+01 3

Neptunium-237 pCi/g 2 103 1.1E+00 1

Nickel mg/kg 473 587 7.6E-01 1

Plutonium-238 pCi/g 18 33 2.0E-03

Plutonium-239 pCi/g 20 31 9.0E-03

Potassium mg/kg 544 587 2.1E+02

Potassium-40 pCi/g 41 43 9.8E+00

Protactinium-231 pCi/g 26 64 2.9E-01

Protactinium-234 pCi/g 6 53 4.1E-01 6

Protactinium-234M pCi/g 22 70 9.3E+00 3

Radium-224 pCi/g 10 23 2.3E+00 4

TABLE  C–9.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Data
and Radiochemistry)-Continued

WATERSHED ANALYTE UNITS DETECTED ANALYZED MINIMUM MEAN
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E+00 1.5E+01 2.4E+00

+00 2.0E+00

-01 4.6E+00 6.9E-01

+00 1.1E+02 8.6E+00

+02 1.4E+04 3.5E+02

-02 6.0E-02 7.4E-02

-01 1.1E-01

-01 1.8E+00 7.4E-01

-01 1.3E+00 5.8E-01

+01 3.1E+01 3.4E+01

+00 9.5E+00 2.6E+00

+00 5.4E+00 1.3E+00

-01 6.3E-01 5.0E-01

+00 1.7E+00 1.3E+00

+01 1.9E+03 1.4E+02

+00 1.1E+01 3.7E+00

+01 1.7E+03 6.0E+01

+00 8.7E+01 1.2E+01

+01 1.7E+03 9.7E+01

+01 1.1E+02 1.9E+01

+01 1.6E+03 8.3E+01

 DIMAD) in August, 1998. The data represent 
 l equal to 12 inches. The data were obtained 
d ino; LANL-approved methods for 
ical specata (e.g. gross radioactivity) were excluded. 

y corr actions subsequent to sampling; therefore, 

e [LANL 1998]—Inorganics 

MAXIMUM UCL
Water Canyon Radium-226 pCi/g 41 54 7.5E-01 1.8

Radium-228 pCi/g 1 1 2.0E+00 2.0E

Selenium mg/kg 101 595 7.0E-02 5.5E

Silver mg/kg 96 587 9.7E-02 5.5E

Sodium mg/kg 431 587 3.4E+01 2.8E

Sodium-22 pCi/g 2 110 3.1E-02 4.5E

Strontium-85 pCi/g 1 10 1.1E-01 1.1E

Thallium mg/kg 96 587 1.4E-01 6.4E

Thallium-208 pCi/g 35 39 1.2E-01 5.0E

Thorium-227 pCi/g 2 17 2.4E+01 2.7E

Thorium-228 pCi/g 25 29 1.5E-01 1.7E

Thorium-230 pCi/g 64 70 9.4E-02 1.1E

Thorium-231 pCi/g 16 46 2.8E-01 4.5E

Thorium-232 pCi/g 24 24 2.0E-01 1.1E

Thorium-234 pCi/g 64 92 1.1E+00 7.2E

Uranium mg/kg 119 272 9.7E-01 3.3E

Uranium-234 pCi/g 84 89 5.8E-01 2.1E

Uranium-235 pCi/g 39 121 4.1E-02 6.2E

Uranium-238 pCi/g 65 89 6.7E-01 4.4E

Vanadium mg/kg 547 587 8.9E-01 1.8E

Zinc mg/kg 587 587 9.3E+00 7.2E

Note:  Watersheds are defined in ER Project FIMAD map G105700, July 24, 1997. 
Note:  The analytical data provided in these tables were obtained from the Facility for Information Management, Analysis, andisplay (F
analytical results for surface soil samples collected by the ER Project with a begin depth equal to 0 inches and an end depthess than or
from ER Project-approved fixed-site analytical laboratories using standard analytical methods (EPA methods for organics anrganics
radionuclides). Field measurements, non-standard measurements (e.g. x-ray fluorescence), and measurements for non-chemific d
Quality assurance/quality control data were also excluded.  The ER Project may have removed contaminated soil in voluntarective
some analytical results may represent contaminants that have been removed since the samples were taken. 

TABLE  C–9.—Soil Detection Statistics by Watershed and by Analyte (ER Risk Databas
and Radiochemistry)-Continued

WATERSHED ANALYTE UNITS DETECTED ANALYZED MINIMUM MEAN



Contaminant Data Sets Supporting
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REFERENCES

Environmental 
Surveillance 
Report Data

See individual entries for LANL Environmental Surveillance Reports (ESRs):  
LANL 1993 (1991 ESR), LANL 1994 (1992 ESR), LANL 1995 (1993 ESR), 
LANL 1996a (1994 ESR), LANL 1996b (1995 ESR), LANL 1997 (1996 ESR).

LANL 1993 Environmental Surveillance at Los Alamos During 1991.  Los Alamos National 
Laboratory.  LA-12572-ENV, UC-902.  Los Alamos, New Mexico.  
August 1993.

LANL 1994 Environmental Surveillance at Los Alamos During 1992..  Los Alamos National 
Laboratory. LA-12764-MS, UC-902.  Los Alamos, New Mexico.  July 1994.

LANL 1995 Environmental Surveillance at Los Alamos During 1993.  Los Alamos National 
Laboratory.  LA-12973-ENV, UC-902.  Los Alamos, New Mexico.  
October 1995.

LANL 1996a Environmental Surveillance at Los Alamos during 1994.  Los Alamos National 
Laboratory, Environmental Assessments and Resource Evaluations Group.  
LA-13047-ENV.  Los Alamos, New Mexico.  July 1996.

LANL 1996b Environmental Surveillance at Los Alamos During 1995.  Los Alamos National 
Laboratory.  LA-13210-ENV, UC-902.  Los Alamos, New Mexico.  
October 1996.

LANL 1997 Environmental Surveillance and Compliance at Los Alamos During 1996.  Los 
Alamos National Laboratory.  LA-13343-ENV.  Los Alamos, New Mexico.

LANL 1998 Environmental Restoration Project data from the ECO_ANAL static data table 
in the FIMAD Oracle database.  February 1998.

NPDES Data Data on Water Quality, obtained from the LANL Water Quality and Hydrology 
Group (ESH-18) NPDES Chemical Database.  Only 1994–1996 data available 
currently.  



Human Health

re
re
re

as
2).
g
s,
d
od
y
e
d
r.
e

d
e
 or
en
se
of
es

 is

s,
y
to
se
.
 a
f

ke
g
’s
APPENDIX D
HUMAN HEALTH

D.1 PUBLIC  HEALTH  
CONSEQUENCES:  PRIMER  AND 
RECENT STUDIES NEAR LANL

In this appendix, supplemental information is
presented on the effects on human health of
radioactive and chemical exposures.  The
information is presented in two sections:  that
addressing our general knowledge and
understanding (section D.1.1) and that
presenting in more detail the findings of the
recent studies of public health in the community
of Los Alamos, and New Mexico and U.S.
studies (including Native Americans in New
Mexico, Hispanic white and nonhispanic white
populations throughout the U.S. (section D.1.2).
The presentation in section D.1.1 is useful to the
reader as a primer on human health effects of
exposures to radioactivity or to chemicals.  The
summaries presented in section D.1.2 are the
results of descriptive epidemiology studies.
That is, they are analyses of disease incidence
rates and causes of death using statistical
analytical methodologies.

Exposure to toxic chemicals is regulated by
other agencies, and DOE subscribes to and
applies those regulations without change to its
own activities.  The Occupational Safety and
Health Administration (OSHA) promulgates
and enforces regulations for the protection of
workers, and EPA regulates exposures to the
public.  Chapter 7 provides a detailed review of
the regulatory requirements for the operation of
LANL.

D.1.1 Primer on Human Health 
Consequences of Radiological 
and Chemical Exposures

Table D.1.1–1 summarizes the differences in
consequences between exposures to radioactive

materials and exposures to chemicals.  Mo
detailed information on the modes of exposu
and potential effects of these exposures a
given in the sections below.

D.1.1.1 About Radiation and 
Radioactivity

In the simplest sense, radiation is defined 
energy propagated through space (NBS 195
This definition covers a broad range, includin
visible light, radio and television transmission
microwaves, and emissions from atomic an
nuclear reactions and interactions.  The meth
by which radiation interacts with matter is b
transferring its energy to the atoms of th
matter.  The amount of energy transferre
determines the effect that it will have on matte
The broad spectrum of radiation can b
subdivided into two groups, ionizing an
nonionizing.  Ionization occurs when th
radiation transfers enough energy to strip one
more electrons from the interacting atom.  Wh
ionization takes place in the body, it can cau
chemical and physical changes that are 
concern to human health.  Radiation that do
not have enough energy to strip electrons
called “nonionizing” (discussed further in
appendix D, section D.2.2.2).

Ionizing radiation is used in a variety of way
many of which are familiar to us in our everyda
lives.  The machines used by doctors 
diagnose and treat medical patients typically u
x-rays, which is one form of ionizing radiation
The process by which a television displays
picture is by ionizing coatings on the inside o
the screen with electrons.  Most home smo
detectors use a small source of ionizin
radiation to detect smoke particles in the room
air.
D–1



D–2

LANL SWEIS

TABLE  D.1.1–1.—Comparison of Consequences of Radioactivity and Toxic Chemicals

RADIOACTIVE MATERIALS TOXIC CHEMICALS

Threshold for effects? Assume no threshold (stochastic 
effects).

Yes, and different thresholds for different 
effects.

Accumulative effects? Assumed exposures accumulate over 
a lifetime, with no repair.

Typically, the body repairs itself between 
exposures; may build sensitive allergic reaction 
or interact with cells.

Sensory perception? We do not feel, smell, or otherwise 
sense ionizing radiation.

Very low concentrations not sensed.  Often an 
annoying odor and irritating effects at low 
concentrations.  Some gases are visible when in 
high concentrations.

Carcinogenic? All ionizing radiation is regulated as 
carcinogenic.

 Only some chemicals are confirmed human 
carcinogens.  Some others are suspected, and 
some are animal (mammal, or closer to human, 
primate) carcinogens.

Effects-exposure 
relationship?

Usually treated as linear at low doses, 
although this is a conservative 
simplification (BEIR V 1990).

Typically nonlinear and nonadditive.  
Thresholds exist.  For some chemicals, effects 
can be treated as linear with exposures, but only 
over small ranges.  Synergisms among 
chemicals are not understood.

Acute effects? Acute deterministic effects are soon 
observed, but occur only above a 
threshold of about 50 rem (less for 
the eye).

Effects may be immediately observed for levels 
of exposures above the thresholds.

Entry paths of particulates 
into the body?

Radionuclides enter through 
inhalation, ingestion, and wounds.  A 
few are absorbed through the skin.

Same routes, except a greater percentage of 
chemicals than of radionuclides are absorbed 
through the skin.

Target organs? The chemistry of the radionuclide 
determines its residence time and 
location in the body.

Same as for radionuclides.  Except, the body 
also metabolizes chemicals, sometimes into 
more toxic chemicals.

Penetrating? Alpha and beta radiation do not 
penetrate skin.  In contrast, dense 
materials are needed to shield against 
gamma and x-ray radiation.

About 20% of OSHA-regulated chemicals have 
skin as an import route of entry.  Only corrosive 
chemicals penetrate protective gear rapidly.
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Ionizing radiation is generated through many
mechanisms.  The two most common
mechanisms are the electrical acceleration of
atomic particles such as electrons, as in x-ray
machines, and the emission of energy from
nuclear reactions in atoms.  This second process
is termed “radioactive decay.”  Atoms are made
up of various combinations of particles called
protons, neutrons, and electrons.  In most cases,
the numbers of neutrons and protons are
balanced such that the atom will stay together
forever.  An atom formed with too many of
either the neutrons or protons will attempt to
change itself into a more stable form.  To do
this, the atom will emit an atomic particle, such
as an electron, normally called a beta particle, or
a “packet” of energy called a photon.  This is the
process of radioactive decay.  The time that it
takes for the atom to decay is characterized by a
value called the half-life.  This is the time it
takes for a quantity of radioactive material to
decay to one-half its original amount.  In
general, radioactive materials are identified by
their half-lives and the type and energy of their
emissions.  In some cases, atoms may emit a
highly energetic, ionized, helium atom, called
an alpha particle.  The energy carried away by
these emissions is normally capable of creating
a large number of ionizations in matter.  

Besides ionization, other particles can often be
emitted during interactions between radiation
and matter, depending upon the type and energy
of the interaction.  Neutrons, protons, and some
other more exotic particles are often emitted
during various processes.  Nuclear reactors use
neutrons to break apart, or fission, particular
isotopes of uranium and plutonium in order to
release heat and more neutrons to continue the
reaction.  Large machines, often called “atom
smashers,”  cause atoms at high energies to
collide and break apart, releasing particles in
order to study their nuclear structure.  However,
due to the design and operation of these types of
facilities, it would be highly unlikely for these
types of radiations to reach the public outside
the boundaries of the facility.

When an individual is in the presence of a
unshielded radiation source, this is referred to
being exposed.  The amount of ionizin
radiation that the individual receives during th
exposure is referred to as dose.  T
measurement of radiation dose is calle
radiation dosimetry, and is done by a variety 
methods depending upon the characteristics
the incident radiation.  The units of measure f
radiation doses are normally rads and re
(Note that the term millirem [mrem] is also use
often.  A millirem is one one-thousandth of 
rem.)  The rad is a measure of the ener
deposited in the body by the radiation
regardless of the type of emission.  The rem i
measure of the biological effect, by includin
the effectiveness of the particular type an
energy of the incident radiation for causin
biological effects.  This is due to the fact th
some heavier or higher energy radiations, su
as alpha particles or neutrons, can deposit th
energy into much smaller volumes, an
consequently, cause more intense dama
through localized, chemical changes.

When an individual is exposed to an unshield
radiation source, this is called extern
radiation.  If radioactive material is incorporate
into the body and consequently decays, it 
called internal radiation.  The external radiatio
is measured as a value called the deep d
equivalent (DDE).  Internal radiation is
measured in terms of the committed effecti
dose equivalent (CEDE).  More informatio
about the CEDE is presented in the discuss
about the processes by which radioacti
material enters the body.  The sum of the tw
contributions (DDE and CEDE) provides th
total dose to the individual, called the tota
effective dose equivalent (TEDE).  Often th
radiation dose to a selected group or populat
is of interest, and is referred to as the collecti
dose equivalent, with the measurement units
person-rem.
D–3
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D.1.1.2 About Radiation and the 
Human Body

Ionizing radiation affects the body through two
basic mechanisms.  The ionization of atoms can
generate chemical changes in body fluids and
cellular material.  Also, in some cases the
amount of energy transferred can be sufficient
to actually knock an atom out of its chemical
bonds, again resulting in chemical changes.
These chemical changes can lead to alteration or
disruption of the normal function of the affected
area.  At low levels of exposure, such as the
levels experienced in occupational or
environmental settings, these chemical changes
are very small and ineffective.  The body has a
wide variety of mechanisms that repair the
damage induced.  However, occasionally, these
changes can cause irreparable damage that
could ultimately lead to initiation of a cancer, or
changes to genetic material that could be passed
to the next generation.  The probability for the
occurrence of health effects of this nature
depends upon the type and amount of radiation
received, and the sensitivity of the part of the
body receiving the dose.

At much higher levels of exposure, at least 10 to
20 times higher than the legal limits for
occupational exposures, the body is unable to
recover from the large amount of chemical
changes occurring during the exposure.  At
these levels, damage is much more immediate,
direct, and observable.  Health effects range
from reversible changes in the blood to
vomiting, loss of hair, temporary or permanent
sterility, and other changes leading ultimately to
death at exposures above about 100 times the
regulatory limits.  In these cases, the severity of
the health effect is dependent upon the amount
and type of radiation received.  Exposures to
radiation at these levels are quite rare, and,
outside of intentional medical procedures for
cancer therapy, are always due to accidental
circumstances.

For low levels of radiation exposure, th
probabilities for induction of various cancers o
genetic effects have been extensively studied
both national and international expert group
The problem is that the potential for heal
effects at low levels is extremely difficult to
determine without extremely large, well
characterized exposed populations.  Therefo
only particular groups with fairly high
exposures, such as atomic bomb survivo
radiation accident victims, and some grou
receiving large medical exposures, can 
studied to evaluate the probabilities
Unfortunately, the levels and rates of exposur
and the conditions under which they occurre
are very different from those in which th
normal population is exposed to backgroun
radiation or to normal operational releases fro
nuclear operations.  Therefore, expert grou
must make significant approximations an
assumptions in order to apply the study resu
to the lower levels of exposure.  This is done
a manner that attempts to ensure that 
resulting risk factors are conservative estima
of the actual probabilities.  In other words,  it 
unlikely that the actual risks are greater than t
estimates, while it is fairly likely that the actua
risk is smaller than the estimate.

There is another type of study, referred to as
epidemiology study, that attempts to estima
the risk factors in populations with much lowe
doses than mentioned above.  These studies
even more difficult to perform.  There are tw
types of epidemiology studies:  descriptiv
(based on statistical analyses of death a
disease incidences) and analytical (case stud
and observational analysis within a communi
or work force).  The studies summarized 
chapter 4, section 4.6.1.2, and appendix 
section D.1.2, are descriptive.  The risk facto
for radiation-induced cancer at low levels o
exposure are very small, and it is extreme
important to account for the many nonradiatio
related mechanisms for cancer induction, su
as smoking, diet, lifestyle, and chemica
exposures.  These multiple factors also make
D–4
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difficult to establish cause-and-effect
relationships that could attribute high or low
cancer rates to specific initiators.  As a
consequence, the results of such studies have
not been generally accepted within the scientific
community and are not currently used as the
primary basis for establishing the risk factors.

Risk factors are estimated for a large number of
fatal and nonfatal cancers, for hereditary effects,
and a few other identified radiation-induced
health effects.  Table D.1.1.2–1 lists the fatal
cancer risk factors used in this SWEIS, which
are based upon the recommendations of a
recognized authoritative international expert
group, the International Commission on
Radiological Protection (ICRP).  The other,
smaller risk factor in the table for nonfatal
cancer and hereditary effects may be similarly
applied by interested readers.

In keeping with the previous discussion of the
difficulties in determining the risk factors used
in this document, it is worthwhile to discuss the
level of confidence that is associated with those
factors.  The ICRP, in the recommendation that
established the risk factors used here, stated
that, “The nominal values of fatal cancer risk,
which form the basis of the detriment following
radiation exposure, are not to be regarded as
precise and immutable.  They are,
unfortunately, at this time still subject to many

uncertainties and to many assumptio
involving factors which may be subject t
change.  ...It is hoped, and indeed expected, t
these uncertainties will diminish in the future a
the accumulated experience in expos
populations such as the Japanese surviv
increases and as more information develo
from a broader variety of human experience
(ICRP 1991).  The Committee on the Biologic
Effects of Ionizing Radiations (BEIR), which
developed the risk factors that the ICR
recommends, also discussed the uncertainty
the factors:  “Finally, it must be recognized th
derivation of risk estimates for low doses an
dose rates through the use of any type of mo
involves assumptions that remain to b
validated.  ...Moreover, epidemiologic dat
cannot rigorously exclude the existence of
threshold in the millisievert (1 millisievert = 100
millirem) dose range.  Thus the backgroun
radiation cannot be ruled out.  At such low dos
and dose rates, it must be acknowledged that
lower limit of the range of uncertainty in the ris
estimates extends to zero” (BEIR V 1990).

Given these concerns, the reader shou
recognize that these risk factors are intended
provide a conservative estimate of the potent
impacts to be used in the decision-makin
process, and are not necessarily an accu
representation of actual anticipated fatalities. 
other words, one could expect that the stat

TABLE  D.1.1.2–1.—Risk Factors for Cancer Induction and Heritable Genetic Effects from 
Exposure to Ionizing Radiation

EXPOSED 
POPULATION a

FATAL 
CANCERb

NONFATAL 
CANCER

HEREDITARY 
EFFECTS (SEVERE)d

TOTAL 
DETRIMENT

Adult Workers 0.0004c 0.00008 0.00008 0.00056

Whole Population 0.0005c 0.0001 0.00013 0.00073

a The distinction between the worker risk and the general public risk is attributable to the fact that sensitivities vary with age, 
general health, and other factors that contribute more to the general population than to the worker population.

b When applied to an individual, units are lifetime probability of excess cancer fatalities per rem of radiation dose.  When applied to 
a population of individuals, units are excess numbers of fatal cancers per person-rem of radiation dose.   

c This is the source of the 4 x 10-4 worker and 5 x 10-4 public risk factors used in this SWEIS.
d Heritable genetic effects as used here apply to populations, not individuals.  For the other columns, the units would chang
accordingly, in terms of number of effects per unit dose.

Source:  ICRP 1991
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impacts from an activity or accident form an
envelope around the situation, and that actual
consequences could be less, but probably would
not be worse.

When considering the risks from exposure to
ionizing radiation, it is important to remember
that we are always being exposed to the
radiation in the environment around us.  Natural
background radiation is the collective term for
all of the sources that occur naturally, such as
cosmic radiation and naturally occurring
radioactive materials, such as potassium,
uranium, thorium, radium, and others.  These
sources contribute an average of 0.3 rem per
year to each individual.  Manufactured radiation
sources contribute another 0.06 rem per year on
the average, with the majority coming from
medical procedures.  Fallout from the
atmospheric testing of nuclear weapons
currently contributes less than 0.001 rem per
year to our doses (NCRP 1987).

D.1.1.3 About Radioactive Material 
Within the Body

Typically, radioactive material that is released
into the environment is in the form of very fine
particulates, gases, or liquids.  That is usually
because these forms are the hardest to contain in
a facility.  This material is easily carried into and
spread around the air, soil, and water.  As these
materials move through the environment, it is
possible for them to be taken into the body,
through breathing, eating, or drinking.  During
normal operations of a facility, every effort is
made to minimize these releases to levels well
below natural background.  During accidents, it
is possible that higher levels may be released;
but, the facilities are designed and operated to
control these releases as much as possible.

Radioactive material normally enters the body
through one of three mechanisms.  When the
material is in the air, it is inhaled into the lungs,
where a fraction will be trapped, depending
upon the size of the particles.  When it is

ingested by eating or drinking, or by clearing 
the respiratory tract, it passes through t
stomach and into the gastrointestinal tra
Under the right conditions, it can also b
absorbed through the skin or enter through op
wounds.

Once in the body, the fate of the material 
determined by its chemical behavior.  Som
material will be dissolved into bodily fluids and
transferred into various organs of the bod
Remaining material may either be retained at 
point of entry, such as in the lungs, or pa
through the body rapidly, as in th
gastrointestinal tract.  The effect of material 
the body is characterized by the type of radiati
it delivers and the organs in which it tends 
collect.  The rate at which the material 
removed from the body is represented by a va
called effective biological half-life (the time it
takes for the activity in the body to be reduce
to one-half as a consequence of radioact
decay and biological turnover of th
radionuclide).

When radioactive material is in the body, 
irradiates the living tissue around it.  Som
radiation types, like beta and alpha particles, a
much more effective at causing changes wh
inside the body than when outside.  This 
because these types of radiation cann
effectively penetrate the dead layer of the sk
from an external source.  As mentioned abov
the radiation dose from material inside the bo
is called the CEDE.  Remember that the do
from an external source stops when you wa
away or are shielded from it.  But you cann
walk away from an internal source.  Therefor
the CEDE is designed to determine the ri
commitment from the intake.  It is the dose th
will be received over the next 50 years from th
material in the body.  Because of th
assumptions that doses are cumulative and th
effects are not repaired, this means that 
lifetime risk from an internal source in rem
CEDE can be directly compared to the risk fro
an external source in rem DDE. 
D–6
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D.1.1.4 About the Material of 
Interest at LANL

LANL has a large involvement in nuclear
science and applications.  Therefore, there are
many types of radioactive material and radiation
sources in use.  However, many of the uses
require only very small amounts of material.
Note that all radioactive materials are
considered in this SWEIS; but, there are three
types that tend to dominate the human health
effects and DOE accident scenarios.  This is due
to either their particular radioactive and
biological characteristics, the quantities of
material being used, or the potential for
dispersion in an accident.  These materials are
plutonium, uranium, and tritium.

Plutonium is a man-made element that has
several applications in weapons, nuclear
reactors, and space exploration.  There are
several types of plutonium atoms, called
isotopes, which are distinguished by the
different numbers of neutrons in their nucleus.
(Note that isotopes of a particular atom all
behave the same chemically.)  In most cases, the
isotopes of plutonium of interest here decay by
alpha particle emission with radioactive half-
lives ranging from tens to thousands of years.
There is nothing unique about plutonium as a
health risk compared to other radioactive
materials.  It is only that once incorporated into
the body, it tends to stay for a very long time and
deposits a lot of localized energy due to its alpha
particles.

Uranium is a naturally occurring radioactive
element.  The discovery that an atom of uranium
could be fissioned with neutrons was the
starting point of the Nuclear Age.  Uranium-235
is one of several fissile materials that fission
with the release of energy.  

Various applications require the use of different
isotopes of uranium.  Because isotopes cannot
be chemically separated, processes have been
developed to enrich uranium to various isotopic

ratios.  Enriched uranium is uranium that 
enhanced in the isotope uranium-235 above
natural ratio of 0.72 percent.  Highly enriche
uranium (HEU) is where the uranium-23
content is 20 percent or greater.  Deplet
uranium (DU) is where the content of uranium
235 is below its natural value.  Obviously
natural uranium is where the material is in i
natural isotopic ratios.

Most uranium isotopes of interest here ha
very long half-lives and are alpha emitter
Their half-lives are much longer than th
plutonium isotopes, and as a result uranium
generally of lower radiological concern tha
plutonium.  However, its actual radiologica
concern varies with its enrichment.  As a hea
metal, uranium also can be chemically toxic 
the kidneys.  Depending upon the enrichme
and chemical form, either chemical o
radiological considerations will dominate.

Tritium is a radioactive isotope of hydrogen.  
is generated at low levels in the environment 
interactions of cosmic radiation with the uppe
atmosphere, but for practical applications it 
normally produced in a nuclear reactor.  Tritiu
has a half-life of around 12 years and decays
emitting a low energy beta particle.  Becau
tritium is an isotope of hydrogen, it can b
incorporated into the water molecule, formin
tritiated water.  In the environment, tritium i
most often found either in its elementary form 
a gas, or as water.  Tritiated water is a significa
concern to the human body because the bod
composed mostly of water.  This actually is
mixed blessing.  Tritiated water will easily an
rapidly enter the body and irradiate it rath
uniformly; however, it also is removed from th
body rather quickly, being easily displaced wi
regular water and with a biological half-life o
about 12 days under normal conditions.
D–7
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D.1.1.5 How DOE Regulates 
Radiation and Radioactive 
Material

Radiation doses to workers and the public and
the release of radioactive materials are regulated
by DOE for its contractor facilities.  Under the
conditions of the Atomic Energy Act (as
amended by the Price-Anderson Amendments
Act of 1988), DOE is authorized to establish
federal rules controlling radiological activities
at DOE sites.  The act also authorizes DOE to
impose civil and criminal penalties for
violations of these requirements.  Some
activities are also regulated through a DOE
Directives System that uses contractual means
to regulate the contractor activities.  

Occupational radiation protection is regulated
by the Occupational Radiation Protection Rule,
Title 10 of the Code of Federal Regulations, Part
835 (10 CFR 835).  Environmental radiation
protection is currently regulated contractually
with DOE Order 5400.5, which is in the process
of being converted to a rule.  There is a process
by which these regulations are developed.  The
EPA, working with other agencies such as DOE
and the NRC, develops a federal guidance
document that is signed by the President
(52 Federal Register [FR] 2822–2834).  This
document is based upon the recommendations
of the National Council on Radiation Protection
and Measurements (NCRP), and considers
recommendations of international expert groups
such as the ICRP.  This federal guidance then
becomes the basis for all federal regulations for
radiation protection, including DOE’s and also
U.S. Nuclear Regulatory Commission (NRC)
rules.  This process ensures a common,
scientifically based approach to all radiation
protection in the U.S.

D.1.1.6 About Chemicals and 
Human Health

The characteristics and consequences 
exposures to chemicals are quite different fro
those of exposure to ionizing radiation
Table D.1.1–1 summarizes the differences.

For noncarcinogens, there are thresho
concentrations that must be exceeded 
observable adverse effects to happen; where
for ionizing radiation it is assumed that th
integrated (accumulated) exposure determin
the likelihood of observable effects.   

The threshold values for effects from toxi
chemicals vary somewhat among individua
but values can be determined that repres
most of the more vulnerable people among t
general population.  The several differe
effects from a chemical each have differe
thresholds.  For instance, there may be differe
concentrations that produce odor, irritatio
effects that last only a short time, permane
effects, and death.  Older and ill people, a
those with a particular sensitivity such a
respiratory problems, are more vulnerable a
will have lower thresholds for effects.

Using human inhalation of chlorine in
illustration, 0.2 to 0.4 parts per million (parts o
chlorine per million parts of air) is the odo
threshold; 1 to 3 parts per million for period
less than an hour produce burning eyes, scrat
or irritated throat, and headache; 15 parts p
million is the lowest concentration observed 
cause respiratory distress; no deaths we
observed in any animals exposed to 50 parts 
million for 30 minutes;  and 210 parts pe
million has been estimated to be the 30-minu
LC50 for humans, although 50 parts per millio
might cause death in some vulnerab
individuals.  (The 30-minute LC50 is defined a
the concentration that produces 50 perce
fatalities among individuals exposed fo
30 minutes.)
D–8
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The ability to resist a potential effect and to
recover from that effect clearly depends upon a
person’s health and age.  For the population of
workers, presumed to have few individuals who
are especially vulnerable, regulatory agencies
set permissible exposure limits and average
concentrations for the 8-hour and 10-hour work
day.  Lower values than these would be
appropriate to public exposures; whereas,
higher values are deemed acceptable for
military personnel under military exigencies.  

Again using inhalation of chlorine gas in
illustration, the OSHA permissible exposure
limit is a time-weighted average (TWA) over
the 8-hour work day of 0.5 parts per million1.
There also is an OSHA short-term exposure
limit of a 1-part-per-million 15-minute TWA
that should not be exceeded at any time during
the work day.  The immediately dangerous to
life and health (IDLH) value is 30 parts per
million; this is the concentration  from which a
worker could escape within 30 minutes without
a respirator and without escape-impairing or
irreversible effects.

This SWEIS analysis uses the TWA as a
convenient measure for screening the chemical
inventory at LANL, and then uses Emergency
Response Planning Guidelines (ERPGs) or their
surrogate Temporary Emergency Exposure
Limits (TEELs) for bounding the consequences
to persons exposed to a release to the
atmosphere.  ERPGs are provided by the
American Industrial Hygiene Association
(AIHA) for planning for emergencies, rather
than for determining consequences. ERPG–1,
ERPG–2, and ERPG–3 are defined and
described in detail in appendix G, Accident
Analysis.  They are intended to provide
protection for most members of the public, and
so their exposure time (up to one hour) and their
concentrations are directly related to effects (no
safety factor of ten was applied).  

Again using chlorine in illustration, the
ERPG–2 is 3 parts per million, the
concentration at which nearly all individual
could be exposed without irreversible or oth
serious health effects or impairment of ability 
take protective actions.  The ERPG–3 is 20 pa
per million, below which nearly all individuals
could be exposed without life-threatenin
effects. 

Only for some chemicals and only for a limite
extent, effects are directly related to the produ
of the concentration and length of exposu
(“Haber’s Law”).  Chlorine is not such a
chemical.  When  attempting to apply a
existing guideline to a different exposure perio
than for which the guideline applies
toxicologists must be consulted, and they w
consider actual effects data.

D.1.1.7 How Toxic Chemicals Affect 
the Body

Some toxic chemicals can have direct effec
upon the eyes and the skin through contact a
can enter the body by absorption through t
skin.  These are considered in the derivation
guides and limits for airborne concentratio
Toxic chemicals also can enter the body v
ingestion (eating and drinking).  All the LANL
accidents considered in the SWEIS that po
significant risk to the public produce thei
exposure through airborne releases, and 
airborne concentrations guides and limits a
used in the screening and consequence analys

After intake, the chemical may follow primarily
one or more routes within the body, involvin
the respiratory system and digestive system, 
blood circulatory system, and the urinary trac
The route and  residence time before excret
is strongly determined by the chemical
solubility, and if particulate, by its particle size
The chemical may be metabolized, usually 
the liver, into other chemicals that are eith
more or less toxic.  For carcinogens, th
principal target organs (i.e., where the effec

1. The definition of the TWA is the sum of all the 
instantaneous air concentrations over the 8 hours, 
averaged by dividing by the 8 hours.
D–9
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primarily occur) are the respiratory tract,
urinary bladder, and to a lesser extent the bone
marrow, gastrointestinal tract, and liver.

D.1.1.8 About Chemical 
Carcinogens

Some chemicals are regulated as carcinogens
because they or their metabolites may cause
cancer.  There are limited data on chemical
carcinogens for humans, and there are problems
with applying the results of animal studies to
humans.  Therefore, these chemicals are
classified as known human carcinogens,
potential or suspected carcinogens, and
chemicals that cause cancer in animals.
Exposure to chemical carcinogens is treated in
the same manner as cumulative exposure to
ionizing radiation; that is, exposures are
assumed to be additive in producing cancer.

Some chemicals are carcinogenic at
concentrations that do not produce observable
effects from acute (short-term) exposures.  For
these, the airborne exposure limits and
guidelines are based on their carcinogenicity.
Some chemicals may produce an irreversible
change to cells (tumor initiation), which then
may be submitted to chemicals that are
promoters of cancer.   Such promoters must be
given repeatedly to be effective.  For this reason,
chemical carcinogens are regarded as additive
to one another, and individual chemicals are
regulated at 1/100 of the exposure level
regarded as hazardous, perhaps to account for
the conservative possibility of having 100 such
chemicals in one’s environment. 

The carcinogenic effects of certain chemicals
are similar to those of ionizing radiation and
have been noted in virtually every organ,
depending on the chemical, the species, and
conditions of exposure.  The cancers induced by
chemicals and by ionizing radiation cannot be
distinguished from cancers induced by other
causes.  Therefore, the effects of chemicals and
ionizing radiation are inferred only on a

statistical basis, and must inferred from
exposures at higher doses and dose rates.  
choice of model has a large influence on t
estimated excess cancer risk.  The extrapolat
is made by assuming an uncertain a
controversial no-threshold, linear mathematic
relationship between dose and resultant effec
This model is usually thought likely to
overestimate the risk at low doses, and so
often said to estimate the “upper limit” of ris
(NCRP 1989).

Chemicals vary widely in their capacity to
induce cancer.  There are even fewer data on
carcinogenic effects for chemicals than fo
radiation.  With most chemicals, assessment
risks for humans must be based on extrapolat
from laboratory animals or other experiment
systems.  Hence, the risk assessment 
chemicals has even more uncertainty than r
assessment for ionizing radiation (NCRP 1989
Ultimately, the desired certainty in risk
assessment at low-level exposures to chemic
and radiation will require better understandin
of their effects at all stages of carcinogenesis

The EPA, in setting standards for complian
with the Clean Air Act, is required by judicial
decision and the Clean Air Act to determine a
“safe” level with an “ample margin of safety to
protect public health” without consideration a
to cost or technology feasibility (Bork 1987)
After that level is determined, costs an
feasibility can be considered in setting th
standard.  Although this decision applie
specifically to vinyl chloride and the Clean Air
Act, it aids in understanding the EPA challeng
faced in determining what is “safe,” “adequate
or “acceptable” when setting standards f
protection of workers, public, and environmen
In the attempt to provide an objective conte
for evaluating the risks posed by LANL
operations, the SWEIS authors have search
for authoritative statement on acceptable ri
levels.  A few such statements and inferenc
can be found in ICRP, NCRP, EPA, and OSH
documents.  
D–10



Human Health

ch
at

on
e

 of
xic;
ns.
lic
l
,
is
of
ly
 by
the
are

s
in
ide
is
ial

s
e
t
es
h

er,
25
 16
as
ly

the
in
e

ion
EPA regulations provide goals for
environmental remediation (cleanup). The EPA
goals “for acceptable exposure levels to known
or suspected carcinogens are generally
concentration levels that represent an excess
upper bound lifetime cancer risk between 10-4

and 10-6. The 10-6 risk level shall be used as the
point of departure for determining remediation
goals” when existing and relevant requirements
are not available or sufficiently protective
because there are multiple contaminants or
pathways. When the combined risk from
multiple contaminants exceed 10-4, then factors
such as detection limits and uncertainties may
be considered in determining the cleanup level
to be attained (40 CFR 300.430). Note that this
is the lifetime risk to an undetermined public
population group. 

OSHA (OSHA 1997) expressed that its
proposed worker permissible exposure limit for
methylene chloride of 25 parts per million
(average for 8 hours per day) would entail an
employment lifetime risk of 3.62 x 10-3, and that
this was “clearly well above any plausible upper
boundary of the significant risk range defined
by the Supreme Court and used by OSHA in its
prior rulemaking.”  OSHA noted that typical
lifetime occupational risk for all manufacturing
industries is 1.98 x 10-3, and that the risk in
occupations of relatively low risk, like retail
trade, is 8.2 x 10-4.  Note that worker risk is
generally accepted at a higher level than public
dose because it is an accepted risk of
employment.  This is compatible with the EPA
upper bound lifetime public cancer risk of
between 10-4 and 10-6.  

D.1.1.9 Radionuclides and 
Chemicals of Interest at 
LANL

Radionuclides of interest at LANL are
discussed with their respective emission
facilities in appendix B, section B.1.  Chemicals
of interest are presented in appendix B, section
B.2.  LANL has used, uses, and will use a wide

variety of chemicals because of its resear
mission.  LANL has a chemical database th
tracks the quantity and location of chemicals 
site.  About 51 of the chemicals tracked in th
database are carcinogenic. A large number
the chemicals tracked in the database are to
that is, they are able to produce harm to huma
The analysis of the consequences to the pub
from chemical emissions under norma
operations of LANL is provided in chapter 5
sections 5.2.4 and 5.2.6.  Methodology 
provided in section 5.1.4 and 5.1.6.  Those 
risk to the public, should they be accidental
released to the atmosphere, were determined
screening the entire database.  Details on 
accidental release screening and its results 
presented in appendix G, Accident Analysis.

D.1.2 Supplemental Information on 
Public Health:  U.S., New 
Mexico, and the Local LANL 
Community

The information presented below i
supplemental to the information presented 
chapter 4, section 4.6.  It is presented to prov
the context of the human health analys
provided in chapter 5, which estimates potent
consequence to public health.

The population of Los Alamos County ha
grown primarily by immigration.  The averag
annual fertility rate has remained a
approximately 48/1,000 women across all rac
(DOC 1990 and Athas and Key 1993), whic
would produce annual growth of only
2.4 percent if there were no deaths.  Howev
the growth rate has been approximately 
percent between 1950 and 1960, more than
percent between 1960 and 1970 as well 
between 1970 and 1980, and approximate
3 percent between 1980 and 1990.

Several studies have been conducted in 
community due to concerns expressed with
the community concerning the rates of som
cancers.  While these are summarized in sect
D–11
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4.6 of the SWEIS, additional information is
presented here in order to meet the request of
many during the scoping meetings for
presentation of these results in the SWEIS.

These studies are largely descriptive; that is,
they use statistical analyses to identify patterns
of disease or death in a community.  The thyroid
cancer study (Athas 1996) reported below is a
mixture of descriptive and analytical
approaches (based on case studies and
observational analyses).  All epidemiological
studies are subject to limitations in attempting to
determine cause and effect relationships.  Some
of these limitations are:

• Small population sizes in the community to 
be studied

• Relatively few total numbers of cases of the 
specific disease or cancer to be studied

• High mobility in the population to be 
studied (if a large portion of the community 
has been in the community for shorter 
periods of time than that necessary to detect 
chronic disease, results are inconclusive)

• Disease etiology—one may have received 
the causative exposure decades before its 
diagnosis; households in the U.S. move on 
average every 3 years; in Los Alamos 
County in 1980, 45 percent of residents had 
been in the same home for 5 years; earlier 
census data showed lesser periods of time 
in the same residence

• Comparability—for instance, the makeup 
of Los Alamos County is quite dissimilar 
from its surrounding counties in ethnic 
distribution and in socioeconomic and 
occupational conditions

• Natural variability in disease incidence 
within the human population from any and 
all sources

• Increased technology efficiency used in 
disease detection, therefore, causing 
apparent increases in rates of incidence of 
the better-detected disease

• More than one causal agent suspected or 
known to cause the disease being studied, 

including lifestyle choices such as smokin
and dietary patterns

• Disease cause from multiple sources in th
same community

• Methodology limitations such as multiple 
comparison across differing time periods, 
across studies made for different purpose
consideration of all combinations across th
study time frame, etc.

D.1.2.1 Public Health:  United 
States

Heart disease remains the leading cause of de
in the U.S. (Table D.1.2.1–1).  There has bee
significant  decrease in mortality in the U.S
attributable to heart disease and cerebrovasc
disease over the last 20 years.  Cancer rema
the second leading cause of death. 

Table D.1.2.1–2 identifies the lifetime risk o
dying from cancer for men and women b
cancer type.  Over all cancer types, the lifetim
risk of dying from cancer is approximatel
24 percent for men and 21 percent for wome

TABLE  D.1.2.1–1.—Leading Causes of Death
in U.S.:  Percent of All Causes of Death

(1973 Versus 1993)

CAUSE OF DEATH

PERCENT 
OF ALL 
CAUSES 

(1973)

PERCENT 
OF ALL 
CAUSES 

(1993)

Heart Disease 38.4 32.8

Cerebrovascular 10.9 6.6

Cancer 17.1 23.4

Pneumonia and 
Influenza

3.2 3.7

Chronic Lung Disease 1.5 1.2

Accidents 5.9 4.0

All Other Causes 22.5 28.4

Source:  Ries et al. 1996
D–12
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TABLE  D.1.2.1–2.—Lifetime Risk (Expressed as Percent) of Dying from Cancer:  SEERa Areas 
(1973 Through 1993), All Races 

TYPE OF CANCER MEN WOMEN

All Types 23.77 20.66

Oral and Pharynx 0.45 0.24

Esophagus 0.65 0.23

Stomach 0.81 0.53

Colon and Rectum 2.54 2.54

Liver and Bile Duct 0.52 0.33

Pancreas 1.11 1.21

Larynx 0.25 0.07

Lung and Bronchus 7.11 4.35

Melanomas of Skin 0.31 0.20

Breast 0.03 3.54

Cervix Uteri — 0.27

Corpus and Uterus — 0.53

Ovary — 1.12

Prostate 3.62 —

Testis 0.02 —

Urinary Bladder 0.69 0.34

Kidney and Renal Pelvis 0.49 0.33

Brain and Other Nervous 0.51 0.41

Thyroid 0.04 0.07

Hodgkin’s Disease 0.06 0.05

Non-Hodgkin’s Lymphoma 0.90 0.85

Multiple Myeloma 0.47 0.43

Leukemias 0.93 0.74

a SEER is the NIH/NCI Surveillance, Epidemiology, and End Results Program.
Source:  Ries et al. 1996
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Cancer incidence and mortality trends have
changed over the last 20 years (Table
D.1.2.1–3).  Melanoma of the skin, for example,
has increased in both incidence and mortality
rate, as has brain and other nervous system
cancers.  Leukemia incidence and mortality
rates have decreased.

D.1.2.2 Comparison of Cancer 
Mortalities Between the U.S. 
and New Mexico

A comparison of cancer mortality rates between
the U.S. as a whole and New Mexico is given in
Table D.1.2.2–1.  These comparisons were
made for 1989 through 1993 based on the
National Institute of Health/National Cancer
Institute (NIH/NCI) Surveillance,
Epidemiology, and End Results (SEER)
Program (Ries et al. 1996).  For most cancers,
differences were insignificant. 

However, New Mexico had significantly higher
mortality from thyroid cancer.  (The reader is
referred also to Athas 1996 for the local Los

Alamos County study of thyroid cance
presented below.)  New Mexico deaths due
thyroid cancers ranked 4

th
 among the states

Thyroid cancers are associated with some typ
of radiological processes and resear
applications, principally those that could resu
in emitted radio-iodine.  LANL has historically
not used more than research amounts of rad
iodine.  Radio-iodine emissions from LANL
have been measured and have continually b
very low (chapter 4, section 4.4 and the tables
emissions estimated for key LANL facilities, in
chapter 3, section 3.6 discuss this further).

New Mexico had statistically lower rates o
cancer mortalities for several cance
(Table D.1.2.2–1) relevant to the Los Alamo
cancer studies, specifically, brain and oth
nervous system cancers and breast cancer.

TABLE  D.1.2.1–3.—Trends in Cancer Incidence and Mortality for Selected Cancers
(1973 Through 1993), All Races, Both Sexes

DECREASING INCIDENCE; 
DECREASING MORTALITY

INCREASING INCIDENCE; 
DECREASING MORTALITY

INCREASING INCIDENCE; 
INCREASING MORTALITY

Oral Cavity and Pharynx

Stomach

Colon and Rectum

Pancreas

Larynx

Cervix Uteri

Corpus and Uterus

Hodgkin’s Disease

Leukemia

Ovary

Testis

Urinary Bladder

Thyroid

Total Cancers

Esophagus

Liver and Bile Duct

Lung and Bronchus

Melanoma of Skin

Breast

Prostate

Kidney and Renal Pelvis

Brain and Other Nervous

Non-Hodgkin’s Lymphoma

Multiple Myeloma

Source:  Ries et al. 1996
D–14
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TABLE  D.1.2.2–1.—Comparison of Cancer Mortality Rates for the United States and New Mexico 
(1989 Through 1993), All Races, Both Sexes (Rate per 100,000 Population, Age Adjusted to 1970 

U.S. Standard Population)

TYPE OF CANCER U.S. RATE
NEW MEXICO 

RATE
RANKING (AMONG 

STATES)

COMPARISON 
U.S. VS. NEW 

MEXICO

Breast 26.8 23.4 49th NM < U.S.

Colon and Rectum 18.4 14.2 50th NM < U.S.

Esophagus 3.5 2.4 49th NM < U.S.

Hodgkin’s Disease 0.6 0.6 25th NSD

Larynx 1.4 1.2 34th NSD

Leukemia 6.4 6.1 40th NSD

Liver and Bile Duct 3.0 3.2 15th NSD

Lung and Bronchus 49.9 35.0 49th NM < U.S.

Melanomas of Skin 2.2 2.1 49th NSD

Non-Hodgkin’s Lymphoma 6.4 5.6 46th NSD

Brain and Nervous 4.2 3.5 48th NM < U.S.

Stomach 4.6 5.0 12th NSD

Testis 0.3 0.2 43rd NM < U.S.

Urinary Bladder 3.3 2.7 47th NM < U.S.

Oral/Pharynx 2.9 2.6 32nd NSD

Pancreas 8.4 8.1 40th NSD

Thyroid 0.3 0.4 4th NM > U.S.

Prostate 26.4 23.2 49th NM < U.S.

Ovary 7.8 6.7 47th NSD

Kidney and Renal Pelvis 3.5 3.4 36th NSD

Multiple Myeloma 3.0 3.0 30th NSD

Corpus and Uterus 3.4 3.0 43rd NSD

Cervix Uteri 2.9 2.7 33rd NSD

Sources:  SEER Database and Ries et al. 1996
NSD = No significant difference
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D.1.2.3 Cancer Incidence and 
Mortality Among Ethnic 
Groups Relevant to the 
LANL Area

While the Native American population within
Los Alamos County remains less than 3 percent
(DOC 1990), the populations down gradient
(with respect to air emissions and water flow) in
the adjacent Santa Fe County Area are
dominantly Native American (San Ildefonso
Pueblo).  

Table D.1.2.3–1 summarizes the findings
regarding the top five cancers (both incidence
and mortality) among nonhispanic whites
(U.S.), Hispanic whites (U.S.), and Native
Americans (New Mexico).  The Native
American cancer incidence and cancer mortality
rates are lower than either of the other examined
populations for both men and women.  This is
the case for all cancer types, not just the top five
cancers with respect to incidence and mortality
rate.  

Among men, lung and prostate cancer dominate
incidence and mortality.  Among women, breast
and lung cancer dominate cancer incidence and
mortality.  A fairly rare cancer, gall bladder, is
the leading cause of cancer mortality among
New Mexican Native American women.
However, because there were so few cases, and
the uncertainty level thus associated with the
observation is so high, it is inappropriate to
draw conclusions even regarding gall bladder
cancer incidence in this population of women.

D.1.2.4 Supplemental Information 
on Recent Studies of Los 
Alamos County Cancer

Objectives

The primary objective of the study was to
review Los Alamos County incidence rates for
brain and nervous system cancer and other

major cancers during the 21-year time perio
1970 to 1990 (Athas and Key 1993).  Seconda
objectives were to review mortality rate data f
select cancers of concern and to review L
Alamos County mortality data relating to
benign brain and nervous system tumors.

Specific aims developed for incidence stud
were as follows:

• To calculate age-adjusted cancer incidenc
rates for Los Alamos County and a New 
Mexico state reference population using 
data of the New Mexico Tumor Registry 
(NMTR)

• To compare Los Alamos County cancer 
incidence rates to (1) incidence rates 
calculated for a New Mexico state referenc
population, and (2) national rates obtained
from the SEER Program of the National 
Cancer Institute

• To determine if any of the Los Alamos 
County cancer incidence rates were 
elevated in comparison to rates observed 
the reference population

The study protocol specified that statistical tes
would be used to determine whether any of t
Los Alamos County rates were elevated 
comparison to the reference populations.  Ea
in the course of the study, however, it becam
apparent that the small number of cases 
virtually all of the Los Alamos County cancer
reviewed would make the finding of statistica
significance unlikely for small to modes
elevations in a rate.  Consequently, the analy
of the Los Alamos County incidence data w
expanded to include not only statistica
considerations but other types of informatio
such as temporal patterns of cancer occurren
prevalence of established risk factors, ca
characteristics, and tumor cell types.  Cancers
concern were:  oral cavity and pharyn
digestive system, respiratory system, melano
of the skin, female breast, female genit
system, urinary system, male genital syste
lymphoreticular system, childhood cance
D–16
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(ages 0 to 19 years) thyroid, and brain and
nervous system cancers.

Following a review of tabulated incidence rate
data for 23 major cancers, nine were selected for
additional review and evaluation:  liver and
intrahepatic bile duct cancer, non-Hodgkin’s
lymphoma, leukemia, melanoma of skin,
ovarian cancer, breast cancer, childhood
cancers, thyroid cancer, and brain and nervous
system cancer.  The majority of these cancers
were chosen on the basis of incidence rates,
which were higher in Los Alamos County in
comparison to the reference populations.
Childhood cancer was chose for further review
based on mortality rate data showing an
apparent excess of childhood cancer deaths in
Los Alamos County.  Leukemia and liver cancer
where chosen as cancers of concern specifically
to examine tumor cell types.  Cancers not
chosen for further review included major sites in
the respiratory, digestive, and urinary systems.

Incidence Data:  Data Sources

Information regarding newly diagnosed cancers
among Los Alamos County residents and New
Mexico non-Hispanic Whites was compiled
from records collected since 1969 by the NMTR
at the University of New Mexico Cancer Center.
Cancer is a reportable disease in New Mexico
by regulation of the New Mexico Department of
Health (NMDOH).  Since the late 1960’s,
NMTR has been the repository of the
confidential medical record abstracts and
computerized masterfile for cancer in New
Mexico.  NMTR has been a part of the SEER
Program since that program began in 1973.

Cancer Incidence Findings (1970 to 1990)

All Cancers.  Figure D.1.2.4–1 shows that the
Los Alamos County incidence rates for “all
cancers” fluctuated considerably; but the rates
generally were comparable to or lower than
rates observed in the state and national reference
populations.

Liver and Intra-Hepatic Duct Cancer.  Seven
cases of primary liver and intra-hepatic bile du
cancer occurred in Los Alamos County.  Four 
the seven cases (57 percent) were diagno
between 1981 and 1982.   Los Alamos Coun
incidence rates were highly variable as a res
of the small number of cases and the cluste
temporal distribution of cases.  No cases we
reported up until the early 1980’s, at which tim
the four cases diagnosed in 1981 to 1982 cau
a marked elevation in the Los Alamos Coun
rates in comparison to the state and natio
reference rates (Figure D.1.2.4–2).  Los Alam
County rates subsequently diminished to a lev
consistent with the reference rates.

Non-Hodgkin’s Lymphoma.  Los Alamos
County consistently experienced a small 
modest elevation in incidence compared to t
reference populations (Figure D.1.2.4–3).  T
magnitude of the elevated Los Alamos Coun
incidence varied widely up to a two-fold highe
than expected level.  None of the Los Alam
County lower confidence limits excluded th
reference rates.  Incidence in the Los Alam
County non-Hispanic White population wa
consistently higher than that observed in t
total county population.  All Los Alamos
County rates were based on 14 or fewer cas
For the most recent five-year time period (198
to 1990), the rate for non-Hispanic Whites 
Los Alamos County was 57 percent greater th
the state reference rate.

Leukemia.  The incidence of leukemia in Los
Alamos County generally was the same or low
than that observed in the reference populatio
(Figure D.1.2.4.–4).  Wide fluctuations in th
Los Alamos County rates occurred as a result
low case numbers.  All Los Alamos Count
rates were based on nine or fewer cases.  For
most recent 5-year time period (1986 to 1990
the Los Alamos County rate equalled the sta
reference rate.

Melanoma.  The incidence of melanoma
consistently was around 50 percent higher 
New Mexico non-Hispanic Whites compare
D–18
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FIGURE D.1.2.4–1.—5-Year Average Annual Incidence of All Cancer Sites,
Los Alamos County, New Mexico NHW, SEER Whites, 1970 to 1990.
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FIGURE D.1.2.4–2.—5-Year Average Annual Incidence of Liver and
Intra-Hepatic Bile Duct Cancer, Los Alamos County, New Mexico NHW,

SEER Whites, 1970 to 1990.
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FIGURE D.1.2.4–3.—5-Year Average Annual Incidence of Non-Hodgkin’s 
Lymphoma, Los Alamos County, New Mexico NHW, SEER Whites, 1970 to 1990.

FIGURE D.1.2.4–4.—5-Year Average Annual Incidence of Leukemia,
Los Alamos County, New Mexico NHW, SEER Whites, 1970 to 1990.



Human Health

d.
ut
os

as
te
to

s
s,
ng
s
nt

nal
he

e
tes

he
ce
g
t

with SEER Whites.  Melanoma incidence
steadily increased in both reference populations.
Incidence rates in Los Alamos County were
higher than the state reference rates over most of
the 21-year study time period
(Figure D.1.2.4–5).  Early time periods were
characterized by a small elevation in the Los
Alamos County incidence; whereas, a more
pronounced excess of melanoma in Los Alamos
County began to appear in the mid 1980’s.
Beginning with the 1982 to 1986 period, and for
all subsequent periods, the lower confidence
limit of the Los Alamos County rate excluded
the state reference rates.  During these later
periods, the incidence of melanoma in Los
Alamos County increased roughly two-fold
over that observed statewide.

Ovarian.  Los Alamos County rates steadily
rose by three-fold during 1970 to 1990, while
both the sate and national reference rates
remained essentially constant
(Figure D.1.2.4–6).  Initially lower than the
reference rates, Los Alamos County incidence
climbed to a statistically significant three-fold

excess level during the 1982 to 1986 perio
Half of all the Los Alamos County cases (15 o
of 30) were diagnosed during these 5 years.  L
Alamos County ovarian cancer incidence w
two-fold higher than that observed in the sta
during the most recent 5-year period (1986 
1990).

Breast.  Breast cancer incidence in Los Alamo
County women varied little over time; wherea
both reference populations displayed increasi
incidence over time (Figure D.1.2.4–7).  Lo
Alamos County incidence rates were 10 perce
to 50 percent higher than the state and natio
reference rates over the entire study period.  T
lower confidence limits for the Los Alamos
County rates consistently were near th
reference rates, but excluded the reference ra
in only several instances.

Childhood Cancers.  Los Alamos County
childhood cancer rates fluctuated around t
more stable state and national referen
population rates (Figure D.1.2.4–8).  Followin
an initial two-fold elevation during the earlies

FIGURE D.1.2.4–5.—5-Year Average Annual Incidence of Melanoma of Skin,
Los Alamos County, New Mexico NHW, SEER Whites, 1970 to 1990.
D–21
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FIGURE D.1.2.4–6.—5-Year Average Annual Incidence of Ovarian Cancer,
Los Alamos County, New Mexico NHW, SEER Whites, 1970 to 1990.

FIGURE D.1.2.4–7.—5-Year Average Annual Incidence of Female Breast Cancer, 
Los Alamos County, New Mexico NHW, SEER Whites, 1970 to 1990.
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period (1970 to 1972), subsequent periods were
characterized by incidence rates that were
slightly higher than or lower than the reference
incidence rates.  Two childhood brain cancer
cases not in the original childhood cancer data
set were discovered through a supplemental
review of childhood cancer mortality statistics.
The two additional cases, diagnosed in 1978 and
1980, would raise the original 1978 to 1982 Los
Alamos County rate (13.7 per 100,000) by about
50 percent to 20.3 cases per 100,000.  For the
latest period (1988 to 1990), the incidence of
childhood cancers in Los Alamos County was
roughly 50 percent lower than that seen in the
state reference population; however, the Los
Alamos County rate was based on only one
case.

Thyroid.   The incidence of thyroid cancer in
Los Alamos County prior to the mid 1980’s was
roughly stationary and less than two-fold higher
than that seen in the reference populations
(Figure D.1.2.4–9).  Los Alamos County
incidence rates began to rise during the mid

1980’s and continued to climb up until the late
time interval (1986 to 1990).  The incidence 
thyroid cancer in Los Alamos County durin
1986 to 1990 was nearly four- fold higher tha
that observed in the state reference populati
The near four-fold elevation for Los Alamo
County was statically significant.  Roughly ha
(17 out of 37) of all thyroid cancer cases th
occurred in Los Alamos County between 197
and 1990 were diagnosed during the 1986 
1990 interval.

Brain and Nervous System.  The incidence of
brain cancer in Los Alamos County increas
over time (Figure D.1.2.4–10).  Los Alamo
County incidence rates were lower than 
comparable to the reference rates up until t
mid 1980’s.  Increases in Los Alamos Coun
brain cancer incidence became apparent dur
the mid to late 1980’s.  Los Alamos Count
incidence rates (all races) during this perio
were 60 to 80 percent higher than rates for t
state and national reference population
Diagnosed in 1978 and 1980, two addition

FIGURE D.1.2.4–8.—Average Annual Incidence of Childhood Cancer (0 to 19 Years), 
Los Alamos County, New Mexico NHW, SEER Whites, 1970 to 1990.a

a Incidence rate data based on independent time periods and not 5-year moving averages.
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FIGURE D.1.2.4–10.—5-Year Average Annual Incidence of Brain and Nervous System 
Cancer, Los Alamos County, New Mexico NHW, SEER Whites, 1970 to 1990.

FIGURE D.1.2.4–9.—5-Year Average Annual Incidence of Thyroid Cancer,
Los Alamos County, New Mexico NHW, SEER Whites, 1970 to 1990.
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cases raised the central portion of the incidence
rate curve to a range more comparable with the
reference rates, but had no effect on the rates
observed during the period of elevated
incidence.

Mortality 

Mortality rates for Los Alamos County and the
U.S. were obtained as age-adjusted average
annual mortality rates from the National Center
for Health Statistics (NCHS) and the National
Cancer Institute.  All rates were standardized to
the 1970 U.S. standard population and were
race-specific for Whites.  Site-specific Los
Alamos County mortality rates were available
for the periods 1969 to 1972, 1973 to 1977,
1978 to 1982, and 1983 to 1987.  U.S. rates were

available for the time period 1968 to 1972.  F
some cancers, both Los Alamos County a
U.S. rates were available for the period 1968
1972.  The confidence intervals that accompa
the mortality rates were calculated as describ
for the incidence rates.  Table D.1.2.4–
summarizes the mortality rates by cancer ty
for Los Alamos County.  Nationwide rates ar
also reported for comparison.

Subcounty Cancer Incidence

Table D.1.2.4–2 describes the cancer inciden
for the five census tracts within Los Alamo
County for all races, 1980 to 1990.  The Ne
Mexico non-Hispanic White population rate
are provided also.
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TABLE  D.1.2.4–1.—Average Annual Age-Adjusted Mortality Rates by Cancer Type for
Los Alamos County and U.S. Whites (1969 to 1987)

CANCER TYPE LOCATION
MORTALITY RATE a

1969 TO 1972 1973 TO 1977 1978 TO 1982 1983 TO1987

Liver and Bile Los Alamos

U.S.

14.6 (2)b

—

0 (0)

2.1

5.4 (3)

2.1

7.1 (4)

2.3

Non-Hodgkin’s 
Lymphoma

Los Alamos

U.S.

13.5 (2)

NAc

5.8 (2)

4.9

12.0 (6)

5.2

2.3 (2)

5.9

Leukemia Los Alamos

U.S.

1.2 (1)

NA

11.2 (6)

6.8

1.3 (1)

6.7

4.5 (4)

6.5

Melanoma Los Alamos

U.S.

0 (0)

1.7

6.5 (3)

1.9

2.9 (2)

2.2

1.0 (1)

2.3

Ovarian Los Alamos

U.S.

19.7 (3)

NA

5.7 (1)

8.6

8.9 (3)

8.1

3.8 (2)

7.9

Breast Los Alamos

U.S.

39.6 (8)

26.9

17.4 (7)

26.9

60.7 (20)

26.6

29.7 (12)

27.2

Childhood Cancer Los Alamos

U.S.

3.6 (1)

6.6

12.3 (4)

5.4

16.1 (5)

4.6

10.6 (3)

4.0

Brain and Nervous 
System

Los Alamos

U.S.

0 (0)

NA

6.3 (4)

4.0

5.8 (5)

4.1

5.8 (5)

4.3

Thyroid Los Alamos

U.S.

0 (0)

NRd

0 (0)

NR

0 (0)

NR

0 (0)

NR

a Rates per 100,000 and are age-adjusted to the 1970 U.S. standard population.
b Number of deaths given in parentheses.
c NA = Not available
d NR = Not reported
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D.2 METHODS USED FOR THE 
ESTIMATION  OF HUMAN  
HEALTH  CONSEQUENCES OF 
CONTINUED  LANL O PERATIONS

The consequences of continued operations of
LANL to public health and to LANL workers
are evaluated in this SWEIS.  The consequence
analysis is based on several exposure scenarios
that are conservatively defined in order to
estimate potential maximum doses and risks
(e.g., excess latent cancer fatality [LCF]) to the
public and workers under normal operations in
each of the four alternatives examined.  (The
consequences of credible and less than credible
accidents on workers and the public are detailed
in appendix G.)

D.2.1 Methods Used to Evaluate 
Public Health Consequences 
from Routine Operations

Public health consequences of continued LANL
operations were based on several exposure
scenarios, including exposure to external
radiation, inhalation of airborne radioactivity
and chemical emissions, ingestion of water and
foodstuffs and inadvertent ingestion of
sediments and soils, and dose received due to
incident-free transportation to or from LANL.
The methodology used to estimate dose to the
public from external radiation and airborne
radioactive and chemical emissions is given in
appendix B.  The methodology used to estimate
dose from transportation to or from LANL is
given in appendix F.  The methods used to
estimate dose, hazard, and cancer risk from
radioactive and chemical intakes (inhalation and
ingestion) are detailed below.

The estimation of potential dose and risk used in
the public health consequence analysis was
directed at estimating total risk.  That is, the
risks posed by all sources, including LANL,
other anthropogenic sources, fallout and
regional depositions such as through rainfall,

and naturally occurring radionuclides an
chemicals, were evaluated.  For tho
radionuclides and chemicals shown to have r
probabilities greater than 1 in 1 million
(1 x 10-6) per year, the relative contribution o
LANL operations versus other sources of ris
was examined.

D.2.1.1 Methods for Evaluation for 
External Radiation Risk and 
Inhalation Dose/Risk from 
Airborne Radionuclides and 
Chemicals

The exposure pathways for members of t
public were estimated for specific exposu
scenarios and are “hypothetical” (that is, 
person hypothesized to be present for a port
of the time or all the time that is conservative
located rather than by using actual locatio
such as assuming that a person is resident at
fenceline of a facility) members of the public
These include ingestion exposure scenarios 
Los Alamos County residents, non-Los Alamo
County residents, nonresident recreational us
of canyons, resident recreational users 
canyons, and people who could be exposed 
special pathways.  Special pathway exposu
are through culturally associated lifestyl
patterns such as  increased use of herbal t
made from local vegetation, use of local
collected herbal smoking materials, workin
with clays, or increased consumption of loc
foodstuffs including game species residen
migrating through the LANL reservation.

External Radiation and Airborne 
Radioactivity

For radioactive emissions from LANL facilities
population consequences were estimated to
radial distance of 50 miles (80 kilometers
Both point-source and diffuse source emissio
were included in the analysis.  Using the mod
CAP–88 (EPA 1992), the direct exposures (t
sum of external radiation and inhalation an
D–28
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ingestion of airborne emissions) were estimated
for each of the four alternatives for continued
operations of LANL.  The maximally exposed
individual (MEI) was determined to be near the
Los Alamos Neutron Science Center
(LANSCE) (appendix B).

For individuals, the risk of excess LCFs was
estimated for each alternative based on the
recommendations of the International
Commission on Radiological Protection (ICRP
1991), which provide the conversion of
0.0005 excess LCFs per rem of exposure
(Table D.1.1.2–1).  

Toxic Chemicals

Inhalation of airborne chemicals was evaluated
on a TA-specific basis in the nonradiological air
quality analysis presented in appendix B.  The
chemicals identified in this screening for public
health consequence analysis were reviewed as
described in section B.2.3.1.

First, a qualitative evaluation was made of the
chemical’s reference dose, toxicity, potential
carcinogenicity, and chemical form(s) likely in
the LANL area (both as released and upon
deposition onto soils, waters, and sediments).
Several chemicals identified in the very
conservative nonradiological air screening
process were eliminated from subsequent public
health consequence analysis using these
qualitative evaluations.

For the remaining chemicals, quantitative
evaluation was made based on the modeled
predicted  concentrations at the nearest location
where a member of the public could be exposed.
The modeling methods are described in
appendix B, as are the results for the modeled
chemicals at specific TAs.

The factors used for quantitative analysis are
those given in the EPA Exposures Factors
Handbook (EPA 1997a).  The exposure scenario
assumed that a member of the public could be
exposed to the average and 95

th
 percentile

concentrations of the chemical at that near
location to the source.  Average and worst-ca
(95

th
 percentile) uptakes were calculated 

milligram per kilogram-day for a standard adu
human male.  

Average and worst-case hazard indices we
calculated (EPA 1997a): milligram pe
kilogram-day estimated per milligram pe
kilogram-day reference dose for the chemic
In some cases, no reference dose has b
provided by EPA’s IRIS (EPA 1997b).  In
instances where carcinogens or suspec
carcinogens had no hazard index available,
unit risk factors were available, they were us
to estimate potential risk to the MEI.

D.2.1.2 Methods for Estimation of 
Ingestion Risks from 
Radionuclides and 
Chemicals

Concentrations of radionuclides and chemica
in environmental media were used in dose/ri
analysis.  The data used were those fro
LANL’s Environmental Surveillance Reports
1991 to 1996 (appendix C).  The 95

th
 percentile

upper confidence level (95 percent UCL) valu
were used in order to provide a conservati
analysis (calculated using only measureme
above zero or the detection threshold).

Data from specific contaminated sites were us
to provide insight to potential additional bu
short-term exposures that could contribute 
dose/risk.  These datasets are also provided
appendix C.

Table D.2.1.2–1 presents the specific exposu
pathways evaluated for the five exposu
scenarios:  residents (both Los Alamos and no
Los Alamos County), recreational use
(residents and nonresidents), and spec
pathways.  These exposure scenarios 
defined below.
D–29



D–30

LANL SWEIS

T
A

B
LE

 D
.2

.1
.2

–1
.—

In
ge

st
io

n 
an

d 
H

yp
ot

he
tic

al
 R

ec
ep

to
rs

 U
se

d 
to

 E
va

lu
at

e 
R

ad
io

lo
gi

ca
l D

os
e 

an
d 

P
ot

en
tia

l P
ub

lic
 H

ea
lth

 C
on

se
qu

en
ce

E
X

P
O

S
U

R
E

 P
A

T
H

W
A

Y

R
E

C
E

P
T

O
R

a

O
F

F
-S

IT
E

 
R

E
S

ID
E

N
T

 L
O

S
 

A
LA

M
O

S
 C

O
U

N
T

Y

O
F

F
-S

IT
E

 
R

E
S

ID
E

N
T

 N
O

N
-

LO
S

 A
LA

M
O

S
 

C
O

U
N

T
Y

N
O

N
R

E
S

ID
E

N
T

 
R

E
C

R
E

A
T

IO
N

A
L 

U
S

E
R

b

R
E

S
ID

E
N

T
 

R
E

C
R

E
A

T
IO

N
A

L 
U

S
E

R
b

S
P

E
C

IA
L 

P
A

T
H

W
A

Y
S

 
R

E
C

E
P

T
O

R
Sc

P
ro

d
uc

e
:

F
ru

it
E

S
D

E
S

D
N

A
N

A
N

A

V
e

ge
ta

bl
es

E
S

D
E

S
D

N
A

N
A

N
A

M
ea

t (
C

at
tle

: 
 F

re
e-

R
an

g
in

g
 S

te
er

)
N

A
E

S
D

N
A

N
A

N
A

M
ilk

E
S

D
E

S
D

N
A

N
A

N
A

F
is

h
N

A
E

S
D

N
A

N
A

E
S

D

H
on

e
y

E
S

D
E

S
D

N
A

N
A

N
A

E
lk

E
S

Dd
E

S
Dd

N
A

N
A

E
S

D
e

D
ee

r
E

S
D

E
S

D
N

A
N

A
T

B
D

P
in

yo
n

 N
u

ts
N

A
E

S
D

N
A

N
A

N
A

In
di

a
n 

Te
a

 (
C

o
ta

)
N

A
N

A
N

A
N

A
E

S
D

G
ro

u
nd

w
a

te
r

E
S

D
E

S
D

N
A

N
A

N
A

S
ur

fa
ce

 W
a

te
r:

C
re

e
ks

N
A

N
A

E
S

D
E

S
D

N
A

N
P

D
E

S
 D

is
ch

ar
g

e
N

A
N

A
E

S
D

E
S

D
N

A

S
oi

ls
E

S
D

E
S

D
E

S
D

E
S

D
N

A

S
e

di
m

e
n

ts
E

S
D

E
S

D
E

S
D

E
S

D
N

A

a
 R

ec
e

pt
or

 is
 a

 h
yp

o
th

et
ic

al
 p

e
rs

on
 w

h
o 

is
 c

on
se

rv
at

iv
el

y 
es

tim
a

te
d 

to
 h

a
ve

 in
ta

ke
 o

f 
th

e 
9

5
th

 u
pp

er
 c

on
fid

en
ce

 li
m

it 
(U

C
L

) 
co

n
ce

n
tr

at
io

n 
o

f a
 c

o
nt

am
in

an
t i

n 
th

e
 s

pe
ci

fic
 m

e
di

um
 

e
va

lu
a

te
d 

fo
r 

in
g

es
tio

n
.

b 
T

h
e 

re
si

de
n

t r
e

cr
ea

tio
n

al
 u

se
r 

liv
e

s 
in

 L
o

s 
A

la
m

os
 C

o
un

ty
 o

r 
a 

ne
ig

hb
o

rin
g

 c
ou

n
ty

 a
n

d 
is

 in
 th

e 
Lo

s 
A

la
m

o
s 

ca
ny

on
s 

24
 v

is
its

 p
e

r 
ye

a
r,

 a
p

pr
ox

im
at

el
y 

8
 h

ou
rs

 p
er

 v
is

it.
  T

he
 

n
on

re
si

de
n

t r
e

cr
ea

tio
n

al
 u

se
r 

liv
e

s 
o

ut
si

d
e 

th
e 

re
gi

o
n 

of
 in

flu
e

nc
e

 o
f 

LA
N

L
 b

u
t h

ik
es

 in
to

 th
e 

ca
n

yo
ns

 1
2

 v
is

its
 p

er
 y

ea
r,

 a
p

pr
o

xi
m

at
e

ly
 6

 h
o

ur
s 

pe
r 

vi
si

t.
c 
S

pe
ci

a
l p

at
hw

a
ys

 r
ec

e
pt

or
s 

ar
e

 th
os

e 
w

h
o 

ha
ve

 t
ra

di
tio

n
al

 N
at

iv
e 

A
m

e
ric

an
 o

r 
H

is
p

an
ic

 li
fe

st
yl

es
.

d 
E

lk
 m

u
sc

le
.

e
 E

lk
 h

ea
rt

 a
n

d 
liv

er
.

E
S

D
 =

 E
n

vi
ro

nm
en

ta
l S

u
rv

ei
lla

nc
e 

D
at

a
N

A
 =

 N
o

t a
pp

lic
a

bl
e



Human Health

e
os
os
ar
)

n
le
es
s
e a
s

he
as
os
s

in
f
n

 of
n
e
 in

s

e
n

 to
 the
e
s
ty
of
s

e

The doses/risks from ingestion pathways were
examined as total ingestion risk, resulting from
all contributors to the concentrations of
radionuclides and chemicals in foodstuffs,
water, and soils/sediments.  The concentrations
include naturally occurring radionuclides and
chemicals, residual contamination from
worldwide fallout and earlier LANL operations,
and small quantities of contamination from
more recent  operations.  Because it is difficult
to differentiate among these sources for most
materials, this SWEIS analysis calculates the
total risk from all these sources.  (If this analysis
demonstrated elevated risks from a particular
contributor, then it would be investigated to
determine its possible sources.)

The exposures through ingestion were
calculated using the 95 percent upper
confidence limit (UCL) concentrations.  In
calculating the UCL, all samples of zero or
negative value or less than the detection limit
were rejected.  This significantly increases the
average value and the UCL, and especially so
when a large fraction of the samples show no
detectable contamination.  Based on the
projected emissions and effluents under the four
alternatives (section 3.6), there are no
incremental differences in dose/risk from
operations continuing at LANL for the next 10
years.  Therefore, the ingestion dose/risk
analysis was provided only in the No Action
Alternative. 

The consumption rates used for estimating dose/
risks at both 50

th
 and 95

th
 percentile were taken

from the EPA Exposure Factors Handbook
(EPA 1997a, except where only available in
1989 edition).  In each dose/risk ingestion
analysis provided, the specific data used were
identified as well as the intake rates and any
conversion factors.  Because these differ among
radionuclides and chemicals analyzed, they are
only provided in the dose/risk analysis detailed
tables (section D.3.3).  

Off-Site Resident

Two different types of off-site resident wer
analyzed: one of these represents Los Alam
County residents; the other represents non-L
Alamos County residents and was located ne
the Otowi Bridge (outside Los Alamos County
in an agricultural area.

Los Alamos County Off-Site Resident.
Because there is no meat or milk productio
from Los Alamos County, there are no viab
meat or milk ingestion pathways for any dos
to residents in Los Alamos County.  The Lo
Alamos County resident was assumed to hav
garden at his or her home, and it wa
conservatively assumed that a portion of t
resident’s produce (fruit and vegetables) w
obtained from this garden.  The resident in L
Alamos County would use water from the Lo
Alamos County water supply. 

Thus, the pathways for the off-site resident 
Los Alamos County would include ingestion o
produce, fish, honey, game animals, pinyo
nuts, groundwater, and inadvertent ingestion
sediments and soil.  Doses for ingestio
pathways were primarily determined using th
concentrations in the various media measured
LANL environmental surveillance program
(LANL 1992, LANL 1993, LANL 1994, LANL
1995, LANL 1996a, and LANL 1996b).  Thes
consumption rates are provided i
Table D.2.1.2–2.

Non-Los Alamos County Off-Site Resident.
The exposure pathways that are applicable
this off-site resident are the same as those for
Los Alamos County off-site resident, with th
following exceptions.  Two additional pathway
were evaluated for non-Los Alamos Coun
residents:   ingestion of meat and ingestion 
milk from sources outside of Los Alamo
County but within the LANL region of
influence (based on current LANL surveillanc
data, 1991 to 1996).
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Recreational Users

The nonresident recreational user was defined
in this analysis as a person who occupies on-site
canyons during 12 visits per year, for 6 hours
per visit.  The resident recreational user was
hypothesized to be resident in Los Alamos or
neighboring counties and to spend an average of
2 visits per month, 8 hours per visit, in the
canyons as an avid local outdoor enthusiast.   

Special Pathways

Special pathways were also evaluated to assess
potential impacts to Native American, Hispanic,
and other traditional lifestyle receptors that
might not be bounded by the hypothetical MEIs
of residents and recreational users.  The
following exposure pathways were evaluated: 

• Ingestion of game animals from the LANL 
area

• Ingestion of fish from the Cochiti reservoir
• Ingestion of native vegetation through the 

use of herbal teas
• Dermal absorption of sediments during 

craft or ceremonial use of clays

• Inhalation of local herbaceous plant 
materials via smoking

• Ingestion of surface waters from LANL
• Ingestion of soils and sediments from 

LANL
• Ingestion of locally grown produce

After investigations via interviews, it was
determined that potential dermal absorption 
contaminants from use of native clays fo
pottery is not a viable pathway.  Clays are tak
from specific areas and at depths that are 
subject to appreciable contamination.  Also,
was determined that potential uptakes v
bathing or ceremonial uses of springs is no
viable pathway at LANL because there are 
known permanent springs of sufficient size fo
such use.  Finally, smoking use of herbs was 
evaluated as a pathway because these are us
concert with tobaccos and do not significant
differ in risk than the risk posed by commerci
tobacco use.

D.2.2 Worker Health

The methods used to estimate potent
consequences to the health of workers fro
continued operations of LANL are given below

TABLE  D.2.1.2–2.—Consumption Rates Used for Public Health Consequence Analysis

INGESTION PATHWAY
INGESTION RATE PER YEAR

AVERAGE VALUE (50%) WORST-CASE VALUE (95%)

Produce 202 kg 587 kg

Milk Products 210 liters 778 liters

Meat 55 kg 134 kg

Fish 7 kg 7  kg

Honey 1.4 kg 5.0 kg

Pinyon Nuts 1.5 kg none given

Water 550 liters 891 liters (90th percentile)

Soil and Sediments 0.036 kg 0.146 kg

Homegrown Fraction:  Vegetablesa 25% 40%

Homegrown Fraction:  Fruita 20% 30%

a EPA 1989
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These methods address: ionizing and
nonionizing radiation, chemical exposures, and
physical safety hazards during normal
operations in LANL.  The methods and
consequences of accidents are addressed in
appendix G.

D.2.2.1 Radiological Consequences 
to Workers

The worker radiation dose projected for this
SWEIS is the total effective dose equivalent
incurred by workers as a result of routine
operations.  The dose is the sum of the external
whole body dose as monitored by personnel
dosimeters, including dose from both photons
and neutrons, and internal dose, as required by
10 CFR 835.  The internal dose is the 50-year
CEDE.  However, the internal dose being
projected is that for tritium, and does not include
dose from incidents with plutonium or other
nuclides.  The internal dose from inhalation of
plutonium occurs almost entirely from a
breakdown of control or equipment, and is not
predictable.  Past plutonium exposures, such as
the examples described in chapter 4 of volume I
(Table 4.6.2.1.–1), are reported to DOE and
have been included in the 1993 to 1995 baseline.
Note that in 1996, plutonium produced
measurable dose in two workers, contributing
4.8 person-rem to the worker collective dose.
These incidental exposures are small compared
to the total collective dose, which runs about
200 person-rem.

The collective doses for each LANL group and
contractor, as monitored by the LANL
Radiation Protection Program, were collected
for 1993, 1994, and 1995 (LANL 1995, LANL
1996a, and LANL 1996b).  The collective doses
for the 3 years were summed for each group, and
the groups were ranked by their total collective
doses.  Because of a major LANL
reorganization in 1993 and 1994, many groups
that were operating in 1993 and 1994
disappeared in 1995.  Their functions were
typically assumed by another group.  This did

not affect the major groups receiving radiatio
doses at LANL, which are listed in
Table D.2.2.1–1 except for some groups 
LANSCE (then called the Los Alamos Meso
Physics Facility [LAMPF]).  For these
exceptions, the old groups were tracked to th
new LANSCE counterparts through interview
with LANSCE personnel.

The 12 groups with the greatest total collecti
doses from 1993 through 1995 comprised  mo
than 80 percent of the total collective dose f
all LANL workers during that period.  In
addition to these 12 groups, groups th
contributed more than 1 percent of the tot
LANL collective dose during this timeframe
were interviewed to determine whether the
would become major contributors to th
collective dose in the future.  

This process resulted in the identification of 1
groups that combined to contribute more th
84 percent of the collective LANL worker dos
from 1993 to 1995 (Table D.2.2.1–1).  Thes
groups are included in the detailed radiatio
dose projections and analyses under each of
four SWEIS alternatives, based on th
alternative descriptions and on historic
exposure information.  The following data wer
obtained for each of these groups:

• The group collective dose under each 
SWEIS alternative

• The group total collective dose from all 
programs for each alternative

• The number of workers with nonzero dose
for each of the alternatives, as defined by 
LANL  (Workers with measurable doses ar
referred to as nonzero dose workers.)

In order to obtain the total number of worke
with nonzero dose for the entire laboratory, th
index data were used to calculate a ratio of t
number of workers with nonzero doses  to t
total number of workers monitored for radiatio
doses for the entire laboratory.  Approximate
51 percent of the workers receiving a nonze
dose belong to the 12 groups that received 
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largest dose from 1993 to 1995, and 49 percent
belong to the rest of the laboratory.

Once the above group data were collected, the
following steps were taken to determine the
worker collective dose, the average nonzero
worker dose, and the cancer risk associated with
these doses:  

• For each alternative, the dose projections 
for the groups listed in Table D.2.2.1–1 
were totaled.  The sum was then divided by 
0.844 (the fraction of the total laboratory 
dose comprised by these groups from 1993 
to 1995) to estimate the total collective dose 
for LANL.

• The total collective dose was then divided 
by the fraction of workers projected to have 
nonzero doses to obtain the average 

nonzero worker dose for the entire 
laboratory.

• A dose-to-risk conversion factor of 4 x 10-4 
excess LCF per person-rem (Table 
D.1.1.2–1) was used to determine the risk
associated with the above doses in Table 
D.2.2.1–2. 

It should be noted that actual doses received
workers will vary to some degree based on t
actual work assignments made at LANL.  F
example, the Particle Physics Studies gro
may again become involved in activities a
LANSCE and may again incur some worke
dose.  Other groups may incur more or less do
than is projected using this methodology.  Th
approach taken in this analysis is consider
conservative (in particular, use of the 0.84
normalization factor changes the entire LAN

TABLE  D.2.2.1–1.—Groups Used in the Projection of the Worker Doses

RANK GROUP

PERCENT OF LANL 
COLLECTIVE 

DOSE
(1993 TO 1995)

CUMULATIVE 
PERCENT OF LANL 
COLLECTIVE DOSE 

(1993 TO 1995)a

KEY 
FACILITY

1 Operational Health Physics 17 17 LANL-wide

2 Actinide Ceramics and Fabrication 14 30 TA–55

3 Nuclear Materials Management 11 41 TA–55

4 LANL Craft Subcontractor 8.9 50 LANL-wide

5 Actinide Process Chemistry 8.7 59 TA–55

6 Weapons Component Technologyb 8.2 67 TA–55

7 Particle Physics Studies 4.0 71 LANSCE

8 Weapons Component Technologyb 2.9 74 TA–55

9 Target Area Maintenance 2.6 76 LANSCE

10 Facility Management Operations 1.9 78 TA–55

11 Actinide Research and Development 1.6 80 TA–55

12 Beam Alignment and Maintenance 1.5 81 LANSCE

13 Advanced Nuclear Technology 1.3 83 TA–18

14 Weapons Neutron Research/Manuel 
Lujan Center Experimenters

1.0 84 LANSCE

15 LANSCE Experimentersc 0.7 84.4 LANSCE

a Numbers may not total exactly due to rounding.
b These groups were combined in 1996.
c Refers to a group of workers and not to the entire key facility known as LANSCE.
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collective worker dose in a manner proportional
to the changes incurred by the 15 groups with
the greatest doses).  

The collective and average measurable dose for
the No Action Alternative are larger than those
for the baseline.  This is because the No Action
Alternative includes projects that are not now
being performed and that were not performed in
1993 to 1995.  The average dose is expected to
increase significantly in the Expanded
Operations Alternative because the programs
are expected to expand at a greater rate than is
the number of radiation workers.  As noted
earlier, the dose projections include the doses
from external radiation and tritium, but not from
other radionuclides (such as plutonium).  This is
because past and present bioassay for
radionuclides within the body are not sensitive
to the low intakes typical of normal operations.
A new method having significantly improved
sensitivity for analyzing bioassay samples is
now under development.  This will not change
the dominance of external radiation and tritium,
however, but will permit a more accurate
quantification of the internal doses from other
radionuclides.  

Despite the appearance in Table D.2.2.1–2 of
the three significant digits that resulted from the
process, the projected doses are, at best, only
approximations.  The parameters that affect the
dose estimates have considerable variability,
such as whether a program will be funded and at
what level, what the final work practices will be,

and mitigating factors such as shielding an
controls that will be employed in implementin
the as low as reasonably achievable (ALARA
process.  Because of these uncertainties, 
attempt was made to maximize the estima
given here by using the upper limit of the do
that could arise from a particular operatio
This may have had an effect on the differenc
between the alternatives, but not likely upo
their relative ranking as to worker dose.  In an
case, for all alternatives the average individu
worker dose and the administrative control lev
for the individual are much lower than th
standard of 5 rem per year.  

DOE (10 CFR 835) requires that the ALARA
process be applied to reduce worker exposure
ionizing radiation.  The DOE also has set a
administrative control level of 2 rem per year fo
an individual worker exposure, and LANL ha
set a level of 1 rem per year.  These levels c
be intentionally exceeded only with higher lev
management approvals.

Occasionally, however, individual radiatio
workers  might be given permission to exce
this level if sufficient justification exists.  It is
not anticipated that any of the groups w
request permission to exceed the DO
administrative control level (ACL) of 2 rem pe
year.  Therefore, the maximum worker dose f
any of the SWEIS alternatives was estimated
be approximately 1.95 rem per year for th
purposes of this SWEIS.  This maximum do
estimate would not vary across alternatives a

TABLE  D.2.2.1–2.—Worker Dose for Baseline and Alternatives

ALTERNATIVE
COLLECTIVE DOSE 

(PERSON-REM/
YEAR)

COLLECTIVE 
EXCESS LCF 

RISK
(LCF/YEAR)

AVERAGE 
DOSE 

(MILLIREM/
YEAR)

INDIVIDUAL 
EXCESS LCF 

RISK
(LCF/YEAR)

Baseline (1993 to 1995) 208 0.083 0.097 3.9 x 10-5

No Action 446 0.178 0.135 5.4 x 10-5

Expanded Operations 833 0.333 0.235 9.4 x 10-5

Reduced Operations 170 0.068 0.083 3.3 x 10-5

Greener 472 0.189 0.141 5.6 x 10-5
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would remain below 5 rem per year in the
absence of accidental exposures.

D.2.2.2 Nonionizing Radiation 
Consequences to Humans 
and Other Biota

A review of the LANL OSHA 200 Logs (LANL
1990 to 1996) and of DOE’s Occurrence
Reporting and Processing System (ORPS)
reports (LANL 1990 to 1995) was performed to
identify any reported injuries to workers from
nonionizing radiation. Because there are no
incidences of nonionizing radiation injuries to
workers, a hypothetical analysis of a worst-case
exposure was hypothesized for the SWEIS.  

In order to perform this analysis, a methodology
was needed to relate a transmitter output to
biological effect.  The methodology developed
was consistent with NCRP 67 (1981), NCRP 86
(1986) NCRP 119 (1993), Cember (1996), and
Calder (1984).  A spreadsheet was developed
that allows the input of transmitter parameters
(power, frequency, and antenna size), receptor
parameters (exposure area, organism density,
organism specific heat rate), and exposure
parameters (distance and exposure time) to be
used to determine the rise in receptor
temperature due to an exposure.  Additionally,
the spreadsheet was  used to determine the
power densities at specific distances or the
distance to a specific power density.

Four typical targets of interest were chosen for
microwave radiation exposure at the TA–49
microwave transmitter: human, to represent
both workers and the public at the nearest
potential exposure point; zone-tailed hawk, to
represent birds of all sizes in the Jemez
Mountains; coyote, to represent middle-range
animals; and elk, to represent large grazing
animals.  Exposure duration is governed by the
operation of the microwave transmitter and is
typically limited to short bursts.  These give the
range of potential effects of nonionizing
radiation on higher order complex animals.

The area immediately around the transmitter
is secured.  The closest that a member of 
general public can get to a transmitter 
approximately 1,640 feet (500 meters) to th
southwest, along State Route 4.  By procedu
all microwave experiments are directed ea
away from State Route 4.  Procedures do n
permit directing the microwave beam above t
horizontal plane.  On site, the downrang
microwave beam path is secured to a distance
3,280 feet (1,000 meters).  The receivin
antenna(s) can be positioned anywhere alo
the beam path.  Beyond 3,280 feet (1,0
meters), the beam path is uncontrolled oth
than by the remoteness of the facility.  

The results are expressed as increased b
temperature as a result of a short burst expos
This estimate is conservative because ev
exposure to 1 second from the source 
extremely unlikely.  Results for potentia
microwave exposures for the targets of intere
are given in Table D.2.2.2–1.  Beyond th
distances given in Table D.2.2.2–1, and mo
typical of the distances humans would be fro
the microwave source, body temperatu
increase would be less than that given in t
table.

There is no increase in body temperature 
humans or other animals evaluated for 
1-second exposure to microwaves.  Th
negligible consequences resulting from bo
temperature rise of a target would not approa
any critical metabolic temperature.  Howeve
body temperature changes could be greate
the person or animal were exposed for lo
periods, or were closer to the source, or if the
were increased power output.

D.2.2.3 Chemical Exposures 
Consequences to Workers

There have been no fatal or disabling chemic
exposures at LANL in the 1990’s, and there 
no reason to expect that this would change un
any of the alternatives analyzed in this SWEI
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It is anticipated that there would continue to be
a few, less serious exposures annually,
particularly exposures to: airborne asbestos,
lead paint particulates, crystalline silica,
fuming perchloric acid,  hydrofluoric acid, or
skin contact with acids or alkalis.  These would
be similar to those listed in Table 4.6.2.1–2.

Rates of such chemical exposures were
projected by alternative on the basis of changes
in the LANL worker population.  During the
recent years (1990 to 1996) reportable chemical
exposures occurred at a rate of one to three
incidents per year at LANL, and the worker
population was approximately 9,000
individuals.  Therefore, the current rate of
injuries was used to estimate the number of
injuries occurring during continuing operations
of LANL, assuming the same rate is
experienced in the projected workforce for each
of the four alternatives.  Although LANL has
undertaken a chemical hygiene program that
should reduce the rate of chemical exposures in
the future, this methodology assumes no
additional benefits from implementation of this
program.

Beryllium

There is an ongoing beryllium worker
monitoring program at LANL within the facility
(Sigma) where beryllium is processed in
quantities and chemical forms posing worker
hazards.  

The Chronic Beryllium Disease (CBD) Program
Plan elements consist of conducting a basel
inventory and sampling, conducting haza
assessments, conducting exposure monitori
reducing and minimizing exposures, conductin
medical surveillance, providing training
keeping records, and providing performan
feedback.  Exposure reduction an
minimization includes reducing airborne leve
of beryllium as-low-as-practical, minimizing
the number of current workers exposed a
potentially increasing the number of ear
treatment options that may slow the progressi
of CBD and reduce health impacts and redu
mortality incidence.  The disability associate
with CBD is believed to be minimized by earl
detection of the disease.  Workers sensitized
beryllium or with CBD are offered placement i
positions without beryllium exposure to
maintain employment, and are assured of sec
benefits that provide medical care.

The presentation and progression of CBD a
highly variable.  A percentage of individual
with positive peripheral blood beryllium-
induced lymphocyte proliferation test (Be-LPT
results go on to be diagnosed with CBD ev
though clinical signs and symptoms of CBD a
not present at the time of the test.  

The qualitative consequence analysis presen
in chapter 5 was based on (1) engineeri
controls and the health and safety program to
implemented when the Beryllium Technolog
Center is opened in late 1998, and (2) indus
standards and exposure limits under OSHA,

TABLE  D.2.2.2–1.—Temperature Rise Due to Microwave Exposure (1-Second Exposure Duratio

TARGET DISTANCE IN FEET (METERS) BODY TEMPERATURE RISE (°C)

Zone-Tailed Hawk 1,640 (500) 0.016

Coyote 3,280 (1,000) 0.0055

Elk 3,280 (1,000) 0.0036

Human 1,640 (500) 0.021

3,280 (1,000) 0.0052

°C = degrees centigrade
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well as recommendations of American
Conference of Governmental Industrial
Hygienists (ACGIH) and National Institute for
Occupational Safety and Health (NIOSH).
These are summarized below.

OSHA Beryllium Exposure Limits

The OSHA General Industry Standard
(20 CFR 1910.1000) establishes the following
permissible exposure limits for beryllium:

• 8-Hour Time Weighted Average, 
2 micrograms per cubic meter—An 
employee’s exposure to beryllium and its 
compounds in any 8-hour work shift of a 
40-hour work week shall not exceed 
2 micrograms per cubic meter.

• Acceptable Ceiling Concentration, 
5 micrograms per cubic meter—An 
employee’s exposure to beryllium and its 
compounds shall not exceed at any time 
during an 8-hour shift the 5 micrograms per 
cubic meter acceptable ceiling 
concentration limit.

• Acceptable Maximum Peak Concentration, 
25 micrograms per cubic meter—An 
employee’s exposure to beryllium and its 
compounds shall not exceed 25 micrograms 
per cubic meter, the acceptable maximum 
peak above the acceptable ceiling 
concentration, for a maximum duration of 
30 minutes.

These exposure limits are repeated in
29 CFR 1926 for construction and were
adopted from the American National Standards
Institute (ANSI) standard, ANSI Z37.29–1970.

OSHA has specific beryllium requirements for
welding and cutting on beryllium-containing
base or filler metals in 29 CFR 1910.252(c)(8):  

Welding or cutting indoors, outdoors, or
in confined spaces involving beryllium-
containing base or filler metals shall be
done using local exhaust ventilation and
airline respirators unless atmospheric

tests under the most adverse conditions
have established that the workers’
exposure is within the acceptable
concentrations defined by 29 CFR
1910.1000.  In all cases, workers in the
immediate vicinity of the welding or
cutting operations shall be protected as
necessary by local exhaust ventilation or
airline respirators.

These requirements are repeated in 29 C
1926 for construction activities.  In addition
OSHA Technical Manual CPL 2-2.20B
references beryllium in Chapter 1, “Person
Sampling for Air Contaminants,” Appendix
1–E, “Sampling for Special Analyses,” unde
“Samples Analyzed by Inductively Couple
Plasma” and in Chapter 2, “Sampling fo
Surface Contamination,” which suggests swi
sampling of surfaces since accumulated tox
materials such as beryllium “may becom
suspended in air, and may contribute to airbor
exposures.  Bulk and wipe samples are used
aids in determining this possibility.” 

NIOSH Recommendation for Beryllium

The NIOSH Recommended Exposure Lev
(Ceiling) is 0.5 µg/m3.

NIOSH also identifies beryllium as an
occupational carcinogen.

American Conference of Governmental 
Industrial Hygienists Beryllium TLV

The ACGIH has established a threshold lim
value (TLV) for beryllium and beryllium
compounds. The TLV 8-hour TWA is
2 micrograms per cubic meter.  The ACGI
lists beryllium and beryllium compounds as a
A1 carcinogen, a confirmed human carcinoge
ACGIH explains this classification in thei
documentation of TLVs by indicating that th
weight of evidence supports the view th
beryllium is a confirmed human carcinogen b
is of such low potency that only person
exposed to levels similar to those existing in t
D–38
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Lorain and Reading plants in the 1940’s would
be at significant risk of developing lung cancer1

(ACGIH 1997).

The ongoing medical surveillance program
provides assurance that the processing level
industrial hygiene monitoring measures are
effective at detecting any beryllium exposure
during beryllium operations.  Worker exposure
to beryllium from HE processing and testing
would be the same as that experienced by the
public and is discussed in section D.3.2.

D.2.2.4 Worker Physical Safety 
Consequences

Rates of accidents and injuries which are
potentially within normal operations at LANL
were projected by alternative on the basis of

changes in the LANL worker population
Physical hazards include exposures to su
hazards as slow leaks from compressed 
cylinders of toxic gases such as acetylene, u
in welding, or small “pony” bottles of
specialized gases used in chemical process
or bench-scale research and developme
Electrical hazards, industrial hazards associa
with building maintenance and renovation, an
ergonomic hazards are typical througho
LANL facilities and field sites.  During 1995
reportable accidents and injuries occurred a
rate of 4.6 per 100 workers at LANL, and th
rate was used in the SWEIS analyses to gene
Table D.2.2.4–1.  Although LANL has initiated
a program to improve worker health and safe
performance, no credit was taken fo
implementation of this program in the
projections of accidents and injuries.

1. As an example, data for the Lorain plant found 
exposures ranging from 411 micrograms per cubic meter 
(µg/m3) in the general area near a mix operation to 43,300 
µg/m3 in the breathing zone at an alloy operation.

TABLE  D.2.2.4–1.—Projected Recordable Cases per Alternative at LANL

ALTERNATIVE
WORKER 

POPULATION
PROJECTED 

RECORDABLE CASES
PERCENT CHANGE 
FROM BASE CASE

Base Case 9,081 418 --

No Action 9,667 445 6.5

Expanded Operations 11,003 507 21.3

Reduced Operations 9,052 417 -0.2

Greener 9,656 445 6.5
D–39
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D.3 ANALYSIS OF POTENTIAL  
PUBLIC  HUMAN  HEALTH  
CONSEQUENCES DUE TO THE 
CONTINUED  OPERATION  OF 
LANL

This section presents the detailed analyses
performed with regard to the potential for the
continued operation of LANL to affect public
health.

D.3.1 Public Health Consequence 
Analysis

The analysis presented on human health
consequences is extremely conservative.  That
is, DOE has used as a methodology to identify
possible consequences based on maximum
concentration estimates of radionuclides and
chemicals in the environment, maximum
exposure durations, and maximum estimates of
ingestion or inhalation intake rates.  The slope
factors used to estimate carcinogenic risk and
the reference doses used to estimate hazard
indices, as well as the unit risk concentration
used to evaluate outcomes were all established
by EPA to be protective of human health, and
therefore, include safety factors in order to
avoid potential underestimation of impacts.

The conservatism is used in analysis of potential
consequences because of the high degree of
uncertainty associated with attempting to
realistically estimate exposure, resulting dose,
and resulting health effects.  Therefore, the
resulting values of risk (such as excess LCFs or
hazard index) are believed to be worst-case
consequences to a hypothetical receptor.  The
hypothetical receptor is not a person living in
the community but an analytical construct
representing a person who would be in the
location of maximum concentrations of
radionuclides or chemicals, take the maximum
amounts of these contaminants into the person’s
body, and experience the worst outcome.

Uncertainties in public health consequen
analysis include:

• Actual exposures to radionuclides and 
chemicals in each exposure pathway 
(inhalation, ingestion and immersion)

• Exposure durations to radionuclides and 
chemicals present in low concentrations in
air, soils and sediments, water, and 
foodstuffs

• Variability among humans in reaction to 
exposure to radionuclides and chemicals

• Synergisms among chemicals/radionuclide
in the exposed person, synergisms betwe
chemical/radionuclides and natural 
phenomena (such as solar radiation and 
exposure to ultraviolet sources, as well as
inhalation of radionuclides from LANL 
operations), and interactions between som
chemicals/radionuclides and other stresso
or behaviors such as smoking

D.3.1.1 Inhalation Radiological 
Doses Estimated to the 
Public from LANL and 
Specific Key Facilities 
Under the Four Alternatives 
for Continued Operations

The methods used to estimate the radiologi
dose from air emissions from specific facilitie
and from LANL as a site are summarized 
sections 5.1.4 and 5.1.6 and are detailed
appendix B.  The estimated doses to both 
facility-specific and LANL-wide MEI are
presented in Table D.3.1.1–1 for each of t
four alternatives for continued operation
These values are also presented by alternativ
sections 5.2.6.1 (No Action), 5.3.6.1 (Expand
Operations), 5.4.6.1 (Reduced Operations), a
5.5.6.1 (Greener).  As detailed in section 5.1
and appendix D, section D.2, the ICR
methodologies for estimated cancer risk per re
dose received were applied to these estima
and are reported in chapter 5 in the referenc
sections.
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D.3.1.2 Public Radiological Doses 
from Ingestion for all Four 
Alternatives

The methodology for estimating the public
doses through ingestion is described in section
D.2.1.2.  Because there is no release that would
increase existing concentrations in the
environmental media comprising the ingestion
pathways (food, soil, sediment, water), the
projected doses are the same for the baseline and
all four alternatives.  These are given in Table
5.2.6.1–2 for an average (50th percentile) intake
of contaminated media, and in Table 5.2.6.1–3
for the worst-case (95th percentile) consumption
of contaminated media.

D.3.2 Analysis of Public Health 
Consequences from High 
Explosives Testing Site 
Chemical Emissions

In applying the nonradiological air quality
methodology as presented in section 5.1.4.1,
three chemicals (depleted uranium, beryllium,
and lead) were identified from one or more of
four TAs (TA–14, TA–15, TA–36 and TA–39)
in which high explosives are tested as being of
sufficient concentrations to require human
health analysis.  While a few other metals were
identified using the screen (appendix B, section
B.2), their reference doses (EPA 1997b) were
high, potential concentrations in air were
overestimated using the conservative screening
methodologies applied, and have low toxicities
and low probabilities of carcinogenicity.

Therefore, they were not quantitativel
evaluated for human health consequenc
These metals were:

• Aluminum
• Copper
• Iron
• Tantalum
• Tungsten

The modeling used to estimate exposures to 
public from HE chemical emissions under th
No Action and Expanded Operation
Alternatives is presented in section 5.1.4.1 a
detailed in appendix B (sections B.2.3.2 an
B.2.3.3).  (The quantities of expended materia
were the same for the Reduced Operations a
Greener Alternatives as for No Action.)

Tables D.3.2–1 (No Action, Reduce
Operations, and Greener) and D.3.2–
(Expanded Operations) present the results of 
modeling performed to estimate th
concentration of specific chemicals at the ME
location for each TA.  The chronic daily uptak
was calculated as presented in appendix D.
for both the average uptake and worst-ca
uptake, using  EPA’s Exposure Factors
Handbook (EPA 1997a).  The hazard index i
presented for uranium and lead, based on 
reference dose give in EPA’s Integrated Ri
Information System (EPA 1997b).  A hazar
index of 1 or greater than one is consider
indicative of a potential health hazard t
exposed individuals.  EPA has not published
reference dose for inhalation of beryllium
Therefore, a hazard index could not b
calculated for beryllium.
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D.3.3 Estimates of Dose and Risk 
from Radiological and 
Metallic Contaminants 
Potentially Ingested by 
Residents, Recreational Users 
of LANL Lands, and via 
Special Pathways

The methodology for estimating dose and risk
from contaminants that could be ingested as or
with food and water is given in section 5.1.6 and
detailed in appendix D, section D.2.1.2.  The
data on which the estimates of ingestion and risk
were based were environmental surveillance
data, which are presented in appendix D,
section D.3.5.

Each table presented in this section (Tables
D.3.3–1 through D.3.3–50, provided as an
attachment to this appendix) contains the
concentration data used for calculations.  The
95 percent UCL was used for the
concentrations.  The 95 percent UCL was
determined as the average value, plus twice the
standard deviation.  In calculating the UCL, all
samples of zero or negative value or less than
the detection limit were rejected.  This
significantly increases the UCL, and especially
so when a large fraction of the samples show no
detectable contamination.  In other words, in
this conservative approach, a few samples that
show measurable contamination will receive
disproportionate weighting in the distribution.
Both the average intake and worst-case intake
were estimated using EPA’s Exposures Factors
Handbook (EPA 1997a). All dose conversion
factors are given in the tables.

These tables represent the risk estimated from
all alternatives based on ingestion. The risk
factors used are conservative and represent the
upper bound of the risk.  The risk is uncertain
and could be much smaller, as discussed in
section D.1.1.8.  Note that for ingestion
pathways, exposure limits for exposure by
inhalation are not applicable.  There are no

estimated differences in contaminant levels th
would result from implementation of any of th
four alternatives for continued operation
There is a discussion of concentrations 
radiological and metallic contaminants in med
in the region of Los Alamos versus backgroun
concentrations of these in the region presen
in section D.3.4. Total risks estimated fo
ingestion are presented in chapter 5, specifica
in section 5.2.6.1 (No Action).

D.3.3.1 Potential Exposures to 
Tritium via Los Alamos 
Canyon

As a result of recent studies and concerns w
regard to tritium in groundwater from recent an
historical releases in and near Los Alam
Canyon, this section briefly summarizes th
present status of knowledge found in the LAN
annual environmental reports.

In the past, Los Alamos Canyon received treat
and untreated industrial effluents containin
some radionuclides.  In the upper reach of L
Alamos Canyon there were releases of trea
and untreated radioactive effluents during t
earliest Manhattan Project operations at TA
(late 1940’s) and some release of water a
radionuclides from the research reactors 
TA–2.  Los Alamos Canyon also receive
discharges containing radionuclides from th
sanitary sewage lagoon system at LANSC
(formerly Los Alamos Meson Physics Facility
(TA–53).  The low-level radioactive waste
stream was separated from the sanitary syst
at TA–53 in 1989 and directed into a tota
retention evaporation lagoon.  An industria
liquid waste treatment plan that served the o
plutonium processing facility at TA–21
discharged effluent containing radionuclide
into DP Canyon, a tributary to Los Alamo
Canyon, from 1952 to 1986.  

The reach of Los Alamos Canyon within th
LANL boundary currently carries flow from the
Los Alamos Reservoir (west of LANL), as we
D–45
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as National Pollutant Discharge Elimination
System (NPDES)-permitted effluents from
TA–2, TA–53, and TA–21.  Infiltration of
NPDES-permitted effluents and natural runoff
from the stream channel maintains a shallow
body of groundwater in the alluvium of Los
Alamos Canyon within the LANL boundary
west of State Road 4.  Groundwater levels are
highest in late spring from snowmelt runoff and
in late summer from thundershowers.  Water
levels decline during the winter and early
summer when runoff is at a minimum.  Depth to
water is typically in the range of 4 feet to 15 feet
(1.2 meters to 4.6 meters).  Alluvial perched
groundwater also occurs in the lower portion of
Los Alamos Canyon on Pueblo of San Ildefonso
lands.  This alluvium is not continuous with the
alluvium within LANL boundaries, and can be
sampled utilizing wells installed by the Bureau
of Indian Affairs.

The EPA primary drinking water standard and
the New Mexico livestock watering standard are
both 20,000 picocuries per liter.  No tritium has
been detected in surface or groundwater
samples using the EPA-specified method with a
detection limit of 700 picocuries per liter.
LANL reported a sample of surface water with
200 picocuries per liter in 1995, and samples
ranging from 78 to 428 picocuries per liter in
1994.  Intermediate groundwater in 1994 and
1995 had a concentration of only 27 picocuries
per liter.  However, these values may be
meaningless, in that the past detection limit may
actually be 800 to as much as 2,000 picocuries
per liter, as discussed in section 5 of the 1995
annual environmental surveillance report
(LANL 1996b).  In any event, the tritium
concentrations are well below the standards for
drinking water.  Tritium content of sediments
could not be measured due to insufficient
moisture content.

Special study samples analyzed by Miami
University with a detection limit of
0.3 picocuries per liter have demonstrated
minimal recharge of the regional aquifer by
surface waters.  Details of special and routine

measurements of tritium are found in the 19
environmental surveillance repor
(LANL 1997).

D.3.3.2 Mortandad Canyon

Mortandad Canyon has a small drainage a
that heads at TA–3.  Its drainage area curren
receives inflow from natural precipitation and 
number of NPDES-permitted effluents
including one from the existing Radioactiv
Liquid Waste Treatment Facility at TA–50.  Th
TA–50 facility began operations in 1963.  In s
cases during the period from 1993 throug
1995, the derived concentration guide (DCG
was exceeded for:  americium-241 in 199
americium-241 and plutonium-238 in 1994; an
plutonium-238, plutonium-239, plutonium-240
and americum-241 in 1995.  For each of  the
years, the effluent nitrate concentration
exceeded the New Mexico groundwate
standard of 10 milligrams per liter (nitrate a
nitrogen).  The groundwater standard appli
because the TA–50 effluent infiltrates th
alluvium in the canyon.  In order to addres
these problems, LANL is working to upgrad
the TA–50 treatment process.  These efflue
infiltrate the stream channel and maintain 
saturated zone in the alluvium extending abo
2.2 miles (3.5 kilometers) downstream from th
TA–50 NPDES-permitted outfall.  The
easternmost extent of saturation is on site, ab
1 mile (1.6 kilometers) west of the LANL
boundary with the Pueblo of San Ildefons
Surface flow in the drainage has not reached 
Pueblo since observations began in the ea
1960’s.

Radioanalytical results for sediments collect
from Mortandad Canyon in 1996 were modele
using the RESRAD model, version 5.61 (LAN
1997).  The pathways evaluated are the exter
gamma pathway from radioactive materi
deposited in the sediments, the inhalatio
pathway from materials resuspended by wind
and the soil ingestion pathway.  Because wa
in the canyon is not used for drinking water 
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irrigation, and there are no cattle grazing in the
canyon or gardens in the canyon, the drinking
water, meat ingestion, and fruit/vegetable
ingestion pathways were not considered.

The RESRAD model was run for each sampled
location and for the entire canyon system, with
10 to 14 samples per analyte collected
throughout the canyon.  For modeling purposes,
it is assumed that the area of interest around
each monitored location is 1,076 square feet
(100 square meters).  The site is part of an
industrial complex where access to the
monitored location is somewhat limited; thus,
the amount of time a person spends in the
canyon is limited to approximately 87 hours per
year (Robinson and Thomas 1991), and there is
no cover material over the site of interest that
would reduce external exposure to
radionuclides.  The input parameters for the
RESRAD model are summarized in LANL

1997.  RESRAD calculates the daught
radionuclides based on the initial radionuclid
concentration and time since placement 
material.

The TEDE (i.e., the sum of the effective dos
equivalents from the external gamma, and t
inhalation and soil ingestion pathways) 
presented in Table D.3.3.2–1.  For compariso
the 1995 TEDE for each monitoring location 
shown also.  The TEDE, using the avera
concentration of all monitoring locations in
Mortandad Canyon, is 6.0 millirem.  The erro
term associated with this average value 
extremely large, reflecting the high degree 
variability in the concentrations throughout th
canyon.  In 1996, the average TEDE plus twi
the error term (Table D.3.3.2–1) ranged fro
0.19 millirem near the Chemistry an
Metallurgy Research (CMR) Building to
27 millirem at the GS–1 sampling location.

TABLE  D.3.3.2–1.—Total Effective Dose Equivalenta for Mortandad Canyon (mrem)

LOCATION 1996 1995

Near CMR Building 0.16 (± 0.032)b 0.10 (± 0.14)b

West of GS–1 3.3 (± 0.60)b 0.17 (± 0.081)b

GS–1 24 (± 3.4)b 37 (± 5.9)b

MCO–5 21 (± 3.2)b 19 (± 3.3)b

MCO–7 8.8 (± 1.4)b 4.3 (± 0.95)b

MCO–9 0.78 (± 0.21)b 0.62 (± 0.20)b

MCO–13 (A–5) 0.65 (± 0.19)b 0.43 (± 1.1)b

A–6 0.41 (± 0.097)b 0.79 (± 1.2)b

A–7 0.36 (± 0.072)b 0.19 (± 0.10)b

A–8 —c 0.30 (± 0.15)b

SR–4 (A–9) 0.19 (± 0.057)b 0.17 (± 0.088)b

A–10 —c 0.061 (± 0.028)b

Rio Grande (A–11) 0.16 (± 0.12)b 0.10 (± 0.054)b

Average for Entire Mortandad Canyon 6.0 (± 22)b 6.8 (± 0.30)b

a Based on results from RESRAD (version 5.61) using three exposure pathways:  ingestion, inhalation, and external.
b ±2 sigma in parenthesis
c No sample collected at these locations in 1996.
D–47



LANL SWEIS

d
nt
y
e
6
n

ay
e
lls

ed
n
l

r

The maximum TEDE for monitoring sites
surrounding the GS–1 site (i.e., west of GS–1,
MCO–5, MCO–7, and MCO–9) increased in
1996 over the 1995 values.  These five
monitoring locations represent 96 percent of the
1996 maximum TEDE for the entire canyon
system.  The only radionuclide that contributed
more than 5 percent to the TEDE at these
locations is cesium-137 for each of the five
sites.  For the other monitoring locations (i.e.,
near the CMR Building, MCO–13 [A–5], A–6,
A–7, A–9, and A–11), the naturally occurring
radionuclides of uranium, and strontium-90 and
cesium-137 from nuclear atmospheric testing
contributed more than 5 percent to the TEDE at
these monitoring locations.  Averaged over the

entire canyon system, cesium-137 an
americium-241 contributed more than 5 perce
to the canyon TEDE.  The external pathwa
contributed more than 88 percent (with th
cesium-137 contribution being more than 8
percent) to the total TEDE for the entire canyo
system.  Because there is a pathw
approximately 10 feet (3 meters) from th
stream channel and the external component fa
off with distance from the source, the estimat
TEDE is reduced to approximately 6 millirem i
a year (i.e., 2.7 millirem from the externa
pathway and 3.3 millirem from all othe
pathways considered).
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TABLE  D.3.3–1.—Ingestion of Radioactive Isotopes from LANL Supply Wells for an Off-Site Los 
Alamos County Resident (From ESR 1991–1996 Data, see Table D.3.5–2)

ANALYTE
95% UCL 

(pCi/L)

DOSE 
CONVERSION 

FACTOR
(rem/pCi)

AVERAGE-
CASE DOSE 
(rem/year)

WORST-CASE 
DOSE 

(rem/year)

Americium-241 9.31E-02 4.50E-06 2.30E-04 3.73E-04

Cesium-1371 2.30E+00 5.00E-08 6.33E-05 1.02E-04

Plutonium-238 2.40E-02 3.80E-06 5.02E-05 8.13E-05

Plutonium-239 and 
Plutonium-240

2.39E-01 4.30E-06 5.65E-04 9.16E-04

Strontium-90 4.48E+00 1.30E-07 3.20E-04 5.19E-04

Tritium 8.44E+02 6.30E-11 2.92E-05 4.74E-05

Uranium2 1.29E+00 2.60E-07 1.85E-04 2.99E-04

Average-Case Worst-Case

Total Dose (rem/yr) 1.44E-03 2.34E-03

Cancer Risk yr-1 7.22E-07 1.17E-06

1 Cesium-137 from ESR 1992–1996 data (see text).
2 Uranium was converted using the formula from Fresquez et al. 1996, Appendix B, pg. 36 (see below).

Average-Case Consumption

5.50E+02 L/yr =number of liters per year

Worst-Case Consumption

8.91E+02 L/yr =number of liters per year

1 yr =exposure duration

Uranium Conversion: U= 1.82 µg/L

pCi U isotope / L water = µg total Uranium/L water X RMA X SA X CF

RMA = relative mass abundance (g isotope per g total U)

SA = specific activity (pCi/g)

CF = conversion factor (1E-06 g/µg) RMA SA

U-238 = 6.05E-01 pCi/L 0.9928 3.35E+05

U-235 = 2.83E-02 pCi/L 0.0072 2.16E+06

U-234 = 6.59E-01 pCi/L 0.000058 6.24E+09

Total U Activity = 1.29E+00 pCi/L
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TABLE  D.3.3–3.—Ingestion of Radioactive Isotopes from Supply Well LA-5 for an Off-Site Totavi 
Resident (From ESR 1991–1996 Data, see Table D.3.5–3)

ANALYTE
95% UCL

(pCi/L)

DOSE 
CONVERSION 

FACTOR
(rem/pCi)

AVERAGE-
CASE DOSE
(rem/year)

WORST-CASE 
DOSE 

(rem/year)

Americium-241 3.37E-02 4.50E-06 8.34E-05 1.35E-04

Cesium-1371 1.70E+00 5.00E-08 4.68E-05 7.57E-05

Plutonium-238 6.49E-02 3.80E-06 1.36E-04 2.20E-04

Plutonium-239 and
Plutonium-240

4.69E-02 4.30E-06 1.11E-04 1.80E-04

Strontium-90 8.44E-01 1.30E-07 6.03E-05 9.78E-05

Tritium 2.91E+02 6.30E-11 1.01E-05 1.63E-05

Uranium2 9.09E-01 2.60E-07 1.30E-04 2.11E-04

Average-Case Worst-Case

Total Dose (rem/yr) 5.77E-04 9.35E-04

Cancer Risk yr-1 2.89E-07 4.67E-07

1 Cesium-137 was detected in 1991 (LANL 1993) and 1993 (LANL 1995).  However, due to concerns with the 1991 - 1992 data 
(see text), only the 1993 sample is used.

2 Uranium was converted using the formula from Fresquez et al. 1996, Appendix B, pg. 36 (see below).

Average-Case Consumption

5.50E+02 L/yr =number of liters per year

Worst-Case Consumption

8.91E+02 L/yr =number of liters per year

1 yr =exposure duration

Uranium Conversion: U= 1.28 µg/L

pCi U isotope / L water = µg total Uranium/L water X RMA X SA X CF

RMA = relative mass abundance (g isotope per g total U)

SA = specific activity (pCi/g)

CF = conversion factor (1E-06 g/µg) RMA SA

U-238 = 4.26E-01 pCi/L 0.9928 3.35E+05

U-235 = 1.99E-02 pCi/L 0.0072 2.16E+06

U-234 = 4.63E-01 pCi/L 0.000058 6.24E+09

Total U Activity = 9.09E-01 pCi/L 
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TABLE  D.3.3–5.—Ingestion of Radioactive Isotopes from San Ildefonso Supply Wells for an Off-
Site Non-Los Alamos County Resident 

(From ESR 1991–1996 Data, see Table C-6 but without LA-5 Well)

ANALYTE
95% UCL 

(pCi/L)

DOSE 
CONVERSION 

FACTOR
(rem/pCi)

AVERAGE-
CASE DOSE
(rem/year)

WORST-CASE 
DOSE

(rem/year)

Americium-241 6.10E-02 4.50E-06 1.51E-04 2.45E-04

Cesium-1371 3.56E+00 5.00E-08 9.79E-05 1.59E-04

Plutonium-238 8.69E-02 3.80E-06 1.82E-04 2.94E-04

Plutonium-239 and
Plutonium-240

1.47E-01 4.30E-06 3.48E-04 5.63E-04

Strontium-90 3.84E+00 1.30E-07 2.75E-04 4.45E-04

Tritium 1.13E+03 6.30E-11 3.92E-05 6.34E-05

Uranium2 2.14E+01 2.60E-07 3.07E-03 4.97E-03

Average-Case Worst-Case

Total Dose (rem/yr) 4.16E-03 6.74E-03

Cancer Risk yr-1 2.08E-06 3.37E-06

1 Cesium-137 from ESR 1992–1996 (see text).
2 Uranium was converted using the formula from Fresquez et al. 1996, Appendix B, pg. 36 (see below).

Average-Case Consumption

5.50E+02 L/yr =number of liters per year

Worst-Case Consumption

8.91E+02 L/yr =number of liters per year

1 yr =exposure duration

Uranium Conversion: U= 30.2 µg/L

pCi U isotope / L water = µg total Uranium/L water X RMA X SA X CF

RMA = relative mass abundance (g isotope per g total U)

SA = specific activity (pCi/g)

CF = conversion factor (1E-06 g/µg) RMA SA

U-238 = 1.00E+01 pCi/L 0.9928 3.35E+05

U-235 = 4.70E-01 pCi/L 0.0072 2.16E+06

U-234 = 1.09E+01 pCi/L 0.000058 6.24E+09

Total U Activity = 2.14E+01 pCi/L
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LANL SWEIS

TABLE  D.3.3–7.—Ingestion of Radioactive Isotopes in Surface Water for a Resident Recreational 
User (From ESR 1991–1996 Data, see Table C-2)

ANALYTE
95% UCL

(pCi/L)

DOSE 
CONVERSION 

FACTOR
(rem/pCi)

AVERAGE-CASE 
DOSE

(rem/year)

WORST-CASE 
DOSE 

(rem/year)

Americium-241 1.20E+00 4.50E-06 2.88E-05 4.67E-05

Cesium-1371 2.49E+01 5.00E-08 6.64E-06 1.08E-05

Plutonium-238 1.10E+00 3.80E-06 2.23E-05 3.61E-05

Plutonium-239 and  
Plutonium-240

1.00E+01 4.30E-06 2.29E-04 3.72E-04

Strontium-90 2.40E+02 1.30E-07 1.66E-04 2.70E-04

Tritium 7.70E+00 6.30E-11 2.59E-09 4.19E-09

Uranium2 2.41E+00 2.60E-07 3.35E-06 5.42E-06

Average-Case Worst-Case

Total Dose (rem/yr) 4.57E-04 7.40E-04

Cancer Risk yr-1 2.28E-07 3.70E-07

1 Cesium-137 from ESR 1993–1996 data (see text).
2 Uranium was converted using the formula from Fresquez et al. 1996, Appendix B, pg 36 (see below).

Average-Case Consumption

2.78E-02 L/hr =ingestion rate per hour

8 hr/event =number of hours per visit

24 events/yr =number of visits per year

5.33E+00 L/yr =number of liters per year

Worst-Case Consumption

4.50E-02 L/hr =ingestion rate per hour

8 hr/event =number of hours per visit

24 events/yr =number of visits per year

8.64E+00 L/yr =number of liters per year

1 yr =exposure duration

Note: 0.5 liters per day over 18 hrs yields 2.78E-02 L/hr for Average-Case.
Note: Average case increased by 1.62 yields 4.5E-02 L/hr for Worst-Case.

Uranium Conversion: U= 3.4 µg/L

pCi U isotope / L water = µg total Uranium/L water X RMA X SA X CF

RMA = relative mass abundance (g isotope per g total U)

SA = specific activity (pCi/g)

CF = conversion factor (1E-06 g/µg) RMA SA

U-238 = 1.13E+00 pCi/L 0.9928 3.35E+05

U-235 = 5.29E-02 pCi/L 0.0072 2.16E+06

U-234 = 1.23E+00 pCi/L 0.000058 6.24E+09

Total U Activity = 2.41E+00 pCi/L
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LANL SWEIS

TABLE  D.3.3–9.—Ingestion of Radioactive Isotopes in Surface Water for a Nonresident 
Recreational User (From ESR 1991–1996 Data, see Table C-2)

ANALYTE
95% UCL 

(pCi/L)

DOSE 
CONVERSION 

FACTOR
(rem/pCi)

AVERAGE-CASE 
DOSE

(rem/year)

WORST-CASE 
DOSE

(rem/year)

Americium-241 1.20E+00 4.50E-06 1.08E-05 1.75E-05

Cesium-1371 2.49E+01 5.00E-08 2.49E-06 4.03E-06

Plutonium-238 1.10E+00 3.80E-06 8.36E-06 1.35E-05

Plutonium-239 and
Plutonium-240

1.00E+01 4.30E-06 8.60E-05 1.39E-04

Strontium-90 2.40E+02 1.30E-07 6.24E-05 1.01E-04

Tritium 7.70E+00 6.30E-11 9.70E-10 1.57E-09

Uranium2 2.41E+00 2.60E-07 1.26E-06 2.03E-06

Average-Case Worst-Case

Total Dose (rem/yr) 1.71E-04 2.78E-04

Cancer Risk yr-1 8.57E-08 1.39E-07

1 Cesium-137 from ESR 1993–1996 data (see text).
2 Uranium was converted using the formula from Fresquez et al. 1996, Appendix B, pg. 36 (see below).

Average-Case Consumption

2.78E-02 L/hr =ingestion rate per hour

6 hr/event =number of hours per visit

12 events/yr =number of visits per year

2.00E+00 L/yr =number of liters per year

Worst-Case Consumption

4.50E-02 L/hr =ingestion rate per hour

6 hr/event =number of hours per visit

12 events/yr =number of visits per year

3.24E+00 L/yr =number of liters per year

1 yr =exposure duration

Note: 0.5 liters per day over 18 hrs yields 2.78E-02 L/hr for Average-Case.
Note: Average case increased by 1.62 yields 4.5E-02 L/hr for Worst-Case.

Uranium Conversion: U= 3.4 µg/L

pCi U isotope / L water = µg total Uranium/L water X RMA X SA X CF

RMA = relative mass abundance (g isotope per g total U)

SA = specific activity (pCi/g)

CF = conversion factor (1E-06 g/µg) RMA SA

U-238 = 1.13E+00 pCi/L 0.9928 3.35E+05

U-235 = 5.29E-02 pCi/L 0.0072 2.16E+06

U-234 = 1.23E+00 pCi/L 0.000058 6.24E+09

Total U Activity = 2.41E+00 pCi/L
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LANL SWEIS

TABLE  D.3.3–11.—Ingestion of Radioactive Isotopes in NPDES  Discharge Water for a Resident 
Recreational User (From NPDES Data, 1994–1996, see Table D.3.5–4)

ANALYTE
95% UCL

(pCi/L)

DOSE 
CONVERSION 

FACTOR
 (rem/pCi)

AVERAGE-CASE 
DOSE

 (rem/year)

WORST-CASE 
DOSE

 (rem/year)

Tritium 3.70E+04 6.30E-11 1.24E-05 2.01E-05

Radium-226 and 
Radium-228

7.30E+00 1.20E-06 4.67E-05 7.57E-05

Average-Case Worst-Case

Total Dose (rem/yr) 5.92E-05 9.58E-05

Cancer Risk yr-1 2.96E-08 4.79E-08

Average-Case Consumption

2.78E-02 L/hr =ingestion rate per hour

8 hr/event =number of hours per visit

24 events/yr =number of visits per year

5.33E+00 L/yr =number of liters per year

Worst-Case Consumption

4.50E-02 L/hr =ingestion rate per hour

8 hr/event =number of hours per visit

24 events/yr =number of visits per year

8.64E+00 L/yr =number of liters per year

1 yr =exposure duration

Note: 0.5 liters per day over 18 hrs yields 2.78E-02 L/hr for Average-Case.
Note: Average case increased by 1.62 yields 4.5E-02 L/hr for Worst-Case.
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TABLE  D.3.3–13.—Ingestion of Radioactive Isotopes in NPDES Discharge Water for a Nonresident 
Recreational User (From NPDES 1994–1996 Data, see Table D.3.5–4)

ANALYTE
95% UCL 

(pCi/L)

DOSE 
CONVERSION 

FACTOR
 (rem/pCi)

AVERAGE-CASE 
DOSE

 (rem/year)

WORST-CASE 
DOSE

 (rem/year)

Tritium 3.70E+04 6.30E-11 4.66E-06 7.55E-06

Radium-226 and 
Radium-228

7.30E+00 1.20E-06 1.75E-05 2.84E-05

Average-Case Worst-Case

Total Dose (rem/yr) 2.22E-05 3.59E-05

Cancer Risk yr-1 1.11E-08 1.80E-08

Average-Case Consumption

2.78E-02 L/hr =ingestion rate per hour

6 hr/event =number of hours per visit

12 events/yr =number of visits per year

2.00E+00 L/yr =number of liters per year

Worst-Case Consumption

4.50E-02 L/hr =ingestion rate per hour

6 hr/event =number of hours per visit

12 events/yr =number of visits per year

3.24E+00 L/yr =number of liters per year

1 yr =exposure duration

Note: 0.5 liters per day over 18 hrs yields 2.78E-02 L/hr for Average-Case.
Note: Average case increased by 1.62 yields 4.5E-02 L/hr for Worst-Case.
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LANL SWEIS

t 
TABLE  D.3.3–15.—Ingestion of Radioactive Isotopes in Perimeter Soil for an Off-Site Residen
(Nonspecific County) (From ESR 1991–1996 Data, see Table D.3.5–5)

ANALYTE
95% UCL

(pCi/g)

DOSE 
CONVERSION 

FACTOR
(rem/pCi)

AVERAGE-CASE 
DOSE 

(rem/year)

WORST-CASE 
DOSE 

(rem/year)

Americium-241 3.70E-02 4.50E-06 6.08E-06 2.43E-05

Cesium-137 9.80E-01 5.00E-08 1.79E-06 7.15E-06

Plutonium-238 2.90E-02 3.80E-06 4.02E-06 1.61E-05

Plutonium-239 and 
Plutonium-240

2.13E-01 4.30E-06 3.34E-05 1.34E-04

Strontium-90 7.00E-01 1.30E-07 3.32E-06 1.33E-05

Tritium1 8.44E-02 6.30E-11 1.94E-10 7.77E-10

Uranium2 3.12E+00 2.60E-07 2.96E-05 1.19E-04

Average-Case Worst-Case

Total Dose (rem/yr) 7.83E-05 3.13E-04

Cancer Risk yr-1 3.91E-08 1.57E-07

1 Tritium was converted from pCi/mL using the formulas from Fresquez et al. 1996, Appendix B, pg. 36 (see below).
2 Uranium was similarly converted (see below).

Average-Case Consumption

1.00E+02 mg/day =number of mg per day

365 days/yr =number of days per year

3.65E+01 g/yr =number of grams per year

Worst-Case Consumption

4.00E+02 mg/day =number of mg per day

365 days/yr =number of days per year

1.46E+02 g/yr =number of grams per year

1 yr =exposure duration

Tritium Conversion: H 3= 0.76 pCi/mL

pCi/g = pCi/mL X (fraction soil moisture/soil moisture density X [1-fraction soil moisture])

fraction soil moisture = 10%

soil moisture density = 1 g/mL

Tritium Activity (pCi/g) = 8.44E-02
D–74



Human Health

t 
Uranium Conversion: U= 4.4 µg/g

pCi U isotope / g soil = µg total Uranium/g soil X RMA X SA X CF

RMA = relative mass abundance (g isotope per g total U)

SA = specific activity (pCi/g)

CF = conversion factor (1E-06 g/µg) RMA SA

U-238 = 1.46E+00 pCi/g 0.9928 3.35E+05

U-235 = 6.84E-02 pCi/g 0.0072 2.16E+06

U-234 = 1.59E+00 pCi/g 0.000058 6.24E+09

Total U Activity = 3.12E+00 pCi/g

TABLE  D.3.3–15.—Ingestion of Radioactive Isotopes in Perimeter Soil for an Off-Site Residen
(Nonspecific County) (From ESR 1991–1996 Data, see Table D.3.5–5)-Continued
D–75
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TABLE  D.3.3–17.—Ingestion of Radioactive Isotopes in Soil for a Resident Recreational Use
(From ESR 1992–1996 Data, see Table D.3.5–5)

ANALYTE
95% UCL 

(pCi/g)

DOSE 
CONVERSION 

FACTOR 
(rem/pCi)

AVERAGE-CASE 
DOSE 

(rem/year)

WORST-CASE 
DOSE

 (rem/year)

Americium-241 1.90E-02 4.50E-06 9.12E-08 3.65E-07

Cesium-137 1.01E+00 5.00E-08 5.39E-08 2.15E-07

Plutonium-238 2.20E-02 3.80E-06 8.92E-08 3.57E-07

Plutonium-239 and  
Plutonium-240

4.03E-01 4.30E-06 1.85E-06 7.39E-06

Strontium-90 7.80E-01 1.30E-07 1.08E-07 4.33E-07

Tritium1 2.59E-01 6.30E-11 1.74E-11 6.96E-11

Uranium2 3.41E+00 2.60E-07 9.45E-07 3.78E-06

Average-Case Worst-Case

Total Dose (rem/yr) 3.14E-06 1.25E-05

Cancer Risk yr-1 1.57E-09 6.27E-09

1 Tritium was converted from pCi/mL using the formulas from Fresquez et al. 1996, Appendix B, pg. 36 (see below).
2 Uranium was similarly converted (see below).

Average-Case Consumption

5.56E+00 mg/hr =ingestion rate per hour

8 hr/event =number of hours per visit

24 events/yr =number of visits per year

1.07E+00 g/yr =number of grams per year

Worst-Case Consumption

2.22E+01 mg/hr =ingestion rate per hour

8 hr/event =number of hours per visit

24 events/yr =number of visits per year

4.27E+00 g/yr =number of grams per year

1 yr =exposure duration

Note: 100 mg per day over 18 hrs yields 5.56 mg/hr for Average-Case.
Note: 400 mg per day over 18 hrs yields 22.2 mg/hr for Worst-Case.
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Tritium Conversion: H 3= 2.33 pCi/mL

pCi/g = pCi/mL X (fraction soil moisture/soil moisture density X [1-fraction soil moisture])

Fraction soil moisture = 10%

Soil moisture density = 1 g/mL

Tritium Activity (pCi/g) = 2.59E-01

Uranium Conversion: U= 4.8 µg/g

pCi U isotope / g soil = µg total Uranium/g soil X RMA X SA X CF

RMA = relative mass abundance (g isotope per g total U)

SA = specific activity (pCi/g)

CF = conversion factor (1E-06 g/µg) RMA SA

U-238 = 1.60E+00 pCi/g 0.9928 3.35E+05

U-235 = 7.46E-02 pCi/g 0.0072 2.16E+06

U-234 = 1.74E+00 pCi/g 0.000058 6.24E+09

Total U Activity = 3.41E+00 pCi/g

TABLE  D.3.3–17.—Ingestion of Radioactive Isotopes in Soil for a Resident Recreational Use
(From ESR 1992–1996 Data, see Table D.3.5–5)-Continued
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TABLE  D.3.3–19.—Ingestion of Radioactive Isotopes in Soil for a Nonresident Recreational Us
(From ESR 1992–1996 Data, see Table D.3.5–5)

ANALYTE
95% UCL 

(pCi/g)

DOSE 
CONVERSION 

FACTOR
(rem/pCi)

AVERAGE-CASE 
DOSE

(rem/year)

WORST-CASE 
DOSE 

(rem/year)

Americium-241 1.90E-02 4.50E-06 3.42E-08 1.37E-07

Cesium-137 1.01E+00 5.00E-08 2.02E-08 8.08E-08

Plutonium-238 2.20E-02 3.80E-06 3.34E-08 1.34E-07

Plutonium-239 and 
Plutonium-240

4.03E-01 4.30E-06 6.93E-07 2.77E-06

Strontium-90 7.80E-01 1.30E-07 4.06E-08 1.62E-07

Tritium1 2.59E-01 6.30E-11 6.52E-12 2.61E-11

Uranium2 3.41E+00 2.60E-07 3.54E-07 1.42E-06

Average-Case Worst-Case

Total Dose (rem/yr) 1.18E-06 4.70E-06

Cancer Risk yr-1 5.88E-10 2.35E-09

1 Tritium was converted from pCi/mL using the formulas from Fresquez et al. 1996, Appendix B, pg. 36 (see below).
2 Uranium was similarly converted (see below). 

Average-Case Consumption

5.56E+00 mg/hr =ingestion rate per hour

6 hr/event =number of hours per visit

12 events/yr =number of visits per year

4.00E-01 g/yr =number of grams per year

Worst-Case Consumption

2.22E+01 mg/hr =ingestion rate per hour

6 hr/event =number of hours per visit

12 events/yr =number of visits per year

1.60E+00 g/yr =number of grams per year

1 yr =exposure duration

Note: 100 mg per day over 18 hrs yields 5.56 mg/hr for Average-Case.
Note: 400 mg per day over 18 hrs yields 22.2 mg/hr for Worst-Case.
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Tritium Conversion: H 3= 2.33 pCi/mL

pCi/g = pCi/mL X (fraction soil moisture /soil moisture density X [1-fraction soil moisture])

fraction soil moisture = 10%

soil moisture density = 1 g/mL

Tritium Activity (pCi/g) = 2.59E-01

Uranium Conversion: U= 4.8 µg/g

pCi U isotope / g soil = µg total Uranium/g soil X RMA X SA X CF

RMA = relative mass abundance (g isotope per g total U)

SA = specific activity (pCi/g)

CF = conversion factor (1E-06 g/µg) RMA SA

U-238 = 1.60E+00 pCi/g 0.9928 3.35E+05

U-235 = 7.46E-02 pCi/g 0.0072 2.16E+06

U-234 = 1.74E+00 pCi/g 0.000058 6.24E+09

Total U Activity = 3.41E+00 pCi/g

TABLE  D.3.3–19.—Ingestion of Radioactive Isotopes in Soil for a Nonresident Recreational Us
(From ESR 1992–1996 Data, see Table D.3.5–5)-Continued
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TABLE  D.3.3–21.—Ingestion of Radioactive Isotopes in Perimeter Sediment for an Off-Site 
Resident (Nonspecific County) 

(From ESR 1991–1996 Data, see Table C-4)

ANALYTE
95% UCL 

(pCi/g)

DOSE 
CONVERSION 

FACTOR 
(rem/pCi)

AVERAGE-CASE 
DOSE

 (rem/year)

WORST-CASE 
DOSE 

(rem/year)

Americium-241 2.20E-01 4.50E-06 3.61E-05 1.45E-04

Cesium-137 9.90E-01 5.00E-08 1.81E-06 7.23E-06

Plutonium-238 2.70E-02 3.80E-06 3.74E-06 1.50E-05

Plutonium-239 and  
Plutonium-240

3.70E+00 4.30E-06 5.81E-04 2.32E-03

Strontium-90 9.30E-01 1.30E-07 4.41E-06 1.77E-05

Tritium1 2.11E-01 6.30E-11 4.85E-10 1.94E-09

Uranium2 2.98E+00 2.60E-07 2.83E-05 1.13E-04

Average-Case Worst-Case

Total Dose (rem/yr) 6.55E-04 2.62E-03

Cancer Risk yr-1 3.28E-07 1.31E-06

1 Tritium was converted from pCi/ml using the formulas from Fresquez et al. 1996, Appendix B, pg. 36 (see below).
2 Uranium was similarly converted (see below).

Average-Case Consumption

1.00E+02 mg/day =number of mg per day

365 days/yr =number of days per year

3.65E+01 g/yr =number of grams per year

Worst-Case Consumption

4.00E+02 mg/day =number of mg per day

365 days/yr =number of days per year

1.46E+02 g/yr =number of grams per year

1 yr =exposure duration

Tritium Conversion: H 3= 1.9 pCi/mL

pCi/g = pCi/ml X (fraction soil moisture /soil moisture density X [1-fraction soil moisture])

fraction soil moisture = 10%

soil moisture density = 1 g/ml

Tritium Activity (pCi/g) = 2.11E-01
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Uranium Conversion: U= 4.2 µg/g

pCi U isotope / g soil = µg total Uranium/g soil X RMA X SA X CF

RMA = relative mass abundance (g isotope per g total U)

SA = specific activity (pCi/g)

CF = conversion factor (1E-06 g/µg) RMA SA

U-238 = 1.40E+00 pCi/g 0.9928 3.35E+05

U-235 = 6.53E-02 pCi/g 0.0072 2.16E+06

U-234 = 1.52E+00 pCi/g 0.000058 6.24E+09

Total U Activity = 2.98E+00 pCi/g

TABLE  D.3.3–21.—Ingestion of Radioactive Isotopes in Perimeter Sediment for an Off-Site 
Resident (Nonspecific County) 

(From ESR 1991–1996 Data, see Table C-4)-Continued
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TABLE  D.3.3–23.—Ingestion of Radioactive Isotopes in Sediment for a Resident Recreational U
(From ESR 1991–1996 Data, see Table C-4)

ANALYTE
95% UCL

(pCi/g)

DOSE 
CONVERSION 

FACTOR
(rem/pCi)

AVERAGE-CASE 
DOSE

(rem/year)

WORST-CASE 
DOSE 

(rem/year)

Americium-241 3.80E+00 4.50E-06 1.82E-05 7.30E-05

Cesium-137 1.80E+01 5.00E-08 9.60E-07 3.84E-06

Plutonium-238 1.70E+00 3.80E-06 6.89E-06 2.76E-05

Plutonium-239 and  
Plutonium-240

3.70E+00 4.30E-06 1.70E-05 6.79E-05

Strontium-90 1.60E+00 1.30E-07 2.22E-07 8.87E-07

Tritium1 3.11E+00 6.30E-11 2.09E-10 8.36E-10

Uranium2 2.70E+00 2.60E-07 7.48E-07 2.99E-06

Average-Case Worst-Case

Total Dose (rem/yr) 4.40E-05 1.76E-04

Cancer Risk yr-1 2.20E-08 8.81E-08

1 Tritium was converted from pCi/mL using the formulas from Fresquez et al. 1996, Appendix B, pg. 36 (see below).
2 Uranium was similarly converted (see below).

Average-Case Consumption

5.56E+00 mg/hr =ingestion rate per hour

8 hr/event =number of hours per visit

24 events/yr =number of visits per year

1.07E+00 g/yr =number of grams per year

Worst-Case Consumption

2.22E+01 mg/hr =ingestion rate per hour

8 hr/event =number of hours per visit

24 events/yr =number of visits per year

4.27E+00 g/yr =number of grams per year

1 yr =exposure duration

Note: 100 mg per day over 18 hrs yields 5.56 mg/hr for Average-Case.
Note: 400 mg per day over 18 hrs yields 22.2 mg/hr for Worst-Case.
D–90



Human Health
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Tritium Conversion: H 3= 28 pCi/mL

pCi/g = pCi/mL X (fraction soil moisture/soil moisture density X [1-fraction soil moisture])

Fraction soil moisture = 10%

Soil moisture density = 1 g/mL

Tritium Activity (pCi/g) = 3.11E+00

Uranium Conversion: U= 3.8 µg/g

pCi U isotope / g soil = µg total Uranium/g soil X RMA X SA X CF

RMA = relative mass abundance (g isotope per g total U)

SA = specific activity (pCi/g)

CF = conversion factor (1E-06 g/µg) RMA SA

U-238 = 1.26E+00 pCi/g 0.9928 3.35E+05

U-235 = 5.91E-02 pCi/g 0.0072 2.16E+06

U-234 = 1.38E+00 pCi/g 0.000058 6.24E+09

Total U Activity = 2.70E+00 pCi/g

TABLE  D.3.3–23.—Ingestion of Radioactive Isotopes in Sediment for a Resident Recreational U
(From ESR 1991–1996 Data, see Table C-4)-Continued
D–91
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Human Health

al 
TABLE  D.3.3–25.—Ingestion of Radioactive Isotopes in Sediment for a Nonresident Recreation
User (From ESR 1991–1996 Data, see Table C-4)

ANALYTE
95% UCL 

(pCi/g)

DOSE 
CONVERSION 

FACTOR
 (rem/pCi)

AVERAGE-CASE 
DOSE 

(rem/year)

WORST-CASE 
DOSE 

(rem/year)

Americium-241 3.80E+00 4.50E-06 6.84E-06 2.74E-05

Cesium-137 1.80E+01 5.00E-08 3.60E-07 1.44E-06

Plutonium-238 1.70E+00 3.80E-06 2.58E-06 1.03E-05

Plutonium-239 and  
Plutonium-240

3.70E+00 4.30E-06 6.36E-06 2.55E-05

Strontium-90 1.60E+00 1.30E-07 8.32E-08 3.33E-07

Tritium1 3.11E+00 6.30E-11 7.84E-11 3.14E-10

Uranium2 2.70E+00 2.60E-07 2.81E-07 1.12E-06

Average-Case Worst-Case

Total Dose (rem/yr) 1.65E-05 6.60E-05

Cancer Risk yr-1 8.26E-09 3.30E-08

1 Tritium was converted from pCi/mL using the formulas from Fresquez, 1996 et al. Appendix B, pg. 36 (see below).
2 Uranium was similarly converted (see below).

Average-Case Consumption

5.56E+00 mg/hr =ingestion rate per hour

6 hr/event =number of hours per visit

12 events/yr =number of visits per year

4.00E-01 g/yr =number of grams per year

Worst-Case Consumption

2.22E+01 mg/hr =ingestion rate per hour

6 hr/event =number of hours per visit

12 events/yr =number of visits per year

1.60E+00 g/yr =number of grams per year

1 yr =exposure duration

Note: 100 mg per day over 18 hrs yields 5.56 mg/hr for Average-Case.
Note: 400 mg per day over 18 hrs yields 22.2 mg/hr for Worst-Case.
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LANL SWEIS

al 
Tritium Conversion: H 3= 28 pCi/mL

pCi/g = pCi/mL X (fraction soil moisture/soil moisture density X [1-fraction soil moisture])

Fraction soil moisture = 10%

Soil moisture density = 1 g/mL

Tritium Activity (pCi/g) = 3.11E+00

Uranium Conversion: U= 3.8 µg/g

pCi U isotope / g soil = µg total Uranium/g soil X RMA X SA X CF

RMA = relative mass abundance (g isotope per g total U)

SA = specific activity (pCi/g)

CF = conversion factor (1E-06 g/µg) RMA SA

U-238 = 1.26E+00 pCi/g 0.9928 3.35E+05

U-235 = 5.91E-02 pCi/g 0.0072 2.16E+06

U-234 = 1.38E+00 pCi/g 0.000058 6.24E+09

Total U Activity = 2.70E+00 pCi/g

TABLE  D.3.3–25.—Ingestion of Radioactive Isotopes in Sediment for a Nonresident Recreation
User (From ESR 1991–1996 Data, see Table C-4)-Continued
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TABLE  D.3.3–27.—Ingestion of Honey for Off-Site Residents (Note: Includes LANL 1990–1994 
Los Alamos and White Rock County Data for Los Alamos County and San Ildefonso Data for Non-

Los Alamos County Resident)  (Foodstuffs Database 1990–1994, see Table D.3.5–6)

ANALYTE
95% UCL 

(pCi/g)         
dry wt.

DOSE 
CONVERSION 

FACTOR 
(rem/pCi)

AVERAGE-
CASE DOSE 
(rem/year)

WORST-
CASE DOSE 
(rem/year)

Los Alamos County Tritium1 4.64E+01 6.30E-11 7.37E-07 2.63E-06

Non-Los Alamos County Tritium 7.92E-01 6.30E-11 1.26E-08 4.49E-08

1 95% UCL concentration in % of food that is water

LOS 
ALAMOS  
COUNTY

LOS ALAMOS  
COUNTY

NON-LOS 
ALAMOS  
COUNTY

NON-LOS 
ALAMOS  
COUNTY

Average-
Case

Worst-Case Average-Case Worst-Case

Total Dose (rem/yr) 7.37E-07 2.63E-06 1.26E-08 4.49E-08

Cancer Risk yr-1 3.69E-10 1.32E-09 6.29E-12 2.25E-11

Average-Case Consumption (LANL 1997, Table 3-1)

3.84 g/day = number of grams of honey ingested per day

0.69 g/day = number of grams per day wet weight ingested

Worst-Case Consumption (LANL 1997, Table 3-1)

13.7 g/day = number of grams of honey ingested per day

2.47 g/day = number of grams per day wet weight ingested

Moisture Content (LANL 1997)

0.18 unitless = LANL fraction of honey that is water 

Exposure Duration

365 days = 1 yr exposure duration

LAC Tritium Conversion H 3= 46.4 pCi/mL

pCi/g of Tritium = pCi/mL tritium X mL/g of water

water density = 1 g/mL

Tritium Activity = 46.4 pCi/g

Non-LAC Tritium Conversion H 3= 0.792 pCi/mL

pCi/g of Tritium = pCi/mL tritium X mL/g of water

water density = 1 g/mL

Tritium Activity = 0.792 pCi/g



Human Health

D–101

TABLE  D.3.3–28.—Ingestion of Free-Range Steer for an Off-Site Non-Los Alamos County Resident 
(see Table D.3.5–7)

ANALYTE
95% UCL 

(pCi/g)
dry wt.

DOSE 
CONVERSION 

FACTOR
(rem/pCi)

AVERAGE-
CASE DOSE 
(rem/year)

WORST-
CASE DOSE 
(rem/year)

Americium-241 6.70E-05 4.50E-06 4.48E-06 1.09E-05

Cesium-137 2.10E-02 5.00E-08 1.56E-05 3.79E-05

Plutonium-238 3.00E-05 3.80E-06 1.69E-06 4.11E-06

Plutonium-239 1.50E-04 4.30E-06 9.58E-06 2.33E-05

Strontium-90 2.60E-02 1.30E-07 5.02E-05 1.22E-04

Tritium 2.00E+02 6.30E-11 1.87E-04 4.55E-04

Uranium 1.28E-03 2.60E-07 4.94E-06 1.20E-05

Average-
Case

Worst-Case

Total Dose (rem/yr) 2.74E-04 6.65E-04

Cancer Risk yr-1 1.37E-07 3.32E-07

Average-Case Consumption (EPA 1997a, 71.8 kg Man)

2.10 g/kg-day = number of grams per day ingested

40.71 g/day = number of grams per day dry weight ingested

Worst-Case Consumption (EPA 1997a, 71.8 kg Man)

5.10 g/kg/day = number of grams per day ingested

98.87 g/day = number of grams per day dry weight ingested

Dry/Wet Weight Fraction (Fresquez and Ferenbaugh 1998)

0.27 unitless = LANL dry/wet weight ratio 

Exposure Duration

365 days = 1 yr exposure duration

Tritium Conversion H 3= 200 pCi/mL

pCi/g of Tritium = pCi/mL tritium X mL/g of water

water density = 1 g/mL

Tritium Activity = 200 pCi/g

Uranium Conversion U= 1.80E-03 µg/g

pCi U isotope/g = µg total uranium/g X RMA X SA X CF

RMA = relative mass abundance (g isotope per g total U)

SA = specific activity (pCi/g)

CF = conversion factor (1E-06 g/µg) RMA SA CF

U-238= 5.99E-04 pCi/g 9.93E-01 3.35E+05 1.00E-06

U-235= 2.80E-05 pCi/g 7.20E-03 2.16E+06 1.00E-06

U-234= 6.51E-04 pCi/g 5.80E-05 6.24E+09 1.00E-06

Total U Activity = 1.28E-03 pCi/g
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TABLE  D.3.3–29.—Ingestion of Elk for an Off-Site Los Alamos County Resident 
(Note:  Includes LANL 1990–1994 Off-Site Road Kills (from Chama, Lindreth, and Tres Piedras, 

see Table D.3.5–6)

ANALYTE
95% UCL

(pCi/g)
dry wt.

DOSE 
CONVERSION 

FACTOR
(rem/pCi)

AVERAGE-
CASE DOSE
(rem/year)

WORST-
CASE DOSE
(rem/year)

Cesium-137 6.26E-01 5.00E-08 7.57E-05 1.84E-04

Plutonium-238 0.00E+00 3.80E-06 0.00E+00 0.00E+00

Plutonium-239 0.00E+00 4.30E-06 0.00E+00 0.00E+00

Strontium-90 0.00E+00 1.30E-07 0.00E+00 0.00E+00

Tritium1 (not analyzed) 6.30E-11

Uranium 2.49E-03 2.60E-07 1.57E-06 3.80E-06

1 95% UCL concentration in % of food that is water

Average-
Case

Worst-Case

Total Dose (rem/yr) 7.73E-05 1.87E-04

Cancer Risk yr-1 3.87E-08 9.37E-08

Average-Case Consumption (EPA 1997a, General Population)

26 g/day = number of grams per day ingested

6.63 g/day = number of grams per day dry weight ingested

Worst-Case Consumption (EPA 1997a, General Population)

63 g/day = number of grams per day ingested

16.065 g/day = number of grams per day dry weight ingested

Dry/Wet Weight Fraction (Fresquez and Ferenbaugh 1998)

0.255 unitless = LANL dry/wet weight ratio 

Exposure Duration

365 days = 1 yr exposure duration

Uranium Conversion U= 3.51E-03 µg/g

pCi U isotope/g = µg total uranium/g X RMA X SA X CF

RMA = relative mass abundance (g isotope per g total U)

SA = specific activity (pCi/g)

CF = conversion factor (1E-06 g/µg) RMA SA CF

U-238= 1.17E-03 pCi/g 9.93E-01 3.35E+05 1.00E-06

U-235= 5.46E-05 pCi/g 7.20E-03 2.16E+06 1.00E-06

U-234= 1.27E-03 pCi/g 5.80E-05 6.24E+09 1.00E-06

Total U Activity = 2.49E-03 pCi/g
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TABLE  D.3.3–30.—Ingestion of Elk for an Off-Site Non-Los Alamos (Note: includes LANL 
1990–1994 On-Site Road Kills from TA–5, TA–16, TA–18, TA–46, and TA–49, 

see Table D.3.5–6)

ANALYTE
95% UCL 
(pCi/g) dry 

wt.

DOSE 
CONVERSION 

FACTOR
(rem/pCi)

AVERAGE-
CASE DOSE 
(rem/year)

WORST-
CASE DOSE
(rem/year)

Cesium-137 2.98E-01 5.00E-08 3.61E-05 8.74E-05

Plutonium-238 2.00E-05 3.80E-06 1.84E-07 4.46E-07

Plutonium-239 3.08E-04 4.30E-06 3.20E-06 7.77E-06

Strontium-90 1.66E-02 1.30E-07 5.22E-06 1.27E-05

Tritium1 6.86E+00 6.30E-11 3.06E-06 7.40E-06

Uranium 7.67E-03 2.60E-07 4.83E-06 1.17E-05

1 95% UCL concentration in % of food that is water

Average-
Case

Worst-Case

Total Dose (rem/yr) 5.25E-05 1.27E-04

Cancer Risk yr-1 2.63E-08 6.37E-08

Average-Case Consumption (EPA 1997a, General Population)

26 g/day = number of grams per day ingested

6.63 g/day = number of grams per day dry weight ingested

Worst-Case Consumption (EPA 1997a, General Population)

63 g/day = number of grams per day ingested

16.065 g/day = number of grams per day dry weight ingested

Dry/Wet Weight Fraction (Fresquez and Ferenbaugh 1998)

0.255 unitless = LANL dry/wet weight ratio 

Exposure Duration

365 days = 1 yr exposure duration

Tritium Conversion H 3= 6.86 pCi/mL

pCi/g of Tritium = pCi/mL tritium X mL/g of water

water density = 1 g/mL

Tritium Activity = 6.86 pCi/g

Uranium Conversion U= 1.08E-02 µg/g

pCi U isotope/g = µg total uranium/g X RMA X SA X CF

RMA = relative mass abundance (g isotope per g total U)

SA = specific activity (pCi/g)

CF = conversion factor (1E-06 g/µg) RMA SA CF

U-238= 3.59E-03 pCi/g 9.93E-01 3.35E+05 1.00E-06

U-235= 1.68E-04 pCi/g 7.20E-03 2.16E+06 1.00E-06

U-234= 3.91E-03 pCi/g 5.80E-05 6.24E+09 1.00E-06

Total U Activity = 7.67E-03 pCi/g
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TABLE  D.3.3–31.—Ingestion of Deer for an Off-Site Los Alamos County Resident (Note:  Includes 
Off-Site Road Kills from Cuba and El Vado, LANL 1997, see Table D.3.5–8)

ANALYTE
95% UCL

(pCi/g)
dry wt.

DOSE 
CONVERSION 

FACTOR
(rem/pCi)

AVERAGE-
CASE DOSE
(rem/year)

WORST-
CASE DOSE
(rem/year)

Americium-241 0.00E+00 4.50E-06 0.00E+00 0.00E+00

Cesium-137 2.65E-02 5.00E-08 3.14E-06 7.62E-06

Plutonium-238 4.60E-05 3.80E-06 4.15E-07 1.00E-06

Plutonium-239 1.91E-04 4.30E-06 1.95E-06 4.72E-06

Strontium-90 3.83E-02 1.30E-07 1.18E-05 2.86E-05

Tritium1 8.60E-01 6.30E-11 1.29E-07 3.11E-07

Uranium 1.04E-03 2.60E-07 6.40E-07 1.55E-06

1 95% UCL concentration in % of food that is water

Average-
Case

Worst-Case

Total Dose (rem/yr) 1.81E-05 4.38E-05

Cancer Risk yr-1 9.04E-09 2.19E-08

Average-Case Consumption (EPA 1997a, General Population)

26 g/day = number of grams per day ingested

6.5 g/day = number of grams per day dry weight ingested

Worst-Case Ingestion (EPA 1997a, General Population)

63 g/day = number of grams per day ingested

15.75 g/day = number of grams per day dry weight ingested

Dry/Wet Weight Fraction (Fresquez and Ferenbaugh 1998)

0.25 unitless = LANL dry/wet weight ratio 

Exposure Duration

365 days = 1 yr exposure duration

Tritium Conversion H 3= 0.86 pCi/mL

pCi/g of Tritium = pCi/mL tritium X mL/g of water

water density = 1 g/mL

Tritium Activity = 0.86 pCi/g

Uranium Conversion U= 1.46E-03 µg/g

pCi U isotope/g = µg total uranium/g X RMA X SA X CF

RMA = relative mass abundance (g isotope per g total U)

SA = specific activity (pCi/g)

CF = conversion factor (1E-06 g/µg) RMA SA CF

U-238= 4.86E-04 pCi/g 9.93E-01 3.35E+05 1.00E-06

U-235= 2.27E-05 pCi/g 7.20E-03 2.16E+06 1.00E-06

U-234= 5.28E-04 pCi/g 5.80E-05 6.24E+09 1.00E-06

Total U Activity= 1.04E-03 pCi/g
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TABLE  D.3.3–32.—Ingestion of Deer for an Off-Site Non-Los Alamos County Resident 
(Note:  Includes LANL Road Kills from TA–8, TA–16, TA–21, and TA–55, LANL 1997, 

see Table D.3.5–8)

ANALYTE
95% UCL

(pCi/g) dry wt.

DOSE 
CONVERSION 

FACTOR
(rem/pCi)

AVERAGE-
CASE DOSE
(rem/year)

WORST-
CASE DOSE
(rem/year)

Americium-241 7.90E-05 4.50E-06 8.43E-07 2.04E-06

Cesium-137 5.00E-01 5.00E-08 5.93E-05 1.44E-04

Plutonium-238 5.00E-05 3.80E-06 4.51E-07 1.09E-06

Plutonium-239 5.60E-05 4.30E-06 5.71E-07 1.38E-06

Strontium-90 2.30E-02 1.30E-07 7.09E-06 1.72E-05

Tritium1 9.90E-01 6.30E-11 1.48E-07 3.59E-07

Uranium 4.97E-01 2.60E-07 3.07E-04 7.43E-04
1 95% UCL concentration in % of food that is water

Average-
Case

Worst-Case

Total Dose (rem/yr) 3.75E-04 9.09E-04

Cancer Risk yr-1 1.88E-07 4.54E-07

Average-Case Consumption (EPA 1997a, General Population)

26 g/day = number of grams per day ingested

6.5 g/day = number of grams per day dry weight ingested

Worst-Case Ingestion (EPA 1997a, General Population)

63 g/day = number of grams per day ingested

15.75 g/day = number of grams per day dry weight ingested

Dry/Wet Weight Fraction (Fresquez and Ferenbaugh 1998)

0.25 unitless = LANL dry/wet weight ratio 

Exposure Duration

365 days = 1 yr exposure duration
D–105
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Tritium Conversion H 3= 0.99 pCi/mL

pCi/g of Tritium = pCi/mL tritium X mL/g of water

water density = 1 g/mL

Tritium Activity = 0.99 pCi/g

Uranium Conversion U= 7.00E-01 µg/g

pCi U isotope/g = µg total uranium/g X RMA X SA X CF

RMA = relative mass abundance (g isotope per g total U)

SA = specific activity (pCi/
g)

CF = conversion factor (1E-06 g/µg) RMA SA CF

U-238= 2.33E-01 pCi/g 9.93E-01 3.35E+05 1.00E-06

U-235= 1.09E-02 pCi/g 7.20E-03 2.16E+06 1.00E-06

U-234= 2.53E-01 pCi/g 5.80E-05 6.24E+09 1.00E-06

Total U Activity = 4.97E-01 pCi/g

TABLE  D.3.3–32.—Ingestion of Deer for an Off-Site Non-Los Alamos County Resident 
(Note:  Includes LANL Road Kills from TA–8, TA–16, TA–21, and TA–55, LANL 1997, 

see Table D.3.5–8)-Continued
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TABLE  D.3.3–33.—Ingestion of Fish for an Off-Site Non-Los Alamos County Resident 
(Note:  Includes all Game and Nongame Fish from Abiquiu and Cochiti, Foodstuffs 

Database 1990–1994, see Table D.3.5–9)

ANALYTE
95% UCL 

(pCi/g)
dry wt.

DOSE 
CONVERSION 

FACTOR
(rem/pCi)

AVERAGE-
CASE DOSE 
(rem/year)

WORST-
CASE DOSE 
(rem/year)

Cesium-137 2.36E-01 5.00E-08 2.22E-05 6.95E-05

Plutonium-238 8.22E-05 3.80E-06 5.87E-07 1.84E-06

Plutonium-239 1.50E-04 4.30E-06 1.21E-06 3.80E-06

Strontium-90 1.03E-01 1.30E-07 2.51E-05 7.88E-05

Uranium 1.05E-02 2.60E-07 5.13E-06 1.61E-05

Average-
Case

Worst-Case

Total Dose (rem/yr) 5.42E-05 1.70E-04

Cancer Risk yr-1 2.71E-08 8.50E-08

Average-Case Consumption (EPA 1997a, General Population)

20.1 g/day = number of grams per day ingested

5.1456 g/day = number of grams per day dry weight ingested

Worst-Case Consumption (EPA 1997a, General Population)

= number of grams per day ingested63 g/day

16.128 g/day = number of grams per day dry weight ingested

Dry/Wet Weight Fraction (Fresquez and Ferenbaugh 1998)

0.256 unitless = LANL dry/wet weight ratio in fish 1990–1995

Exposure Duration

365 days = 1 yr exposure duration

Uranium Conversion U= 1.48E-02 µg/g

pCi U isotope/g = µg total uranium/g X RMA X SA X CF

RMA = relative mass abundance (g isotope per g total U)

SA = specific activity (pCi/g)

CF = conversion factor (1E-06 g/µg) RMA SA CF

U-238= 4.92E-03 pCi/g 9.93E-01 3.35E+05 1.00E-06

U-235= 2.30E-04 pCi/g 7.20E-03 2.16E+06 1.00E-06

U-234= 5.36E-03 pCi/g 5.80E-05 6.24E+09 1.00E-06

Total U Activity = 1.05E-02 pCi/g
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LANL SWEIS

ts 
TABLE  D.3.3–35.—Ingestion of Fruits and Vegetables for Off-Site Los Alamos County Residen
(Note:  Includes Los Alamos and White Rock Data for Homegrown and Regional Data for 

Store-Bought, Foodstuffs Database 1990–1994, see Table D.3.5–6)

ANALYTE
HOMEGROWN  

95% UCL
(pCi/g)

STORE-
BOUGHT  95% 

UCL 
(pCi/g)

DOSE 
CONVERSION 

FACTOR
(rem/pCi)

AVERAGE-
CASE DOSE
(rem/year)

WORST-CASE 
DOSE

(rem/year)

FRUITS

Cesium-137 4.87E-01 2.67E-01 5.00E-08 2.08E-04 8.12E-04

Plutonium-238 9.69E-04 4.15E-04 3.80E-06 2.67E-05 1.08E-04

Plutonium-239 9.87E-03 6.50E-04 4.30E-06 1.43E-04 7.16E-04

Strontium-90 1.22E-01 7.30E-02 1.30E-07 1.44E-04 5.56E-04

Tritium1 9.14E+00 9.34E-01 6.30E-11 1.23E-05 5.91E-05

Uranium 3.20E-02 2.88E-02 2.60E-07 1.02E-04 3.77E-04

VEGETABLES

Cesium-137 4.40E-01 3.47E-01 5.00E-08 3.13E-04 7.55E-04

Plutonium-238 6.46E-04 4.22E-04 3.80E-06 3.07E-05 7.64E-05

Plutonium-239 7.59E-03 1.17E-03 4.30E-06 2.02E-04 6.32E-04

Strontium-90 3.41E-01 1.06E-01 1.30E-07 3.62E-04 1.02E-03

Tritium1 1.13E+00 7.91E-01 6.30E-11 5.28E-06 1.30E-05

Uranium 8.02E-03 1.89E-02 2.60E-07 7.11E-05 1.49E-04

1 95% UCL concentration in % of food that is water

Fruit Fruit Vegetables Vegetables

Average-Case Worst-Case Average-Case Worst-Case

Total Dose 
(rem/yr)

6.36E-04 2.63E-03 9.84E-04 2.65E-03

Cancer Risk yr-1 3.18E-07 1.31E-06 4.92E-07 1.32E-06

Average-Case Consumption (EPA 1997a, Table 9-3; 9-4)

3.40 g/kg-day = grams of fruit  ingested per day per kg body wt.

0.15 fraction = % of grams of fruit  ingested per day as dry-wt.

0.20 fraction = % homegrown (EPA 1989)

4.30 g/kg-day = grams of vegetables ingested per day per kg body wt.

0.15 fraction = % of grams of vegetables ingested per day as dry-wt.

0.25 fraction = % homegrown (EPA 1989)

Worst-Case Consumption (EPA 1997a, Table 9-3; 9-4)

12.40 g/kg-day = grams of fruit  ingested per day per kg body wt.

0.15 fraction = % of grams of fruit  ingested per day as dry-wt.

0.30 fraction = % homegrown (EPA 1989)

10.00 g/kg-day = grams of vegetables ingested per day per kg body wt.

0.15 fraction = % of grams of vegetables ingested per day as dry-wt.

0.40 fraction = % homegrown (EPA 1989)
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ts 
Exposure Duration

365 days = 1 yr exposure duration

(Note: Dry weight fractions are from Fresquez and Ferenbaugh 1998.)

Fruit Tritium Conversion

HG SB HG H3= 9.14 pCi/mL

pCi/g of Tritium = pCi/mL tritium X mL/g of water SB H3= 9.34E-01 pCi/mL

water density = 1 1 g/mL

Tritium Activity = 9.14 0.934 pCi/g

Vegetable Tritium Conversion

HG SB HG H3= 1.13 pCi/mL

pCi/g of Tritium = pCi/mL tritium X mL/g of water SB H3= 7.91E-01 pCi/mL

water density = 1 1 g/mL

Tritium Activity = 1.13 0.791 pCi/g

Fruit Uranium Conversion HG U= 4.50E-02 µg/g

SB U= 4.06E-02 µg/g

pCi U isotope/g fruit = µg total uranium/g fruit X RMA X SA X CF

RMA = relative mass abundance (g isotope per g total U)

SA = specific activity (pCi/g)

CF = conversion factor (1E-06 g/µg)

Homegrown Store-Bought RMA SA CF

U-238= 1.50E-02 1.35E-02 9.93E-01 3.35E+05 1.00E-06

U-235= 7.00E-04 6.31E-04 7.20E-03 2.16E+06 1.00E-06

U-234= 1.63E-02 1.47E-02 5.80E-05 6.24E+09 1.00E-06

Total U Activity = 3.20E-02 2.88E-02 pCi/g

Vegetable Uranium Conversion HG U= 1.13E-02 µg/g

SB U= 2.66E-02 µg/g

pCi U isotope/g vegetable = µg total uranium/g vegetable X RMA X SA X CF

RMA = relative mass abundance (g isotope per g total U)

SA = specific activity (pCi/g)

CF = conversion factor (1E-06 g/µg)

Homegrown Store-Bought RMA SA CF

U-238= 3.76E-03 8.85E-03 9.93E-01 3.35E+05 1.00E-06

U-235= 1.76E-04 4.14E-04 7.20E-03 2.16E+06 1.00E-06

U-234= 4.09E-03 9.63E-03 5.80E-05 6.24E+09 1.00E-06

Total U Activity = 8.02E-03 1.89E-02 pCi/g

TABLE  D.3.3–35.—Ingestion of Fruits and Vegetables for Off-Site Los Alamos County Residen
(Note:  Includes Los Alamos and White Rock Data for Homegrown and Regional Data for 

Store-Bought, Foodstuffs Database 1990–1994, see Table D.3.5–6)-Continued
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Intermediate Step Calculation (Assumes a body wt. of 71.8 kg)

Fruit HG
Average-Case

Dose (rem/year)

SB          
Average-Case 

Dose (rem/year)

HG            
Worst-Case 

Dose (rem/year)

SB                
Worst-Case 

Dose (rem/year)

Cesium-137 6.51E-05 1.43E-04 3.56E-04 4.56E-04

Plutonium-238 9.84E-06 1.69E-05 5.38E-05 5.38E-05

Plutonium-239 1.13E-04 2.99E-05 6.21E-04 9.54E-05

Strontium-90 4.24E-05 1.01E-04 2.32E-04 3.24E-04

Tritium1 8.72E-06 3.57E-06 4.77E-05 1.14E-05

Uranium 2.22E-05 8.02E-05 1.21E-04 2.56E-04

Vegetables HG
Average-Case

Dose (rem/year)

SB          
Average-Case 

Dose (rem/year)

HG            
Worst-Case 

Dose (rem/year)

SB                
Worst-Case 

Dose (rem/year)

Cesium-137 9.30E-05 2.20E-04 3.46E-04 4.09E-04

Plutonium-238 1.04E-05 2.03E-05 3.86E-05 3.78E-05

Plutonium-239 1.38E-04 6.38E-05 5.13E-04 1.19E-04

Strontium-90 1.87E-04 1.75E-04 6.97E-04 3.25E-04

Tritium1 1.70E-06 3.58E-06 6.34E-06 6.66E-06

Uranium 8.82E-06 6.23E-05 3.28E-05 1.16E-04

TABLE  D.3.3–35.—Ingestion of Fruits and Vegetables for Off-Site Los Alamos County Residen
(Note:  Includes Los Alamos and White Rock Data for Homegrown and Regional Data for 

Store-Bought, Foodstuffs Database 1990–1994, see Table D.3.5–6)-Continued
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Human Health
TABLE  D.3.3–39.—Ingestion of Fruits and Vegetables for Off-Site Non-Los Alamos County 
Residents (Note:  Includes San Ildefonso Data for Homegrown and Regional Data for 

Store-Bought, Foodstuffs Database 1990–1994, see Table D.3.5–6)

ANALYTE
HOMEGROWN  

95% UCL
(pCi/g)

STORE-
BOUGHT  
95% UCL

(pCi/g)

DOSE 
CONVERSION 

FACTOR
(rem/pCi)

AVERAGE-
CASE DOSE
(rem/year)

WORST-
CASE DOSE
(rem/year)

FRUITS

Cesium-137 1.81E-01 2.67E-01 5.00E-08 1.67E-04 5.88E-04

Plutonium-238 2.12E-04 4.15E-04 3.80E-06 1.90E-05 6.56E-05

Plutonium-239 1.79E-03 6.50E-04 4.30E-06 5.05E-05 2.08E-04

Strontium-90 8.41E-02 7.30E-02 1.30E-07 1.31E-04 4.84E-04

Tritium1 7.57E-01 9.34E-01 6.30E-11 4.29E-06 1.53E-05

Uranium 5.52E-03 2.88E-02 2.60E-07 8.40E-05 2.77E-04

VEGETABLES

Cesium-137 1.99E+00 3.47E-01 5.00E-08 6.40E-04 1.97E-03

Plutonium-238 2.80E-03 4.22E-04 3.80E-06 6.53E-05 2.05E-04

Plutonium-239 7.92E-04 1.17E-03 4.30E-06 7.82E-05 1.72E-04

Strontium-90 2.83E-01 1.06E-01 1.30E-07 3.30E-04 9.04E-04

Tritium1 1.14E+00 7.91E-01 6.30E-11 5.30E-06 1.31E-05

Uranium 1.41E-01 1.89E-02 2.60E-07 2.17E-04 6.91E-04

1 95% UCL concentration in % of food that is water

Fruit Fruit Vegetables Vegetables

Average-Case Worst-Case Average-Case Worst-Case

Total Dose (rem/yr) 4.55E-04 1.64E-03 1.34E-03 3.96E-03

Cancer Risk yr-1 2.28E-07 8.19E-07 6.68E-07 1.98E-06

Average-Case Consumption (EPA 1997a, Table 9-3; 9-4)

3.40 g/kg-day = grams of fruit  ingested per day per kg body wt.

0.15 fraction = % of grams of fruit  ingested per day as dry-wt.

0.20 fraction = % homegrown (EPA 1989)

4.30 g/kg-day = grams of vegetables ingested per day per kg body wt.

0.15 fraction = % of grams of vegetables ingested per day as dry-wt.

0.25 fraction = % homegrown (EPA 1989)

Worst-Case Consumption (EPA 1997a, Table 9-3; 9-4)

12.40 g/kg-day = grams of fruit  ingested per day per kg body wt.

0.15 fraction = % of grams of fruit  ingested per day as dry-wt.

0.30 fraction = % homegrown (EPA 1989)

10.00 g/kg-day = grams of vegetables ingested per day per kg body wt.

0.15 fraction = % of grams of vegetables ingested per day as dry-wt.

0.40 fraction = % homegrown (EPA 1989)
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LANL SWEIS
Exposure Duration

365 days = 1 yr exposure duration

(Note: Dry weight fractions are from Fresquez and Ferenbaugh 1998.)

Fruit Tritium Conversion

HG SB HG H3= 7.57E-01 pCi/mL

pCi/g of Tritium = pCi/mL tritium X mL/g of water SB H3= 9.34E-01 pCi/mL

water density = 1 1 g/mL

Tritium Activity = 0.757 0.934 pCi/g

Vegetable Tritium Conversion

HG SB HG H3= 1.14 pCi/mL

pCi/g of Tritium = pCi/mL tritium X mL/g of water SB H3= 7.91E-01 pCi/mL

water density = 1 1 g/mL

Tritium Activity = 1.14 0.791 pCi/g

Fruit Uranium Conversion HG U= 7.78E-03 µg/g

SB U= 4.06E-02 µg/g

pCi U isotope/g fruit  = µg total uranium/g fruit X RMA X SA X CF

RMA = relative mass abundance (g isotope per g total U)

SA = specific activity (pCi/g)

CF = conversion factor (1E-06 g/µg)

Homegrown Store-Bought RMA SA CF

U-238= 2.59E-03 1.35E-02 9.93E-01 3.35E+05 1.00E-06

U-235= 1.21E-04 6.31E-04 7.20E-03 2.16E+06 1.00E-06

U-234= 2.82E-03 1.47E-02 5.80E-05 6.24E+09 1.00E-06

Total U Activity = 5.52E-03 2.88E-02 pCi/g

Vegetable Uranium Conversion HG U= 1.98E-01 µg/g

SB U= 2.66E-02 µg/g

pCi U isotope/g vegetable = µg total uranium/g vegetable X RMA X SA X CF

RMA = relative mass abundance (g isotope per g total U)

SA = specific activity (pCi/g)

CF = conversion factor (1E-06 g/µg)

Homegrown Store-Bought RMA SA CF

U-238= 6.59E-02 8.85E-03 9.93E-01 3.35E+05 1.00E-06

U-235= 3.08E-03 4.14E-04 7.20E-03 2.16E+06 1.00E-06

U-234= 7.17E-02 9.63E-03 5.80E-05 6.24E+09 1.00E-06

Total U Activity = 1.41E-01 1.89E-02 pCi/g

TABLE  D.3.3–39.—Ingestion of Fruits and Vegetables for Off-Site Non-Los Alamos County 
Residents (Note:  Includes San Ildefonso Data for Homegrown and Regional Data for 

Store-Bought, Foodstuffs Database 1990–1994, see Table D.3.5–6)-Continued
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Human Health
Intermediate Step Calculation Body wt. kg = 71.8

Fruit HG
Average-Case 

Dose
(rem/year)

SB         
Average-Case 

Dose
(rem/year)

HG            
Worst-Case 

Dose
(rem/year)

SB                
Worst-Case 

Dose 
(rem/year)

Cesium-137 2.42E-05 1.43E-04 1.32E-04 4.56E-04

Plutonium-238 2.15E-06 1.69E-05 1.18E-05 5.38E-05

Plutonium-239 2.06E-05 2.99E-05 1.13E-04 9.54E-05

Strontium-90 2.92E-05 1.01E-04 1.60E-04 3.24E-04

Tritium1 7.22E-07 3.57E-06 3.95E-06 1.14E-05

Uranium 3.84E-06 8.02E-05 2.10E-05 2.56E-04

Vegetables HG
Average-Case 

Dose
(rem/year)

SB         
Average-Case 

Dose
(rem/year)

HG            
Worst-Case 

Dose
(rem/year)

SB                
Worst-Case 

Dose
(rem/year)

Cesium-137 4.20E-04 2.20E-04 1.56E-03 4.09E-04

Plutonium-238 4.50E-05 2.03E-05 1.67E-04 3.78E-05

Plutonium-239 1.44E-05 6.38E-05 5.36E-05 1.19E-04

Strontium-90 1.55E-04 1.75E-04 5.78E-04 3.25E-04

Tritium1 1.72E-06 3.58E-06 6.40E-06 6.66E-06

Uranium 1.54E-04 6.23E-05 5.75E-04 1.16E-04

TABLE  D.3.3–39.—Ingestion of Fruits and Vegetables for Off-Site Non-Los Alamos County 
Residents (Note:  Includes San Ildefonso Data for Homegrown and Regional Data for 

Store-Bought, Foodstuffs Database 1990–1994, see Table D.3.5–6)-Continued
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r 
TABLE  D.3.3–41.—Ingestion of Milk for Off-Site Residents (Note:  Includes Albuquerque Data fo
Los Alamos County and Nambe Data for Non-Los Alamos County Resident, Foodstuffs 

Database 1990–1994, see Table D.3.5–6)

ANALYTE
MEAN 1

(pCi/L)

DOSE 
CONVERSION 

FACTOR
(rem/pCi)

AVERAGE-
CASE DOSE
(rem/year)

WORST-
CASE DOSE
(rem/year)

LOS ALAMOS  COUNTY

Cesium-137 2.41E+00 5.00E-08 1.32E-05 3.52E-05

Iodine-131 1.00E+01 5.30E-08 5.80E-05 1.55E-04

Plutonium-238 0.00E+00 3.80E-06 0.00E+00 0.00E+00

Plutonium-239 0.00E+00 4.30E-06 0.00E+00 0.00E+00

Strontium-90 0.00E+00 1.30E-07 0.00E+00 0.00E+00

Tritium 0.00E+00 6.30E-11 0.00E+00 0.00E+00

Uranium 7.10E-02 2.60E-07 2.02E-06 5.39E-06

NON-LOS ALAMOS  COUNTY

Cesium-137 3.10E+00 5.00E-08 1.70E-05 4.53E-05

Iodine-131 4.70E+00 5.30E-08 2.73E-05 7.27E-05

Plutonium-238 3.00E-03 3.80E-06 1.25E-06 3.33E-06

Plutonium-239 0.00E+00 4.30E-06 0.00E+00 0.00E+00

Strontium-90 0.00E+00 1.30E-07 0.00E+00 0.00E+00

Tritium 1.00E+02 6.30E-11 6.90E-07 1.84E-06

Uranium 1.70E-01 2.60E-07 4.85E-06 1.29E-05

1 95% UCL concentration not available, value not converted from % moisture or dry/wet weight

LOS ALAMOS  
COUNTY

LOS ALAMOS  
COUNTY

NON- LOS 
ALAMOS  
COUNTY

NON-LOS 
ALAMOS  
COUNTY

Average-Case Worst-Case Average-Case Worst-Case

Total Dose (rem/yr) 7.33E-05 1.95E-04 5.10E-05 1.36E-04

Cancer Risk yr-1 3.66E-08 9.77E-08 2.55E-08 6.81E-08

Average-Case Consumption (EPA 1997a, Table 3-26, pg. 3-23)

0.30 L/day = number of liters of milk ingested per day

Worst-Case Consumption (EPA 1997a, Table 3-26, pg. 3-23)

0.80 L/day = number of liters of milk ingested per day

(NOTE:  assumes pregnant woman ingestion rate)

Exposure Duration

365 days = 1 yr exposure duration
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r 
Los Alamos County Uranium 
Conversion

U= 1.00E-01 µg/L

pCi U isotope/L milk = µg total uranium/L milk X RMA X SA X CF

RMA = relative mass abundance (g isotope per g total U)

SA = specific activity (pCi/g)

CF = conversion factor (1E-06 g/µg) RMA SA CF

U-238= 3.33E-02 pCi/L 9.93E-01 3.35E+05 1.00E-06

U-235= 1.56E-03 pCi/L 7.20E-03 2.16E+06 1.00E-06

U-234= 3.62E-02 pCi/L 5.80E-05 6.24E+09 1.00E-06

Total U Activity = 7.10E-02 pCi/L

Non-Los Alamos County Uranium 
Conversion

U= 2.40E-01 µg/L

pCi U isotope/L milk = µg total uranium/L milk X RMA X SA X CF

RMA = relative mass abundance (g isotope per g total U)

SA = specific activity (pCi/g)

CF = conversion factor (1E-06 g/µg) RMA SA CF

U-238= 7.98E-02 pCi/L 9.93E-01 3.35E+05 1.00E-06

U-235= 3.73E-03 pCi/L 7.20E-03 2.16E+06 1.00E-06

U-234= 8.69E-02 pCi/L 5.80E-05 6.24E+09 1.00E-06

Total U Activity = 1.70E-01 pCi/L

TABLE  D.3.3–41.—Ingestion of Milk for Off-Site Residents (Note:  Includes Albuquerque Data fo
Los Alamos County and Nambe Data for Non-Los Alamos County Resident, Foodstuffs 

Database 1990–1994, see Table D.3.5–6)-Continued
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TABLE  D.3.3–42.—Ingestion of Fish for a Special Pathway Receptor (Note:  Includes all Game and 
Nongame Fish from Abiquiu and Cochiti, Foodstuffs Database 1990–1994, see Table D.3.5–9)

ANALYTE
95% UCL

(pCi/g ) 
dry wt.

DOSE 
CONVERSION 

FACTOR
(rem/pCi)

AVERAGE-
CASE DOSE
(rem/year)

WORST-CASE 
DOSE

(rem/year)

Cesium-137 2.36E-01 5.00E-08 7.72E-05 1.87E-04

Plutonium-238 8.22E-05 3.80E-06 2.04E-06 4.96E-06

Plutonium-239 1.50E-04 4.30E-06 4.22E-06 1.02E-05

Strontium-90 1.03E-01 1.30E-07 8.76E-05 2.13E-04

Uranium 1.05E-02 2.60E-07 1.79E-05 4.34E-05

Average-Case Worst-Case

Total Dose (rem/yr) 1.89E-04 4.59E-04

Cancer Risk yr-1 9.44E-08 2.29E-07

Average-Case Consumption (EPA 1997a, Native American Subsistence)

70 g/day = number of grams per day ingested

17.92 g/day = number of grams per day dry weight ingested

Worst-Case Consumption (EPA 1997a, Native American Subsistence)

170 g/day = number of grams per day ingested

43.52 g/day = number of grams per day dry weight ingested

Dry/Wet Weight Fraction (Fresquez and Ferenbaugh 1998)

0.256 unitless = LANL dry/wet weight ratio in fish 1990–1995

Exposure Duration

365 days = 1 yr exposure duration

Uranium Conversion U= 1.48E-02 µg/g

pCi U isotope/g = µg total uranium/g X RMA X SA X CF

RMA = relative mass abundance (g isotope per g total U)

SA = specific activity (pCi/g)

CF = conversion factor (1E-06 g/µg) RMA SA CF

U-238= 4.92E-03 pCi/g 9.93E-01 3.35E+05 1.00E-06

U-235= 2.30E-04 pCi/g 7.20E-03 2.16E+06 1.00E-06

U-234= 5.36E-03 pCi/g 5.80E-05 6.24E+09 1.00E-06

Total U Activity = 1.05E-02 pCi/g
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TABLE  D.3.3–44.—Ingestion of Elk for a Special Pathway Receptor 
(Note:  Includes Elk from Chama, Lindreth, and Tres Piedras, Fresquez et al. 1994, 

see Table D.3.5–13)

ANALYTE

HEART     
95% UCL

(pCi/g)
dry wt.

LIVER     95% 
UCL

 (pCi/g) 
dry wt.

DOSE 
CONVERSION 

FACTOR
(rem/pCi)

HEART        
AVERAGE-
CASE DOSE
(rem/year)

LIVER      
AVERAGE-
CASE DOSE
(rem/year)

Cesium-137 6.79E-02 5.96E-01 5.00E-08 1.48E-06 2.27E-05

Plutonium-238 0.00E+00 7.50E-05 3.80E-06 0.00E+00 2.17E-07

Plutonium-239 6.55E-04 9.50E-05 4.30E-06 1.23E-06 3.11E-07

Strontium-90 6.50E-03 8.20E-03 1.30E-07 3.68E-07 8.12E-07

Uranium 3.47E-02 1.60E-02 2.60E-07 3.93E-06 3.18E-06

Heart      
Average-Case

Liver      
Average-Case

Total Dose (rem/yr) 7.01E-06 2.72E-05

Cancer Risk yr-1 3.51E-09 1.36E-08

Heart Average-Case Consumption (Fresquez et al. 1994)

3.98 g/day = number of grams per day ingested (at 3.2 lbs/yr)

1.194 g/day = number of grams per day dry weight ingested

Liver Average-Case Consumption (Fresquez et al. 1994)

6.96 g/day = number of grams per day ingested (at 5.6 lbs/yr)

2.088 g/day = number of grams per day dry weight ingested

Dry/Wet Weight Fraction (Fresquez and Ferenbaugh 1998)

0.3 unitless =LANL dry/wet weight ratio

Exposure Duration

365 days = 1 yr exposure duration

Uranium Conversion Heart U= 4.89E-02 µg/g

Liver U= 2.26E-02 µg/g

pCi U isotope/g = µg total uranium/g X RMA X SA X CF

RMA = relative mass abundance (g isotope per g total U)

SA = specific activity (pCi/g)

CF = conversion factor (1E-06 g/µg)

Heart Liver RMA SA CF

U-238= 1.63E-02 7.52E-03 9.93E-01 3.35E+05 1.00E-06

U-235= 7.60E-04 3.51E-04 7.20E-03 2.16E+06 1.00E-06

U-234= 1.77E-02 8.18E-03 5.80E-05 6.24E+09 1.00E-06

Total U Activity (pCi/g) = 3.47E-02 1.60E-02
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TABLE  D.3.3–45.—Ingestion of Herbal Tea (Cota) for Special Pathway Receptors 
(Note:  Includes Data from San Ildefonso, LANL 1997, see Table D.3.5-14)

ANALYTE
95% UCL

(pCi/L)

DOSE 
CONVERSION 

FACTOR
(rem/pCi)

AVERAGE-
CASE DOSE
(rem/year)

WORST-
CASE DOSE
(rem/year)

Americium-241 7.30E-02 4.50E-06 7.00E-05 2.43E-04

Cesium-137 5.30E+01 5.00E-08 5.65E-04 1.96E-03

Plutonium-238 2.80E-02 3.80E-06 2.27E-05 7.88E-05

Plutonium-239 2.20E-02 4.30E-06 2.02E-05 7.01E-05

Strontium-90 1.20E+00 1.30E-07 3.33E-05 1.16E-04

Tritium 1.60E+02 6.30E-11 2.15E-06 7.47E-06

Uranium 6.46E-01 2.60E-07 3.58E-05 1.24E-04

Average-Case Worst-Case

Total Dose (rem/yr) 7.49E-04 2.60E-03

Cancer Risk yr-1 3.74E-07 1.30E-06

Average-Case Consumption (EPA 1997a, pg 3-16, Table 3-18)

0.58 L/day = mean number of liters per day ingested

Worst-Case Ingestion (EPA 1997a, pg 3-16, Table 3-18)

2.03 L/day = 99% number of liters per day ingested

Exposure Duration

365 days = 1 yr exposure duration

Uranium Conversion U= 9.10E-01 µg/L

pCi U isotope/L water = µg total uranium/L water X RMA X SA X CF

RMA = relative mass abundance (g isotope per g total U)

SA = specific activity (pCi/g)

CF = conversion factor (1E-06 g/µg) RMA SA CF

U-238= 3.03E-01 pCi/L 9.93E-01 3.35E+05 1.00E-06

U-235= 1.42E-02 pCi/L 7.20E-03 2.16E+06 1.00E-06

U-234= 3.29E-01 pCi/L 5.80E-05 6.24E+09 1.00E-06

Total U Activity = 6.46E-01 pCi/L
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TABLE  D.3.3–46.—Ingestion of Radionuclides in Vegetables Grown in Contaminated Soil for 
Comparison Purposes (No Receptor Identified) (Note:  On-Site Los Alamos Canyon Data for Pinto 

Beans, Sweet Corn, and Zucchini Squash, Fresquez et al. 1997, see Table D.3.5–15)

ANALYTE
WEIGHTED 1       

95% UCL
(pCi/g)

DOSE 
CONVERSION 

FACTOR
(rem/pCi)

AVERAGE-
CASE DOSE
(rem/year)

WORST-
CASE DOSE
(rem/year)

Americium-241 1.68E-04 4.50E-06 8.50E-05 1.98E-04

Cesium-137 1.47E+00 5.00E-08 8.26E-03 1.92E-02

Plutonium-238 1.90E-04 3.80E-06 8.12E-05 1.89E-04

Plutonium-239 5.21E-05 4.30E-06 2.53E-05 5.88E-05

Strontium-90 4.52E+00 1.30E-07 6.63E-02 1.54E-01

Tritium2 1.10E+00 6.30E-11 7.79E-06 1.81E-05

Uranium 6.92E-04 2.60E-07 2.03E-05 4.72E-05

1 Values represent the 95% UCL of the mean of the individual isotopic means for the three vegetable types, 
weighted by the appropriate dry weight fractions: Pinto Beans, 0.64; Sweet Corn, 0.26; and Zucchini Squash, 
0.049 (Fresquez and Ferenbaugh 1998).

2 95% UCL concentration in % of food that is water, also corrected for the water fractions.

Vegetables Vegetables

Average-Case Worst-Case

Total Dose (rem/yr) 7.48E-02 1.74E-01

Cancer Risk yr-1 3.74E-05 8.69E-05

Average-Case Ingestion (EPA 1997a, Table 9-3; 9-4)

4.30 g/kg-day = grams of vegetables ingested per day per kg body wt.

Worst-Case Ingestion (EPA 1997a, Table 9-3; 9-4)

10.00 g/kg-day = grams of vegetables ingested per day per kg body wt.

Exposure Duration

365 days = 1 yr exposure duration

Vegetable Tritium Conversion H3= 1.097 pCi/mL

pCi/g of Tritium = pCi/mL tritium X mL/g of water

water density = 1 g/mL

Tritium Activity = 1.097 pCi/g

Vegetable Uranium Conversion U= 9.75E-04 µg/g

pCi U isotope/g vegetable = µg total uranium/g vegetable X RMA X SA X CF

RMA = relative mass abundance (g isotope per g total U)

SA = specific activity (pCi/g)

CF = conversion factor (1E-06 g/µg)

RMA SA CF

U-238= 3.24E-04 pCi/g 9.93E-01 3.35E+05 1.00E-06

U-235= 1.52E-05 pCi/g 7.20E-03 2.16E+06 1.00E-06

U-234= 3.53E-04 pCi/g 5.80E-05 6.24E+09 1.00E-06

Total U Activity = 6.92E-04 pCi/g
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TABLE  D.3.3–50.—Ingestion of Pinyon Nuts for a Non-Los Alamos County Resident and a Spec
Pathway Receptor (Note:  Non-Los Alamos County includes Pinyon Nuts from Santa Fe, Nam
and Abiquiu.  Special Pathway includes Pinyon Nuts from LANL TA–15, TA–18, TA–21/53, TA–4

TA–2, and TA–54, 1979, Salazar 1979, see Table D.3.5–16)

ANALYTE

NON-LOS 
ALAMOS 
COUNTY     
95% UCL 

(pCi/g)
dry wt.

SPECIAL 
PATHWAY     
95% UCL 

(pCi/g)
dry wt.

DOSE 
CONVERSION 

FACTOR
(rem/pCi)

NON-LOS 
ALAMOS 
COUNTY      

AVERAGE-
CASE DOSE
(rem/year)

SPECIAL 
PATHWAY   
AVERAGE-
CASE DOSE
(rem/year)

Beryllium-7 1.40E-01 2.80E-02 1.10E-10 1.39E-09 2.77E-10

Cesium-137 2.00E-02 2.40E-02 5.00E-08 9.00E-08 1.08E-07

Plutonium-238 1.70E-02 3.80E-06 5.81E-06

Plutonium-239 1.30E-02 2.70E-01 4.30E-06 5.03E-06 1.04E-04

Strontium-90 2.30E-01 9.20E-01 1.30E-07 2.69E-06 1.08E-05

Tritium1 5.70E+00 2.80E+01 6.30E-11 5.06E-07 2.49E-06

Uranium 5.68E-02 5.54E-01 2.60E-07 1.33E-06 1.30E-05

1 Tritium is determined for the percent that is water.
Special pathway tritium is affected by tritium-contaminated soil.

NON-LOS 
ALAMOS  
COUNTY

SPECIAL  PATH

Total Dose (rem/yr) 1.55E-05 1.31E-04

Cancer Risk yr-1 7.73E-09 6.54E-08

Non-Los Alamos County Average-Case Consumption (Salazar 1979)

1500 g/yr = number of grams ingested per year

Special Pathway Average-Case Consumption (Salazar 1979)

1500 g/yr = number of grams ingested per year

Dry/Wet Weight Fraction (Salazar 1979)

0.06 unitless = dry/wet weight ratio (mean of 90% to 98% water content)

Tritium Conversion Non-Los Alamos County H3= 5.7 pCi/mL

Special Pathway H3= 28 pCi/mL

pCi/g of Tritium = pCi/mL tritium X mL/g of water

water density = 1 g/mL

Non-Los 
Alamos 
County Spec. Path.

Tritium Activity = 5.7 28 pCi/g
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Uranium Conversion Non-Los Alamos County U= 8.00E-02 µg/g

Special Pathway U= 7.80E-01 µg/g

pCi U isotope/g = µg total uranium/g X RMA X SA X CF

RMA = relative mass abundance (g isotope per g total U)

SA = specific activity (pCi/g)

CF = conversion factor (1E-06 g/µg)

Non-LAC Spec. Path. RMA SA CF

U-238= 2.66E-02 2.59E-01 9.93E-01 3.35E+05 1.00E-06

U-235= 1.24E-03 1.21E-02 7.20E-03 2.16E+06 1.00E-06

U-234= 2.90E-02 2.82E-01 5.80E-05 6.24E+09 1.00E-06

Total U  (pCi/g) = 5.68E-02 5.54E-01

TABLE  D.3.3–50.—Ingestion of Pinyon Nuts for a Non-Los Alamos County Resident and a Spec
Pathway Receptor (Note:  Non-Los Alamos County includes Pinyon Nuts from Santa Fe, Nam
and Abiquiu.  Special Pathway includes Pinyon Nuts from LANL TA–15, TA–18, TA–21/53, TA–4

TA–2, and TA–54, 1979, Salazar 1979, see Table D.3.5–16)-Continued
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D.3.4 Comparison of 
Concentrations of Selected 
Radionuclides and Metals in 
Regional and LANL 
Perimeter/On-Site Samples of 
Environmental Media

Table D.3.4–1 summarizes an analysis of
differences between samples taken on site or at
the perimeter of LANL versus those taken in the
general region of northern New Mexico. (The
network of annual sampling stations for surface
water, groundwater, and sediment surveillance
includes a set of regional [or background]
stations and a group of stations near or within
the LANL boundary—these data are addressed
in section D.3.5 and are provided in
appendix C.)  The concentrations of plutonium-
239 were found to be elevated from that of the
region in the media at the perimeter of LANL.
Values for fruits grown on site, honey from on-
site TAs, and deer (road kills) on site showed
elevated plutonium-239 concentrations.  These
foodstuffs are not consumed, but were collected
to determine concentrations in biological media
in known contaminated areas of the LANL
reservation.

D.3.4.1 Arsenic

For most people, the primary mode of arsenic
exposure is from food and water consumption.
The average ingestion rate for members of the
public is about 25 to 50 micrograms per day in
food alone (ATSDR 1989 and EPA 1997b).
Typically, exposure from water is less.  The
estimated maximum exposures (95th percentile)
to arsenic from ingestion near LANL are:

• Store-bought vegetables (Table D.3.3–37):  
approximately 31 micrograms per day

• On-site fruit (not consumed, Table 
D.3.3–49):  approximately 61 micrograms 
per day

• Fish (special pathways consumption rate,
Table D.3.3–43):  approximately 
68 micrograms per day

• Surface waters (Table D.3.3–8):  
approximately 0.24 microgram per day

• NPDES discharge (Table D.3.3–12):  
approximately 0.62 microgram per day

• Groundwater (Los Alamos supply, 
Table D.3.3–2):  approximately 
98 micrograms per day

• Groundwater (San Ildefonso supply, 
Table D.3.3–6):  approximately 53 
micrograms per day

The primary source of arsenic in food and wat
sources in the LANL area are naturall
occurring in soil and basalt minerals and a
almost entirely inorganic in form (LANL 1997)
The concentrations of arsenic in groundwat
supply wells are not significantly differen
between  Los Alamos and San Ildefons
(appendix C).

The main uses of arsenic in the U.S. are 
pesticide formulation.  LANL does not utilize
arsenic in manufacturing levels in its resear
and development or processing activitie
Arsenic is known to be beneficial or necessa
for human metabolism in micro-quantitie
(ATSDR 1989).  

When amounts less than 200 to 250 microgra
per day of arsenic are ingested, the human bo
can detoxify the inorganic form of arsenic b
“methylation” (that is, by the addition of methy
groups to the ionic form).  This does provid
protection from toxic effects of inorganic
arsenic.  It does not necessarily protect agai
carcinogenesis.  One hypothesis suggests 
the natural methylation are “stolen” from
deoxyribonucleic acid (DNA) synthesis makin
chromosome damage more probab
(CLAWS 1997). 

The single most characteristic system 
ingestion exposure to inorganic arsenic is
pattern of skin abnormalities including th
D–137
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TABLE  D.3.4–1.—Comparison of Concentrations of Selected Radionuclides and Metals in Regio
and Perimeter or On-Site Media

MEDIUM
NUCLIDE/

METAL

SIGNIFICANT DIFFERENCES IN 
PROPORTION OF SAMPLES 

HAVING ABOVE DETECTION 
CONCENTRATIONS

SIGNIFICANT 
DIFFERENCES IN 

CONCENTRATIONS

Surface Water Cesium-137 NSD NSD

Plutonium-239 Perimeter > Regional Perimeter > Regional

Strontium-90 Regional > Perimeter Perimeter > Regional

Uranium Regional > Perimeter Regional > Perimeter

Arsenic Regional > Perimeter Regional > Perimeter

Beryllium NSD NSD

Lead Regional > Perimeter Regional > Perimeter

Sediment Cesium-137 NSD NSD

Plutonium-239 NSD Perimeter > Regional

Strontium-90 NSD NSD

Uranium NSD NSD

Arsenic NSD NSD

Beryllium NSD NSD

Lead NSD NSD

Groundwater Cesium-137 NSD San Ildefonso Wells > LA 
Supply Wells

Plutonium-239 NSD NSD

Strontium-90 NSD NSD

Uranium NSD NSD

Arsenic San Ildefonso Wells > LA Supply Wells NSD

Beryllium San Ildefonso Wells > LA Supply Wells San Ildefonso Wells > LA 
Supply Wells

Lead NSD NSD

Soils Cesium-137 NA NSD

Plutonium-239 NA NSD

Strontium-90 NA NSD

Uranium NA NSD

Arsenic NA NSD

Beryllium NA NSD

Lead NA NSD
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Fruit Cesium-137 NA NSD

Plutonium-239 NA Los Alamosa > Neighboring 
Counties > Store Bought

Strontium-90 NA NSD

Uranium NA NSD

Elk Cesium-137 NA NSD

Plutonium-239 NA insufficient data

Strontium-90 NA insufficient data

Uranium NA NSD

Deer Cesium-137 NA NSD

Plutonium-239 NA Los Alamosa > neighboring 
counties

Strontium-90 NA insufficient data

Uranium NA NSD

Honey Tritium NA Los Alamosa > neighboring 
counties

Vegetables Cesium-137 NA NSD

Plutonium-239 NA NSD

Strontium-90 NA NSD

Uranium NA NSD

Arsenic NA NSD

Beryllium NA NSD

Lead NA NSD

Milk Cesium-137 NA NSD

Iodine-131 NA NSD

Plutonium-239 no detects insufficient data

Strontium-90 no detects insufficient data

Tritium no detects insufficient data

Uranium NA NSD

Source:  Tables D.3.3–1 through D.3.3–49, and D.3.5–1 through D.3.5–9.
NSD = No (statistically) significant difference
NA = Not applicable
a These values are for samples collected in known contaminated areas on site.  These foodstuffs are not consumed as home 
and are not allowed to be placed into commerce.

TABLE  D.3.4–1.—Comparison of Concentrations of Selected Radionuclides and Metals in Regio
and Perimeter or On-Site Media-Continued

MEDIUM
NUCLIDE/

METAL

SIGNIFICANT DIFFERENCES IN 
PROPORTION OF SAMPLES 

HAVING ABOVE DETECTION 
CONCENTRATIONS

SIGNIFICANT 
DIFFERENCES IN 

CONCENTRATIONS
D–139
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appearance of dark and light spots on the skin
and small “corns” on the palms, soles, and
trunk.  While these skin changes are not
considered to be a health concern in their own
right, some may progress toward skin cancer.  In
addition, arsenic ingestion has been reported to
increase the risk of certain cancers: liver,
bladder, kidney, and lung.  Organic forms of
arsenic such as that found in fish seem to be less
toxic than inorganic forms (ATSDR 1989).

EPA has recently held public meetings
regarding its activity to develop proposed
National Primary Drinking Water Regulations.
The current Interim Water Primary Standard for
arsenic is 50 micrograms per liter in drinking
water and was established in 1976 to protect
against skin cancer.  This standard was
scheduled for finalization with the other phase II
compounds in 1991.  However, due to new
evidence (from Taiwanese epidemiological
studies) implicating arsenic in the development
of other and more serious internal cancers, the
maximum contaminant level (MCL) for arsenic
was delayed.  

EPA has discussed in public meetings  a new
MCL between 0.5 and 2  micrograms per liter
based on a multistage, linear modeling study of
potential human risk.  Based on this model, a 1
in 1,000,000 cancer risk level would be 2 parts
per billion (2 parts per billion or 2 microgram
per liter).  The groundwater supplies used in Los
Alamos County and San Ildefonso have a 95th

percentile UCL of 40 micrograms per liter and
22 micrograms per liter, respectively, based on
the 1991 to 1996 LANL Environmental
Surveillance Reports.  The concentrations are
lower than the current MCL for arsenic of
50 micrograms per liter.  These concentrations
are in and above the ranges EPA is considering
in the new MCL for arsenic.  While LANL
operations do not affect arsenic risk to the
public, the range of arsenic concentrations in the
region of LANL are in the range that may be
potentially be in the range for carcinogenesis at
a rate in excess of 1 in 1,000,000.  

D.3.4.2 Beryllium

Beryllium is a hard grayish metal that, in natur
is usually found in mineral compounds
especially in coal and in volcanic rock an
weathered volcanic soils.  Some beryllium 
soluble but most is insoluble.  Most so
beryllium-containing minerals have low
solubilities (ATSDR 1993).

Ingestion risks from beryllium are very low, bu
beryllium is a suspected human carcinog
(EPA 1997b).  The oral (ingestion) referenc
dose (RfD) is limited to soluble beryllium salt
and is 5 x 10-3 milligrams per kilograms-day.
The estimated maximum exposure
(95th percentile) from ingestion of tota
beryllium near LANL range from 10-3 to 10-5

milligrams per kilograms-day.  The
concentrations of beryllium in the waters in th
LANL area are in the 1 to 10 micrograms p
liter range.

The primary risk from beryllium is from
inhalation, which can lead to Chronic Beryllium
Disease.  Beryllium workers at LANL are
protected from beryllium in the workplace
under the Guidance for Implementation of DO
Order 440.1 section addressing “Chron
Beryllium Disease Prevention Program.”  Th
potential consequences of beryllium emissio
from HE testing at LANL is discussed in
sections 5.2.6.1 and 5.3.6.1.

D.3.4.3 Lead

Lead is an element found throughout the Earth
crust.  Inorganic lead compounds are much le
toxic than organic lead compounds.  Exposure
primarily by inhalation and ingestion.  Exposur
to environmental media containing lead is th
primary source of elevated blood levels of lea
in children.  Lead-containing paint in the hom
is the principal environmental lead source.  A
levels less than 20 micrograms per deciliter 
the blood of a pregnant woman for even a sh
term (less than 14 days), low birth rate an
D–140



Human Health

e

t

ted
s,
ve
).
A

pe
learning impairment in the infant may occur.
Longer exposures of young children can result
in reduced IQ and slowed growth rates.  Brain
and kidney damage in children can result from
blood levels of lead between 70 and
100 micrograms per deciliter.

Concentrations of lead in soil/sediments and
water are in the range of 10 to 100 milligrams
per kilogram and 1 to 10 micrograms per liter,
respectively.  In Los Alamos County supply
wells, the concentrations of lead are not

significantly different from the oral referenc
dose (1.4 x 10-3 milligrams per kilograms-day).
Lead in environmental media near LANL is no
significantly different from that in the entire
region.  Concentrations of lead are not expec
to be affected by continued LANL operation
even in the Expanded Operations Alternati
for HE testing (sections 5.2.6.1 and 5.3.6.1
Although lead is a suspected carcinogen, EP
has not established an oral or inhalation slo
factor for risk estimation. 
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D.3.5 Data Used in the Human 
Health Analysis

Data used for estimating dose and risk for
various pathways and receptors are provided in
Tables C–1, C–2, C–4, and C–6 in appendix C
as well as the tables included in this section
(Tables D.3.5–1 through D.3.5–16).   These data
were taken from sampling locations that form
the network of monitors on and around LANL.
These data are routinely reported in the LANL
annual environmental surveillance reports (such
as LANL 1994).  

Not all data sets were collected for the same
years.  Each data table in this SWEIS specifies
the years reported.

Environmental restoration site data are
presented in Tables C–8 and C–9 in appendix C.
In general, these were not used to estimate risk
to MEIs because they are in known
contaminated areas that are not subject to public
exposure.  In cases where use of this data was
considered appropriate, the discussion of the
methodology and analysis identified the data
used. 
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TABLE  D.3.5–1.—Location of Foodstuffs and Receptors Used for Consequence Analysis
(ESH–20 Foodstuffs Database, 1990 to 1994)

RECEPTOR MATRIX LOCATION

Los Alamos Resident Elk (Bone) Chama

Elk (Bone) Lindreth

Elk (Bone) Tres Piedras

Elk (Muscle) Chama

Elk (Muscle) Lindreth

Elk (Muscle) Tres Piedras

Fruit Los Alamos

Fruit White Rock

Honey Los Alamos

Honey White Rock

Milk Albuquerque

Vegetable Los Alamos

Vegetable White Rock

Non-Los Alamos Resident Elk (Bone) TA–16/S-Site Road

Elk (Bone) TA–18/Pajarito Road

Elk (Bone) TA–46/Pajarito Road

Elk (Bone) TA–49/State Road 4

Elk (Bone) TA–49/Water Canyon

Elk (Bone) TA–5/Mortandad Canyon

Elk (Muscle) TA–16S-Site Road

Elk (Muscle) TA–18/Pajarito Road

Elk (Muscle) TA–46/Pajarito Road

Elk (Muscle) TA–49/State Road 4

Elk (Muscle) TA–49/Water Canyon

Elk (Muscle) TA–5/Mortandad Canyon

Fish (Game) Cochiti

Fish (Nongame) Cochiti

Fruit San Ildefonso

Honey Pojoaque

Honey San Ildefonso

Milk Nambe

Vegetable San Ildefonso
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On-Site, No Receptor Fruit LANL

Honey TA–15

Honey TA–16

Honey TA–21

Honey TA–33

Honey TA–35

Honey TA–49

Honey TA–5

Honey TA–53

Honey TA–54

Honey TA–8

Honey TA–9

Vegetable LANL

Regional Fish (Game) Abiquiu

Fish (Nongame) Abiquiu

Fruit Cochiti/Peña Blanca/Santo Domingo

Fruit Española/Santa Fe/Jemez

Honey San Pedro

Vegetable Cochiti/Peña Blanca/Santo Domingo

Vegetable Española/Santa Fe/Jemez

TABLE  D.3.5–1.—Location of Foodstuffs and Receptors Used for Consequence Analysis
(ESH–20 Foodstuffs Database, 1990 to 1994)-Continued

RECEPTOR MATRIX LOCATION
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APPENDIX E
CULTURAL RESOURCES

E.1 OVERVIEW

This appendix provides supplemental
information regarding the prehistoric and
historic cultural resources present at LANL,
including traditional cultural properties (TCP),
that may be affected by ongoing and proposed
LANL operations.  Cultural resources are any
prehistoric or historic sites, buildings,
structures, districts, or other places or objects
(including biota of importance) considered to be
important to a culture, subculture, or
community for scientific, traditional, or
religious purposes, or for any other reason.
While not all cultural resources need to be
preserved, those with cultural significance
require identification and protection so that
future generations may be informed and
enriched by the past.

In section E.2, information is presented
regarding the results of previous cultural
resource research in the LANL region.  Section
E.3 provides a summary of the background of
the LANL region that led to a classification
system developed for LANL, based on the
regional cultural context of prehistoric and
historic development on the Pajarito Plateau and
the traditional cultures of the region.  Section
E.4 contains an overview of the major federal
and state regulatory requirements concerning
cultural resources.  Section E.5 contains
information regarding the research methods
employed to identify, document, and assess the
cultural resources likely to be affected by LANL
operations.  Detailed information is provided in
section E.6 on the existing cultural resources
that are protected by the National Historic
Preservation Act (NHPA) (16 U.S.C. §470).
Section E.7 is a list of references used in
conducting this assessment and preparing this
report.

Cultural resources are location-specifi
therefore, the cultural resource study area
defined as the area within LANL’s physica
boundaries and those areas surrounding LAN
that may be potentially affected by LANL
activities.  A broader study area has be
defined for the identification and assessment
TCPs, because the TCP evaluation includes
assessment of historical use and value placed
cultural resources by existing cultural group
with current or ancestral ties to the LANL
region, irrespective of their current locations. 

E.2 PREVIOUS STUDY OF CULTURAL  
RESOURCES IN THE LANL 
REGION

The following subsections contain a history an
summaries of previous studies of cultur
resources in the LANL region.

E.2.1 Studies of Prehistoric 
Resources

The Pajarito Plateau is among the mo
intensively studied archaeological regions in t
U.S. due in part to the density of archaeologic
sites.  Archaeological study began in 1880 wh
Adolph Bandelier visited the Puye ruins an
Rito de los Frijoles, measuring and taking not
on the ruins (Bandelier 1892).  A survey of th
Pajarito Plateau was made by Edgar Lee Hew
in 1896 and the results were published in 19
(Hewett 1904).  In 1916, Hewett helpe
establish Bandelier National Monument (BNM
as one of the first facilities in the region t
protect outstanding archeological ruins (Ste
1977).  

The School of American Archaeology
conducted many field schools at BNM
However, no major reports  resulted from the
E–1
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excavations (Mathien et al. 1993 and Powers
and Orcutt 1988).  In 1935, the National Park
Service (NPS) (which controlled the land on the
Pajarito Plateau outside the BNM) produced a
map of 200 sites on the Ramon Vigil Grant.
Other material from the survey has been lost
(Mathien et al. 1993). 

Archaeological investigations on the Pajarito
Plateau continued after World War II at BNM
(Powers 1988, Caywood 1966, and Powers and
Orcutt 1988), on the Los Alamos Scientific
Laboratory (LASL) (Steen 1982, Worman
1967, and Worman and Steen 1978), and on
privatized land in what is now the city of Los
Alamos and the community of White Rock
(Maxon 1969, Hill and Trierweiler 1986, and
Kohler 1989).  LASL hired archaeologist F.V.
Worman in 1950, and since then, regular
archaeological surveys and excavations have
been made prior to all construction at LASL/
LANL (Mathien et al. 1993, LANL 1986–1995,
Steen 1982).

LASL and LANL archaeologists have
conducted hundreds of site excavations and
surveys and have compiled and published
numerous documents over the past 47 years.
Although approximately 75 percent of LANL
has been archaeologically surveyed (LANL
1995c), the number of cultural resources at
LANL, the complexity of their cultural
affiliations and types, and the manner in which
they have been studied and recorded make
systematic classification difficult.  A cultural
resources bibliography has been compiled for
the Pajarito Plateau (Mathien et al. 1993).  In
addition, the resource records have been
included in a relational database and many
resurveys and refinements have been made to
the original field data (PC 1996).

E.2.2 Studies of Historic Resources 
at LANL

Increased interest in the documentation and
preservation of Nuclear Energy Period

resources has come about since the end of 
Cold War and publishing of the Nationa
Register of Historic Places (NRHP) guidance 
the eligibility of resources less than 50 years o
(U.S. Department of Defense [DOD] 1993 an
NPS 1990).  Citizens of Los Alamos Count
have supported historic preservation efforts th
have focused on the legacy of the Manhatt
Project.  Survey work conducted in Decemb
of 1966 and 1968 resulted in the nomination f
listing on the NRHP of the Los Alamos Histori
District, including Ashley Pond, Fuller Lodge
Central Avenue LANL Administration
Building, Los Alamos County Historical
Museum and Archives, and other Manhatta
Project properties outside the boundaries 
LANL (NMHPD 1995).

While the potential significance of LANL as a
site of outstanding importance in th
development of nuclear energy is recognized 
DOE, the State Historic Preservation Office(
(SHPO), and the LANL Cultural Resource
Management Team, comprehensive surve
have yet to be conducted for Nuclear Ener
Period resources at LANL.  A survey of 28 Co
War Period resources was conducted in 1995
the LANL Cultural Resources Managemen
Team prior to decontamination an
decommissioning of buildings on the S-Si
(TA–16), a critical area of high-explosive
atomic research activity for the Manhatta
Project.  The results of this survey have be
published as an Historic Building Surve
Report (McGehee 1995).  In the report, all 2
buildings were recommended as eligible f
listing in the NRHP because of primary o
secondary contributions to events of exception
international importance. These buildings we
also identified as contributing properties to 
potential World War II and Cold War historic
district at TA–16.  According to McGehee, “A
formal evaluation of the proposed district wi
be included in an overall evaluation an
management document currently being draft
for all historic properties at LANL”
(McGehee 1995).
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E.2.3 Studies of Traditional 
Cultural Properties

Previously conducted TCP studies, identified
during the course of this study, are summarized
below.  One problem encountered in compiling
this review was a lack of comprehensive files
available to researchers conducting
ethnographic research in New Mexico.  There is
no central facility for ethnographic reports or
lists of TCP sites.

In the past 5 years, as laws have changed to
include protection of traditional places, several
studies of TCPs have been conducted in central
and northern New Mexico.  In 1992, the Fence
Lake Ethnographic Study was completed for the
Salt River Project’s proposed Fence Lake Mine
in western New Mexico (Hart and Ferguson
1993).  The Pueblos of Zuni and Acoma, the
Hopi Tribe, and the Ramah Band of the Navajo
Nation participated in this study.  Information
was collected through a literature study,
meetings, and field work with the consulting
tribes to document tribal use of the area as well
as concerns revolving around proposed
development.  Several cultural resources
significant to the consulting tribes were
documented in or adjacent to the LANL region.
These resources include the Zuni Salt Lake, the
Zuni Salt Lake Neutral Zone, seven historic
American Indian trails, numerous sacred places,
ancestral homesites, ancestral graves and
collection areas, prehistoric Pueblo ruins, and
Cerro Prieto, a black volcanic cone.  With the
exception of the ancestral graves, most of these
sites were recommended as eligible as a TCP for
inclusion in the NRHP (Hart and Ferguson
1993).

A rapid ethnographic assessment of the
Petroglyph National Monument was conducted
in 1991 to 1992 to identify those American
Indian tribes and Spanish heritage groups who
were interested in participating in a long-term
consultation process with the NPS concerning
the management of the PNM (Evans et al.

1993).  Once the groups were identified, cultur
resource concerns were identified throug
letters and meetings with various tribal an
Hispanic groups.  Although specific cultura
resource information was not made public, t
consulting parties set forth severa
recommendations pertaining to management
the Petroglyph National Monument (Evans et 
1993).

The Office of Contract Archeology at the
University of New Mexico completed an
ethnographic study of the Fort Wingate Dep
Activity in 1994, as part of the closure proces
of the facility by the U.S. Army (Perlman 1995
The purpose of the study was to conduct
sample survey and an initial TCP assessmen
sites located on the base that are of significan
to the Navajo and Zuni people.  This study w
accomplished through a series of meetings a
field work with the Church Rock, Iyanbito, an
Bread Springs Chapters of the Navajo Natio
and the Zuni Heritage and Historic Preservati
Office.  Through this TCP study and previou
investigations, 24 cultural sites were identifie
15 of which were recommended for nominatio
to the NRHP as TCPs.  Eight burials sites we
identified and recommended as eligible fo
protection under the Native American Graves
Protection and Repatriation Act (NAGPRA)
(25 U.S.C. §3001).

American Indian concerns regarding tradition
places in the Paseo del Volcan transportati
corridor were documented in a study done 
1993 and 1994 as part of a project sponsored
the Federal Highway Administration and th
New Mexico State Highway and Transportatio
Department (SWCA 1995).  The purpose of th
project was to identify a corridor that could b
used to serve future transportation needs in 
Albuquerque area.  Nineteen New Mexic
Pueblos, the Canoncito Navajo Chapter, t
Hopi Tribe, and the Jicarilla and Mescaler
Apache Tribes were initially contacted.  Of th
original group, ten expressed concerns about 
project.  Through a series of letters, meeting
and field work with these groups, concerns we
E–3
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identified regarding traditional use of the
project area.  This was only a preliminary study,
and no TCPs were identified by the consulting
tribes.  It became apparent during the study that
unless a specific corridor was selected from the
alternatives, the tribal consultants would not
identify specific places of concerns (SWCA
1995).  The Paseo del Volcan corridor study
also identified three Hispanic TCPs in the
Bernalillo area, including a historic
neighborhood, the location of a religious fiesta
that includes Matachines dances, and a
pilgrimage route (SWCA 1996a).

Three TCP studies have been completed for the
U.S. Bureau of Reclamation (Reclamation).  In
1995, an initial TCP study was completed of
Heron and El Vado Reservoirs in Rio Arriba
County (SWCA 1996b).  Initial contact letters
were mailed to 11 tribes and 3 parish priests in
the Chama area.  In response to these letters,
meetings were held with two of the tribes and
one parish priest.  The priest also participated in
a field visit to the reservoirs.  In response to
these letters, meetings, and field visit, four
Pueblos, the Jicarilla Apache Tribe, and
Hispanic communities were identified as having
concerns about the protection of potential
cultural resources in the area of the two
reservoirs (SWCA 1996a).  As funding becomes
available, a more intensive TCP study will be
done for these two reservoirs. 

In early 1996, an initial TCP study was
completed at the White Ranch Property in
Saguache County, in southern Colorado
(SWCA 1996c).  Contact was initiated with ten
tribes in an effort to determine if these groups
had concerns regarding the transfer of the White
Ranch parcel from Reclamation to the U.S.
Department of the Interior (DOI), U.S. Fish and
Wildlife Service (FWS).  Through this initial
consultation, which included letters and
meetings, five tribes indicated that they had
concerns regarding cultural resources on the
parcel.  Two tribes requested field visits to the
study area.  As a result of this initial study,
several recommendations were made, mainly in

the form of further consultation and field visit
with consulting tribes.  Because this parcel 
scheduled to be transferred to the FWS, it 
anticipated that additional TCP investigation
will be conducted (SWCA 1996c).

From 1992 through 1995, one of the mo
extensive TCP studies was conducted of t
Animas-La Plata Project in southwester
Colorado and northwestern New Mexico (NAU
and SWCA 1996).  At the conclusion, 2
American Indian tribes had become involved 
a complex consultation process involvin
contacts by letters, telephone calls, meetin
and field work.  An extensive literature review
also provided valuable information to the stud
Through this study, TCPs and sacred plac
were identified, an assessment of the proje
impacts on these properties and places w
made, and management recommendations w
provided.  The potential TCPs identified in th
project area were a prehistoric/historic tra
puebloan habitation and ceremoni
archaeological sites, and a tradition
collections area (NAU and SWCA 1996).

In July 1995, an initial TCP study wa
conducted of the Westland Sector Plan Prope
in Bernalillo County (SWCA 1996d).  The
client and the city of Albuquerque Plannin
Department identified the groups to b
contacted.  These groups included one Pueb
heirs and stockholders in the Westlan
Development Company, and two Hispan
community organizations.  Consultation too
the form of contact through letters, meeting
and interviews.  The results of the literatu
review indicated the presence of variou
cultural resources on the West Mesa, with t
heaviest incidence of use being within th
boundaries of the Petroglyph Nationa
Monument.  With the exception of one lan
rights organization, these groups did not ha
concerns regarding cultural resources locat
within the sector.
E–4
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E.3 CULTURAL  BACKGROUND  OF 
THE LANL R EGION

The following subsections contain a history and
summaries of previous studies of the cultural
background in the LANL region.

E.3.1 Prehistoric Background of the 
LANL Region

Previous archaeological investigations in the
vicinity of the Pajarito Plateau indicate that the
area has a history dating back many thousands
of years.  Researchers have developed socio-
historical schemes to describe the cultural
periods of the region (Kidder 1927).  In 1954,
Fred Wendorf defined five major periods for the
northern Rio Grande Valley:  Preceramic,
Developmental, Coalition, Classic, and Historic
(Wendorf 1954).  These period classifications,
with some modifications, are still in use (Pratt
and Scurlock 1993).  The Preceramic Period has
been divided into Paleo-Indian and Archaic,
based upon changes in settlement patterns and
subsistence over time as reflected by material
culture.  The Historic Period includes both
American Indian sites, where people abandoned
their homelands and changed their ways of life
in response to Euro-American and other
influences, and sites that reflect the European
and American settlement of the Rio Grande
Valley.  A summary of these periods is
presented in Table E.3.1–1.  Brief discussions of
the highlights of each period follow. 

E.3.1.1 Paleo-Indian Period (10,000 
Through 4000 B.C.)

By the end of the Wisconsin glacial stage,
10,000 years ago, the entire area of the North
American continent, including New Mexico,
was occupied by people whose subsistence was
based on hunting and gathering (Willey 1966).
Archaeological sites dating from this period
contain bones of mammoths and bison and
distinctive lanceolate projectile points, in

association with a variety of stone butcherin
tools and lithic debitage.  Paleo-Indian artifac
made of obsidian from the Jemez Mountai
have been found in other parts of the Southw
(Broster 1983).  Obsidian deposits we
exposed in ancient landslides at high
elevations and around the margins of Val
Grande to the northwest (Powers 1988).  Sites
the Paleo-Indian Period may be found in a
part of LANL; however, no discoveries o
Paleo-Indian remains have been ma
(Wolfman 1994 and LANL 1995c).  Paleo
Indian materials have been reported ne
Cochiti; however, these were confined t
surface finds of projectile points and lithi
debitage (Biella 1977, Biella and Chapma
1977–1979).  Because any informatio
concerning the Paleo-Indian Period wou
contribute to the development of the historic
context, all sites of this period are likely to b
significant.

E.3.1.2 Archaic Period (4000 B.C. 
Through A.D. 600)

American Indians altered their lifestyles i
response to a continuing shift of the clima
toward present-day conditions at the end of t
Pleistocene Period.  By this period, the big gam
of the Pleistocene era had died out and a hea
reliance was placed on hunting and gatherin
Although bison hunting continued to b
important (Stuart and Gauthier 1981), sma
game such as deer, raccoon, turkey, and squi
became an increasingly significant compone
of the diet (Larson  1991).  Group movemen
became tied to the seasonal availability 
plants.  This change in subsistence w
accompanied  by a change in the to
assemblage, with broad-stemmed project
points, stone knives, fish hooks, jewelry, an
grinding stones becoming common.  Archa
Period sites include cave and rock shelter sit
burned rock features, scatters of tools and lith
debitage, and isolated hearths.  On the Paja
Plateau, Archaic Period sites are most likely 
E–5



LANL SWEIS

ds
ial

of
ller
d
d
s.
.
lt
te
h
e
ce

ry 

 
r 

 

be represented by concentrations of lithic
debitage. 

E.3.1.3 Developmental Period (A.D. 
600 Through 1100)

About A.D. 600, the prehistoric occupants
shifted their subsistence and settlement patterns
toward a more sedentary lifestyle and
intensified horticultural practices (Powers
1988), including the cultivation of maize, beans,
and squash.  In the LANL region, the
Developmental Period has been subdivided into
early and late phases (Wolfman 1994).  These

subdivisions appear to reflect observable tren
in increased sedentary behavior and soc
complexity.  Additional attributes of the
Developmental Period include the advent 
ceramic storage and service vessels, sma
projectile points, the adoption of the bow an
arrow, continued use of grinding tools, an
increases in size and complexity of house
During the Early Developmental Period (A.D
600 through 900), single family units were bui
in semi-subterranean pit houses.  La
Developmental Period sites (A.D. 900 throug
1099) were typically small adobe or crud
masonry structures.  Although they are scar

TABLE  E.3.1–1.—Archaeological Periods of Northern New Mexico

TIME PERIOD
PREHISTORIC 

PERIOD
CHARACTERISTIC SITE TYPES

10,000 through 4000 B.C. Paleo-Indian • Bones of mammoth or bison

• Stone butchering tools

• Flakes and chips of stones from making stone tools

• Distinctive lance-shaped projective points

4000 B.C. through A.D. 600 Archaic • Caves and rock shelters

• Burned rock features

• Scatters of tools and stone flakes and chips

• Isolated hearths

• End of the Archaic period (approximately A.D. 1 to 700) 
may have pottery grinding stones, and charred corn

A.D. 600 through 1100 Developmental • Ceramic storage and service vessels

• Smaller projectile points reflecting the adoption of the bow 
and arrow

• Grinding tools

• Dwellings increased in size and complexity from 
semisubterranean pithouses to small adobe or crude mason
structures

A.D. 1100 through 1325 Coalition • Early sites are rectangular structures of adobe and masonry
with basin-shaped, abobe-lines fire pits, usually in the cente
of the room or against a wall

• Comparatively small; pueblos average 28 rooms

• Later coalition sites contain plazas and room blocks of more
than 100 rooms

A.D. 1325 through 1600 Classic • Large masonry structures of multiple-room blocks

• For the Pajarito Plateau, three site clusters, one of which 
includes Navawi, Otowi, Tsankawi, and Tsirege

• Associated one- to two-room isolated structures

Sources:  Cordell 1979, Cordell 1984, LANL 1995c, Stuart and Gautheir 1981, Wendorf 1954, and Wolfman 1994.
E–6
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on the Pajarito Plateau (Wolfman 1994), sites
attributable to the Developmental Period have
been identified at LANL.   

E.3.1.4 Coalition Period (A.D. 1100 
Through 1325)

During the Coalition Period, the local
populations coalesced into larger societal units.
Subsistence was based on maize horticulture.
The early sites are rectangular structures of
adobe and masonry.  Basin-shaped, adobe-lined
fire pits are usually in the centers of the rooms,
or sometimes against a wall.  Circular or D-
shaped semi-subterranean kivas are often in
front of the room blocks (Larson 1991).  Fairly
small Pueblos, averaging 28 rooms, were
typical of the Coalition Period (Wolfman 1994),
although late Coalition Period sites are large
masonry structures exhibiting plazas and room
blocks of over 100 rooms (LANL 1995c).  Over
700 Coalition Period ruins have been found
within LANL boundaries.  

E.3.1.5 Classic Period (A.D. 1325 
Through 1600)

During the Classic Period, maize-based
horticulture intensified and settlements on the
Pajarito Plateau further coalesced into three
main population centers.  One of these site
clusters consists of four sites that temporally
overlapped: Navawi, Otowi, Tsankawi, and
Tsirege (LANL 1995c).  These sites are large
masonry structures of multiple room blocks,
with associated one- or two-room isolated
structures.  Otowi and Tsirege appear to be the
ancestral sites of the Pueblo of San Ildefonso.
Severe droughts in the 1500’s led to
abandonment of many of the Pueblos and the
Pajarito Plateau.  The scarcity of water and crop
failures probably forced gradual relocations to
more reliable water sources in the Rio Grande
Valley (Sando 1992).  Tree-ring dating
(dendrochronology) from the Frijoles Canyon
Pueblos indicates that the last roof beams were

cut around 1550 (Robinson et al. 1972).  T
exodus probably took place over many yea
At the time of the Spanish arrival in 1597, mo
activity had ended on the Pajarito Plateau a
four Pueblos were established in the adjoini
Rio Grande Valley:  the Pueblos of Santa Cla
Jemez,  San Ildefonso, and Cochiti. 

E.3.2 Historic Background of the 
LANL Region

This subsection presents highlights of histor
events that occurred in the LANL region.

E.3.2.1 Spanish Colonial Period 
(A.D. 1600 Through 1849)

The inhabitants of the Rio Grande Pueblos s
remember their ancestral homes on the Paja
Plateau at the time of the Spanish Conqu
(Hewett and Dutton 1945).  There i
archaeological evidence that the abandon
canyons with their Pueblos and caves we
visited for ceremonial purposes.  Pictographs
horse figures exist in some kiva ruins at BNM
and on canyon walls in White Rock Canyo
(Kessell 1979).  These may indicate that the a
was occupied by a small remnant populatio
after the Spanish occupation of the Rio Gran
Valley.  Game pits on the Pajarito Plateau cou
also date from the time of the Spanis
occupation or later.  The use of the area fro
that time forward seems to have been f
occasional hunting and gathering or ceremon
use, including burials (Steen 1977).  America
Indian sites relating to this early Historic Perio
are classified as historic sites.

The Coronado expedition entered the region
the Rio Grande Pueblos in 1540.  Hernando 
Alvarado and his commander, Francisc
Coronado, waged intermittent battles wit
individual Pueblos for food and supplie
(Kessell 1979).  The Spanish did not meet w
much success in New Mexico and retreated
Mexico in April 1542 (Jenkins and Schroede
E–7
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1974).  The 1598 expedition by Juan de Oñate
arrived in Northern New Mexico with strong
military backing, livestock, and equipment for
full colonization.  The Pueblos of the Rio
Grande Valley continued to shrink in size
during this 50-year interlude, and some
locations inhabited when Coronado first entered
the Valley were no longer occupied when Oñate
arrived (Schroeder 1979).  Pueblo leaders
voluntarily took oaths of allegiance to the
Spanish Crown and accepted the Franciscans
who took up residence in each Pueblo.
Churches were added to each Pueblo early in the
seventeenth century (Simmons 1979a).

In 1610, the Spanish capital of New Mexico was
relocated to Santa Fe by Governor Pedro de
Peralta (Kessell 1979).  The extensive Palace of
the Governors was built to serve the
administration of New Mexico as the settlement
of the area continued (Kessell 1979).  This
Spanish Colonial Period was not peaceful, and
the Pueblos were beset by incursions from the
Spanish settlers, epidemics of smallpox and
other deadly diseases, and continual attacks by
Apaches (Simmons 1979a).  In 1680, the
Pueblos openly revolted against Spanish rule,
attacking the Spanish settlers and Franciscans in
the Rio Grande Valley and laying siege to the
Palace of the Governors in Santa Fe.  The
Spanish Governor, Otermin, and most other
Spanish settlers were forced south to El Paso
(Hendricks 1993).  American Indian governors
ruled New Mexico from the Palace of the
Governors for 12 years, until 1693 when
Spanish control was reestablished.  In 1821, the
Spanish population in New Mexico had reached
20,000 to 25,000 (Simmons 1979b). 

In the late seventeenth century, the Spanish
Crown provided land grants adjoining the
Pajarito Plateau to four Pueblos in New Mexico
(Brayer 1938).  The Jemez Pueblo was
originally granted 17,331 acres (7,014 hectares)
in 1689.  Pueblo de Cochiti was granted over
20,000 acres (8,094 hectares); Santa Clara
Pueblo was granted 44,818 acres
(18,138 hectares); and San Ildefonso Pueblo

was granted 15,413 acres (6,237 hectar
during this period (Simmons 1979a).  America
Indian populations continued to decline from
disease during the Spanish occupation.  T
Pueblos surrounding the Pajarito Plate
suffered tremendous population losse
According to published records of the Spani
census of New Mexico, population totals fe
from a combined 6,400 in Jemez, San Ildefon
Santo Domingo, Santa Clara, and Coch
Pueblos in 1630 to 1,374 in 182
(Simmons 1979b).  

Mexico was granted independence from Spa
with the signing of the Treaty of Córdova i
1821.  The treaty granted full Mexica
citizenship to all American Indians (Kesse
1979).  The quarter-century of Mexica
administration in New Mexico was not marke
by any major changes in the legal or cultur
affairs of the state.  However, it did open u
major new trade routes and commerce betwe
Santa Fe and the U.S.  By 1824, New Mexica
were, for the first time, buying more from U.S
merchants than from their traditiona
Chihuahuan sources, and the Santa Fe T
became important for U.S. traders selling goo
to Mexico (Jenkins and Schroeder 1974).

Use of the Pajarito Plateau during the Span
Colonial and Territorial Periods is not we
documented (LANL 1995c).  Grazing, season
gathering of firewood and timber, and huntin
were probably practiced by the growin
Hispanic population and by the nearb
American Indian communities.

E.3.2.2 Early U.S. Territorial/
Statehood Period (A.D. 1849
Through 1942)

U.S. Army General Stephen Watts Kearn
occupied New Mexico when the Mexican Wa
broke out in 1846.  The Pueblos of the R
Grande Valley and the rural Spanish culture 
northern New Mexico had become accustom
to changing political authority in Santa Fe an
E–8
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generally did not resist the change in power.
However, in 1847, a rebellion broke out at Taos
Pueblo.  The brief revolt was bloody and rapidly
put down by the U.S. Army (Jenkins and
Schroeder 1974).  The Treaty of Guadalupe-
Hidalgo (1849) formally ended the question of
authority in New Mexico and the new
administration soon took effect.  U.S. policy
toward American Indians, including lands and
citizenship, was very different from that of
Spanish or Mexican administrators. The
cornerstones of U.S. American Indian relations
were isolation of tribes into separate reservation
lands and provision of military protection and
education.  The first American Indian agent was
assigned to New Mexico in 1849, as part of the
territorial administration.  In the shaping of the
first steps toward statehood, the original
Spanish and Mexican land grants in New
Mexico were formally recognized (Leonard
1970 and Carlson 1990).

The early U.S. homesteaders may have
informally begun using the Pajarito Plateau
shortly after the U.S. Territory was established
by the Homestead Act of 1862, which officially
opened any untitled lands in New Mexico to
settlement.  By 1890, the Pajarito Plateau was
still only sparsely settled by Hispanic and Anglo
homestead ranches (Seidel 1995).  The remains
of these homesteads usually consist of wooden
cabins, corrals, rock and cement cisterns, and
agricultural debris such as barbed wire, wagon
parts, horseshoes, and other evidence of
livestock raising and transportation methods. 

Since 1900, the remote and scenic location of
the Pajarito Plateau has attracted outdoorsmen
for hunting and fishing.  The Jemez Mountains
and antiquities of the Pajarito Plateau brought
many  visitors to the area once BNM was
established in 1916 (Seidel 1995).  The present
site of Los Alamos was purchased in 1917 by
Ashley Pond.  In 1918, Pond established the Los
Alamos Ranch School, a private boys’ school.
The school specialized in residential secondary
education and attracted many young men from
wealthy eastern families seeking robust physical

development as well as academic educat
(Seidel 1995). The main recreation lodge a
dining hall of the school, Fuller Lodge, is now
part of a National Historic District and is a
registered national historic landmark.  Th
lodge, built in 1928, is constructed of logs an
was designed by John Gaw Meem. The sch
operated from 1918 until 1943, when th
facilities were acquired by the U.S. governme
for the Manhattan Project (Seidel 1995).

E.3.2.3 Nuclear Energy Period 
(A.D. 1943 to Present)

Because of very well-defined changes in th
function of LASL/LANL, the Nuclear Energy
Period is further broken into three period
World War II/Early Nuclear Weapon
Development, Early Cold War, and Late Co
War.

World War II/Early Nuclear Weapon 
Development Period (A.D. 1943 Through 
1948)

The latest era in the historic development of t
LANL region began in 1943 with the purchas
of the Los Alamos Ranch School by th
Secretary of War, as part of the wartime effort 
build a secret nuclear weapons program (Sei
1995).  LASL was involved from the very
inception of the U.S. government’s program 
develop nuclear weapons for the war effo
(Truslow 1991).  LASL was not only
representative of wartime research an
development facilities, but it provided
innovative scientific and technological researc
and development activities for the U.S. nucle
weapons program from 1943 until the end of t
Cold War in 1989.  Los Alamos was the origin
site selected for the design and construction
the first nuclear bomb because of its remote a
secret location (Truslow 1991).  

The Los Alamos Early Nuclear Weapo
Development Period facilities at LASL wer
built and used in the creation of the first atom
E–9
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bomb, which was detonated successfully in July
1945.  The design and manufacture of the
Trinity bomb; the Hiroshima bomb, Little Boy;
and the Nagasaki bomb, Fat Man; took place at
LASL (Truslow 1991).  LASL and the Trinity
Test Site near Alamogordo, New Mexico,
represent World War II nuclear weapon
development events of exceptional importance
on an international scale.

World War II research and development
activities were concentrated around the Los
Alamos Boys Ranch School, which became the
living center for scientists during the war.
Laboratories were erected at more remote
locations.  The S-Site, for example, was
developed for high explosives research
(Truslow 1991).  This set a pattern for later
development at LASL, where housing and
administration remained concentrated around
the present Los Alamos townsite and the former
site of the Los Alamos Boys Ranch School.  A
back gate was erected to control access to the
remote laboratories of the S- and V-Sites
(Truslow 1991).  From 1946 through 1950, all
nuclear weapons were made at Los Alamos
(DOE 1995).  Common remains from this
period and the following Early Cold War Period
consist of laboratory and administration
buildings, security facilities, experimental
areas, infrastructure support facilities, berms
and barricades, and paved and unpaved roads. 

Early Cold War Period (A.D. 1949 Through 
1956)

The mission of nuclear weapons development
did not end with the close of World War II.  In
1946, the Atomic Energy Commission (AEC)
became the administrator of LASL, and nuclear
weapons research and development continued
(Seidel 1995).  The Early Cold War Period
began when the Union of Soviet Socialist
Republics (U.S.S.R.) exploded its first atomic
bomb in 1949 and the U.S. government became
dedicated to nuclear weapons development and
production in a nuclear arms race
(LaFeber 1993).  The Early Cold War Period

was characterized by international tension
armament buildup, and mostly military conflic
by proxy waged in remote areas of th
developing world.

LASL was the first, and later, one of only 1
sites in the U.S. devoted to nuclear weapo
development and production (Seidel 1995
During the Early Cold War, LASL became 
primary research and development center 
U.S. nuclear programs, while production wa
shifted to other facilities.  The period from 194
to 1956 brought a considerable amount of ne
construction to LASL to meet the researc
needs of rapid nuclear armament buildup a
international tensions between the U.S. and 
U.S.S.R.

From 1943 until 1957, the entire Pajarit
Plateau was shielded from public access.  L
Alamos was closed and the mission an
activities at LASL were classified (Seide
1995).  The city had grown to approximate
5,000 scientists and their families by 1945.  
1941, Los Alamos County was partitioned fro
Sandoval County and Santa Fe County, with t
AEC controlling nearly all acreage in the ne
county (Seidel 1995).

Late Cold War Period (A.D. 1957 Through 
1989)

In 1957, parts of the Pajarito Plateau, includin
the Los Alamos townsite, were opened to t
public, marking the beginning of the Late Co
War (Seidel 1995).  Throughout the Cold Wa
the LASL mission continued to be one o
innovation and the scientific development o
more powerful and efficient nuclear weapon
and delivery systems.  The Late Cold War w
marked by more diversified research goa
Several periods of construction have occurred
LASL since 1956, but have yet to be analyze
In 1977, the present boundaries we
established, the name was changed to LAN
(Steen 1977), and management of LANL w
awarded to the University of California (UC
(Seidel 1995). 
E–10
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The international events that may be reflected in
the physical record at LANL during this period
include (DOD 1993):

• 1957.  First underground nuclear test, first 
intercontinental ballistic missile (ICBM) 
developed, first successful test of Atlas 
missiles.

• 1958.  First Nike-Hercules missile.
• 1961.  U.S. resumes underground testing of 

nuclear weapons; U.S.S.R. resumes 
atmospheric testing.

• 1962.  East-West conference on banning 
nuclear weapons tests takes place; U.S. 
resumes atmospheric testing of nuclear 
weapons.

• 1967.  Treaty of Tlatelcoco prohibits 
introduction and manufacture of nuclear 
weapons in Latin America (signed by all 
Latin American countries except Cuba).

• 1968.  Nuclear Arms Non-proliferation 
Treaty signed by U.S., U.S.S.R., and 58 
other nations.

• 1970.  Nuclear Arms Non-proliferation 
Treaty goes into effect.

• 1976.  U.S. and U.S.S.R. sign peaceful 
nuclear explosions treaty limiting testing.

• 1979.  North Atlantic Treaty Organization 
(NATO) announces “dual-track” 
intermediate-range nuclear forces to 
intercept Warsaw Pact SS-20 missiles.

• 1983.  Congress authorizes MX missile 
procurement and development; Scowcroft 
Commission calls for modernizing U.S. 
strategic weapons.

• 1985.  Nuclear and space talks open in 
Geneva.

• 1986.  Peacekeeper ICBM becomes 
operational.

• 1987.  U.S. and U.S.S.R. sign Nuclear Risk 
Reduction Agreement, eliminating 
intermediate range nuclear weapons.

• 1989.  Fall of the Berlin Wall.
• 1991.  Presidents Bush and Gorbachev sign 

Strategic Arms Reduction Treaty (START); 
dissolution of the Warsaw Pact.

LANL’s nuclear mission continued to be th
primary focus of Los Alamos County until th
end of the Cold War in 1989, creating a unique
specialized scientific community in this remot
region of New Mexico. The fall of the Berlin
Wall in 1989 and the dissolution of the Warsa
Pact in 1991 effectively ended the internation
tensions that drove the nuclear developme
mission at LANL (DOD 1993).

E.3.3 Traditional Cultural 
Background in the LANL 
Region

A TCP is a significant place or object associat
with historical and cultural practices or belief
of a living community that is rooted in tha
community’s history and is important in
maintaining the continuing cultural identity o
the community (Parker and King 1990).  TCP
are essential in preserving cultural identi
through social, spiritual, political, and econom
uses.  Federal guidelines established by the N
(Parker and King 1990) identify TCPs t
include

• Natural resources.
• Prehistoric and historic archaeological site
• Traditional use areas in the cultural 

landscape that do not reveal evidence of 
human use.

• Rural communities whose organization, 
buildings and structures, or patterns of lan
use reflect the cultural traditions valued by
its long-term residents.

• An urban neighborhood that is the 
traditional home of a particular cultural 
group and that reflects its beliefs and 
practices.

• A location where a community has 
traditionally carried out economic, artistic,
or other cultural practices important in 
maintaining its historical identity.

For TCPs on other lands, tribal rights have be
established in the federal decision-makin
E–11
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process.  SWEIS consultations have been
conducted in accordance with applicable federal
requirements to include NHPA (16 U.S.C.
§470), NAGPRA, American Indian Religious
Freedom Act (AIRFA) (42 U.S.C. §1996; EO
13007), and DOE and LANL Accord
Agreements with the Pueblo de Cochiti and the
Pueblos of Jemez, Santa Clara, and San
Ildefonso (DOE et al. 1992).  

TCPs are not limited to ethnic minority groups,
and traditional cultural contexts of northern
New Mexico include cultural groups other than
American Indians.  Americans of every ethnic
origin have properties to which they ascribe
traditional cultural value.  The Hispanic culture,
in particular, has maintained traditional
communities, practices, beliefs, and subsistence
patterns in northern New Mexico.

E.3.3.1 American Indian Cultures 
in the LANL Region

The diversity of American Indian traditiona
cultural practices in the Southwest is reflected
the number of languages and complex cultur
that occur there.  Language is essential to 
preservation of these cultural practices.

There are five different language families in th
LANL region: Tanoan, Keres, Zuni, Uto-
Aztecan, and Athabaskan (Hale and Har
1979).  These languages are presented in Ta
E.3.3.1–1 to show the relationships among t
American Indian communities that speak ea
of the languages.  The diversity of the languag
also illustrates the complexity of multicultura
relations in the region.

Every recognized American Indian communit
is a sovereign nation with limited powers.  I
accordance with the DOE American India

TABLE  E.3.3.1–1.—Languages of American Indian Communities within the LANL Region

LANGUAGE 
FAMILY

SUBFAMILIES COMMUNITIES THAT SPEAK THE LANGUAGE

Tanoan Tiwa
(Northern and Southern dialects)

Pueblo of Taos
Pueblo of Picuris

Pueblo of Sandia
Pueblo of Isleta

Tewa Pueblo of San Juan
Pueblo of Santa Clara

Pueblo of San Ildefonso

Pueblo of Pojoaque
Pueblo of Nambe
Pueblo of Tesuque

Arizona-Tewa

Towa Pueblo of Jemez

Keres (Eastern and Western dialects) Pueblo de Cochiti
Pueblo of Santo Domingo

Pueblo of Santa Ana
Pueblo of San Felipe

Pueblo of Zia

Zuni Pueblo of Zuni

Uto-Aztecan Shoshonean Hopi Tribe (Several villages 
on the First, Second, and 
Third Mesas, Arizona)

Southern 
Athabascan

Eastern Apache Jicarilla Apache Tribe Mescalero Apache Tribe

Western Apache Navajo Nation                   
(Navajo language)

Source:  Hale and Harris 1979.
E–12
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Policy, DOE interacts with federally recognized
tribes on a government-to-government basis
(DOE 1994).  In 1992, DOE and the Pueblos of
San Ildefonso, Santa Clara, Cochiti, and Jemez,
which are located near or directly adjacent to
LANL, entered into formal agreements called
Accords.  The purpose of the Accords was to
improve communication and cooperation
among federal and tribal governments.  In 1994
and in 1996, the Pueblos of San Ildefonso,
Cochiti, Jemez, and Santa Clara also signed
cooperative agreements with DOE and UC to
promote a meaningful participation and
consultation on Pueblo environment, safety,
health, and religious-culturally significant
matters.  The Accords and cooperative
agreements are discussed further in chapter 7,
section 7.2.9.

In Apache and Navajo communities
(Athabascan cultures), tribal governments are
based on the electoral process.  Tribal members
select a president and vice president during the
summer for a 4-year term of office.  The Navajo
Nation has 110 political subdivisions, called
“Chapter Houses” (e.g., Alamo, Cañoncito),
that are represented in the Council.  Initially,
federal agencies must consult with the President
of the Navajo Nation directly, but later requests
may be referred to specific tribal departments or
chapters.  

The role of tribal governments is to interact with
outside organizations such as county, state, and
federal bureaucracies on a variety of issues.
These issues include casinos and economic
development, litigation, tribal court systems,
land claims, hazardous waste transportation
through tribal lands, construction projects
compliance with tribal environmental standards,
Indian health clinics, grave repatriation issues,
language preservation programs, and cultural
resources management.

E.3.3.2 Traditional Hispanic 
Communities in the LANL 
Region

LANL is located near numerous traditiona
Hispanic communities in four counties: San
Fe, Sandoval, Rio Arriba, and Taos.  Whi
many of the cultural characteristics an
demographics of the larger towns and cities 
northern New Mexico have changed in rece
years, many small, rural, and primarily Spanis
speaking communities, identified as tradition
communities, continue to exist.  Man
communities were first settled during th
Spanish Colonial Period and were given the
land by the Spanish Crown (Weigle 1978).  Th
identity of traditional Hispanic communities i
maintained partly through archaic linguisti
patterns and vocabulary carried over from ea
Spanish colonization of the area and par
through the traditional beliefs and practice
unique to the region.  Traditional Hispani
communities in northern New Mexico als
maintain religious practices, art and cra
traditions, folklore, and traditional medica
practices (Ahlborn 1968, Briggs 1980, Weig
1978, and Carlson 1990).  

A traditional element present in thes
communities is the use of shared commun
ditches, or acequias, for irrigation (Carlso
1990).  For that reason, these communities 
sometimes known as acequia communitie
(Campa 1979).  Acequias are not only ditch
but also traditional cultural systems tha
organize allocating, distributing, and sharin
water in an arid land.  Acequia systems a
governed by traditional practices that a
derived from Spanish Colonial laws of th
seventeenth and eighteenth centuries (Wei
1978 and Carlson 1990).  The social lab
systems necessary to operate the ditches incl
commissioners (elected representative
mayordomos/mayordomas (ditch manager
and parcipiantes (landowners/shareholde
(Meyer 1984).  Acequias are also politica
subdivisions of the State of New Mexico
E–13
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recognized for their role in the development and
administration of water resources for irrigation.
The acequia system in the region is also closely
intertwined with the Catholic Church.

E.3.3.3 Traditional Cultural 
Property Categories

Because of the numerous traditional cultures
present in the region, the discussion of TCPs
will be based on resource categories as well as
the particular cultural affiliation of the
community.  The traditional cultures of the
region have had many generations of interaction
with one another and often have overlapping
subsistence, artistic, and religious practices with
unique cultural importance attached to similar
types of sites.  Several general categories of
TCPs have been identified in the literature on
American Indian and Hispanic cultures in
northern New Mexico.  Each of these categories
represents specific cultural and physical
sensitivity and susceptibility to adverse impacts
from LANL operations.  TCP resource types or
categories in northern New Mexico include:

• Ceremonial and archaeological sites
• Natural features mentioned in stories, 

myths, and legends
• Ethnobotanical plant-gathering sites
• Artisan material-gathering sites
• Places used in traditional subsistence 

activities

These resource types are described in the
following subsections, providing an overview
of the range and diversity of potential TCPs in
northern New Mexico.

Ceremonial and Archaeological Sites

Religious and ceremonial sites may be TCPs if
they are still a part of the living memory and
practices of traditional communities.  Both
American Indian and Hispanic communities
have many ceremonial sites in northern New
Mexico, including American Indian shrines and

places of ceremony, Hispanic shrine
sanctuaries and meeting houses of the Cath
lay-brotherhood, known as Los Hermano
Penitentes.

American Indian groups visit and use a varie
of ceremonial sites and shrines that are part
the landscape.  The locations of trib
ceremonial sites and shrines are often held
secret by religious societies in the Pueblos (St
1900).  Some American Indian ceremonial sit
are marked with stones or other man-ma
features, while others are preserved in the livi
memory of the societies that visit them
(Harrington 1916 and Douglas 1917).  Som
sites are visited only on rare occasions 
particular circumstances demand it (Lange 19
and Nordhaus 1995).  The locations of som
shrines have been previously published, but
the interest of preserving the privacy of th
tribes, only general locations have bee
indicated throughout this technical report.

Most American Indian ceremonial sites rema
unrecorded.  Examples of recorded Americ
Indian ceremonial sites within or near LANL
boundaries include shrines that are known 
exist around Mount Pelado, Redondo Pe
(Akins 1993 and Ellis 1979); around Ovahw
Peak, Capulin Canyon, and Black Mesa (Akin
1993, Harrington 1916, and Douglas 1917); a
along the Rio Grande, Tsikomo Peak, Nipp
Mountain, Potrero de los Idolos, Peña Blanc
and Canada de Peralta.  Shrines are a
recorded for several caves in the area (Aki
1993, Harrington 1916, and Lange 1959).  

Sanctuaries, shrines, and religious structu
dating from the Colonial Period in New Mexico
are still widely revered and used by tradition
communities, both Hispanic and America
Indian.  These sanctuaries may be complet
ruined at this time or may have been extensive
restored.  The Santuario de Chimayo is wide
visited by pilgrims from traditional Hispanic
villages around New Mexico (Treib 1993)
Sanctuaries at Cochiti, Santa Domingo, S
Felipe, Zia, and Picuris Pueblos are enduri
E–14
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locations of traditional ceremonial practice
(Treib 1993).  The Oratorio of San Ysidro, the
sanctuary of San Vicente De Paul in Punta de
Agua, the church of San Miguel in La Bajada,
and the church of San Jose de Gracia de Las
Trampas are other examples of important
Hispanic sanctuaries (Treib 1993).  The ruins of
San Jose de Giusewa in Jemez Springs are no
longer in use as a sanctuary, but remain part of
the continuing Catholic traditions of the Jemez
Valley.

Moradas are ceremonial features unique to the
Spanish traditions of northern New Mexico
(Ahlborn 1968 and Wallis 1994).  These
structures serve as chapter houses for the lay-
brotherhood of La Fraternidad Piadosa de
Nuestro Padre Jesus Nazareno, also known as
Los Hermanos Penitentes (Wallis 1994).  Los
Hermanos Penitentes originated in Spanish
Colonial New Mexico and were formally
organized between 1776 and 1833 during a
period when there were insufficient priests to
serve the needs of the Hispanic communities.
The village moradas still serve to bring the
traditional Hispanic community together and
preserve teaching and values unique to the
region through their community meetings,
teachings, and ceremonies (Ahlborn 1968 and
Wallis 1994).  

Community members who move away for work
often return for annual ceremonials that provide
continuing identity with their Spanish ancestors.
One Penitente writes,

I am a member in good standing in
the Brotherhood as were my
forefathers, yet as is true of many
Brothers of my generation, I no
longer live in the village of my
ancestors.  Still I always return to
the Morada.  The Morada is a
symbol of continuity, a reminder
that those who went before us made
many sacrifices to maintain
something for succeeding
generations (Wallis 1994).

Ancestral villages, archaeological sites, an
petroglyphs, so numerous in the LANL regio
are considered sacred areas by American Ind
tribes.  Pueblo de Cochiti inhabitants, fo
example, have many stories about the
ancestors and the ruins in the region.  Th
stories indicate that originally all their peopl
came up from Shipap (an unknown place 
great antiquity) and lived together on the Me
of the Stone Lions (Frijoles Canyon) in differen
villages: White House and the Village of th
Two Lions (Benedict 1931, Akins 1993, an
Douglas 1917).  Then, the people split apart a
the Santo Domingo went down the east bank
the Rio Grande to Cactus Village while th
people of San Felipe, Laguna, and Acom
traveled west, down Peralta Canyon, and bu
the Pueblo of Peralta Canyon (Benedict 193
Lange 1959, and Akins 1993).  At the sam
time, the people of Cochiti went down Kapoli
Canyon to settle in San Miguel on the west si
of the river.  Hainayasta and Tiputse a
mentioned as Cochiti villages “across the river
Later the Pueblo de Cochiti people came fro
San Miguel to the “Plateau of the Buildings
where a new Pueblo was built.  They lived the
many years before coming down from th
plateau (Benedict 1931 and Akins 1993).

Each of the physical places mentioned in su
legends is a sacred link between the tradition
community and the lives and traditional ways 
their ancestors.  The importance of ancest
villages is often reinforced by ceremonies he
at ancestral ruins (Douglas 1917 and Aki
1993).

Natural Features

A variety of features in the landscape ha
special meaning for traditional cultures o
northern New Mexico because of the
association with the stories, myths, and legen
that are shared by the community.  Sites in th
category may not need to be visited on a regu
basis to retain cultural value and, in fact, may 
inaccessible.  The cultural value derives fro
the knowledge of their existence in relation 
E–15
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the ongoing history and values of the
community.

Some natural features may resemble an animal,
person, or mythological creature, and traditional
stories may explain their existence and
relationship to the traditional culture.  Examples
of this resource category include Camel Rock
on Pueblo of Tesuque tribal lands and Black
Mesa on Pueblo of San Ildefonso tribal lands.
Black Mesa is known in stories as the home of
Tsah-ve-yoh, a dreaded child-eating giant from
Tewa stories, who returns to the surrounding
Pueblos every year at Christmas time to whip
any bad children who do not behave (DeHuff
1931).  The same feature is also known from
Tewa legends as a stronghold to which the
people fled during the Navajo siege of ancient
times and again when the Tewa were besieged
by the Spaniards in 1694 (DeHuff 1931).  Black
Mesa does not have to be visited to maintain
cultural value for the communities; its visibility
is a daily reminder to children of the need to be
obedient members of the Pueblo and of the
bravery of their ancestors.  Camel Rock, along
U.S. Highway 84 between Santa Fe and
Pojoaque Pueblo, is likewise a TCP that is
mentioned in stories of the Tsah-ve-yoh.  It is
told that the giant would take four long strides
from Black Mesa to Pojoaque to grab up the
children of the Pueblo, then sit down on the rock
formation (Camel Rock) to eat them alive
(DeHuff 1931). 

Stories and myths of Pueblo de Cochiti mention
other prominent natural features: “Cave Place”
and Peralta Canyon are mentioned in stories as
places where giants lived.  The giants are known
to carry Cochiti children from the old Pueblo at
Hainaysta (across the river from the modern
Pueblo) through “Fissure Place” and to the
“Giants Boiling Place.”  One giant, Schkoio
schkaka haush, is known in myths to have been
killed and shut up in his cave (Benedict 1931).
Another natural feature is the “Stone Lions,” a
stone carved to resemble  two resting lions,
which gives the name “Village of Stone Lions”

to an ancient Pueblo on the mesa above Frijo
Canyon (Hendron 1946 and Benedict 1931).

Mountain peaks, lakes, springs, and petroglyp
are often natural features in the sacred lege
of traditional cultures in northern New Mexico
(Akins 1993).  Sacred peaks are part of t
iconography of the Navajo Nation and of th
Jicarilla Apache Tribe (Nordhaus 1995).  Pea
sacred to the Tewa tribes include Conjilo
Chicoma Mountain, Sandia Crest, Truchas Pe
(Friedlander and Pinyan 1980), San Anton
Peak, Lake Peak, and Cerro Pelado (Hewett a
Dutton 1945).  Sandia Pueblo considers Pu
National Monument pictographs to be sacred
the tribe (Parker 1993).  Hewett and Dutto
reported in 1945 that the San Ildefonso a
other Pueblos hold five area lakes and springs
be sacred (Hewett and Dutton 1945).  The
springs and lakes mark the four direction
around San Ildefonso.

Ethnobotanical Gathering Sites

American Indian and traditional Hispani
communities rely on the use of wild nativ
plants for ceremonial and medicinal purpos
such as foods, dyes, and utilitarian objec
(Dunmire and Tierney 1995, Robbins et a
1916, and Toll 1992).  Through the everyda
use of native plants, there is a sense 
connection with the land and continuity with th
previous generations who were part of the la
(Ford 1976, Cajete 1994, and Wetterstro
1986).  The continued use of botanicals 
traditional cultures confirms a body o
unwritten knowledge about the values an
purposes of plants as part of a particular wor
view or belief system unique to each cultu
(Wetterstrom 1986 and Toll 1992).  Thi
subsection contains information regardin
plants that are ingested or used for ceremon
purposes.  Plants used for dyes, constructi
and other utilitarian purposes will be discuss
as artisan materials in the following subsectio

American Indian ceremonies make use 
specific wild plants and cultivated plants a
E–16
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foods, beverages, smoke, and coloring agents,
or for ritual chewing.  They are also
incorporated into ceremonial implements or
objects (Hiles 1992, Moerman 1986, and
Dunmire and Tierney 1995).  One such example
of ceremonial use occurs each year at Sandia
Pueblo when bundles of wood and snakeweed
are taken to the cacique or Pueblo leader.  This
is done for 12 days following the winter solstice
in ceremonies to nurture and bless the village
(Dunmire and Tierney 1995).  The use of
smudges of big sage is recorded from Jemez
Pueblo and the Navajo Nation for fumigating
and purifying houses (Young 1940 and
Dunmire and Tierney 1995).  Douglas fir
boughs and branches are incorporated into the
traditional dances of several Rio Grande
Pueblos (Dunmire and Tierney 1995), and
cattails are also frequently featured in Pueblo
ceremonies because of their symbolic
association with water (Ford 1968 and Robbins
et al. 1916).  Navajo ceremonies use several
plants such as bitterball and ironwood (Young
1940 and Elmore 1944).  Ceremonial use of
plants may require that they be gathered from
specific places in order to increase their potency
or ritual significance (Ford 1968).  Pueblo
practices may require ritualized gathering of
medicinal plants and wild foods or may be
undertaken only by certain sodalities (Ford
1968).

It is uncertain from the literature if there are
Hispanic ritual or ceremonial uses for plants.
Knowledge about the use of native food plants
was undoubtedly shared among the Pueblo
cultures and the Spanish colonists, for Hispanic
knowledge and use of native plants for food and
medicine overlaps a great deal with Pueblo uses.
Pueblo uses of wild plants also seem to have
been altered by Spanish contact (Toll 1992 and
Ford 1968).

The Rio Grande Pueblo people gather many
wild plants as foods and beverages (Dunmire
and Tierney 1995).  Documented food use
includes three-leafed sumac, acorns from
Gambel’s oak, and ripe fruit from the

chokecherry, gooseberry, and currant.  Sin
ancient times, the fleshy fruit of the banan
yucca has continuously been harvested and u
as food by Pueblo people (Minnis 1991, Fo
1968, Toll 1983, and Toll 1992).  The use o
Indian tea is also very common as a bevera
among Pueblo, Navajo, Apache, and Hispan
people in the region (Dunmire and Tierne
1995, Moerman 1986, and Elmore 1944
Prickly pear fruit, Indian rice grass seeds, a
tubers of wild potato are believed to have be
important “famine foods” of the region in pas
times of drought and may still be gathered a
encouraged to grow near Pueblos (Minn
1991).  Pinyon nuts are the most important of 
wild food sources for Pueblos and tradition
Hispanic communities in the region.  Familie
will frequently travel great distances to colle
nuts in the autumn, and individuals may gath
and sell the nuts in their communitie
(Ford 1968 and Dunmire and Tierney 1995).

Medicinal use of wild plants is common in
northern New Mexico among the Pueblo
Apache, and Navajo people and tradition
Hispanics. Dunmire and Turney (1995) asse
that 180 different species of wild plants in th
region have medicinal uses among 1 or more
the 19 New Mexico Pueblos.  Regular medicin
gathering trips are conducted to the Pajar
Plateau and other high elevation sites by t
Pueblo’s medicine societies (Dunmire an
Tierney 1995 and Ford 1968).  Common
known medicinal plants include joint-fir, broom
snakeweed, sage, and four-o’clocks (Dunm
and Tierney 1995 and Curtin 1947).  Osha ro
is also an important  medicinal plant used b
American Indians and Hispanics in the regio
(Ford 1968, Hiles 1992, and Dunmire an
Tierney 1995).  The locations of collection are
for some of the rarer medicinal plants that gro
in the mountains, such as Osha root, may b
closely kept secret of village healers.

Artisan Material Gathering Sites

The gathering of raw materials for numerou
commercial and non-commercial utilitaria
E–17
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objects is common in the American Indian and
Hispanic traditional communities.  While some
utilitarian objects, such as handmade plant fiber
cordage, woven yucca sandals, and wooden
arrowheads, have generally been replaced by
modern products, there are still enduring
traditions of weaving, tanning, wood carving,
jewelry making, joinery and construction, and
pottery making that use native materials
gathered locally.  The products of these
traditional arts have become internationally
prized not only because of the aesthetic quality
they demonstrate, but also because of their
continued use of native woods, fibers, dyes, and
minerals.  The continued access of traditional
communities to the natural resources of the
region is vital to the continuation of these
traditional arts.

The use of natural dyes, pigments, and tanning
agents is still a characteristic of traditional
American Indian and Hispanic communities in
northern New Mexico (Dunmire and Tierney
1995 and Dickey 1990).  Weaving is a very
important traditional art form, and many
traditional weavers still produce dyes from
native plants they have gathered locally (Dickey
1990, Minge 1979, and Dunmire and Tierney
1995).  

Three of the important dyes used by traditional
Hispanic weavers are imported from Mexico:
indigo, cochineal, and brasilwood (logwood)
(Anonymous 1976 and Minge 1979).  Other
important dye-producing plants are gathered
from village roadsides, acequia banks, mountain
habitats, or the nearby desert (Dunmire and
Tierney 1995 and Dickey 1990).  These plants
include goldenrod, cocklebur, sumac,
sunflower, dahlia, chokecherry, chamisa,
snakeweed, slatbush, mountain mahogany, oak
and alder bark, lichens, caniegra, Virginia
creeper, cota or Indian tea, juniper, madder,
black walnut, onion skins, and marigold
(Anonymous 1976, Minge 1979, Dunmire and
Tierney 1995, and Young 1944).  Rocky
mountain beeplant, wild dock, pinyon pitch, and
tansy mustard are used for pottery paints

(Dunmire and Tierney 1995), and red clay 
sometimes used as a red fabric dye (You
1944).

Construction woods and adobe clays are a
gathered from sources in northern New Mexic
Pueblo and traditional Hispanic constructio
uses whole logs for vigas (roof beams) made
cottonwood, Ponderosa pine, and Douglas 
(Dickey 1990 and Dunmire and Tierney 1995
Latillas (roof cross-supports) are usually ma
of split aspen, mountain-mahogany, or oak; ro
thatching is made of four-winged saltbush 
common reeds (Young 1944, Dickey 1990, a
Dunmire and Tierney 1995).  

Adobe clay is gathered from many sites ne
Pueblos and Hispanic villages and mixed wi
dried plants to form the walls of most building
in traditional communities (Dickey 1990
Weigle 1978, and Hill 1982).  Potter’s clay
however, comes from very specialized sites th
contain very fine clays without impurities
(Dickey 1990 and Peterson 1977).

Wood carving is an artistic tradition in som
Hispanic communities (Briggs 1980), an
carved wooden Santos are an importa
tradition of the local churches and Morada
(Dickey 1990 and Briggs 1980).  Santos a
carved depictions of the saints and allegoric
stories in the Catholic traditions an
traditionally are of two forms: bultos, or three
dimensional carvings; and retablos, or bas-rel
carvings on hinged wooden pane
(Briggs 1980).  The wood may be augment
with gypsum, metals, and other material
Paints were originally of natural pigments, b
increasingly include commercial product
(Briggs 1980).  Native wood of outstandin
carving characteristics is gathered from th
national forests.  Preferred wood comes fro
aspen, berried juniper, willow, and pin
(Briggs 1980).

Drums and many other articles are carved fro
the aspen and cottonwood found in the Pue
communities (Dunmire and Tierney 1995), an
E–18
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bows are made from pliable woods such as wild
currant, New Mexico locust, and chokecherry
(Dunmire and Tierney 1995).  Arrows are
crafted from various woods and common reeds.
Apache plume is most commonly used for
making brooms (Dunmire and Tierney 1995).

E.3.3.4 Traditional Subsistence 
Features

Traditional subsistence practices in use in
northern New Mexico include community-
maintained irrigation ditches, called acequias,
traditional trails and hunting areas, traditionally
used fields, grazing areas, firewood-gathering
sites, and Spanish land grants.  While
subsistence functions may not be unique to
tribal or Hispanic communities, the traditional
community is often brought together and
identified through their annual subsistence
cycle, and these subsistence activities reinforce
a world-view and values unique to the
community.  As such, the protection of these
properties ensures the ability to continue
traditional community values and identity.

Acequias are the best known example of
traditional subsistence features in northern New
Mexico.  Acequia communities are complex
social institutions that have developed around
the Hispanic water supply and irrigation
systems known as the Acequia Madre (Arellano
1994).  Irrigation systems require not only a
sedentary lifestyle but also a complex system of
social participation and control because of the
intense labor required to build, maintain, and
regulate them.  Many areas in the arid southwest
have developed unique traditional practices
surrounding the acquisition of water rights and
the development and use of irrigation systems.
In northern New Mexico, the acequia
communities have developed through the
commingling of Pueblo and Spanish traditions
and the particular demands of the environment
(Campa 1979 and Jenkins 1972).

The fertile flood plains of northern New Mexico
required tapping the rivers for a reliable wat
supply for people, crops, and livestock.  Wid
fluctuations in annual rainfall characterize th
region, making the regulation of hydrologica
systems essential for a sedentary populat
(Ackerly et al. 1993).  Irrigated agriculture
including terraces and reservoirs, has be
present in the Rio Grande Valley since A.D
1400.  The Tewa Pueblos produced crops 
maize, squash, beans, melons, cotton, and c
using simple but effective irrigation technique
(Arellano 1994).  In an early expedition int
northern New Mexico, Antonio Espejo
observed the agricultural systems at Acom
Pueblo, stating that they had “... found man
irrigated corn fields with canals and dams
(Hammond and Rey 1966).

The Spaniards were already familiar with 
variety of irrigation techniques dating back t
the Roman and Moorish civilizations.  In th
years after Spanish settlement of northern N
Mexico, they augmented native methods 
irrigation with those brought from the Iberia
peninsula, including social community
cooperation and control mechanism
Eventually, the physical and social practices 
Hispanic irrigation became codified lega
institutions as well as traditional cultura
systems.  These are still reflected in Ne
Mexico water law, as well as in the traditiona
practices of some Hispanic communities.

Acequia systems did not develop without a go
deal of contention and social conflict.  Spanis
and Pueblo traditions differed considerably 
the cultural perspective on the relationship 
water, religion, and society.  Early Spanis
water tradition was relatively compatible wit
Pueblo traditions in that water resources we
considered to belong to the community rath
than the individual (Ackerly et al. 1993).  Th
concept of the community gradually gave wa
to privatization and the pursuit of private weal
in the New World (Meyer 1984).  Conflicts ove
water rights and the shared responsibility f
acequia maintenance among the Span
E–19
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Colonials increased over time, as did conflicts
over water rights between acequia users and
neighboring Pueblos.

Article 6 of the Plan de Pitic, 1789, specified
that all new lands in the northern provinces,
subject to irrigation, would receive equal
benefits of water from the Acequia Madre
through individual outlets and ditches
(Meyer 1984).  Each landowner, or parcipiante,
was to be informed of his outlet location and
was not to abuse any neighbor’s access to water.
Outlets were to be made of stone and mortar, at
the individual’s expense, to prevent losses to
downstream users.  Article 19 of the Plan de
Pitic specifies the fair apportionment of water to
the community.  Responsibility is given
annually to the town council to appoint an
overseer, called the alcalde or mayordomo, for
each outlet of the Acequia Madre.  This person
was to apportion the water to all fields in
proportion to the needs of each, with each
individual landowner having posted hours for
irrigation.  The alcalde was authorized to hire an
assistant to check the outlets for compliance at
the proper times and to charge a fee to the
landowner if the assistant was required to open
the outlet for him.  This basic political/
agricultural institution has been followed by
Hispanic and Hispanic-influenced communities
in Texas, California, parts of Colorado and
Arizona, as well as throughout New Mexico
(Meyer 1984).

The affairs of the acequia are handled in many
Hispanic areas of New Mexico at meetings of
La Junta del Agua, a problem-solving-oriented
assembly of landowners.  This tradition dates
back to the Tribunal de las Aguas, which met
regularly since the Middle Ages on the steps of
the Cathedral of Valencia, Spain, (Campa
1979).  The members of La Junta del Agua were
respected members of the community.  Within
this context, important issues of water rights and
local power were decided.  All the landowners
using water from the Acequia Madre still gather
in the spring with horses, scrapers, and
manpower to clear out debris and rocks and to

make any necessary repairs (Meyer 1984).  T
communal activity, guided by the mayordom
is called La Fatiga in New Mexico and is ofte
a significant community event for Hispani
villages (Campa 1979).

Pueblo irrigation predates Spanish conta
Centuries of excavation, routine maintenanc
and repairs mask any clear-cut evidence of th
prehistoric origins (Ford 1976 and Meyer 1984
Acequias are integral to the technological a
ceremonial life of the Pueblo.  Their use, whi
very similar to the use in the Hispani
communities, is punctuated by religious an
ceremonial events unique to each Pueblo (Fo
1968, Ford 1976, and Hill 1982).

Land grants form the basis of title and land u
for many of the traditional communities in
northern New Mexico.  Land grants wer
dispensed by the Spanish Crown and Mexic
government to the Pueblos and to Span
settlers “to advance civilized life” in the region
The land grants were of three types:  those 
individual tracts of irrigable farmland, those tha
were granted as commons or pasture lands fo
community, and those that were given to ea
Pueblo to regulate for their own purpose
(Leonard 1970).  The Pueblo land grants on
affirmed the Pueblos’ rights to existing pattern
of land use, but the Hispanic land grants, uphe
by U.S. law, shaped the lifestyles of tradition
communities in the region (Leonard 1970 an
Carlson 1990).  Modern Pueblos, including the
fields and commons, are considered to be TC
in their own right.  Traditional Hispanic land
grant communities may also be consider
TCPs in that all of the parts (e.g., individua
holdings, commons, acequias, village) a
interrelated and required for the continuation 
the whole (Leonard 1970, Carlson 199
Ackerly et al. 1993, and Arellano 1994).

An example of an existing traditional Hispani
Land Grant community in the LANL region is
the Canyon de San Diego Land Grant ne
Jemez Springs (Cline 1972).  The grant includ
110,000 acres (44,517 hectares) of commons
E–20
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grazed community lands and 6,000 acres (2,428
hectares) of individual farms irrigated by
acequias (Cline 1972).  The individual farms
were granted as parcels along the acequia
system.  Over generations, the allotments have
been further divided as a result of inheritance
practices into thin parcels called strip holdings
or long fields (Carlson 1990 and Cline 1972).
Each borders the acequia on a narrow side.  The
village is thus characterized by the existence of
long fields in the bottomland where corn, beans,
squash, alfalfa, and other crops are irrigated by
the acequias (Carlson 1990 and Weigle 1978).
The acequias and the grazing commons are the
shared responsibility of the villagers, and the
commons provide not only grazing for livestock
but also many other natural resources gathered
by individual families (Weigle 1978 and
Carlson 1990).  Pinyon nuts, firewood,
construction wood, ethnobotanicals, and other
resources come from the commons, which are
frequently mountainous (Carlson 1990).  The
houses and church or Morada of the village are
clustered tightly, reducing any waste of valuable
bottomland and providing community
solidarity.  The routine of community life is
punctuated by agricultural, irrigation and
religious events, and is broken by periodic treks
into the mountains to gather wood and other
resources.  All elements are necessary not only
for subsistence but also to maintain a unique
cultural identity in the face of the modern cash
economy.

Traditionally used trails and hunting areas form
another subsistence element of traditional
cultures of northern New Mexico, particularly
of the American Indians.  Communal hunts are
conducted by Pueblo sodalities or moeities,
which are often ritualized and geographically
specific (Ford 1968).  The mountains are
generally shared territory among several tribes.
Not only are they areas to hunt or gather specific
plants, but they are also locations of important
shrines with ritual obligations for visitation
(Ford 1968 and Nordhaus 1995).  Trails to
hunting sites, ceremonial sites, and grazing

areas were documented for the Jicarilla Apac
Tribe (Nordhaus 1995), and Harrington’s map
of Pueblo sites also show trails (Harringto
1916).  Zuni trails are indicated on a map b
Ferguson and Hart (1985).  Their trails lead 
far as the Great Salt Lake in Utah.  The Zu
tribe has also documented ritual hunting are
and deer trap areas (Akins 1993 and Fergus
and Hart 1985). 

E.4 FEDERAL  AND STATE  
REGULATIONS  RELATED  TO 
CULTURAL  RESOURCES AT 
LANL

The NHPA (16 U.S.C. §470) was passed 
1966.  Under the NHPA, federal agencies (
this case, DOE) have specific responsibilitie
toward cultural resources that are on their lan
or that may be affected by their activities
Section 106 of the NHPA requires that DO
take into account the effects of activities o
significant cultural resources.  DOE is als
required to allow the Advisory Council on
Historic Places (ACHP) the opportunity t
comment on any DOE plan that may affect su
resources.  Under the ACHP’s regulations f
implementing Section 106 of the NHPA
(published in the Code of Federal Regulatio
as 36 CFR 800), the ACHP’s right to comme
is often delegated to the SHPO.  The regulatio
specifically require that DOE identify cultura
resources that may be affected by i
“undertakings,” evaluate the significance o
those resources, and assess the effects o
undertakings on those resources.  This proc
must be completed in consultation with the Ne
Mexico SHPO.

Under Section 106, cultural resources a
considered significant if they are eligible fo
inclusion on the NRHP.  Federal regulation 3
CFR 60.4 states that cultural resources may
eligible to the NRHP if they meet one or mor
of the following criteria:
E–21
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• They are associated with events that have 
made a significant contribution to the broad 
patterns of history.

• They are associated with the lives of 
persons significant to our past.

• They embody the distinctive characteristics 
of a type, period, or method of construction, 
or they represent the work of a master; 
possess high artistic values, and/or 
represent a significant and distinguishable 
entity whose components may lack 
individual distinction.

• They have yielded or may be likely to yield, 
important information to prehistory or 
history.

The SHPO and other personnel of the Historic
Preservation Division of the New Mexico
Office of Cultural Affairs, operate under the
NHPA and in particular monitor Section 106
compliance.  The Historic Preservation Division
also provides technical services, a state-wide
database, and Section 106 compliance advisors
(18 New Mexico Statutes Annotated [NMSA]
§6–1 through 6–17 and 8–1 through 8–8).  In
addition to assisting DOE in determining
cultural resource significance, the New Mexico
SHPO is responsible for coordinating state
participation in implementing the NHPA (16
U.S.C. §470).  The New Mexico SHPO
represents the interests of the state and its
citizens in the preservation of their cultural
heritage and assists DOE in identifying historic
properties and assessing impacts of activities.
The SHPO may agree or disagree with the
responsible agency’s assessment of the
eligibility of its cultural resources.  Ultimately,
the determination of eligibility of any cultural
resource is made by the keeper of the National
Register, DOI (36 CFR 63.2).

To determine the scope of the SWEIS cultural
resources evaluation, DOE first met with the
New Mexico SHPO.  The meeting resulted in a
decision that the SWEIS does not, in and of
itself, constitute an undertaking; therefore,
compliance with Section 106 of the NHPA (16

U.S.C. §470) is not required (PC 1996
However, individual actions covered by th
SWEIS might be undertakings requiring Sectio
106 compliance.

Through development of the LANL SWEIS, th
DOE evaluated the potential impacts o
proposed actions on cultural resources in ord
to mitigate impacts, if required, and to ensu
compliance with all applicable federal and sta
requirements.

Of interest in this process are actions that mig
adversely affect or diminish the integrity of th
location, design, setting, materials
workmanship, feeling, or association of a TC
Adverse effects evaluated for the SWEI
include, but are not limited to

• Physical destruction, damage, or alteratio
of all or part of the property.

• Isolation of the property from or alteration 
of the character of the setting when that 
character contributes to the qualification o
the property for nomination to the NRHP.

• Introduction of visual, audible, or 
atmospheric elements that are out of 
character with the property or alter its 
setting.

• Neglect of the property resulting in 
deterioration or destruction (36 CFR 
800.9).

The scientific community has concerns th
compliance with federal historic preservatio
law might impede efforts to remain at th
forefront of international research an
achievement.  In 1989, in response to the
concerns, Congress directed the ACHP to stu
the designation of scientific research institutio
as historically significant.  Concerns were rais
by agencies faced with altering or renovatin
existing or abandoned research facilities th
were considered eligible for the NRHP by th
ACHP.  The resulting document, titled
“Balancing Historic Preservation Needs wit
the Operations of Highly Technical or Scientifi
E–22
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Facilities,” discusses the needs of research
institutions to upgrade their facilities and the
responsibilities of preservation agencies to
implement the requirements of federal historic
preservation regulations (ACHP 1991).  The
following are among the recommendations
outlined in the 1991 report:

• Future authorizations for major scientific 
and technological programs should include 
public education components focusing, in 
part, on the communication of the relevant 
history of science.

• Decisions about projects that may affect 
historic properties need to be made with as 
complete an understanding as possible of 
those effects.  However, considerations of 
preservation options should be kept distinct 
from the peer review process of awarding 
research grants and the determination of 
research priorities central to the scientific 
research process.

• The ACHP and affected federal agencies 
should jointly subscribe to a statement of 
policy that acknowledges the sensitive 
relationship between scientific research and 
the evolving history of science and its 
physical manifestations.

• Federal agencies should determine how 
they might better coordinate historic 
preservation programs and planning among 
facilities managers, public affairs officers, 
archivists, historians, external affairs 
officers, and other staff.  The ACHP should 
recommend measures to these agencies to 
improve the effectiveness, coordination, 
and consistency of procedures with the 
purposes of the NHPA (16 U.S.C. 470 
§202[a][6]).

• Future scientific achievement, as well as 
adequately serving the public interest, 
depends on an understanding of past 
scientific successes and failures.   Federal 
agencies, in cooperation with other 
concerned parties, should explore 
innovative ways for minimizing and 
meeting the costs of historic preservation 

that may be associated with the operation
and management of historic facilities.

• The ACHP, in cooperation with the 
Smithsonian Institution, the NPS, and 
federal agencies, should establish a 
consensus about what kinds of scientific 
facilities and objects should be physically 
preserved for the future.  This should 
include deciding how the historic value of 
facilities and objects can be determined an
which facilities and objects can be 
“preserved” through  documentation.  The
ACHP suggests that the documentation 
option would be best suited to historic 
facilities that are still active. 

The study concluded that the ACHP regulatio
and the Section 106 review process are flexib
enough to accommodate the legitimate needs
the scientific and engineering community an
their activities at historic facilities (ACHP
1991).  

The NPS’s National Register Bulletin 22,
“Guidelines for Evaluating and Nominating
Properties that Have Achieved Significanc
Within the Last Fifty Years” (NPS 1990)
emphasizes the importance of careful
establishing the cultural context of propertie
and evaluating them based on comparisons w
other possible properties within the sam
historical context.  A justification or rationale o
exceptional importance should be an explic
part of a statement of significance.  Suc
properties frequently qualify for nomination t
the NRHP under more than one of the criter
for evaluation for nomination (36 CFR 60.4).

The NPS’s National Register Bulletin 38,
“Guidelines for Evaluating and Documentin
Traditional Cultural Properties” (Parker an
King 1990) indicates that objects, trails
pathways, physical features, or resour
gathering sites that are significant to a livin
community’s historically rooted beliefs
customs, and practices, may be eligible f
protection under the NHPA.  Within LANL’s
boundaries, TCPs exist that have both a curr
E–23
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and a traditional importance to existing
American Indian and other local communities.
Although TCPs have been eligible for the
NRHP since its creation (Parker 1993), it was
not until National Register Bulletin 38 was
published that their importance was recognized
by federal agencies, SHPOs, and other cultural
resources managers. 

Other pieces of  legislation, including the
AIRFA of 1978 (42 U.S.C. §1996), the
NAGPRA of 1990 (25 U.S.C. §3001), and
Executive Order (EO) 13007, deal mostly with
religious, ceremonial, or burial sites.  

The AIRFA is a joint resolution of Congress
stating that the policy of the U.S. is to protect
and preserve the right of American Indians to
have access to sites, possess and use sacred
objects, and worship through traditional rights
and ceremonials.  The AIRFA is simply a policy
statement; no regulations implementing the
AIRFA have been promulgated.  (However,
within DOE, DOE Order 1230.2, American
Indian Policy, is the implementing regulatory
mechanism.)

The NAGPRA places ownership or control of
American Indian human remains or funerary
objects, excavated or discovered on federal or
tribal lands after the date of the act, in the hands
of the lineal descendants of the Indian tribe.
Moreover, the NAGPRA requires agencies and
museums with collections of American Indian
human remains or associated funerary objects to
inventory those remains; identify their
geographic and cultural affiliations, in
consultation with tribal governments and
religious leaders.  They then must provide each
Indian tribe with a copy of the inventory of
remains associated with that tribe, an inventory
of remains not clearly associated, and access to
records, catalogues, and studies.  If the cultural
affiliation is established or demonstrated
through “geographical, kinship, biological,
archaeological, anthropological, linguistic,
folkloric, oral traditional, historical, or other
relevant information, or expert opinion”

(43 CFR 10.7[a][4]), the remains must b
returned, if requested.  The regulation
implementing the NAGPRA, published in 199
(43 CFR 10), provide a systematic process 
determining the rights of lineal descendants a
Indian tribes to the remains, and instructions f
consultation.  

Consultation with lineal descendants an
affiliated tribes is required at several stages 
NAGPRA compliance.  Intentional
archaeological excavations of human remain
funerary objects, sacred objects, or objects
cultural patrimony on federal lands ar
permitted only after consultation with
appropriate Indian tribes (43 CFR 10.3
Consultation must include any tribes that a
likely to be culturally affiliated with or to have
occupied the area, or that have a demonstra
cultural relationship to the remain
(43 CFR 10.5).  Prior notification of Indian
tribes who have likely affiliation, have
aboriginal use of the area, or who are otherw
culturally related to the remains is required if a
activity may result in the excavation of suc
remains (43 CFR 10.3[c]).  Inadverten
discoveries require notification of “likely to be
culturally affiliated” Indian tribes within three
working days and cessation of all disturbance
the area.  In addition, the person or agen
responsible for the discovery must protect t
site from further disturbance.  The project ma
resume in 30 days after notification unless
plan, such as a memorandum of agreem
(MOA) is in place.  In the event of emergenc
discoveries, consultation should be coordinat
with the reporting responsibilities of othe
legislation. Additionally, 43 CFR 10.6
recommends that federal agencies enter in
comprehensive agreements with Indian tribe
addressing all federal agency land managem
activities that could result in the intentiona
excavation or inadvertent discovery of suc
remains, and that they establish a process 
effectively carrying out the NAGPRA
requirements.  LANL has completed a
inventory in compliance with the NAGPRA
E–24
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however, to date, the NAGPRA consultations
have included only the four Accord Pueblos.

EO 13007 directs agencies to accommodate
access to and ceremonial use of Indian sacred
sites on federal lands by Indian religious
practitioners, and to avoid adversely affecting
the physical  integrity of such sites.  A sacred
site is defined as a “discrete, narrowly
delineated location of federal land that is
identified by an Indian tribe, or Indian
individual determined to be an appropriately
authoritative representative of an Indian
religion, as sacred by virtue of its established
religious significance or for ceremonial use by
an Indian religion.”  EO 13007 is applicable to
some TCPs and adds protection to newly
established ceremonial sites; however, it does
not apply to subsistence features, artisan
gathering sites, and ethnobotanical gathering
sites.

Within 1 year of the effective date of EO 13007,
the head of each agency was directed to report
the following to the President:

• Changes necessary to accommodate access 
to Indian sacred sites.

• Changes necessary to avoid adversely 
affecting the physical integrity of sacred 
sites.

• Procedures implemented or proposed to 
facilitate consultation with appropriate 
Indian tribes and religious leaders and 
resolution of disputes.

A draft report for compliance with EO 13007,
prepared by DOE in May 1997, states that DOE
will accommodate access to sites by working
directly with tribes to identify their needs for
access or barriers to access, developing MOAs
with tribes, and developing and implementing
cultural resource plans in consultation with
tribal officials.  Changes necessary to avoid
adversely affecting Indian sacred sites are
continuing outreach to tribes to expand DOE’s
ability to identify sites, to develop and to
implement cultural resource plans in

consultation with tribes, and to incorporat
tribal representatives into cultural resourc
planning.  Consultation with Indian tribes wil
be facilitated by training DOE personnel, wit
assistance from tribal members; developin
specific consultation procedures or usin
existing procedures such as those for t
National Environmental Policy Act (NEPA)
(42 U.S.C. §4321) and Section 10
compliance, and seeking to resolve disput
with tribes.

Other legislation explicitly requires inventorie
of significant resources. Section 110 of th
NHPA requires agencies to inventor
significant sites under their jurisdiction and t
develop plans to manage those resources.  A
EO 11593, §2(a) (1971) orders agencies 
“locate, inventory, and  nominate to th
Secretary of the Interior all sites, buildings, an
objects under their jurisdiction or control tha
appear to qualify for listing in the NRHP.”
Furthermore, it directs agencies to submit to t
Secretary of the Interior procedures for th
maintenance and preservation of historic a
archaeological sites under their contr
(EO 11593, §2[d]).  This legislation forms th
basis for protecting cultural resources.

E.5 RESEARCH METHODOLOGY

Anthropologists and historians have develop
the concept of historical context as a framewo
to facilitate the evaluation of significance
Historical context facilitates the evaluatio
process by grouping information about cultur
resources based on a shared theme, specific t
period, and geographical area (48 Federal
Register [FR] 44739).  Historical context
provides a flexible and legitimate basis for sit
wide planning decisions that may affect cultur
resources, and is developed by the SHPO
provide a basis for evaluating prehistoric an
historic sites by identifying patterns or resear
problems in the historical and prehistor
record.  Patterns or research problems inclu
(48 FR 44718–44719):
E–25
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• The chronological period and geographical 
area of each context.

• A compilation of existing information 
obtained through literature and background 
searches.

• The identification of trends in research and 
cultural values of the settlement, 
architecture, and art.

• A definition of property or site types by 
characteristics of each type.

• The identification of gaps in the body of 
information concerning historical context.

Historical context, then, includes both temporal
and spatial information as well as artifacts and
structures.  It is ideal for incorporating cultural
resources into the SWEIS because it is
nonjudgmental; it includes elements of
significance without implicating sites or
localities as significant or insignificant.  While
the development of context is beyond the scope
of the SWEIS, the SWEIS research
methodology used the paradigm outlined above
to categorize cultural resources.

Historical contexts are not well defined for New
Mexico.  Researchers in the state generally
apply a research design published in 1981 by the
State of New Mexico, Office of Cultural
Affairs, Historic Preservation Division, titled
“Prehistoric New Mexico; Background for
Survey” (Stuart and Gauthier 1981).  Although
this research is applicable, it lacks the
framework to evaluate site significance that is
intended for contexts.  Several Historic Period
contexts were defined in a manuscript titled
“New Mexico Historic Contexts” (Pratt and
Scurlock 1993).  Pratt and Scurlock (1993)
recommended the development of a nuclear
energy context, extending in time from 1943 to
the present and including Los Alamos,
Albuquerque, the Trinity Site, and southeastern
New Mexico, with associated property types
(laboratories, reactors, nuclear development and
testing sites, and waste storage sites).  The
absence of a defined nuclear energy context
makes classification and evaluation of historic

resources at LANL difficult and results in a da
gap for the SWEIS and for the cultural resourc
management program at LANL.

E.5.1 Research Methods for 
Acquiring Data on Prehistoric 
Cultural Resources

Archaeological and cultural data on the existin
prehistoric cultural resources at LANL wer
acquired from the LANL Cultural Resource
Management Team; the New Mexico Office o
Cultural Affairs, Historic Preservation Division
the New Mexico State Register of Cultura
Properties; and the Museum of New Mexic
Laboratory of Anthropology, Archaeologica
Records Management Systems (ARMS).   
review of published records and literature abo
the history and cultures of northern Ne
Mexico was also conducted as part of th
SWEIS. 

Comprehensive data on cultural resources
LANL are maintained in paper and electron
databases and Geographic Information Syst
(GIS) by the LANL Cultural Resource
Management Team and include bo
compliance information and cultural
archaeological data (PC 1995).  The LAN
Cultural Resources electronic database w
reviewed.  Some sites have been recorded
confirmed recently by the LANL Cultural
Resource Management Team, while others ha
been previously recorded, using methods a
controls that may be different from prese
standards.  Sites are classified in the electro
database according to available information 
location, site type, and eligibility status.  The
are not, however, classified according to age
cultural affiliation.  Cultural resource data ar
transferred, using site forms, from LANL to th
New Mexico ARMS database at the Museum 
New Mexico, Laboratory of Anthropology.  A
lag of approximately 10 years exists in th
processing and transfer of some data to ARM
resulting in differences in the numbers of sites
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each electronic database as well as in the types
of information conveyed in each database.  

Attempts were made to reconcile the two
electronic databases in order to obtain
information about the historical context of
prehistoric resources and the numbers and types
of cultural components of each site.
Discrepancies were found between the two
electronic databases that prevented the inclusion
of ARMS data in the SWEIS.  Therefore, the
site numbers, locations, and site type data
provided by the LANL Cultural Resources
Team form the basis of this study.  Prehistoric
resources were incorporated into a GIS for
overlay impacts analysis.  Methods were
developed to ensure that sensitive cultural
resource information was not jeopardized
during the study.

E.5.2 Research Methods for 
Acquiring Data on Historic 
Cultural  Resources

Data on Historic Period resources were obtained
from several sources.  Data relating to the
Spanish Colonial and U.S. Territorial periods
were obtained from the LANL Cultural
Resource Management Team database and
publications.  Data about cultural resources
constructed at LANL during the Nuclear Energy
Period were obtained from the LANL report,
Capital Asset Management Process, Fiscal
Year 1997 (LANL 1995a), the Facility for
Information Management, Analysis, and
Display (FIMAD) database (LANL 1996), the
as-built structure location maps for LANL
(GITL 1997), the Environmental Restoration
Program Decommissioning Summary Site Plan
(LANL 1995b), and the LANL Cultural
Resource Management Team database and
publications.  The locations of known structures
dating from the Nuclear Energy Period were
determined from facility maps and incorporated
into a GIS for overlay impacts analysis.

These data do not include non-building remai
of those periods and do not fully identify th
numerous interrelated infrastructure suppo
systems and functional systems present 
LANL.  The LANL Cultural Resource
Management Team has a database of poten
historic facilities that includes many existin
and demolished structures (LANL Cultura
Resource Database).  These data have b
excluded from the list of known resources un
further documentation can be obtained to lin
them with the historical context of the Nuclea
Energy Period. 

E.5.3 Research Methods for 
Acquiring Data on 
Traditional Cultural 
Properties

TCPs were studied, using methods designed
identify categories and specific resources, 
assess potential impacts from LANL operatio
and to provide recommendations to prote
those resources from adverse effects from fut
LANL activities.  The purpose of the study wa
to determine if properties exist within the LANL
region that continue to hold cultura
significance to those groups claiming tradition
use or affiliation with the LANL area.  TCP
identification, evaluation, and documentatio
processes were conducted using the guideli
specified in National Register Bulletin 38
(Parker and King 1990), which address
eligibility to the NRHP.  Natural, physical
biological, political, ideological, and man-mad
places significant to the local communities fo
ideological, economic, or historic reasons we
identified in this study.

The goals of the SWEIS TCP study were 
identify: 

• Those American Indian, Hispanic, and 
other communities with cultural affiliations
in the LANL area.
E–27
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• The types of TCPs in the LANL region that 
could be affected by LANL and the kinds of 
LANL activities that could affect them.

• Potential avenues of mitigation that would 
avoid or minimize impacts to traditional 
properties.  

The primary focus of the TCP study was
American Indian and Hispanic traditional
communities.  However, if TCPs associated
with other cultures or groups were identified
during the course of this study, they were also
acknowledged here.  

The TCP research methods used in this study
include the following elements:

• Identify Traditional Communities That 
Maintain Affiliation with or Traditional Use 
of the LANL Area.  A 50-mile (80-
kilometer) radius around LANL was used 
to identify communities to establish 
consultations.  Other communities 
identified through the literature review 
were then added to the list.

• Conduct Initial Consultations with 
Potential TCP Communities.  This level of 
consultation includes identifying 
appropriate contacts, making telephone 
calls, and setting up meetings with 
communities to introduce the SWEIS and 
inquire about their desire to participate in 
the SWEIS process.

• Enter into Agreements for TCP Community 
Consultations.  Interested traditional 
communities established the methods for 
identifying TCPs of concern to them in the 
LANL area.   Most traditional communities 
completed TCP field survey forms and 
provided either written or oral commentary 
on the cultural resource reference materials 
used in preparing sections of the Draft 
SWEIS.  Participating traditional 
communities had review and editing rights 
regarding sensitive information prior to 
publication.

• Review Ethnographic Literature.  
Ethnographic literature was reviewed to 
understand the range and types of TCPs f
selected traditional communities that have
documented affiliations to the study area o
have expressed a cultural affiliation to the
affected environment on the basis of TCP
community histories.  The list of American
Indian cultures covered in the ethnograph
literature review includes approximately 17
Pueblo and Athabaskan cultures that have
vested interests in the protection of 
traditional places in the LANL region.  
These cultures include the following:
— Pueblo of Nambe
— Hispanic Communities
— Pueblo of Taos
— Pueblo de Cochiti 
— Pueblo of Picuris
— Pueblo of Jemez
— Pueblo of San Ildefonso
— Pueblo of Sandia
— Jicarilla Apache Tribe
— Pueblo of Santo Domingo
— Pueblo of San Juan
— Pueblo of Zia
— Pueblo of Santa Clara
— Pueblo of Zuni
— Pueblo of Pojoaque
— Hopi Tribe
— Pueblo of Tesuque
— Navajo Nation

• Conduct the Consultations with 
Communities or Groups Identified.  
Consultations are meetings held within the
potentially affected community.  They 
include community/tribal representatives, 
leaders, elders, and resource specialists 
identified during the research and 
networking efforts outlined above. A field 
survey form was designed to facilitate 
discussions with traditional communities, 
assist in the recording and classification o
TCPs, record concerns of potential effects
of LANL operations, record suggestions fo
E–28
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mitigation measures, and suggest methods 
to preserve TCPs.  The methods used at 
TCP consultations were flexible in order to 
respond to the needs of different 
communities.  For example, some 
communities conducted their own 
consultations.  A Consultation Recording 
Sheet and a map showing LANL and 
surrounding areas were left with the 
communities.  The consultations were 
completed by community members or staff 
and returned to the researchers.

• Identify and Contact Traditional Hispanic 
Community Leaders.  Similar to Pueblo/
Tribal consultations, consultations with 
Hispanic weavers, herbalists, lay-
brotherhood members, artisans,  acequia 
(shared community ditch) commissioners, 
mayordomos/mayordomas, and acequia 
federation offices were conducted to obtain 
information for the TCP study, solicit 
participation, and make possible the 
assessment of impacts.  Consultations were 
conducted by letter, follow-up phone calls, 
group consultations, and site visits. 

• Identify and Invite the Participation of 
Regional Traditional Hispanic 
Organizations.  Hispanic organizations that 
represent the interests of traditional 
communities, such as artisan guilds, rural 
development organizations, and others were 
contacted and invited to participate in group 
consultations to identify Hispanic TCPs and 
possible impacts of LANL activities.   

• Conduct Hispanic Community Meetings 
and Interviews.  Hispanic TCPs were 
identified through two community 
meetings: one held in Jemez Springs, New 
Mexico, and the other held in Española, 
New Mexico.  The general format of the 
meetings included a presentation on the 
goals and purpose of the SWEIS and 
definitions and examples of TCPs, followed 
by responses to questions regarding the 
TCP field survey forms.  Records of the 
meetings were transcribed and submitted to 
the communities for review and comment.

• Analyze Findings in TCP Field Survey 
Forms.  A classification system was 
developed for TCPs, based on the results
the literature search and consultations.  Th
system was organized by category,  
including shrines, plant gathering areas, 
clay procurement areas for pottery making
hunting areas, technology sites (tool-
making), and acequias.  The analysis 
included synthesizing information from the
literature review and consultations.

• Review of TCP Information for the Draft 
SWEIS.  Consultations included a 30-day 
period to review the reference materials 
used for preparation of cultural resource 
sections of the Draft SWEIS.  This was a 
separate review process that was limited 
strictly to the cultural resource sections.  
Upon receipt of review comments, the dra
cultural resource sections were edited to 
reflect relevant comments.

E.5.4 Impacts Analysis Methods

The goals of the SWEIS cultural resource
impacts analysis were to assess the general s
and intensity of impacts to the cultural resourc
from activity levels in each of the SWEIS
alternatives.  The cultural resource impac
analysis is not intended to take the place 
project-specific NHPA and NEPA reviews, bu
to provide a comparative assessment of t
impacts to cultural resources to be expect
from each alternative.

The following parameters were established f
impacts analysis:

• All cultural resources were considered in 
the cultural resource impacts analysis 
regardless of eligibility.  These resources 
were from three broad categories: 
prehistoric archaeological sites, historic 
resources,  and  TCPs. 

• The impacts analysis considers general 
categories of cultural resource types (e.g.
simple and complex pueblos, scientific 
E–29
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laboratories, ceremonial sites) rather than 
impacts to individual resources.  The types 
of effects and levels of adversity were 
determined for each resource class.

• Impacts are evaluated in a general manner 
and according to four broad categories that 
reflect the criteria of effect (36 CFR 800.9):  
destruction/alteration; isolation and 
restriction of access; introduction of visual, 
audible, or atmospheric elements out of 
character with the resource; and neglect 
leading to deterioration and vandalism.  Not 
all classes of cultural resources will be 
affected by every category of effect.

• Adverse effects to any resource category 
were evaluated for each of the four SWEIS 
alternatives by means of a data matrix.  
Geographic overlay analysis and detailed 
project descriptions were used to assist in 
identifying the numbers and types of 
cultural resources that might be affected by 
the alternatives.  Results of the consequence 
analysis for air quality, surface and 
groundwater, human health risk, and noise 
and vibration will be used to evaluate 
impacts to human users of TCPs and other 
potential impacts to cultural resources.

• Data from recent LANL operations were 
used as points of comparison for the 
relative severity of cultural resource 
impacts under each alternative.  The degree 
of adverse impacts were qualitatively 
assessed according to the approximate 
number of resources adversely affected, the 
intensity of the impact, and the duration of 
the impact.  

Table E.5.4–1 summarizes the potential for
effects of various actions on categories of
prehistoric cultural resources found at LANL.
Table E.5.4–2 provides the potential for effects
of various actions on historic resources at
LANL, while Table E.5.4–3 gives the potential
for effects of various actions on TCPs.   LANL
operations and projects reflected in the SWEIS
alternatives were evaluated according to their

potential effects on nearby resources, 
described in these tables. 

E.6 EXISTING  CONDITIONS  FOR 
CULTURAL  RESOURCES AT 
LANL 

The following subsections contain discussio
of LANL’s cultural resource management an
the existing prehistoric, historic, and tradition
cultural resources within the boundaries defin
in the SWEIS or within the areas of potenti
impact.  All data on existing conditions within
LANL boundaries, including policy, procedura
issues, and existing resources, were obtained
1995 conditions.  It is assumed that both polici
and known resources are constantly chang
within a facility as large as LANL.  One area o
cultural resource management, in particular, h
been undergoing rapid change at LANL:  th
development of new contacts among LANL an
the various American Indian triba
governments.

E.6.1 Cultural Resource 
Management at LANL

Issues regarding cultural resources at LANL a
handled by the LANL Cultural Resource
Management Team (CRMT) of the
Environmental Assessments and Resou
Evaluations Group of the Environment, Safet
and Health Division at LANL.  

In a memorandum from the Director of th
Environmental Guidance Division, DOE
Headquarters, dated February 23, 1990, DO
was directed to ensure that management 
cultural resources at all DOE facilities is i
compliance with all cultural resource executiv
orders, laws, and regulations.  The memo furth
stipulates that DOE programs must budg
sufficient funds to support cultural resourc
compliance actions and programs.  The CRM
follows the LANL compliance procedure
outlined in the LANL Cultural Resource
E–30
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TABLE  E.5.4–1.—Potential Impacts of Actions on Prehistoric Resource Types

ACTION TYPE
 PUEBLO 

STRUCTURES

ERODED 
PUEBLOS/
RUBBLE/

ARTIFACT 
SCATTER

CAVATE 
PUEBLOS/ROCK 
ART/SHELTERS 

AND OVERHANGS

TRAILS/STEPS/
ROCK RINGS OR 

STONE 
ARRANGEMENTS

New Construction 
(direct)

Destruction/alteration 
Removal of or 
damage to sites

Destruction/alteration 
Removal of or 
damage to sites

Destruction/alteration 
Removal of or 
damage to sites

Destruction/alteration 
Removal of or 
damage to sites

Increased Vibrations 
(from traffic, 
explosive testing, etc.

Destruction/alteration 
Damage to sites

None Destruction/alteration 
Removal of or 
damage to sites

Destruction/alteration 
Removal of or 
damage to sites

Increased Erosion or 
Siltation

Destruction/alteration 
Damage to sites

Destruction/alteration 
Damage to sites

Destruction/alteration 
Damage to sites

Destruction/alteration 
Damage to sites

Shrapnel Scatter from 
Firing Points

Isolation/restriction of 
access

Inability to access 
sites  because of  

hazardous conditions

Isolation/restriction of 
access

Inability to access 
sites  because of  

hazardous conditions

Isolation/restriction of 
access

Inability to access 
sites  because of  

hazardous conditions 

Isolation/restriction of 
access

Inability to access 
sites  because of  

hazardous conditions

Explosives (direct 
hits)

Destruction/alteration 
Removal of or 
damage to sites

Destruction/alteration 
Removal of or 
damage to sites

Destruction/alteration 
Removal of or 
damage to sites

Destruction/alteration 
Removal of or 
damage to sites

Radiation Hazards 
(from airborne or 
waterborne 
contamination)

Isolation/restriction of 
access

Inability to access 
sites  because of  

hazardous conditions

Isolation/restriction of 
access

Inability to access 
sites  because of  

hazardous conditions

Isolation/restriction of 
access

Inability to access 
sites  because of  

hazardous conditions

Isolation/restriction of 
access

Inability to access 
sites  because of  

hazardous conditions

Noise None None None None

Hazardous Material 
(nonradiological from 
airborne or 
waterborne 
contamination)

Isolation/restriction of 
access

Inability to access 
sites  because of  

hazardous conditions

Isolation/restriction of 
access

Inability to access 
sites because of  

hazardous conditions

Isolation/restriction of 
access

Inability to access 
sites  because of  

hazardous conditions

Isolation/restriction of 
access

Inability to access 
sites  because of  

hazardous conditions

Reduced Security Destruction/neglect, 
alteration

Removal of or 
damage to sites

Deterioration and 
damage to sites from 

vandalism

Destruction/neglect, 
alteration

Removal of or 
damage to sites

Deterioration and 
damage to sites from 

vandalism

Destruction/neglect, 
alteration

Removal of or 
damage to sites

Deterioration and 
damage to sites from 

vandalism

Destruction/neglect, 
alteration

Removal of or 
damage to sites

Deterioration and 
damage to sites from 

vandalism

Note:  For archaeological sites that are also TCPs, refer to Table E.5.4–3.
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TABLE  E.5.4–2.—Potential Impacts of Actions on Historic Resource Categories

ACTION TYPE

U.S. 
TERRITORIAL 

AND 
HOMESTEAD 

SITES

NUCLEAR ENERGY PERIOD BUILDINGS, DISTRICTS AND SITES
(1943 TO 1989)

ADMINISTRATION  
BUILDINGS

STORAGE 
AND SERVICE

LABORATORIES 
AND 

PRODUCTION

HOUSING AND 
OTHER

New Construction 
(direct or indirect)

Destruction/ 
alteration

Removal of or 
damage to sites

Introduction of 
elements out of 
character with 

setting

Destruction/ 
alteration

Removal of or 
damage to sites

Introduction of 
elements out of 
character with 

setting

Destruction/ 
alteration

Removal of or 
damage to sites

Introduction of 
elements out of 
character with 

setting

Destruction/ 
alteration

Removal of or 
damage to sites

Introduction of 
elements out of 
character with 

setting

Destruction/ 
alteration

Removal of or 
damage to sites

Introduction of 
elements out of 
character with 

setting

Increased Noise and 
Vibrations

Destruction/ 
alteration

Damage to sites

Destruction/ 
alteration

Damage to sites

Destruction/ 
alteration

Damage to sites

Destruction/ 
alteration

Damage to sites

Destruction/ 
alteration

Damage to sites

Increased Erosion or 
Siltation

Destruction/ 
alteration

Damage to sites

Destruction/ 
alteration

Damage to sites

Destruction/ 
alteration

Damage to sites

Destruction/ 
alteration

Damage to sites

Destruction/ 
alteration

Damage to sites

Explosives Testing 
(direct hits or 
shrapnel scatter)

Destruction/ 
alteration 

Removal of or 
damage to sites

Destruction/ 
alteration

Removal of or 
damage to sites

Destruction/ 
alteration 

Removal of or 
damage to sites

Destruction/ 
alteration 

Removal of or 
damage to sites

Destruction/ 
alteration

Removal of or 
damage to sites

Radiation and 
Nonradiological 
Hazards (from 
airborne or 
waterborne 
contamination)

Isolation

Inability to 
access sites 
because of  
hazardous 
conditions

Isolation

Inability to access 
sites because of  

hazardous 
conditions

Isolation

Inability to 
access sites 
because of  
hazardous 
conditions

Isolation

Inability to access 
sites because of  

hazardous 
conditions

Isolation

Inability to 
access sites 
because of  
hazardous 
conditions

Decommissioning 
and Demolition

Destruction/ 
alteration 

Removal of or 
damage to sites

Destruction/ 
alteration 

Removal of or 
damage to sites

Destruction/ 
alteration 

Removal of or 
damage to sites

Destruction/ 
alteration 

Removal of or 
damage to sites

Destruction/ 
alteration 

Removal of or 
damage to sites

Refurbishing  
Buildings; 
Changing Building 
Function

None Destruction/ 
alteration

Removal of or 
damage to 
significant 

components

Introduction of 
elements out of 
character with 

setting

Destruction/ 
alteration

Removal of or 
damage to 
significant 

components

Introduction of 
elements out of 
character with 

setting

Destruction/ 
alteration

Removal of or 
damage to 
significant 

components

Introduction of 
elements out of 
character with 

setting

Destruction/ 
alteration

Removal of or 
damage to 
significant 

components

Introduction of 
elements out of 
character with 

setting
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Reduced Security/
Abandonment/Lack 
of Use

Neglect

Deterioration 
and damage to 

sites from 
vandalism

Destruction/
alteration

Removal of or 
damage to sites

Neglect

Deterioration and 
damage to sites from 

vandalism

Destruction/
alteration

Removal of or 
damage to sites

Neglect

Deterioration 
and damage to 

sites from 
vandalism

Destruction/
alteration

Removal of or 
damage to sites

Neglect

Deterioration and 
damage to sites 
from vandalism

Destruction/
alteration

Removal of or 
damage to sites

Neglect

Deterioration 
and damage to 

sites from 
vandalism

Destruction/
alteration

Removal of or 
damage to sites

TABLE  E.5.4–2.—Potential Impacts of Actions on Historic Resource Categories-Continued

ACTION TYPE

U.S. 
TERRITORIAL 

AND 
HOMESTEAD 

SITES

NUCLEAR ENERGY PERIOD BUILDINGS, DISTRICTS AND SITES
(1943 TO 1989)

ADMINISTRATION  
BUILDINGS

STORAGE 
AND SERVICE

LABORATORIES 
AND 

PRODUCTION

HOUSING AND 
OTHER
E–33
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TABLE  E.5.4–3.—Potential Impacts of Actions on
Traditional Cultural Property Categories

ACTION TYPE
CEREMONIAL  

AND ARCH. 
SITES

NATURAL 
FEATURES

ETHNOBOTANICAL 
GATHERING SITES

ARTISAN 
MATERIALS 
GATHERING 

SITES

SUBSISTENCE 
FEATURES

New 
Construction 
(direct)

Destruction/ 
alteration

Removal of or 
damage to sites

Destruction/ 
alteration

Removal of or 
damage 

Destruction/ 
alteration

Removal of or 
damage to sites

Destruction/ 
alteration

Removal of or 
damage to sites

Destruction/ 
alteration

Removal or 
damage to sites

New 
Construction 
(roads, towers, 
fences, signs or 
buildings that 
would be visible 
from TCPs or 
make TCPs more 
visible)

Introduction of 
elements out of 
character with 

setting

Isolation

Sites separated 
from trails and/or 

linked sites

Introduction of 
elements out of 
character with 

setting

Isolation

View 
interference

Introduction of 
elements out of 

character with setting

Isolation

Sites separated from 
trails and/or linked 

sites

Introduction of 
elements out of 
character with 

setting

Isolation

Sites separated 
from trails and/or 

linked sites

Destruction/
alteration

Disturbance of  
wildlife

Isolation

Sites separated 
from trails and/
or linked sites

Increased 
Vibrations (from 
traffic, explosive 
testing, etc.

Destruction/ 
alteration

Damage to sites

Destruction/
alteration

Damage to 
sites

Destruction/alteration

Damage to sites

Introduction of 
elements out of 

character with setting

Destruction/
alteration

Damage to sites

Introduction of 
elements out of 
character with 

setting

Destruction/
alteration

Disturbance of  
wildlife

Increased Erosion 
or Siltation (from 
changes in 
runoff)

Destruction/ 
alteration

Damage to sites

Destruction/ 
alteration

Damage to 
sites

Destruction/alteration

Damage to sites

Destruction/
alteration

Damage to sites

Destruction/
alteration

Damage to sites

Shrapnel from 
Firing Points

Destruction/ 
alteration

Removal of or 
damage to sites

Introduction of 
elements out of 
character with 

setting

Inability to access 
sites because of  

hazardous 
conditions

Destruction/ 
alteration

Removal of or 
damage to sites

Introduction of 
elements out of 
character with 

setting

Inability to 
access sites 
because of  
hazardous 
conditions

Destruction/alteration

Damage to sites

Isolation/restriction 
of access

Inability to access 
sites because of  

hazardous conditions

Destruction/
alteration

Damage to sites

Isolation/
restriction of 

access

Inability to access 
sites because of  

hazardous 
conditions

Destruction/
alteration

Disturbance of 
wildlife

Isolation

Inability to 
access sites 
because of  
hazardous 
conditions
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Explosives 
(direct hits from 
testing)

Destruction/ 
alteration 

Removal of or 
damage to sites

Introduction of 
physical changes 

in setting

Isolation/
restriction of 

access

Inability to access 
sites because of  

hazardous 
conditions

Destruction/ 
alteration

Removal of or 
damage to sites

Introduction of 
physical 

changes in 
setting

Isolation/
restriction of 

access

Inability to 
access sites 
because of  
hazardous 
conditions

Destruction/ 
alteration

Removal of or 
damage to sites

Isolation/restriction 
of access

Inability to access 
sites because of  

hazardous conditions

Destruction/ 
alteration

Removal of or 
damage to sites

Isolation/
restriction of 

access

Inability to access 
sites because of  

hazardous 
conditions

Destruction/ 
alteration

Disturbance to 
wildlife 

Isolation/
restriction of 

access

Inability to 
access sites 
because of  
hazardous 
conditions

Radiation 
Hazards (from  
airborne or 
waterborne 
contamination)

Introduction of 
elements out of 
character with 

setting

Isolation/
restriction of 

access

Inability to access 
sites because of 

hazardous 
conditions

Introduction of 
elements out of 
character with 

setting

Isolation/
restriction of 

access

Inability to 
access sites 
because of 
hazardous 
conditions

Isolation/restriction 
of access

Inability to access 
sites because of  

hazardous conditions

Isolation/
restriction of 

access

Inability to access 
sites because of  

hazardous 
conditions

Isolation/
restriction of 

access

Inability to 
access sites 
because of  
hazardous 
conditions

Noise Introduction of 
elements out of 
character with 

setting

Introduction of 
elements out of 
character with 

setting

Introduction of 
elements out of 

character with setting

Introduction of 
elements out of 
character with 

setting

Destruction/ 
alteration

Disturbance to  
wildlife

Hazardous 
Material 
(Nonradiological 
from airborne or 
waterborne 
contamination)

Introduction of 
elements out of 
character with 

setting

Isolation/
restriction of 

access

Inability to access 
sites because of 
contamination

Introduction of 
elements out of 
character with 

setting

Isolation/
restriction of 

access

Inability to 
access sites 
because of 

contamination

Destruction/alteration

Removal or damage 
to sites

Isolation/restriction 
of access

Inability to access 
sites because of 
contamination

Destruction/
alteration

Removal or 
damage to sites

Isolation/
restriction of 

access

Inability to access 
sites because of 
contamination

Destruction/
alteration

Removal or 
damage to sites

Isolation/
restriction of 

access

Inability to 
access sites 
because of 

contamination

TABLE  E.5.4–3.—Potential Impacts of Actions on
Traditional Cultural Property Categories-Continued

ACTION TYPE
CEREMONIAL  

AND ARCH. 
SITES

NATURAL 
FEATURES

ETHNOBOTANICAL 
GATHERING SITES

ARTISAN 
MATERIALS 
GATHERING 

SITES

SUBSISTENCE 
FEATURES
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Increased 
Security 
Restrictions

Isolation/
restriction of 

access

Inability to access 
sites

Isolation/
restriction of 

access

Inability to 
access sites

Isolation/restriction 
of access

Inability to access 
sites

Isolation/
restriction of 

access

Inability to access 
sites

Isolation/
restriction of 

access

Inability to 
access sites

Changed Water 
Quality in 
Natural Springs/
Streams

Destruction/
alteration

Removal of or 
damage to sites

Introduction of 
elements out of 
character with 

setting

Isolation/
restriction of 

access

Inability to access 
sites

Destruction/
alteration

Removal of or 
damage to sites

Introduction of 
elements out of 
character with 

setting

Isolation/
restriction of 

access

Inability to 
access sites

Destruction/alteration

Removal of or 
damage to sites

Introduction of 
elements out of 

character with setting

Isolation/restriction 
of access

Inability to access 
sites

Destruction/
alteration

Removal of or 
damage to sites

Introduction of 
elements out of 
character with 

setting

Isolation/
restriction of 

access

Inability to access 
sites

Destruction/
alteration

Removal of or 
damage to sites

Introduction of 
elements out of 
character with 

setting

Isolation/
restriction of 

access

Inability to 
access sites

Hydrologic 
Changes 

Destruction/ 
alteration

Removal of or 
damage to sites

Destruction/ 
alteration

Removal of or 
damage to sites

Destruction/ 
alteration

Removal of or 
damage to sites

Destruction/
alteration

Removal of or 
damage to sites

Destruction/
alteration

Removal of or 
damage to sites

Changes in  
Maintenance

Destruction/ 
alteration

Erosion of 
archeological 

sites

Destruction/
alteration

Erosion of 
natural features

Destruction/alteration

Erosion of natural 
features

Destruction/
alteration

Erosion of natural 
features

Destruction/
alteration

Erosion of 
natural features

Reduced Security Destruction/ 
alteration

Removal of or 
damage to sites 
from vandalism

Destruction/ 
alteration

Vandalism and 
damage from 

lack of 
protection

Destruction/ 
alteration

Increased visitation 
and damage from 
lack of protection

Destruction/ 
alteration

Increased use and 
damage from lack 

of protection

Destruction/
alteration

Loss of wildlife 
from increased 

hunting or 
visitation

Transfer of 
Ownership (to 
ownership 
outside SHPO 
review)

Destruction/ 
alteration

Removal of or 
damage to sites

Neglect

Damage from 
vandalism, loss 

of protected 
status

Destruction/ 
alteration

Removal of or 
damage to sites

Neglect

Damage from 
vandalism, loss 

of protected 
status

Destruction/ 
alteration

Removal of or 
damage to sites

Neglect

Damage from 
vandalism, loss of 
protected status

Destruction/ 
alteration

Removal of or 
damage to sites

Neglect

Damage from 
vandalism, loss 

of protected 
status

Destruction/ 
alteration

Removal of or 
damage to sites

Neglect

Damage from 
vandalism, loss 

of protected 
status

TABLE  E.5.4–3.—Potential Impacts of Actions on
Traditional Cultural Property Categories-Continued

ACTION TYPE
CEREMONIAL  

AND ARCH. 
SITES

NATURAL 
FEATURES

ETHNOBOTANICAL 
GATHERING SITES

ARTISAN 
MATERIALS 
GATHERING 

SITES

SUBSISTENCE 
FEATURES
E–36



Cultural Resources
New Fencing Isolation/
restriction of 

access

Inability to access 
sites

Introduction of 
elements out of 
character with 

setting

Isolation/
restriction of 

access

Inability to 
access sites

Introduction of 
elements out of 
character with 

setting

Isolation/restriction 
of access

Inability to access 
sites

Introduction of 
elements out of 

character with setting

Isolation/
restriction of 

access

Inability to access 
sites

Introduction of 
elements out of 
character with 

setting

Isolation/
restriction of 

access

Inability to 
access sites

Introduction of 
elements out of 
character with 

setting

TABLE  E.5.4–3.—Potential Impacts of Actions on
Traditional Cultural Property Categories-Continued

ACTION TYPE
CEREMONIAL  

AND ARCH. 
SITES

NATURAL 
FEATURES

ETHNOBOTANICAL 
GATHERING SITES

ARTISAN 
MATERIALS 
GATHERING 

SITES

SUBSISTENCE 
FEATURES
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Overview and Data Inventory 1995.  The
procedure was designed to keep LANL in
compliance with the NHPA of 1966, as
amended (16 U.S.C. §470); the Archaeological
Resource Protection Act (ARPA) of 1979;
AIRFA of 1978 (42 U.S.C. §1996); Executive
Order 13007, Section 2(b); NAGPRA of 1990
(25 U.S.C. §3001); NEPA  (42 U.S.C. §4321);
and DOE’s American Indian Policy (DOE
Order 1230.2).

According to the LANL compliance procedure,
the CRMT follows a step-by-step process to
evaluate LANL actions for cultural resource
compliance.

• The CRMT reviews all proposed LANL 
actions to determine if they are 
undertakings as defined in 36 CFR Part 
800.  According to the LANL compliance 
procedure, “Undertakings are activities that 
have the potential to affect a cultural 
resource and are typically activities outside 
buildings that disturb the ground” (LANL 
1995c).

• Once an action is determined to be an 
undertaking, the CRMT conducts surveys 
of the affected area to determine if eligible 
cultural resources are likely to be affected 
by the proposed action.  Cultural resource 
surveys are LANL controlled-release 
documents that are sent to the SHPO for 
concurrence with findings and for making 
determinations of eligibility.  The surveys 
are also sent to the governors of the four 
Accord tribes (San Ildefonso, Santa Clara, 
Jemez, and Cochiti) for comment and 
identification of TCPs in the affected area.

• If both the DOE and the SHPO agree that a 
particular undertaking will have an adverse 
affect on eligible cultural resources, the 
CRMT develops a mitigation plan, 
specifying how the adverse effect will be 
mitigated.  The mitigation plan is reviewed 
and approved by the SHPO and the 
National Advisory Council on Historic 
Preservation.  According to the LANL 
compliance procedure, input from the 

public and interested American Indian 
groups is also solicited.

• Implementation of the mitigation plan may
involve excavation of prehistoric sites if 
they are eligible for the NRHP under 
Criterion D alone.  Data are analyzed by th
CRMT as specified by the mitigation plan,
and all recovered artifacts are curated at t
Museum of New Mexico in Santa Fe, New
Mexico.  

In addition to the steps outlined abov
measures are taken by the CRMT to provi
American Indian tribes with access t
information and input to the process of cultur
resource management.  Monthly meetings a
held among DOE, the CRMT, LANL’s lega
counsel, LANL’s Government Relations Office
and representatives of the four Accord tribe
San Ildefonso, Santa Clara, Jemez, and Coch
At these meetings, tribal representatives a
advised of projects that may have impacts 
cultural resources.  According to the LANL
compliance procedure, “...their input is invite
on all phases of cultural resource survey, rep
preparation, determination of effects to cultur
resources, and design of mitigation measure
(LANL 1995c).  Any other tribes that identify
themselves to LANL as having cultura
affiliation with the region may also take part i
these meetings or may be notified of LAN
actions and included in consultations (Oak
1997).

For purposes of compliance with NAGPRA
since 1995 the CRMT policy has been to conta
local pueblo groups believed to be cultural
affiliated with prehistoric sites at LANL,
whenever human remains are uncovered.  Th
pueblo groups would be asked for direction 
the treatment and disposition of human remai

The CRMT maintains a cultural resourc
administrative paper database and an electro
database and GIS of archaeological survey da
Administrative and compliance data ar
maintained on paper and electronically.  The
data include project review information
E–38
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cultural resource survey data, and data on any
subsequent reports.  Archaeological data files
include location data, site type, age, cultural
affiliation, survey information, TA numbers,
eligibility information, and any associated
report numbers.  As of 1995, the electronic
prehistoric database did not contain data on the
age or cultural affiliation of archaeological
resources at LANL; however, these data could
be found in the CRMT’s paper database.

A separate electronic database has been
maintained for historic resources at LANL from
the Nuclear Energy Period (post-1942).  This
database is organized by LANL facility number
and includes information about building or
structure type, location, construction date, and
current status or use.  Some data have been
added in 1995 from surveys that were conducted
prior to demolition of a number of structures
from this period.  Comprehensive surveys have
not been conducted to identify Nuclear Energy
Period resources, including those from the
World War II/Early Nuclear Weapons
Development Period at LANL.

An archaeological site number is assigned to
each new archaeological site that is encountered
at LANL and a site form is filled out for most,
but not all sites (LANL 1995c).  Data included
on the site forms have changed over the years,
producing inconsistencies in the database.
Beginning in 1995, the state’s standard site form
(used in the New Mexico Cultural Resource
Information System) has been used by the
CRMT.  Prior to 1978, data on the site type and
the age of the site were not consistently included
on site forms used at LANL (PC 1995 and
LANL 1995c).  Site forms should be submitted
to the SHPO for inclusion in the state database
and the New Mexico Historic Preservation
Division’s ARMS.  Some submittals to the
SHPO are several years behind (PC 1995). 

As a result of differences in information
recorded on site forms at LANL and delays in
the submittal of site forms to the SHPO,

discrepancies exist between the state s
records and LANL records.

E.6.2 Prehistoric Resources Within 
LANL Boundaries

A total of 1,302 prehistoric archaeological site
(sites with unique Laboratory of Anthropolog
numbers) have been identified within or ver
near LANL boundaries during archaeologic
investigations (LANL 1995c).  The areas bein
considered in the SWEIS contain 1,295 site
according to GIS overlay analysis.  A
breakdown of archaeological site types 
provided in Table E.6.2–1.  The site types ha
been grouped in this table according to t
manner in which they respond to variou
impacts, such as vibration, erosion, corrosio
or explosions.

Eligibility assessments have been made 
1,192 prehistoric sites, with 770 sites found 
be eligible for inclusion in the NRHP.  There ar
322 sites that are potentially eligible, and on
100 sites have been determined ineligible f
nomination to the NRHP.  The remaining 10

TABLE  E.6.2–1.—Prehistoric Cultural 
Resource Sites Within LANL Boundaries

SITE TYPE
NUMBER OF 

SITES

Simple Pueblos 665

Complex Pueblos 62

Rock Shelters, Cavate (small 
caves) Pueblos

213

Rock Art 40

Water Control Features, Game 
Traps

56

Trails, Steps 20

Highly Eroded Pueblos, Rubble 29

Artifact Scatter, Stone Chips 
(lithic scatter), Rock Rings

210

TOTAL 1,295

Source:  LANL 1995c
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sites have not been assessed for eligibility, but
are assumed to be potentially eligible by the
LANL CRMT until further assessment is
completed (PC 1995). 

Archaeological survey work has been extensive
at LANL. Several hundred small, project-
related archaeological surveys have been
conducted since the implementation of the
NHPA at LANL in the early 1970’s
(LANL 1995c).  Only 25 percent of  LANL
remains completely unsurveyed (LANL 1995c).
Many LANL areas have been surveyed for
archaeological resources at 100 percent
coverage; others have been surveyed with only
60 percent coverage.

E.6.3 Historic Cultural Resources 
Within LANL Boundaries

A total of 2,319 cultural resources date from the
Historic Period.  There are 87 known cultural
resources within LANL boundaries that date
from the Early U.S. Territorial/Statehood
Period, as shown in Table E.6.3–1.  Most of
these cultural resources have been recorded and
their eligibility has been established in some
cases.  Of the 87 homestead resources, 22 are
eligible for the NRHP.  One site is also listed on
the State Register of Cultural Properties.  Three
of these sites have been excavated (LANL
1995c).

Most cultural resources attributed to the
Historic Period date from the Nuclear Energy
Period, beginning with World War II and
continuing through the end of the Cold War in
1989.  However, no systematic survey has been
conducted of the Historic Period cultural
resources within LANL boundaries, nor have
these resources been uniformly evaluated for
eligibility for nomination to the NRHP. 

Historic data about resources constructed at
LANL during the World War II and the Cold
War Periods have been obtained for purposes of
the SWEIS from the LANL report, Capital

Asset Management Process, Fiscal Year 19
(LANL 1995a).  These data do not include no
building remains of those periods, and th
numerous interrelated infrastructure suppo
systems and functional systems present 
LANL are not fully identified (LANL 1995c).
The LANL Cultural Resources Database 
potential historic facilities includes many
existing and demolished structures. 

A search of available data indicates that abo
2,232 buildings, structures, or trailers that da
from the Nuclear Energy Period existed 
LANL in 1995.  Analysis of the data shows tha
about 515 resources date from 1943 throu
1956, and 1,717 date from 1957 through 198
These numbers are approximate becau
nonbuilding resources have not been identifi
and demolition actions are ongoing.

E.6.4 Traditional Cultural 
Properties in the LANL 
Region

Within LANL’s limited access boundaries
there are ancestral villages, shrine
petroglyphs, sacred springs, trails, an
traditional use areas that could be identified 
Pueblo and Athabascan communities as TC
The LANL CRMT has a program in place t
manage on-site cultural resources f
compliance with NAGPRA and AIRFA (LANL
1995c).  The Pueblos of San Ildefonso and Sa
Clara are considered to be most direct
affiliated with archaeological sites at LANL
(PC 1995 and Oakes 1997).  When there is
undertaking, LANL arranges site visits by triba
representatives of the four Accord Pueblos 
solicit their concerns and to comply with
applicable requirements and agreemen
However, this notification has been limited t
Section 106 and NAGPRA compliance. Unt
recently, there has never been a systematic st
of the TCPs at LANL that would identify othe
communities with potential concerns
Furthermore, TCPs that are natural featur
resource gathering places, or hunting are
E–40
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TABLE  E.6.3–1.—Historic Sites Identified by the SWEIS

HISTORIC 
PERIOD

DATES
CHARACTERISTIC 

CULTURAL EVIDENCE

NUMBER 
OF KNOWN 
ARTIFACTS 

OR SITES

NATIONAL REGISTER OF 
HISTORIC PLACES ELIGIBILITY

Spanish Colonial A.D. 
1600 to 
1849

• Wagons

• Iron hardware

• Horse equipment

• Pueblo V artifacts

0

Early U.S.
Territorial/ 
Statehood

A.D. 
1850 to 
1942

• European and Hispanic 
homesteads

• Commercial ranching 
concerns/guest ranches:  
Pond cabin, Anchor Ranch, 
and the Los Alamos Ranch 
School

87 Twenty-two sites are eligible for the 
NRHP.

One site is also listed on the State 
Register of Cultural Properties.a

Nuclear Energy A.D. 
1943 to 
present

a. World War II/
Early Nuclear     
Weapon      
Development  
Period

A.D. 
1943 

through 
1948

• Original Los Alamos 
townsite

• World War II Manhattan 
Project facilities where the 
design and manufacture of 
the “Trinity Site: bomb; 
Hiroshima bomb, “Little 
Boy;” and Nagasaki bomb, 
“Fat Man” occurred

• LANL sites where all U.S. 
Nuclear Weapons were made 
from 1946 to 1950

• Common artifacts consist of 
buildings, security fences 
and stations, barricades, 
roads, reinforced protective 
structures

515
(1943 to 1956)

Seventy-seven sites are eligible for the 
NRHP (1943–1956).  One is also listed 

on the State Register of Cultural 
Properties.a

b.  Early Cold      
War Period

A.D. 
1949 

through 
1956

Pronounced expansion of 
facilities

c.  Late Cold      
War Period

A.D. 
1957 

through 
1989

Continued expansion of 
facilities

1,717 These LANL buildings have not been 
assessed for NRHP eligibility.

Total Number of Sites 2,319

Sources:  LANL 1995–1996, LANL 1995b, LANL 1995c, McGehee 1995, and NMHPD 1995.
a The Ashley Pond cabin is listed twice because its occupation and use spans two historic periods.
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have neither been identified nor considered in
the evaluation of effects from LANL
undertakings.

According to the LANL compliance procedure,
American Indian tribes may request permission
for visits to sacred sites within LANL
boundaries for ceremonies (Oakes 1997).
However, the procedure takes time, and no
instances were found to indicate that tribes
access ceremonial or other traditional sites by
this means.

American Indian TCPs, located on lands outside
LANL boundaries, such as tribal lands, state
lands, federally managed lands, and private
lands, may be potentially affected by LANL
activities.  Other federal agencies with land
holdings in the area that may have TCPs
include:

• U.S. Forest Service, Santa Fe and Carson 
National Forests

• NPS, BNM
• DOI, Bureau of Land Management, Taos 

Resource Area

Consultations were held with 19 American
Indian tribes and two Hispanic communities as
part of the SWEIS TCP study.  Several contacts
were made with 23 American Indian tribes;
however, four did not participate in the
consultations.  Of the contacted communities,
only the Pueblo of Santa Ana did not wish to
participate at this time.  The Pueblo of San
Felipe showed interest during repeated

telephone contacts and presentations; howev
they did not elect to hold consultations durin
the SWEIS TCP study.  All of the consultin
groups indicated that they had at least so
TCPs present on or near LANL, as summariz
in Table E.6.4–1.  These resources are pres
throughout LANL and adjacent lands, includin
the neighboring BNM, reservation lands, San
Fe National Forest and U.S. Forest Service la

The following subsections outline the results 
consultations with American Indian an
Hispanic communities.  These subsectio
comprise statements made during th
consultations, classified by the following
categories:  ceremonial and archaeological sit
natural features, ethnobotanical gathering sit
artisan material gathering sites, and subsiste
features.

E.6.4.1 Ceremonial Sites

• Pueblo of Acoma—Pueblo of Acoma 
officials do not claim cultural affiliation to 
sites in the LANL area except in a genera
sense as Pueblo people.  They do, howev
have concerns about the treatment of 
human remains that may exist in the LANL
area.  In addition, all archaeological sites i
the area are considered sacred to all Pueb
people.

• Pueblo of Cochiti—Tribal representatives 
stated that LANL is part of their ancestral 
domain.  

• Pueblo of Jemez—Although LANL is on 
the periphery of the ancestral Jemez 

 
TABLE  E.6.4–1.—Traditional Cultural Properties Identified by Consulting Communities

on or near LANL Property

CEREMONIAL AND 
ARCHAEOLOGICAL  

SITES

NATURAL 
FEATURES

ETHNO-
BOTANICAL  

SITES

ARTISAN 
MATERIAL 

SITES

SUBSISTENCE 
FEATURES

Number of 
Consultations Indicating 
the Presence of TCPs on 
or near LANL

15 14 10 7 8
E–42



Cultural Resources

r 

.

 
 

 
o 
se 

al 
al 
a 

in 

l 

 
d 
 

o 

n 
domain, since the days of prehistory, the 
Jemez people have continued to make 
pilgrimages to sacred sites in the vicinity of 
Los Alamos.  The Jemez people have 
shrines in the Los Alamos area, but not in 
the LANL compound.

• Pueblo of Laguna—Representatives from 
the Pueblo of Laguna indicated that the 
LANL area is part of Laguna’s traditional 
use area and BNM is an important area to 
the tribe.

• Mescalero Apache Tribe—Tribal 
representatives stated that at least three 
ceremonial feast areas are located in the 
LANL area.

• Navajo Nation—Navajo tribal records 
document that the LANL area is a very old 
traditional use area with at least 20 
ceremonial/archaeological sites in the area.

• Pueblo of Picuris—Representatives from 
the Pueblo of Picuris stated that their people 
have cultural affiliation with archaeological 
sites near and at LANL.

• Pueblo of Pojoaque—A representative 
from the Pueblo of Pojoaque stated that the 
Pueblo has traditional sites in the LANL 
area.  Tribal members mostly travel to the 
east to hold ceremonies but go in all 
directions for prayers; e.g., towards Santa 
Fe and White Rock.  Many tribal members 
long ago went to the Los Alamos area, 
traveling through San Ildefonso and Garcia 
Canyon to White Rock.  Oral stories often 
pertain to Jacona Peak and the BNM area.  
A traditional trail traverses what is now 
LANL, but it is no longer used due to 
denied access.

• Pueblo of Sandia—Tribal officials from the 
Pueblo of Sandia said that archaeological 
sites in the LANL area are important.  
Sandia is concerned over the treatment of 
human remains.  “They should be left 
alone,” according to tribal representatives. 

• Pueblo of San Ildefonso—The Pueblo of 
San Ildefonso recognizes the Los Alamos 
area as its ancestral domain.  San Ildefonso 

claims to have over 1,500 TCPs within 
LANL  boundaries.

• Pueblo of Santo Domingo—Officials from 
the Pueblo of Santo Domingo said tribal 
members use springs in the high country fo
ceremonial purposes, and they are 
concerned about pollution at these springs

• Pueblo of Taos—Tribal representatives 
stated that tribal members travel to areas 
near LANL for ceremonial functions; and 
that, although they no longer conduct 
traditional activities in the immediate area
of LANL, it is still considered to be sacred
to them.

• Pueblo of Zia—Traditional routes to 
buffalo hunting areas in Colorado traverse
LANL, along the Cuba Road and up the Ri
Grande.  Another route goes along the ba
of the Pajarito Plateau, east of LANL.  
These routes contain many shrines and 
many of these shrines are recounted in or
stories.  There are also many archaeologic
sites, shrines, and springs in the LANL are
that are important to the Zia people.

• Pueblo of Zuni—Representatives from the 
Pueblo of Zuni stated that they are 
concerned about the archaeological sites 
the region; e.g, the Stone Lions at BNM.  
Prehistoric pottery affiliated with the Zuni 
people has been found at LANL.

• Hispanic Communities—Hispanic 
communities identified several ceremonia
sites, such as traditional pilgrimage route 
that leads from the Jemez Springs area, 
through LANL, and along the highway to 
the Santuario de Chimayo.  Another 
pilgrimage route exists between Wagon 
Mound and the Santuario de Chimayo.  
Pilgrimages are conducted on foot both at
Christmas and during Lenten week.  A thir
pilgrimage or procession area exists along
Highway 84 near Abiquiu.  Many 
pilgrimage trails converge on the Santuari
de Chimayo in the Nambe area.  Some 
representatives mentioned that privatizatio
of some land had limited access to 
pilgrimage trails and sacred sites.  
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Descansos, crosses or stone markers along 
pilgrimage routes are used as sites to 
remember the dead.  Ceremonies are also 
conducted along the acequias in some 
villages to protect the water and ensure 
good crops, according to Hispanic 
consultants.

E.6.4.2 Natural Features

• Pueblo of Acoma—Officials from the 
Pueblo of Acoma stated that the LANL area 
is sacred.

• Hopi Tribe—Hopi tribal representatives 
stated they hold the Jemez Mountains as 
traditionally significant, and Hopi Kachinas 
go to their home in these mountains.

• Jicarilla Apache Tribe—The Jemez 
Mountains were identified by the Jicarilla 
Apache Tribe as culturally significant.  
They have traditionally bathed in hot 
springs in various locations, including the 
Jemez area and Pagosa Springs.

• Mescalero Apache Tribe—The Mescalero 
Apache tribal officials indicated that Los 
Alamos Mountain is of traditional 
importance.

• Navajo Nation—Tribal documents of the 
Navajo Nation identify 19 natural features 
in the LANL area.  The Jemez Mountains 
are significant and Pajarito Mountain and 
Pajarito Springs are considered sacred.  
Pajarito Mountain is tied to the Navajo 
creation story.

• Pueblo of Picuris—Tribal members of the 
Pueblo of Picuris have traditionally used 
the hot springs at Jemez.

• Pueblo of Pojoaque—Oral stories from the 
Pueblo of Pojoaque pertain to Jacoma Peak 
and BNM.

• Pueblo of Sandia—Springs in and around 
LANL are important to members of Sandia 
Pueblo.  They consider all springs as 
shrines, sacred places for prayer.

• Pueblo of San Juan—Representatives from 
the Pueblo of San Juan stated that among 

the significant resources in the LANL area
Jacona Peak is one of the most important

• Pueblo of Santa Clara—Tribal officials 
from the Pueblo of Santa Clara stated tha
the entire Pajarito Plateau is significant no
only to Santa Clara but to all the Pueblos.

• Zia Pueblo—One of the important features
to the Zia people is Santa Clara Peak.

• Pueblo of Zuni—Representatives from the 
Pueblo of Zuni said the LANL area is part 
of their traditional use area and tribal 
members collect water in the vicinity.  They
are concerned about the effects of LANL 
activities on springs.

• Hispanic Communities—Natural features 
were not mentioned as important Hispanic
TCPs in any consultations.

E.6.4.3 Ethnobotanical Gathering 
Sites

• Hopi Tribe—Members of the Hopi Tribe 
gather cattails from the LANL area for 
dances.

• Pueblo of Jemez—The Jemez people have 
traditionally collected and continue to 
collect medicinal plants and other plants in
the Los Alamos vicinity.

• Jicarilla Apache Tribe—Members of the 
Jicarilla Apache tribe collect willow, 
sumac, and medicinal plants in the LANL 
area.

• Mescalero Apache Tribe—Members of the 
Mescalero Apache tribe have plant 
gathering areas near LANL.

• Pueblo of Nambe—Officials from the 
Pueblo of Nambe stated that the Los 
Alamos area is a Nambe traditional use ar
and the people from the Pueblo gather 
plants in the vicinity.

• Pueblo of Pojoaque—Pojoaque tribal 
members go towards Santa Fe and White
Rock for pinyon nut gathering and plant 
gathering.
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• The Pueblo of Sandia—Tribal officials 
cannot give specific plant collection 
locations because weather patterns change 
and collection locations change annually 
with weather patterns.  They collect wild 
tobacco, prickly pear, yucca root, 
gooseberries, chokecherries, osha, wild 
spinach, bee weed (for paint), wild garlic, 
and juniper roots from the Jemez 
Mountains and around Fenton Lake, as well 
as pinyon nuts and evergreens from the 
Jemez Mountains.  

• Pueblo of Zia—Many herbs are collected 
by members of Zia Pueblo in the canyons 
around LANL, such as Pueblo Canyon.

• Pueblo of Zuni—Representatives of the 
Pueblo of Zuni said tribal members collect 
plants in the LANL vicinity.

• Hispanic Communities—Many wild plants 
are gathered for medicine and food by 
traditional Hispanic people in the LANL 
region.  The Jemez Mountains were 
mentioned during the consultations as an 
important area for gathering pinyon nuts, 
wild fruit, and herbs.  The areas where 
herbs are picked vary according to season 
and year.  Some of the medicinal plants that 
are gathered in the LANL region include 
cota, osha, yerba buena, and chimaha. 
Participants mentioned that families and 
groups make outings to the mountains to 
gather plants.  Barranca Mesa, north of 
LANL boundaries, and Ojo Caliente were 
identified as important areas to gather wild 
plants.  

E.6.4.4 Artisan Material Gathering 
Sites

• Pueblo of Jemez—The Jemez people 
collect obsidian and other minerals from the 
area.

• Jicarilla Apache Tribe—Members of the 
Jicarilla Apache tribe collect clay, pigment, 
and plants for basketry in the LANL area, 
including the Jemez Mountains, the Santa 

Clara and Taos areas, and the Sangre de
Cristo Mountains.  Micaceous clay is 
collected in numerous places including the
El Rito area.

• Pueblo of Nambe—Members of the Pueblo 
of Nambe gather minerals in the vicinity.

• Navajo Nation—Navajo tribal records 
document four resource gathering areas i
the LANL area.

• Pueblo of Picuris—Tribal members of the 
Pueblo of Picuris have collected chert nea
Cochiti, and their ancestors collected 
obsidian in the LANL area.

• Pueblo of Taos—Tribal members collect 
clay and wood from the Santa Clara and 
San Juan areas.

• Pueblo of Zia—Obsidian is collected at 
Obsidian Ridge by tribal members of Zia 
Pueblo.

• Hispanic Communities—Members of the 
Hispanic communities mentioned wood fo
vigas and latillas, wood for carving, and 
plants to dye wool, as materials commonly
gathered from the areas around LANL.  
Some dye plants such as goldenrod are 
gathered along acequias.  Other plants ar
gathered along roadsides (chamisa and 
cota) or in the foothills (Mormon tea). 
Wood for carving Santos is collected in the
Los Alamos area, including cottonwood 
and aspen from the Santa Fe National 
Forest.  Juniper is gathered in bulk by 
families for carving.  Santa Clara, El Rito, 
the Tecolote area near La Madera, and 
Dixon were mentioned as areas where cla
is gathered.  Micaceous clay is gathered a
Petaca.  Special crystals called Lagrimas d
Dios are collected near Dixon by artisans.
One consultant mentioned that she had 
formerly gathered ephedra and other plan
to dye her wool along the roads around 
LANL, but had discontinued the practice 
because she believed the plants were 
contaminated.  
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E.6.4.5 Traditional Subsistence 
Features

• Pueblo of Jemez—The Jemez people 
collect water from ancient springs in the 
area and hunt deer and elk that have 
migrated into the ancestral Jemez domain 
from the LANL area.

• Jicarilla Apache Tribe—Members of the 
Jicarilla Apache Tribe hunt in the LANL 
area, and some of their livestock graze near 
the southern border of the Jicarilla Apache 
reservation.

• Pueblo of Nambe—Officials from the 
Pueblo of Nambe stated that the Los 
Alamos area is a Nambe traditional use area 
and the Pueblo has TCPs located within the 
vicinity.  Many traditional, ceremonial, and 
culturally used products are gathered within 
the area that they feel may be affected by 
current and future LANL undertakings.  
The Pueblo of Nambe people use the Los 
Alamos area for hunting, fishing, and wood 
gathering.  In addition, tribal members 
farm, raise crops, provide feed for 
livestock, and gather plants and minerals in 
the vicinity.

• Navajo Nation—Tribal documents of the 
Navajo Nation identified two trade centers 
in the LANL area.

• Pueblo of Pojoaque—Many tribal members 
from the Pueblo of Pojoaque went to the 
Los Alamos area long ago, traveling 
through San Ildefonso and Garcia Canyon 
to White Rock, and many still hunt in this 
vicinity.

• Pueblo of Sandia—Members of the Pueblo 
of Sandia hunt deer and elk in the Jemez 
Mountains and north to the Colorado 
Border.  They fish in the Santa Clara and 
Jemez areas, Santa Cruz Lake, and at 
Nambe Falls. 

• Pueblo of Taos—Tribal members use the 
Rio Pueblo and the Rio Grande for 
collection of water.

• Pueblo of Zia—Activities that historically 
have taken place in Pueblo Canyon includ
animal collection using deer traps.  Tribal 
members consider these deer traps to be 
traditional properties.  The area around 
LANL was a prime hunting area.

• Hispanic Communities—Protection of the 
water rights and water quality of the 
acequias are very important to traditional 
Hispanic communities.  Rituals are 
performed in the springtime to bless the 
water, along with the annual cleaning of th
acequias.  This was mentioned by severa
informants as very important to the 
community.  One informant said that this 
was the way her children learned about th
ways of the people, by working together to
keep the ditch clean and to allocate the 
water. 

Hunting and fishing were mentioned b
Hispanic informants as being importan
traditional subsistence activities that brin
together families.  Outings into the mountains 
hunt also include gathering pinyon nuts and fru
or firewood and involve several family
members.  Informants mentioned that the
families used to hunt in the LANL area, but no
are prevented by LANL fences and private lan
People in Jemez Springs said that hunting a
fishing is important to their local traditions
Wild meat is a staple of their diet in man
families, and teaching one’s children to provid
their own meat and jerky was mentioned as 
important tradition.  A participant describe
hunting for deer in Guaje Canyon and wil
turkey around Barranca Mesa many years a
but he no longer has access to these areas.
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APPENDIX F
TRANSPORTATION RISK ANALYSIS

F.1 INTRODUCTION

Following in this appendix are more detailed
descriptions of the transportation risk analysis
methodology and results that are summarized in
the main volume of the SWEIS. 

Section F.2 includes a description of the types of
radioactive material (RAM) packaging required
by the regulations of the U.S. Department of
Transportation (DOT), the U.S. Nuclear
Regulatory Commission (NRC), and DOE, and
examples of how packaging is used at LANL.
Containers for hazardous materials (HAZMAT)
are also described in section F.2.  Risk measures
are described in section F.3.

The methodology for quantifying the risk
measures is described in section F.4.  The
methodology incorporates truck accident data
with an emphasis on routes between Interstate
25 (I–25) and the LANL site; a computer
program to determine routes, mileages, and
associated population densities; and other
computer codes to quantify incident-free
exposures and accident doses.

The methodology for determining the numbers
and types of shipments for the baseline and the
identified SWEIS alternatives (No Action,
Expanded Operations, Reduced Operations, and
Greener) is described in section F.5.

The risk analysis results are presented in section
F.6 for the base case and in section F.7 for the
Santa Fe relief route case.  To aid in
understanding and interpreting the results,
specific areas of uncertainty are described in
section F.8, with emphasis on how the
uncertainties may affect comparison of SWEIS
alternatives.

F.1.1 Purpose of the Analysis

Although in DOT regulations (49 CFR 171.8
RAM is a subset of HAZMAT, for this
transportation analysis they are address
separately.  The purpose of the transportat
risk analysis is to address the human health ri
arising from the transport of HAZMAT and
RAM associated with the operation of LANL
The human health risks associated with tru
traffic arise from exposure to the truck exhau
and the possibility of an accident that cou
produce injuries or fatalities.  These two hea
risks are independent of the truck cargo a
exist for similar shipments of any commodity.

The human health risks associated with t
radioactive or hazardous cargo result from t
possibility of release of the cargo in an accide
In addition, the radioactive cargo produces
radiation field external to the packaging eve
for normal conditions.  Persons exposed to t
external field receive a small level of radiation
referred to as incident-free exposure.

These health risks are characterized in terms
four risk measures:  truck-related emission
which could cause fatalities from latent cance
fatalities and injuries due to collisions with
heavy trucks; incident-free exposures 
radiation, which could cause fatalities from
latent cancer; and accidental releases of 
radioactive or hazardous cargo, which cou
cause immediate or latent fatalities.  These r
measures are described in section F.3, and 
methodology used to quantify them is describ
in section F.4 of this appendix.

F.1.2 Scope of the Analysis

The scope of the analysis includes the transp
of RAM or HAZMAT on public roads within
the LANL site and off-site shipments o
F–1
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materials by truck or air.  Air shipments begin
and end with a truck shipment.  Rail transport is
not addressed in this analysis, because there is
no rail service to LANL.  The risks to workers
or to the public from loading or unloading trucks
prior to or after shipment are considered part of
normal facility operations and are not addressed
as part of the transportation analysis (these are
addressed in the analysis of worker health risks
due to radiation exposure in sections 5.2.6,
5.3.6, 5.4.6, and 5.5.6); however, handling
during shipment is included.  Shipments while
public roads are temporarily closed are also
included in this analysis.

The methods and assumptions described in this
appendix were selected to ensure meaningful
comparisons among the SWEIS alternatives.  A
number of generic assumptions appropriate to
the overview nature of the SWEIS were made.
For example, because a detailed analysis of
every type of LANL shipment would be
impractical, shipments representative of classes
of materials were selected as described in
section F.5.  Three examples of material class
are bulk solid RAM, liquid RAM, and
flammable materials.  Also, because the
different packaging used for RAM are too
numerous to analyze individually to determine
how severe an accident must be to cause a
release, all packaging meeting the same
regulatory criteria are assumed to fail at the
same accident force magnitude (and hence
probability).  These parameters are described in
subsection F.4.4.

In DOT regulations on the transportation of
RAM, packaging is defined in 49 CFR 173.403
as: 

...the assembly of components
necessary to ensure compliance with
the packaging requirements of this
subpart.  It may consist of one or more
receptacles, absorbent materials,
spacing structures, thermal insulation,
radiation shielding, and devices for

cooling or absorbing mechanical
shock.

A package is defined as “the packaging togeth
with its radioactive contents as presented f
transport.”

The general rule used in this appendix is that 
assumptions should be conservative enough
ensure that the results do not underestimate 
level of transportation risk, but not s
conservative that the risk calculation 
knowingly orders of magnitude too
conservative or the differences betwee
alternatives are obscured.

The focus of the transportation accident analy
is on bounding accidents; i.e., the most seve
reasonably foreseeable accidents (DOE 1994
Transportation accidents that may occur oft
but that do not involve major consequences a
not addressed.

F.2  PACKAGING  OVERVIEW

DOT is the lead federal agency for establishi
and enforcing regulations regarding sa
transportation of HAZMAT and RAM.
Procedures to ensure safe packaging 
HAZMAT and RAM include categorizing the
material and requiring the use of a packaging
container appropriate to the category.  In t
case of RAM, the categorization is by form
quantity, and concentration of RAM.  Th
premise underlying packaging design for mo
HAZMAT and RAM is that the packages mus
maintain their integrity in the norma
transportation environment, which include
minor accidents.  An exception is that high
RAM and their packaging must survive seve
accident conditions without a dangerous relea
of contents.  Because packaging represents
primary barrier between HAZMAT and RAM
being transported and exposure of the pub
and the environment, the regulatory approa
for ensuring safety is to specify standards for t
packaging of HAZMAT and RAM.  These
F–2
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packaging requirements are an important
consideration for the transportation risk
assessment, and typical packaging used at
LANL are described in this section.  Packaging
and vehicles used for RAM are described first;
then chlorine cylinders, propane cargo tanks,
and explosives packaging are described.

DOT sets design and performance
specifications for packaging that will carry up to
Type A quantities of RAM.  Under an
agreement with DOT, NRC sets the standards
for packages of Type A and Type B quantities of
RAM (subsections F.2.3 and F.2.4).  DOE
meets NRC’s standards for certain packages and
follows DOT’s regulations for shipping and
packaging or provides equivalent protection for
its shipments.  Examples of general RAM
packages are shown in Figure F.2–1.

F.2.1 Limited Quantity Packaging

Limited quantities are very small amounts of
radioisotopes such as amounts found in smoke
detectors, lantern mantles, watches, signs, and
measuring devices.  The level of radioactivity
listed in 49 CFR 173.425 is so low that materials
containing that level can be shipped without
special packages, shipping papers, markings,
and labeling requirements.  The materials are
packaged in accordance with the general design
requirements of 49 CFR 173.410.  Such
packages must be designed for ease of handling
and proper restraint during shipment.  They
must be free of protuberances, easily
decontaminated, and capable of withstanding
the effects of vibration during transport.  All
valves, through which the package contents
could escape, must be protected (60 Federal
Register [FR] [188] 50297).

F.2.2 Industrial Packaging

Industrial packaging (IP) are authorized as
packaging for low-specific-activity (LSA)
materials and surface-contaminated objects

(SCOs).  LSA materials are naturally occurrin
ores, concentrates, and other materials in wh
the activity is essentially uniformly distributed
at low levels.  In contrast, materials classified 
SCO are not inherently radioactive; rather, th
are objects with radioactive contamination o
their surfaces, also at very low levels of activit
At a minimum, each IP must meet the gene
design requirements of 49 CFR 173.410:  
must be designed for ease of handling a
proper restraint during shipment; it must be fr
of protuberances, easily decontaminated, a
capable of withstanding the effects of vibratio
during transport; and valves, through which th
contents could escape, must be protected.  Th
are the only requirements that apply to IP Ty
1 (IP–1) (60 FR [188] 50297).

IP Type 2 (IP–2) must also survive the Type 
free drop and stacking tests.  Each IP Type
(IP–3) must meet the requirements for IP–1 a
IP–2 and the following Type A packag
requirements (DOT 1995b):

• A seal must be incorporated on the outsid
of the packaging.

• Temperatures must be within a specified 
range.

• A containment system that is securely 
closed by a positive fastening device mus
be included.

• Any radiolytic decomposition of materials 
and generation of gas by chemical reactio
and radiolysis must be taken into account

• Radioactive contents must be retained 
under reduced pressure.

• Each valve (except a pressure-relief devic
must have an enclosure to retain any 
leakage.

• Shielding must remain in place to protect 
the packaging components.

• The failure of any tie-down attachment 
must not impair the ability of the package t
meet other requirements.

• No loss or dispersal of the radioactive 
contents or any significant increase in the
F–3
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radiation levels at the external surfaces 
must occur when the IP–3 is evaluated 
against Type A packaging tests.

Solid depleted uranium is packaged in Type
IP–1 packaging.  Water with tritium
concentrations up to 75.7 curies per gallon (20
curies per liter) is packaged in Type IP–2
packaging for exclusive-use shipments and
Type IP–3 packaging for nonexclusive-use
shipments.  An exclusive-use shipment is one
that is for the sole use of the consignor or
consignee.  SCOs such as decontamination and
decommissioning wastes are packaged in Type
IP–1 if the fixed alpha contamination is up to
6.45 × 10-7 curies per square inch (10-7 curies
per square centimeter) and Type IP–2 if the
fixed alpha contamination is up to 1.3 × 10-5

curies per square inch (2 × 10-6 curies per square
centimeter) (60 FR [188] 50297).

F.2.3 Type A

Type A packaging are used for RAM with
specific activities up to limits specified in the
regulations.  Type A packages must contain
RAM under normal transportation conditions
and must maintain sufficient shielding to limit
exposure of handling personnel.  Normal
transportation refers to all transportation
conditions except those resulting from major
accidents or sabotage.  Type A packages are
generally steel drums or boxes made of steel,
wood, or strong fiberboard (see Figure F.2.3–1
for an example of a Type A package).  The
packaging, with contents, must be capable of
withstanding a series of tests (49 CFR 173.465)
including:  water spray, free drop (as high as 4
feet [1.2 meters], depending upon mass),
compression, and penetration.

F.2.4 Type B

Type B containers are very durable packages
used to contain and shield more hazardous
amounts and forms of RAM than those
contained in Type A packages.  Type B

packages are used to transport materials suc
spent fuel and high-level radioactive waste th
would present a radiation hazard to the public
the environment if a major release occurre
Type B packages must provide protection und
both normal conditions of transport and seve
accidents.  The certified design and constructi
methods for Type B packages ensure t
production of systems that will contain th
packaged radioactive contents even after
series of rigorous accident tests.  The tests 
hypothetical accident conditions specified in 1
CFR 71.73 include free drop (30 feet [
meters]), crush, puncture, thermal (exposure
1,475°F [802°C] for 30 minutes), and
immersion.  The size of Type B packages c
range from 40 pounds (18 kilograms) to ov
100 tons (91 metric tons).  Examples of Type
packages are presented in the followin
subsections.

F.2.4.1 FL-Type Container

The FL-Type container is currently the onl
certified container used for pit transport.  It is
DOT Type B package with a 16-gage stainle
steel outer containment drum surrounding a 1
gage stainless steel inner containment dru
(Figure F.2.4.1–1).  Fiberboard insulation 
present between the inner and out
containment drums.  Both the internal an
external containment drums are constructed
stainless steel.  The inner containment vesse
sealed with dual concentric silicone O-ring
(DOE 1996c).

F.2.4.2 Transuranic Packaging 
Transporter for Contact-
Handled Transuranic Waste

Contact-handled (CH) transuranic (TRU) was
is contaminated with man-made RAM wit
atomic numbers greater than uranium, such
plutonium, americium, and curium, which
primarily emit alpha radiation.  Because th
type of radiation cannot penetrate human sk
F–5
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FIGURE F.2.3–1.—Type A DOT–17H 55-Gallon (208-Liter) Steel Drum.
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FIGURE F.2.4.1–1.—Cross Section of an FL-Type Container.
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CH TRU waste is a hazard only if inhaled or
ingested.  The waste includes such materials as
laboratory clothing, tools, glove boxes, plastic,
rubber gloves, wood, metals, glassware, and
solidified wastewater sludges contaminated
with TRU materials.  All CH TRU waste will be
transported to the Waste Isolation Pilot Plant
(WIPP) in the Transuranic Packaging
Transporter (TRUPACT-II), a reusable
shipping packaging.  NRC certified this Type B
package according to 10 CFR 71.  As part of the
certification process, full-scale TRUPACT-II
prototypes were subjected to actual drop and
fire tests to prove their ability to survive severe
accident conditions.

The TRUPACT-II is a cylindrical metal
container with a flat bottom and a domed top
that is transported in an upright position (Figure
F.2.4.2–1).  Multi-layered wall design increases
the package strength and provides the ability to
withstand potential transportation incidents.
The CH waste will be sealed in 55-gallon (208-
liter) steel drums or waste boxes.  Each
TRUPACT-II can hold up to fourteen 55-gallon
(208-liter) steel drums, or two standard waste
boxes (WGA and DOE 1995).

F.2.4.3 UC–609 for Tritium

The UC–609 package consists of a containment
vessel centered by fiberboard insulation inside a
100-gallon (379-liter) drum (Figure F.2.4.3–1).
The tritium contents are carried in a storage
vessel inside the containment vessel.  The
package gross weight is 500 pounds
(227 kilograms).  The drum is fabricated of 14-
gage Type 304 stainless steel.  The Type 316
stainless steel containment vessel is 18 inches
(45 centimeters) in diameter and 44 inches
(112 centimeters) long and is rated for service
at 110 pounds per square inch (6.36 kilograms
per square centimeter), gage (psig) at 293°F
(145°C).  To protect the storage vessel from the
effects of an accident, the annular space
between the storage vessel and the containment

vessel wall is filled with aluminum honeycom
to absorb impact.

The allowable contents of the UC–609 is tritiu
in any form (except activated luminous pain
contained in a storage vessel.  The maximu
quantity of RAM per package is not more tha
5.3 ounces (150 grams) of tritium with the dec
heat not to exceed 48 watts.  The oxygen cont
must be less than 5 percent by volume of the g
in the containment vessel.  The maximu
internal pressure of the containment vessel m
not exceed 110 psig at 293°F (145°C
(Wangler 1995).

F.2.4.4 DOT–6M

The DOT–6M container is a metal packagin
conforming to DOT Specification 6M (49 CFR
178.354).  The sizes and payloads of DOT–6
containers vary.  The rated capacity is not le
than 10 gallons (38 liters) and no more th
110 gallons (416 liters) for the outer steel drum
The capacity of the inner containment vessel
not less than 0.33 gallon (1.24 liters).  The inn
containment vessel must conform t
specification 2R or equivalent, with a maximum
usable inside diameter of 5.25 inche
(13.33 centimeters), a minimum usable insid
diameter of 4 inches (10 centimeters), and
minimum height of 6 inches (15 centimeters
The inner containment vessel must be fix
within the outer shell by machined disks an
rings made of solid industrial cane fiberboar
hardwood, or plywood.  DOT Specification 6M
metal packaging is used only for solid o
gaseous RAM that will not undergo pressur
generating decomposition at temperatures up
250°F (121°C) and that do not generate mo
than 10 watts of radioactive decay heat (49 CF
173.416).  A 55-gallon (208-liter) 6M
packaging is shown in Figure F.2.4.4–1.
F–8
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FIGURE F.2.4.2–1.—TRUPACT-II.
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FIGURE F.2.4.3–1.—Model No. UC–609 Shipping Package.
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FIGURE F.2.4.4–1.—55-Gallon (208-Liter) 6M Packaging.

S
O

U
R

C
E

: 
 D

O
E

 1
99

6b



LANL SWEIS

d
re
el.
nd
ny
 or
s
y
s)
y

a
n

be
 or
e
e

he

o
els
A
e
es
er
is

 of
is
d.
ed
,
er.

ed
F.2.4.5 5320 for Plutonium Oxide 
and Americium Oxide

The basic arrangement of the 5320 shipping
cask is an upright cylinder with a domed top
(see Figure F.2.4.5–1).  The weight of the cask
is about 327 pounds (149 kilograms), the overall
height is 32 inches (81.3 centimeters), and the
diameter is 16.75 inches (42.55 centimeters).
The cask cavity has a length of 17.5 inches
(44.5 centimeters) and a diameter of
1.73 inches (4.39 centimeters).  The nested
primary and secondary containment vessels are
surrounded by a finned aluminum shield tank
filled with water-filled polyester.  The
containers are retained within the central sleeve
of the shield tank by a bolt that holds the bottom
of the secondary container against the baseplate.
Heat from the package contents is conducted to
the outer shell of the shield tank by radial
aluminum plates that connect the central sleeve
to the outer shell.  Axial fins on the outer shell
dissipate the heat to the environment.  An
expanded metal screen encloses and protects the
fins.  The screen also excludes personnel contact
during handling operations.

A thermal shield protects the lid, flanges, flange
bolts, and seals of the secondary container
during thermal accident conditions.  A “top hat”
style impact limiter protects all of these
components during impact accidents.

Secondary containment is provided by the
EP–62, which is a cylindrical pressure vessel
fabricated from Type 304 stainless steel.
Primary containment is provided by the EP–61,
which is a Type 316 stainless steel pressure
vessel with a threaded plug and cap.  The
containment seal is provided by seal welding the
cap to the body.  The EP–61 is certified as a one-
time-use container.  It is opened by removing
the welded cap, thus exposing the threaded plug.
Energy absorbers are used to center the primary
containment vessel inside the secondary
containment vessel.

The americium and plutonium products place
inside handling or product canisters a
contained in the primary containment vess
Possible contents include plutonium oxide a
its daughter products or americium oxide in a
solid form such as granules, scrap, pellets,
powder.  The maximum quantity allowed i
12.6 ounces (357 grams) of plutonium of an
isotopic composition or 6.2 ounces (176 gram
of americium.  The maximum permissible deca
heat is 203 watts (Wangler 1996).

F.2.4.6 Model 72–B for Remote-
Handled Transuranic Waste

Packaging for remote-handled (RH) TRU
waste, which produces penetrating gamm
radiation, is now going through the certificatio
process.  Compliance with the NRC
requirements for Type B packaging has to 
demonstrated for the 72–B cask by analysis
by combination of analysis and testing.  Th
72–B cask is a scaled-down version of th
125–B package, which has been certified by t
NRC as a Type B package.

The 72–B (Figure F.2.4.6–1) consists of tw
concentric stainless steel containment vess
protected by impact limiters at each end.  
2-inch (5-centimeter) lead liner between th
inner and outer containment vessels provid
shielding against gamma radiation.  Neith
containment vessel is vented, and each 
capable of withstanding an internal pressure
150 psig.  The capacity of the 72–B cask 
8,000 pounds (3,632 kilograms) of payloa
The payload consists of RH TRU waste pack
in 30- or 55-gallon (114- or 208-liter) drums
which are contained in a carbon steel canist
A shipment of RH TRU waste will involve only
one 72–B cask, loaded onto a custom-design
trailer, for truck transport to WIPP
(SSEB 1994).
F–12
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FIGURE F.2.4.5–1.—5320 Plutonium Oxide and Americium Oxide Shipping Cask.
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F.2.5 Safe Secure Trailers

DOE maintains and operates a special fleet of
trucks and trailers used to transport, in a safe and
secure manner, SNM, classified configurations
of nuclear weapons systems, and other forms
and quantities of strategic materials between
U.S. Department of Defense (DoD) sites and
DOE production sites, laboratories, and test
sites.  DOE Albuquerque Operations Office,
Transportation Safeguards Division, is
responsible for the operation and maintenance
of safe secure transport (SST) trailers and
supporting vehicles.  Because DOE exclusively
operates and maintains the SST network, DOE
is responsible for evaluating and approving the
safe and secure use of the SSTs, both within
DOE sites and between sites.

An SST trailer is a modified standard closed
semi-trailer that includes necessary cargo tie-
down equipment and temperature monitoring,
fire alarm, and access denial systems.  It is
essentially a mobile vault that is highly resistant
to unauthorized entry and provides a high
degree of cargo protection under accident
conditions.  The SST trailer is pulled by an
armored, penetration-resistant tractor.

SST trailers are accompanied by armed couriers
in escort vehicles equipped with
communications and electronics systems,
radiological monitoring equipment, and other
equipment to enhance safety and security.  The
escort vehicles must meet maintenance
standards significantly more stringent than
those for similar commercial transport
equipment.  All vehicles undergo an extensive
maintenance check prior to every trip, as well as
periodic preventive maintenance inspections.
In addition, these vehicles are replaced more
frequently than the vehicles used by commercial
shippers.  Every effort is made to ensure that the
convoys do not travel during periods of
inclement weather.  Should the convoys
encounter adverse weather, provisions exist for

the convoys to seek secure shelter at previou
identified facilities (DOE 1996a).

F.2.6 1-Ton Chlorine Containers

Chlorine is categorized as a Division 2.
material by DOT.  This division is composed o
gases that are considered poisonous wh
inhaled (49 CFR 173.115[c]).

Regulations allow transport of chlorine by ra
tank car, tank truck, 1-ton (908-kilogram
container, and gas cylinder.  Only 1-ton (90
kilogram) containers and smaller gas cylinde
have been used at LANL.  (One-ton cylinde
are no longer used at LANL as they once we
this type of container is retained for analys
because one cannot preclude their future us
DOT specification classes for the 1-to
(908-kilogram) container are 106A and 110A
The typical chlorine 1-ton (908-kilogram
container is 81.5 inches (207 centimeters) lo
with an outside diameter of 30.1 inche
(76.5 centimeters).  The minimum actual wa
thickness is usually 0.4375 inch
(1.1 centimeters) (the regulatory minimum 
0.406 inch [1.0 centimeter]).  The ends of th
cylinder are recessed to protect valves, whi
are also covered by a protective bonnet.  Fusi
plugs in both ends are designed to open if t
temperature exceeds 155°F (68°C).  T
capacity is 2,000 pounds (908 kilograms) 
chlorine.

F.2.7 Liquid Propane Cargo Tank

Liquid propane is transported by rail tank ca
tank truck, and cargo tank.  The cargo tank
used primarily for local deliveries and wil
transport up to 2,500 gallons (9,463 liters) 
liquid propane.  Deliveries to LANL are by
cargo truck and are usually in 2,000-gallo
(7,570-liter) increments.  The cargo tank 
15 feet (4.6 meters) long and 6 feet (1.8 mete
in diameter.  Its walls are 0.394 inc
(1.0 centimeter) thick.  The tank is permanent
mounted on a 14-ton (12,712-kilogram) truc
F–15
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body.  Valves and piping are located at the rear
of the truck.  The tank pressure of 250 psi keeps
the propane in a liquid state.

F.2.8 Explosives

Explosives are classified as Divisions 1.1
through 1.6 materials:

• Division 1.1—Materials that present a mass 
explosion hazard.

• Division 1.2—Materials that present a 
projection hazard, but not a mass explosion 
hazard.

• Division 1.3—Materials that present a fire 
hazard and a minor blast or project hazard 
(or both), but not a mass explosion hazard.

• Division 1.4—Materials that present minor 
explosion hazard.

• Division 1.5—Materials that present a mass 
explosion hazard, but that are also 
considered insensitive in terms of initiation 
of explosion.

• Division 1.6—Materials that are considered 
extremely insensitive and do not present a 
mass explosion hazard.

In the past, shipments to and from LANL have
included materials in Divisions 1.1, 1.2, and 1.4.

Typical packages transported to LANL contain
50 pounds (22.7 kilograms) of explosives in a
No. 4 fiber carton with a 4-millimeter-thick
polyethylene liner.  Up to 36 cartons are stacked
on a wooden pallet and restrained by stretch
netting.  Up to 38,800 pounds
(17,615 kilograms) of explosives may be
transported to LANL in a tractor trailer.

F.3 RISK MEASURES

In this section, basic risk concepts are presented,
key features of the transportation quantitative
risk analysis are discussed, and the four risk
measures used in the transportation risk analysis

are described.  The transportation risk analy
methodology is illustrated in Figure F.3–1.

F.3.1 Risk Concepts

The terms hazard and risk are synonymous
everyday usage but are quite different 
technical language.  A hazard is the inhere
characteristic of a material, condition, o
activity that has the potential to cause harm
people, property, or the environment.  A tan
pressurized with air has the potential to cau
harm to people from flying fragments tha
would result should the tank fail.  An
unpressurized tank filled with HAZMAT has
the potential to cause harm because of 
hazardous nature and quantity of material th
could be released.

Risk is the combination of the likelihood and th
consequence of a specified hazard becom
uncontrolled.  The specified uncontrolle
hazard is the result of an accident scenario. 
scenario usually consists of a sequence 
events.  The events are sometimes sho
graphically in an event tree (section F.4.5
Likelihood can be expressed as either 
frequency or a probability.  Frequency is the ra
at which events occur (e.g., events per ye
accidents per mile).  The frequency compone
of risk often consists of the initiating even
frequency multiplied by several conditiona
probability terms.  A probability is a numbe
between 0 and 1 that expresses a degree of b
concerning the possible occurrence of an eve
In this appendix, the term probability usuall
reflects a conditional probability.  A conditiona
probability is a probability for an event that ha
been preceded by one or more specified eve
Consequence is the direct effect, usua
undesirable, of the accident scenari
Consequences usually are measured in he
effects but may be expressed as cost of prope
loss or the amount of HAZMAT released.

Risk often is defined as frequency time
consequence. However, important informatio
F–16
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may be lost when risk is expressed as the
product of frequency and consequence.  When
frequency (or probability) is multiplied by
consequence, an accident that is expected to
cause one fatality and occur 10 times a year has
the same mathematical risk as an accident that is
expected to cause 1,000 fatalities and occur
once every 100 years.  Impact analysis results
reported as risk values in sections F.6 and F.7
are the products of frequency and consequence
to be consistent with the computer codes used to
generate the results.

A quantitative risk analysis incorporates
numerical estimates of the frequencies and the
consequences in a sophisticated but
approximate manner.  In practice, few decisions
require quantification of both frequency and
consequence at equal levels of sophistication.
Although risk assessment and risk analysis
usually are used interchangeably, risk analysis
is defined in the SWEIS as the computation of
risks, whereas risk assessment is defined as the
determination of risk acceptability.  Taking
action to mitigate risks is part of risk
management.

F.3.2 Transportation Risk Key 
Parameters

A mathematical formulation specifically for
transportation risk will illustrate the important
parameters used in this appendix.  The risk, Ri,
for accident scenario i is a function of the
scenario frequency, Fi, and the scenario
consequence, Ci (Equation F-1).

Ri = f(Fi , Ci) (F–1)

The usual procedure for a quantitative
transportation risk analysis is to divide the
transport route into segments (also called links),
along which the important parameters can be
reasonably approximated by a single average
value.  A detailed expression for risk can then be
formulated as follows (Equation F-2) (Rhyne
1994a):

Ri = f(F1a x Ma x P2ab x P3abc x P4ad x 
P5ae , Nad x Aabc x Xace) (F–2)

Where: F1a = frequency of an accident pe
mile in transport link a, based,
in the case of truck transport
primarily on highway type and
conditions, vehicle type, and
traffic conditions;

Ma = number of miles, or miles pe
year, in link a;

P2ab =probability that the accident in
link a results in accident
forces of type b (e.g.,
mechanical or thermal
forces);

P3abc = probability that the magnitude o
accident force type b in link a
exceeds the container’s
capability to resist the force
and causes release class c to
occur;

P4ad = probability that population
distribution class d occurs in
link a;

P5ae = probability that meteorological
condition e occurs in link a;

Nad = number of persons per unit are
in population class d in link a;

Aabc = release amount for release cla
c, given that force type b
occurs in link a; and

Xace = area that experiences th
specified health effects from a
unit release of the hazardou
material for meteorological
condition e for release class c.
F–18
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The overall risk is obtained by summing all
scenarios for each link or for the entire route
(Equation F-3).

(F–3)

The risk expression (Equation F-2) shows that
risk is directly proportional to nine parameters,
the quantification of which is described in
section F.4 of this appendix.  The key
parameters affecting the frequency term are
accident rate (subsection F.4.2), mileage
(subsection F.4.3), and accident severity and
package release probabilities (subsection
F.4.4.2).  The key parameters affecting the
consequence term are population density
(subsection F.4.3), release amount (subsection
F.4.4.3), and meteorological conditions.

Two of the parameters in Equation F-2 (specific
population density and specific meteorology)
are  not mentioned in section F.4.  These
conditional probabilities are conservatively
valued as 1.0 in this transportation risk analysis.

F.3.3 Truck-Related Risk Measures

Trucks carry cargo as varied as radioactive and
HAZMAT, steel girders, and vegetables.  Truck
traffic on public highways presents two types of
health risks independent of the nature of the
cargo:  the health effect of air pollutants,
primarily the diesel fuel combustion products;
and the injuries and fatalities caused by truck
accidents.

F.3.3.1 Truck Emissions

Truck traffic produces air pollution from the
diesel engine exhaust, fugitive dust generated
by the vehicle wake on the highway surface
dust, and particulates from tire wear on the
paved surface.  The primary health effect of
diesel fuel combustion is caused by sulfur
oxides and particulates, although nitrogen
oxides and hydrocarbons are also produced.

The health effect of these pollutants is increas
sickness (morbidity) and death, general
occurring after a latency period of several yea
The health effect has been evaluated by Rao
al. (1982) as 1.0 x 10-7 fatalities per truck
kilometer in urban areas.  No analysis was ma
for morbidity because no data were availab
The result is limited to urban areas because 
available air pollution mortality data were
limited to metropolitan population subgroups.

To evaluate this risk measure, the number 
truck miles in urban areas (evaluated 
described in subsection F.4.3) associated w
RAM and HAZMAT shipments is multiplied by
the health effect conversion factor described
the previous paragraph.  Given truck travel in 
urban area, the frequency of this consequenc
1; i.e., it is certain to occur.

F.3.3.2 Truck Accident Injuries and 
Fatalities

A truck accident can result in only mino
property damage (fender bender) or maj
property damage, an injury to the truck driver 
a member of the public, or a fatality. Saricks a
Kvitek (1994) give state-by-state truck acciden
fatality, and injury rates.  The values used in t
primary study area, in conjunction with th
accident rates given in subsections F.4.2.2 a
F.4.2.3, are 0.21 for the conditional probabili
of an injury in a truck accident, and 0.01 for th
conditional probability of a fatality in a truck
accident (DOT 1995a).  To evaluate this ris
the appropriate truck accident rate (subsect
F.4.2) is multiplied by the number of truck mile
(subsection F.4.3).

F.3.4 Cargo-Related Risk Measures

The cargo-related health effects are a result
the intrinsic nature of the cargo; i.e.,  radioacti
material and HAZMAT.  HAZMAT presents no
health risk unless the material is released in 
accident.  RAM can present a health risk caus

R Ri∑=
F–19
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by release in an accident as well as by the
normally occurring (incident-free) low-level
radiation field external to the packaging.  The
latter is referred to as incident-free risk.

F.3.4.1 Incident-Free Risk Measure 
(Radioactive Materials 
Only)

The doses to three groups of the public, truck
and air crew members, and to the maximally
exposed individual (MEI) are quantified
separately for the SWEIS.  Each of the dose
calculations is based on parameters such as the
number of shipments and the radiation level of
the shipments.  Either the RADTRAN or the
ADROIT computer codes described in
subsection F.4.4 is used to perform the
calculations.  The collective doses are expressed
in person-rem, and the MEI dose is expressed in
rem; the conversion from person-rem and rem to
human health effects is described in subsection
F.4.4.5.  The dose calculations are described in
the following subsections.

People Along the Truck Route

The dose each person would receive depends on
his or her distance from the highway and the
speed of the truck as it passed.  The already low
radiation level at the truck would drop off
rapidly as distance from the truck increased.
Also, the faster the truck passed, the less time
there would be for people to be exposed.  The
collective doses are calculated for all people
living or working within 0.5 mile
(0.8 kilometer) on each side of the highway for
each route considered.

People Sharing the Truck Route

People in vehicles traveling in the same or the
opposite direction as the shipment, as well as
people in vehicles passing the shipment, would
have the potential for close exposure to the
radiation level from the truck.  The collective
doses are calculated by considering traffic count

and vehicle speeds for rural, suburban, a
urban areas for each route considered.

People at Truck Stops

Typical truck shipments involve stops fo
meals, fuel, and rest or driver change.  Duri
these stops, the public in the vicinity of the truc
would be exposed to a stationary source 
radiation.  A simple, conservative model is us
to calculate the collective doses for each rou
considered.

Crew Members

Collective doses are calculated for truck an
aircraft crew members as well as for handle
transferring the shipment from a truck to a
aircraft and vice versa for each route consider
No air shipments from or to LANL use
passenger aircraft.

Maximally Exposed Individual

A hypothetical MEI is assumed to live 98 fee
(30 meters) from the highway, and all trucks a
assumed to pass the MEI at a speed 
approximately 15 miles per hour (24 kilomete
per hour).

F.3.4.2 Releases from Accidents

Given a very severe transportation accide
packaging/containers for radioactive/HAZMAT
could fail and release their contents.  Except 
some shipments with very high radiation leve
such as irradiated targets for production 
medical isotopes, subsequent dispersion of 
material into the atmosphere would be requir
to produce a significant exposure to members
the public.  Either the RADTRAN or ADROIT
computer code described in subsection F.4.4
used to perform the calculations for RAM.  Th
potential acute dose for an individual i
expressed in rem, and the potential latent do
for collective population exposure is express
in person-rem.
F–20
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The effects of dispersing toxic materials are
expressed as the number of persons who could
be exposed to life-threatening or
injury-producing concentrations.  Detonation
effects are expressed as the number of persons
who could be killed as a result of a fireball or the
number of severe burns that could result.

F.4 TRANSPORTATION  RISK 
METHODOLOGY

F.4.1 Introduction and Overview

The analyses of both radioactive and HAZMAT
risks are largely accomplished with standard
computer codes; the computer code
methodology is documented in more detail
elsewhere and will not be repeated here.
However, the standard parameters (also called
the default values) used in the RADTRAN
(Neuhauser and Kanipe 1995) code are
presented in this section to ensure the
repeatability of the results.

The first key parameter, truck and aircraft
accident rates, is discussed in subsection F.4.2.
State of New Mexico data are used to determine
accident rates from the LANL site to I–25, and
a standard state-by-state compilation is used for
accident rates elsewhere.  On-site truck accident
rates and accident rates specific to the SST are
presented.  Aircraft accident rates are also
described.

The second key parameter, truck mileage, is
evaluated by using the HIGHWAY code
(Johnson et al. 1993) as described in subsection
F.4.3.  The HIGHWAY code also produces
population density values (a key parameter)
based on 1990 census data as discussed in
subsection F.4.3.  State-by-state mileages are
quantified by HIGHWAY in each of three
population density categories:  rural, suburban,
and urban.  The route between I–25 and
Pojoaque and between Pojoaque and LANL is

also subdivided by these population dens
categories.

The RADTRAN or ADROIT codes are used fo
incident-free dose calculations and for dos
from accidents with RAM.  An overview of the
incident-free methodology and the specif
input parameters is presented in subsect
F.4.4, as is the accident calculatio
methodology.  Event trees are used for defini
HAZMAT and on-site RAM accident scenario
and determining their frequency.  Th
ALOHA™ (NSC 1995) and DEGADIS
(Havens and Spicer 1985) codes are used 
chlorine accident dispersion calculations.

F.4.2 Accident Rates

Four sets of truck accident rates are used in 
analysis:  state-specific; route-specific, betwe
I–25 and the LANL site; on-site roads with an
without road closure; and the SST.

F.4.2.1 State-Specific Truck 
Accident Rates

Truck accident data for the years 1986, 198
and 1988, from DOT Office of Motor Carriers
were divided by estimated truck miles data f
the same years from DOT Federal Highwa
Administration (Saricks and Kvitek 1994).  Th
average accident involvement rates for the U
and for the State of New Mexico are given 
Table F.4.2.1–1.  (Note that U.S. 285 to WIP
facility is a federal-aid primary highway.)
Saricks and Kvitek point out that the New
Mexico urban interstate computed value is mo
than two standard deviations greater than 
national average and indicates decimal pla
errors in the New Mexico truck mileage data. 

F.4.2.2 Regional Truck Accident 
Rates

Truck accident data for U.S. 84/285, NM 50
NM 4, and East Jemez Road were obtained fr
F–21
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the State of New Mexico (Fenner 1995 and
Fenner 1996) for calendar years 1990 through
1994.  Truck mileage data were obtained from
the State of New Mexico (Vigil 1996) for the
calendar years 1992 through 1994.  The traffic
count for East Jemez Road is assumed to be 65
percent of that on NM 4 on the basis of a
different set of traffic counts (BAA 1993).  The
data and the computed accident rates are given
in Table F.4.2.2–1.      

Because no accidents occurred on NM 4, the
East Jemez Road rate is used for conservatism.
The truck accident rates in Table F.4.2.2–1 for
primary highways are lower in low population
areas and higher in high population areas than
the corresponding values in Table F.4.2.1–1 for
federal-aid primary highways in New Mexico.
This difference is expected because the rate in
Table F.4.2.1–1 is an average of rural, suburban,
and urban areas.

F.4.2.3 On-Site Truck Accident Rate

In previous on-site transportation risk analyses
at LANL, values from Harwood and Russell
(1990) have been used for accident frequency.
These values are the most widely used values
for truck transport analysis.  Their value for
two-lane rural roads, 2.19 x 10-6 accidents per
mile (1.36 x 10-6 accidents per kilometer) was
considered representative for non-rush-hour
traffic on the LANL site (Rhyne 1994b).  (An
urban rate of 8.66 x 10-6 accidents per mile
would be appropriate for Diamond Drive and

vicinity.)  The representative value used here
a factor of two higher than values for NM 4 an
East Jemez Road, but will be conservative
used in the SWEIS for on-site risk analyse
This analysis will also be consistent with th
earlier risk analyses that are being incorporat
into the SWEIS.  

The rates in Tables F.4.2.1–1 and F.4.2.2–1 
averages for trucks traveling in all types o
weather, day and night.  However, truckin
firms that strongly emphasize safety ca
achieve a factor of 10 reduction in accident ra
(Anonymous 1994, Anonymous 1990, Wilso
1990, and OTA 1988).  The emphasis on driv
safety training and the vehicle maintenan
program for RAM shipments on the LANL site
are comparable to the safety programs 
commercial trucking firms that produced 
factor of 10 reduction in accident rate.  RAM
shipments are made only during dayligh
non-rush-hour traffic, and good weathe
Drivers work a regular schedule and 8-ho
days.  These precautions and possibly oth
lead to an accident rate reduction factor of 
least ten for on-site shipments at LANL.  As 
result, the truck accident rate used in th
appendix for on-site transport of RAM an
HAZMAT, using DOE trucks and LANL
drivers, is 2.19 x 10-7 accidents per mile (1.36 x
10-7 accidents per kilometer).  The factor of 1
could also be applied to many off-sit
shipments.  However, because it cannot 
applied uniformly, it is conservatively no
applied to any off-site shipments.

TABLE  F.4.2.1–1.—Average Truck Accident Rates

HIGHWAY TYPE

ACCIDENT RATE

ACCIDENTS PER KILOMETER ACCIDENTS PER MILE

U.S. NM U.S. NM

Urban Interstate 3.58 × 10-7 9.64 × 10-7 5.76 × 10-7 1.55 × 10-6

Rural Interstate 2.03 × 10-7 1.92 × 10-7 3.27 × 10-7 3.09 × 10-7

Federal-Aid Primary 3.94 × 10-7 4.77 × 10-7 6.34 × 10-7 7.68 × 10-7

Source:  Saricks and Kvitek 1994.
F–22
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In conformance with DOT regulations (60 FR
[188] 50297), some on-site shipments are made
by temporarily closing the affected portions of
public roads through the LANL site.  Under
these conditions, many of the truck accident
types can be reduced significantly or even
eliminated.  According to an analysis of the
types of truck accidents and the LANL site
administrative controls (Rhyne 1994b), the
truck accident rate for closed roads is 1.44 x 10-8

accidents per mile (8.95 x 10-9 accidents per
kilometer).  This procedure has been used and
defended previously (Rhyne 1985) and has
compared well with data (Green et al. 1996).
The on-site truck accident rates are given in
Table F.4.2.3–1.

F.4.2.4 Safe Secure Tractor Trailer 
Accident Rate

The SST accident record is excellent.  In the
9-year period between 1988 and 1996, the
overall accident rate was 7.7 x 10-8 accidents
per mile.  The number of SST accidents is too

small to support allocating this overall rat
among the various types of routes used in 
accident analyses (urban interstate, ru
interstate, other urban, and other rura
Therefore, data for the relative rates of accide
on these route types for five-axle vans in th
appropriate weight range (Phillips et al. 199
was used to allocate SST rates among th
route types.  The resulting SST rate for ea

TABLE  F.4.2.2–1.—Truck Accident Rates in the Santa Fe to Los Alamos Area (1990 Through
1994)

ROUTE
MILE 

MARKER 
RANGE

TOTAL 
NUMBER OF 
ACCIDENTS

AVERAGE 
TRUCK 

TRAFFIC 
(VEHICLES 
PER DAY)

TRUCK ACCIDENT RATE

ACCIDENTS 
PER 

KILOMETER

ACCIDENTS 
PER MILE

Route Through Santa Fe160.7 to 167.6a 97b 2,104c 2.27 × 10-6 3.66 × 10-6

U.S. 84/285 167.6 to 180.2a 17b 1,677c 2.74 × 10-7 4.41 × 10-7

NM 502 18.5 to 6.3a 5b 462c 3.02 × 10-7 4.86 × 10-7

NM 4 67.8 to 66.5a 0a 520d 6.71 × 10-7 1.08 × 10-6 a

East Jemez Road NA (distance is 
6 miles)

4a 520c 6.71 × 10-7 1.08 × 10-6

a Source:  Fenner 1996
b Source:  Fenner 1995
c Source:  Vigil 1996
d See text
NA = Not applicable

TABLE  F.4.2.3–1.—Truck Accident Rates
at the LANL Site

TRANSPORT 
DESCRIPTION

ACCIDENT RATE

ACCIDENTS PER 
KILOMETER

ACCIDENTS 
PER MILE

Off-Site Trucks at 
LANL Sitea

1.36 × 10-6 2.19 × 10-6

DOE Trucks with 
LANL Driversb

1.36 × 10-7 2.19 × 10-7

Trucks with Road 
Closureb

8.95 × 10-9 1.44 × 10-8

a Source:  Harwood and Russell 1990
b Source:  Rhyne 1994b
F–23
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route type is presented in Table F.4.2.4–1.  The
“other rural” value in Table F.4.2.4–1
corresponds to the “DOE trucks with LANL
drivers” value in Table F.4.2.3–1.  The first two
values of Table F.4.2.4–1 can be compared with
the first two values of Table F.4.2.1–1 to see the
effect of the strong safety culture described in
subsection F.4.2.3.

F.4.2.5 Aircraft Accident Rate

Air transport to and from LANL is assumed to
be by commercial air-cargo carriers such as
Federal Express to and from the Albuquerque
International Airport (transport between this
airport and LANL is by truck or van).
Shipments are picked up in the carrier’s van and
taken to an airport, flown to the destination city,
and taken to the final destination by the carrier’s
van.  Commercial air-cargo carriers are
categorized as large certified air carriers and are
assumed to fall in the subcategory of “large
nonscheduled service” for which the 1992
accident rate was 7.9 x 10-9 accidents per mile
(DOT 1992).  The accident rate has been at or
below this value for 4 out of the 5 years between
1988 and 1992.  The accident rate is about twice
that for large, scheduled service.

Accidents involving air shipments were
screened relative to truck shipments.  The
aircraft accident rate per mile is two orders of

magnitude less than the truck accident rate 
mile for similar shipments.  The probability of 
high severity accident is higher for aircraft, bu
not much higher (section F.4.4.3).

F.4.3 Route, Mileage, and 
Population Density 
Determination

The scope of the SWEIS calls for analysis 
LANL shipments of RAM and HAZMAT to
and from other DOE sites as well as to and fro
numerous educational or commercial sites.  T
calculation approach is to determine the RA
and HAZMAT shipments by alternative
(section F.5).  The routes between DOE sites 
then determined for the shipments unique 
those sites, and routes between geograph
areas of the U.S. are determined for all oth
shipments.  Five geographical areas are defin
for RAM shipments:  northeast, southeas
northwest, southwest, and New Mexico.  Th
cities selected as representative of each area
Concord, Massachusetts; Aiken, Sou
Carolina; Richland, Washington; Berkeley
California; and Albuquerque, New Mexico
The cities were chosen as conservative
representative on the basis of the number 
shipments to various locations in the geograph
area in the 1990 through 1994 baseline (s
subsection F.5.2).  In the northwest, southea
and southwest, cities near DOE sites we
chosen because they appeared to be reason
choices for general shipments to and from t
region.  The routes for each shipment were th
used to estimate shipment mileages (see Ta
F.6.1–1 for distances between LANL and th
representative cities for RAM and HAZMAT
shipments).

The representative truck routes were determin
by using the routing code HIGHWAY, Version
3.3 (Johnson et al. 1993), available to the pub
and DOE users through the TRANSNE
computer system at Sandia Nation
Laboratories (SNL).  The HIGHWAY code

TABLE  F.4.2.4–1.—Safe Secure Trailer 
Accident Rates

HIGHWAY 
TYPE

ACCIDENT RATE

ACCIDENTS 
PER 

KILOMETER

ACCIDENTS PER 
MILE

Urban Interstate 3.01 × 10-8 4.85 × 10-8

Rural Interstate 4.45 × 10-8 7.16 × 10-8

Other Urban 1.87 × 10-7 3.01 × 10-7

Other Rural 1.83 × 10-7 2.95 × 10-7

Source:  Phillips et al. 1994
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contains a database of at least 240,000 miles
(386,000 kilometers) of roads.

The population densities along a route are
derived from 1990 census data from the U.S.
Bureau of the Census.  Rural, suburban, and
urban areas are characterized according to the
following breakdown:  rural population
densities range from 0 to 139 persons per square
mile (0 to 54 persons per square kilometer); the
suburban range is 140 to 3,326 persons per
square mile (55 to 1,284 persons per square
kilometer); and urban areas encompass all
population densities greater than 3,326 persons
per square mile (1,284 persons per square
kilometer).

All routes for shipment of radioactive or
HAZMAT into or out of LANL are
conservatively assumed to pass through Santa
Fe for the baseline analysis (the comparative
analysis of the proposed bypass route is
discussed in section F.7 of this appendix).  The
route between the LANL site and I–25 in Santa
Fe is subdivided into two segments.  The
corresponding HIGHWAY results are shown in
Table F.4.3–1.  Similar information was
generated from I–25 in Santa Fe to each origin
or destination on a state-by-state basis.

Cargo air shipments are also made to and from
the LANL site.  Air shipments arrive at the
Albuquerque Airport and are transported by
truck to the LANL site or vice versa.  Air
shipments are included in incident-free impact

analyses, but screened from accident analys
as discussed in section F.4.2.5.

F.4.4 RADTRAN and ADROIT 
Analyses for Radioactive 
Materials

Two of the four risk measures described 
section F.3 are modeled by RADTRAN
(Neuhauser and Kanipe 1995) (refer to Figu
F.3–1).  The RADTRAN code is designed t
produce conservative estimates of th
radiological dose to workers and the publ
during incident-free transportation and th
radiological risks from potential accidents.

The RADTRAN code was originally develope
in 1977 in conjunction with the preparation o
NUREG–0170, Final Environmental Statemen
on the Transportation of RAM by Air and Othe
Modes (NRC 1977).  Subsequent versions ha
expanded and refined the analytical capabil
of the code; the current version is RADTRAN 
(Neuhauser and Kanipe 1995).  RADTRAN 
maintained, updated, and improved on 
continuing basis by SNL for DOE.  RADTRAN
is available to the public as well as to DOE use
through the TRANSNET computer system 
SNL.  RADTRAN is widely accepted and use
both in the U.S. and internationally.

The ADROIT code was developed in the 199
through 1994 time frame to replicate th
RADTRAN incident-free and acciden
estimates specific to transport in an SST.  T

TABLE  F.4.3–1.—Route Segment Information from I–25 to LANL

ROUTE SEGMENT

TOTAL 
DISTANCE

AVERAGE POPULATION 
DENSITY (PERSONS/km2)

DISTANCE BREAKDOWN
(km)

km MILES RURAL SUBURBAN URBAN RURAL SUBURBAN URBAN

I–25 Exit 282 to U.S. 285/
84 Junction with NM 502

32.2 20.0 11 625 2,228 24.0 6.3 1.9

Junction of NM 502 and 
U.S. 285/84 to NM 4 and 
Junction of East Jemez 
Road and Diamond Drive

30.6 19.0 14 312 0 28.5 2.1 0.0
F–25
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code was developed from first principles; and
although the end results are very similar to
RADTRAN, the specific models may vary.
Significant differences include the use of an
event tree rather than an accident severity
matrix (subsection F.4.4.2).  As used in this
analysis, the codes can be considered
equivalent.

F.4.4.1 Incident-Free Risk 
Parameters

The most important parameter for evaluation of
incident-free risk is the package exterior
radiation level.  The transport index (TI) is used
in RADTRAN to characterize the exterior
radiation field.  The TI is defined in 49 CFR
173.403(bb) as “the exposure rate in millirems
per hour at a distance of 1 meter from the
surface of the package,” and DOT regulations
limit the value of TI to 10 or less for general
commerce shipments.  The TIs for the LANL
baseline shipments discussed in section F.5.0
are based on measurements.  The average truck
shipment TI is less than 2, and the average air
shipment TI is approximately 0.1.  During the
data-gathering process for the SWEIS
alternatives, LANL transportation specialists
were asked to place a reasonable upper bound
on the average for the entire shipment type
being discussed.  (An average is appropriate for
incident-free risk in contrast to accident risk.)
When there is little or no experience with a
particular shipment type, the usual procedure is
to use the legal limit as a conservative value.

The alternative-specific parameters are given in
section F.5.0, and those generic to all
alternatives are given in Table F.4.4.1–1.  Two
exceptions to Table F.4.4.1–1 are used: a value
of 1.0 is used for the urban city street fraction in
Santa Fe, and the fractions of rural and suburban
travel on freeways are 0.347 between I–25 and
Pojoaque and 0.525 between Pojoaque and
LANL.

F.4.4.2 Accident Severity Categories

Accident forces include fire, crush, impact, an
puncture, and many accidents involve 
combination of thermal and mechanical force
The severity of accidents is categorized 
RADTRAN by up to 20 categories for the
magnitudes of accident forces and th
associated probabilities.  The accident sever
category approach seeks to relate the magnit
of an accident force with mode of packag
response (e.g., small structural strains produ
no release; larger strains produce loss 
containment function and gross rupture
Ideally, such an analysis is done for each type
package; however, as pointed out earlier, th
level of detail is impractical for the SWEIS
Most DOE environmental impact statemen
(EISs) rely on the accident severit
categorization scheme described in an NR
report commonly referred to as NUREG–017
(NRC 1977).  NRC divided the spectrum o
accident severities into eight categories that a
independent of a specific accident sequen
The eight categories are designed to take i
account all credible accidents, includin
accidents with low probability but high
consequence and those with high probability b
low consequence.  The probabilities th
correspond to the accident forces characteriz
a particular package response are based 
analyses by Dennis et al. (1978) or Clarke et 
(1976) The NUREG–0170 accident severi
categories and associated probabilities are giv
in Table F.4.4.2–1.

Category I accidents are the least severe and
most frequent.  Category I is considered 
include all those accidents less severe than 
normal conditions of transport in which Type A
packages are shown by tests to be capable
retaining all their contents (section F.2.0
Category II is considered to include acciden
more severe than Category I but less severe t
the accident conditions in which Type B
packages are shown by tests to be capable
retaining all their contents.  The percentage 
F–26



Transportation Risk Analysis

F–27

TABLE  F.4.4.1–1.—Parameter Values for Incident-Free Risk Quantification

PARAMETER DESCRIPTION
TRACTOR-
TRAILER

CARGO 
AIR

DELIVERY 
VAN

Speed in Rural Area, kilometers per hour 88.49 691.90 88.49

Speed in Suburban Area, kilometers per hour 40.25 691.90 56.34

Speed in Urban Area, kilometers per hour 24.16 691.90 24.16

Number of Crew 2 3 1

Average Distance from Radiation Source to Crew, meters 3.10 6.10 2.13

Number of Handlings per Shipment 0 4 6

Time Spent at Rest Stops, hours per kilometer 0.011 0.0016 0.0004

Minimum Rest Stop Time, hour 0.0 1.0 0.15

Number of Persons Exposed During Stops 50 10 100

Average Exposure Distance When Stopped, meters 20 50 10

Storage Time per Shipment, hour 0 0 10

Number of Persons Exposed During Storage 100 100 100

Average Exposure Distance When Stopped, meters 100 100 100

Number of Persons per Vehicle Sharing the Route 2 0 2

Fraction of Urban Travel During Rush Hour 0.08 0 0.08

Fraction of Urban Travel on City Streets 0.05 0 0.65

Fraction of Rural and Suburban Travel on Freeways 0.85 0 0.25

Ratio of Urban Pedestrian to Residential Population Densities 6 0 6

Rural Building Shielding Factor 1 0 1

Suburban Building Shielding Factor 0.87 0 0.87

Urban Building Shielding Factor 0.018 0 0.018

Source:  Neuhauser and Kanipe 1992
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truck accidents less severe than Type B test
conditions is 91 percent according to the 1977
NRC report.  A 1987 NRC study (LLNL 1987)
estimated that 99.4 percent of the truck
accidents would not cause a release from a Type
B package.  The more conservative results from
the older NRC study are used in the SWEIS
transportation risk analyses.  Packages for
plutonium are required to have both inner and
outer containment vessels (10 CFR 71.63).
Tests with these packages produced no
structural damage to the inner containment
vessel after impacts with unyielding targets at
speeds typical of a Category V impact accident.
Several containment vessels exhibited minor
damage for Category VI impacts, but no verified
release occurred (NRC 1977).

F.4.4.3 Package Release Fractions

The release fraction is defined as the fraction of
the RAM in a package that could be released
from that package during an accident of a
certain severity.  Release fractions take into
account all mechanisms necessary to create a
release of RAM from a damaged package to the
environment.  Release fractions vary according
to the package type.  Type B packaging are
designed to withstand the forces of severe

accidents and, therefore, have smaller rele
fractions than Type A packaging.  Plutonium
packages are designed to even higher standa

In a given accident involving a number o
packages transported together, some of 
packages could release part of their conte
while others could have no release at all.  T
approach taken in an accident sever
categorization scheme is to derive an estim
for the average release fraction for each seve
category to support the assumption that all su
packages in a shipment respond in the sa
way.

Release fractions for accidents of each seve
category are given in Table F.4.4.3–1 for th
package types considered in this appendix.

Note that the release fraction levels out at 1
percent for highest severity accidents.  Since 
percent of aircraft accidents are level III or les
as compared to 98 percent of truck acciden
the probability of a large release due to aircr
accidents is not much higher than that for tru
accidents.  For this reason, as well as the mu
higher frequency of truck accidents, aircra
accidents are screened from further analy
(Rhyne 1997).

TABLE  F.4.4.2–1.—Fractional Occurrences for Truck Accidents by Severity Category and 
Population Density Zone

SEVERITY 
CATEGORY

FRACTIONAL 
OCCURRENCE

FRACTIONAL OCCURRENCE BY POPULATION DENSITY ZONE

RURAL SUBURBAN URBAN

I 0.55 0.1 0.1 0.8

II 0.36 0.1 0.1 0.8

III 0.07 0.3 0.4 0.3

IV 0.016 0.3 0.4 0.3

V 0.0028 0.5 0.3 0.2

VI 0.0011 0.7 0.2 0.1

VII 8.5 × 10-5 0.8 0.1 0.1

VIII 1.5 × 10-5 0.9 0.05 0.05

Source:  NRC 1977
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F.4.4.4 Respirable Fractions

Subsequent to release, dispersion of the material
into the atmosphere as an aerosol and, in most
cases of interest, inhalation into the respiratory
tract (respirable aerosols only) would be
required to produce a significant exposure to
members of the public.  Therefore, in addition to
determining the respirable fractions, the portion
of that release which is respirable is also
determined for risk analysis.  Most solid
materials are relatively nondispersible.
Conversely, gaseous materials are easily
dispersed.  Liquid dispersibility depends on the
liquid volatility.  The aerosolization and
respirable fractions depend on the physical form
of the material.

The bounding off-site shipments described in
subsection F.6.5.1 are plutonium powders.  (The
specific application of this methodology to the
bounding shipments is also discussed in section
F.6.5.1.)  Generally the powder is pressed,
reducing its dispersibility, and enclosed within
four layers of metal containers:  two associated
with the plutonium packaging and two

associated with handling outside the packagin
Should these four layers of containment fail 
an impact accident, the mechanisms f
converting the powder to a respirable aeros
would be the impact force itself and the relea
of gases.

Radioactive decay and solar insulation produ
heat that causes gas within containers (includ
chemically inert gases, such as argon) 
expand, thus raising the gas pressure inside
packaging.  In addition to producing hea
radioactive decay produces helium, whic
further increases pressure.  The avera
atmospheric pressure at LANL is 11.3 poun
per square inch absolute (psia), in contrast
14.7 at sea level.  The total pressure differen
between the inner powder container and t
environment from these factors can be as high
30.1 psig.  Tests with air injected into th
bottom of a powder bed in an open-top contain
produced respirable fractions of 3 x 10-5,
6.7 x 10-4, and 6.1 x 10-4 for pressures of 9,
17.5, and 24.5 psig, respectively (DOE 1994b
The highest of the three values was used in t
appendix.  The fraction of powder aerosolize
by depressurization is about a factor of 2
higher than the fraction aerosolized by impa
forces (DOE 1994b) and the latter can b
ignored in comparison to the former.

The use of the value of 6.7 x 10-4 for the
respirable fraction of a release in this append
is conservative since the four containme
vessels would not be expected to complete
open up, even in a severe impact accident.

Given an accident involving fire, the releas
mechanism would also be rapi
depressurization since the packaging wou
contain no combustible material.  Once 
pathway from the powder cans to th
environment is established, some addition
powder may be aerosolized by updrafts from t
fire.  Review of DOE Handbook 3010-94
(DOE 1994b) shows that the depressurizati
effect is about 400 times larger than the updr

TABLE  F.4.4.3–1.—Estimated Release 
Fractions for Shipping Packaging Under 

Various Accident Severity Categories

SEVERITY 
CATEGORY

ESTIMATED RELEASE 
FRACTION

TYPE A TYPE B

I 0 0

II 0.01 0

III 0.1 0.01

IV 1.0 0.1

V 1.0 1.0

VI 1.0 1.0

VII 1.0 1.0

VIII 1.0 1.0

Source:  NRC 1977
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effect and the latter can be ignored in
comparison to the former.

Exposure of a plutonium package to a 1,475°F
fire for 30 minutes would produce a gas pressure
of 64.5 psig in a container that has a rupture
pressure of 123 psig (Barklay 1983).  Longer
fires would produce higher gas pressures and
lower rupture pressures; therefore, the gas
pressure at rupture would be no higher than
123 psig.

Table 4–12 in DOE Handbook 3010-94 (DOE
1994b) presents respirable fraction estimates
from the aforementioned pressurized powder
release tests for pressures of 9, 18, 24.5, 250,
and 500 psig.  For 250 psig, the maximum
respirable fraction of a release is 2.5 x 10-2.
This value is judged to be conservative for the
present case, because the test pressure was a
factor of 2 higher than the expected package
burst pressure and the tests involved blowing
powder out of an open-topped container with a
burst of air injected at the bottom of the powder
bed.

The impact and fire values are combined for t
RADTRAN severity categorization scheme b
considering that fires occur in 1.6 percent of a
truck accidents.  The weighted value of th
respirable fraction is then (0.984)(6.7 x 10-4) +
(0.016)(2.5 x 10-2) = 1.06 x 10-3 for an open-top
container.  Table F.4.4.4–1 shows the results
combining the open-top container value 
1 x 10-3 with the Type B package releas
factors of Table F.4.4.3–1.  The values for WIP
packaging, obtained by a similar analys
(DOE 1990), are also shown in Tabl
F.4.4.4–1.

F.4.4.5 Health Risk Conversion 
Factors

The risk from ionizing radiation consists mostl
of some number of excess latent cancer fatalit
(LCFs).  These are cancers resulting from, a
that develop well after, the exposure to ionizin
radiation.  These represent an increase in 
number of fatal cancers that occur from oth
causes.  The excess LCF is the product of 
dose and the risk conversion factor.  The rea
should recognize that these estimates 

TABLE  F.4.4.4–1.—Estimated Respirable Release Fractions for Shipping Packaging Under 
Various Accident Severity Categories

SEVERITY 
CATEGORY

ESTIMATED RESPIRABLE RELEASE FRACTION

TYPE Ba TRUPACT-II b NUPAC 72Bb

I 0 0 0

II 0 0 0

III 1 × 10-5 8 × 10-9 6 × 10-9

IV 1 × 10-4 2 × 10-7 2 × 10-7

V 1 × 10-3 8 × 10-5 1 × 10-4

VI 1 × 10-3 2 × 10-4 1 × 10-4

VII 1 × 10-3 2 × 10-4 2 × 10-4

VIII 1 × 10-3 2 × 10-4 2 × 10-4

a For package contents of loose powder
b Source:  DOE 1990
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intended to provide a conservative measure of
the potential impacts to be used in the decision-
making process and do not necessarily portray
an accurate representation of actual anticipated
fatalities.  In other words, one could expect that
the stated impacts form an upper bound and that
actual consequences could be less, but probably
would not be worse.  Refer to appendix D,
section D.1 for further discussion of the
determination and application of risk factors for
LCFs. 

The health risk conversion factors used
throughout this appendix to estimate the number
of expected cancer-caused fatalities due to
radiological exposures are 5.0 × 10-4 cases of
expected excess LCFs per person-rem for
members of the public, and 4.0 × 10-4 cases per
person-rem for workers (ICRP 1991).  

F.4.5 Event Tree Analysis

Event trees are used for the analyses of off-site
accidents involving HAZMAT transportation
and on-site accidents involving RAM
transportation.

An event tree is a graphical model for
identifying and evaluating potential outcomes
from a specific initiating event.  The event tree
depicts the chronological sequence of events
(accident scenario) that could result from the
initiating event.  The identification of accident
scenarios are the first of two key results from the
event tree analysis; quantification of the
scenario frequencies from the event tree is the
second key result.

Figure F.4.5–1 is a graphical representation of
five accident scenarios.  The frequency of an
accident producing a puncture force is
designated as the parameter A, which is inserted
on the tree as illustrated in Figure F.4.5–1.  The
conditional probability that puncture force
causes package failure designated as the
parameter B.  Because B is the conditional
probability that puncture force causes package

failure, then 1-B is the conditional probabilit
that puncture force does not cause packa
failure.  The parameter C designates t
conditional probability that a fire occurs, and th
parameter D is the conditional probability tha
the fire duration is sufficient to cause packa
failure.  The frequency of a particular scenar
(e.g., puncture failure without fire, which is
designated as F2), is evaluated by multiplying
the initiating event frequency and the individu
probabilities, [e.g., F2 = A x B x (1 - C)].

The parameter A is the product of the accide
rate from section F.4.2.3 and the fraction of t
accidents producing puncture force.  The lat
is taken from Dennis et al or Clarke et al., 
appropriate.  The parameter C and t
probabilistic force magnitude distribution
needed to evaluate parameters B and D are fr
the same two references.

Event trees similar to Figure F.4.5–1 are us
for impact, crush, puncture, and fire withou
mechanical forces.  This approach 
conservative because the failures from oth
mechanical forces are not excluded for failu
from the specific mechanical force.  Clearly, th
package can fail only once and the mechani
failures are triple counted.  The error 
generally less than a few percent, but the ev
trees are greatly simplified.  The simple form fo
each force results from the assumption that 
failures for a single accident force can b
aggregated for frequency analysis.  In frequen
analysis, one package failure mode for 
particular transportation accident force usua
dominates the others.  Event trees for fixe
facilities are generally more complicated tha
transportation event trees because there 
usually more opportunities for safety systems
operator action to mitigate the accident initiato
F–31
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F.5 DETERMINATION  OF SHIPMENTS  
BY ALTERNATIVE

F.5.1 Introduction

The determination of shipments of RAM and
HAZMAT proceeded in three steps.  First,
historical databases were examined to get an
overview, focus the subsequent data gathering
to the most important risk contributors, and
provide an accuracy check for the
data-gathering process.

Data gathering, the second step, consisted of
both interviews with cognizant persons and
reviews of additional databases.  The data-
gathering process for RAM involved different
databases, interviewees, and interviewers than
the data-gathering process for HAZMAT.

The last step was the tabulation of results for
each SWEIS alternative.

F.5.2 Baseline Shipments

DOE tracks unclassified shipments in 
database called the Shipment Mobility
Accountability Collection (SMAC).  The
tracking is based on shipping invoices paid 
DOE and its contractors.  Data o
approximately 5,000 RAM and HAZMAT
shipments to or from LANL were obtained from
the SMAC for fiscal years 1990 through 199
The shipments were first aggregated into 
commodity groups, e.g., paint.  The lea
HAZMAT were determined on the basis of th
material maximum shipment weight compare
with regulatory reporting thresholds in 40 CF
302, Table 302.4, or 40 CFR 355, appendices
and B.  The material was screened from furth
consideration if the maximum shipping amou
was less than the threshold.  

The remaining materials were grouped into fo
categories:  radioactive, toxic, flammable, o
explosive materials.  A bounding material wa
picked as the most hazardous for each of th
four groups on the basis of the toxicity o

FIGURE F.4.5–1.—Event Tree Analysis of Puncture Accidents.
F–32
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materials shipped in large amounts to or from
LANL.  The results are shown in Table F.5.2–1.
Also shown in Table F.5.2–1 are the numbers of
large and small shipments over the 5-year
period.  A large shipment is one that is greater
than 10 percent of the maximum shipment
quantity.

The materials screened from further
consideration because of their low hazard are
not listed in Table F.5.2–1.  Some classified
shipments, e.g., SST shipments, are also not
included in Table F.5.2–1, since an invoice is
not submitted for payment, however, classified
shipments are considered in the risk analyses.

A recent annual shipment summary prepared by
LANL is shown in Table F.5.2–2.  Off-site
shipments of RAM and HAZMAT total 3,526
per year in contrast to the SMAC results (Table
F.5.2–1) of about 1,000 per year (when the
screened shipments are considered).  The large
difference is due to the classified shipments
mentioned previously and to other shipments
for which LANL is not billed explicitly for
transportation (e.g., contaminated-laundry
shipments).  Table F.5.2–2 was used to
determine the number of HAZMAT shipments
used in subsection F.5.3, and Table F.5.2–1 was
used to help characterize those shipments

F.5.3 Shipments For SWEIS 
Alternatives

The determination of shipments by SWEIS
alternative focused on ensuring that shipments
were identified of both RAM and HAZMAT
that could contribute significantly to accident
risk.  For example, bulk gas shipments were of
special interest.

The RAM shipment characteristics were
determined by interviewing cognizant LANL
staff.  Historical shipment data, on-site and off-
site, were used to help ensure completeness.
On-site shipments of SNM at the gram level
were not individually accounted for because

their contribution to risk would be minor
however, shipment projections wer
conservatively high to ensure that th
transportation risks were bounded in th
analysis.  The off-site and on-site RAM
shipments for each LANL  SWEIS alternativ
are listed in Tables F.5.3–1 and F.5.3–
respectively.  The number of shipmen
projected is higher than those reflected in Tab
F.5.2–2 for a variety of reasons, including:  th
conservatism applied to shipment projection
the fact that several activities at LANL hav
been operating below planned levels, and t
fact that some programs at LANL are increasi
activity levels over recent levels due to DO
decisions made prior to this SWEIS (e.g
stockpile stewardship in the absence 
underground testing, demonstration o
accelerator production of tritium, and
surveillance of stored materials).

The conservatism applied to the shipments
reflected in two ways. First, the number o
shipments per year reflected in the table 
typically at the high end of a range; this is don
to ensure that impacts associated with to
mileage are not underestimated. Second, 
number of packages in a shipment is at the h
end of a range; this is done to ensure th
impacts associated with the shipment quantit
(e.g., accidents that release cargo and wor
and public exposures under no-incide
conditions) are not underestimated.  The
shipments should not be used to estima
material flows/balances because th
combination of bounding shipment numbe
and bounding packages per shipment wou
yield overly conservative material flows. Fo
those interested in such balances, the No Act
Alternative would result in an average annu
plutonium inventory increase of about 13
kilograms.  The other alternatives would hav
slightly different average annual flows, but th
inventory growth over the next 10 years can 
accommodated in storage facilities, once t
NMSF at TA–55 is operational. The enriche
uranium inventory at LANL may actually
F–33
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TABLE  F.5.2–1.—Summary of Radioactive and Hazardous Material Bounding Off-Site Shipments 
to and from LANL, 1990 Through 1994

TRANSPORT 
MODE

MATERIAL 
CATEGORY

BOUNDING 
MATERIAL

MAXIMUM 
SHIPPING 
QUANTITY

NUMBER OF 
SMALL a 

SHIPMENTS

NUMBER OF 
LARGE b 

SHIPMENTS

Truck Flammable Hydrogen 50,000 ft3 320 17

Truck Toxic Chlorine 2,000 lb 136 22

Truck Radiologicalc Tritium 29,160 Ci 406 11

Truck Explosive HMX 13,801 lb 102 24

Air Toxic Chlorine 7 lb 160 15

Air Explosive HMX 195 lb 21 80

Air Radiological Tritium 970,000 Ci 1,185 1

HMX = octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine
a About 2,500 shipments screened because of low material toxicity
b Large shipments are greater than 10% of the maximum shipping quantity
c SST trailer shipments not included

TABLE  F.5.2–2.—Annual LANL On-Site and Off-Site Shipments

TYPE NONHAZARDOUS
HAZARDOUS 

(NONRADIOACTIVE)
RADIOACTIVE

Off-Site 327,939 2,592 934

On-Site Not available 7,560 1,187

Source:  Villa 1996
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decrease over time as the excess material in the
current inventory is shipped off site.

The HAZMAT shipments were determined
primarily by using LANL databases such as the
Automated Chemical Inventory System (ACIS)
and STORES as well as by using the SMAC
data.  Large inventories and bulk shipments
were of special interest.  When such inventories
and bulk shipments were identified, responsible
personnel were interviewed.  The bounding
historical material types and quantities
identified in Table F.5.2–1 were validated for
the toxic and explosive material categories.  The
bounding flammable material was changed
from hydrogen to propane because the potential
consequence of a propane release was
determined to be larger as a result of the
differing dispersion characteristics of
lighter-than-air hydrogen and heavier-than-air
propane (subsection F.6.5.4).  The maximum
future explosive shipment size for truck was
determined to be 40,000 pounds (18,000
kilograms).  Explosive shipments this large
have been received in the past and could be
received in the future.

An extensive analysis of on-site HAZMAT
shipments determined that the large toxic,
flammable, and explosive off-site shipments
bound the accident risk both on site and off site.

Off-site shipments of toxic and flammable
material classes were assumed to increase from
the values in Table F.5.2–2 and vary with the
SWEIS alternatives in the same way the off-site
RAM shipments increase from the values in
Table F.5.2–2 and vary with the SWEIS
alternatives as described in Table F.5.3–1.

Although the number of many types of
operational shipments associated with the
Reduced Operations Alternative are lower than
in the other alternatives, the number of low-
level waste (LLW) shipments for off-site
disposal increases substantially as compared to
the number of LLW shipments under the No
Action Alternative (since the Reduced

Operations Alternative reflects off-site dispos
of most LLW).  This results in a total for off-site
shipment mileage under the Reduce
Operations Alternative, which is greater tha
the total off-site shipment mileage under the N
Action Alternative.  For this reason, the impac
that depend on the total off-site or radioactiv
shipment mileage  are higher under the Reduc
Operations Alternative than under the N
Action Alternative.

The baseline value of off-site shipments 
Table F.5.2–2 is the starting point for HAZMAT
off-site shipments, after it is adjusted upward b
the ratio of RAM shipments in Tables F.5.2–
and F.5.3–1.  In the case of toxic and flammab
materials, the values are then adjusted for 
SWEIS alternatives by the ratio of the numb
shipments under Expanded Operation
Reduced Operations, and Greener Alternativ
to the No Action shipments in Table F.5.3–
Projections, by alternative, were available f
large off-site shipments of explosives.  The o
site HAZMAT shipments were assumed t
increase from the values in Table F.5.2–2 a
vary with SWEIS alternatives in the same wa
as the on-site RAM shipments increase fro
Table F.5.2–2 to Table F.5.3–2 and vary wi
SWEIS alternative.  

The resulting annual number of significan
HAZMAT shipments for each alternative ar
given in Table F.5.3–3.  The ratio of significan
to total shipments is the same as that in Ta
F.5.2–1.  As before, a large shipment is one t
is greater than 10 percent of the maximu
shipment quantity.

F.6 IMPACT  ANALYSIS RESULTS

F.6.1 Introduction

To determine the impacts of the transportati
of RAM and HAZMAT, four risk measures are
defined in subsections F.3.3 and F.3.4:  tru
emissions in urban areas, truck accident injur
and fatalities that are independent of the natu
F–44
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of the cargo, incident-free radiation exposure,
and accidents resulting in a release of RAM or
HAZMAT.

The RAM shipments presented by alternative
(as in Tables F.5.3–1 and F.5.3–2) were
identified for a specific origin/destination, or
were categorized as going to one of five regions:
northeast, southeast, northwest, southwest, or
New Mexico.  A centroid (central location) was
picked for each of these regions on the basis of
historical and projected shipments:  Concord,
Massachusetts; Aiken, South Carolina;
Richland, Washington; Berkeley, California;
and Albuquerque, New Mexico.  The distances
from LANL to the centroids are given in Table
F.6.1–1.  The shipment distances for explosives,
flammable materials, and toxic materials were
based on the corresponding large truck
shipments in Table F.5.2–1.  The centroids
selected were Ft. Smith, Arkansas; Phoenix,
Arizona; and Milwaukee, Wisconsin,
respectively.  All distances given in Table
F.6.1–1 were determined from the HIGHWAY
code (Johnson et al. 1993) and include the
distances between LANL and I–25, as presented
in Table F.4.3–1.

F.6.2 Truck Emissions in Urban 
Areas

The truck emission risk is based on 1.0 x 10-7

excess LCF per truck kilometer in urban are
where the number of kilometers is obtained 
described in section F.4.3.  Because Los Alam
is not an urban area, only off-site shipmen
were addressed in this analysis (off-si
shipments by alternative are presented in Tab
F.5.3–1 [RAM] and F.5.3–3 [HAZMAT]).  The
total distance traveled in urban areas in a yea
calculated for these shipments using t
distances in Table F.6.1–1, and th
corresponding excess LCFs are calculated us
the conversion factor presented above.  T
results are presented in Table F.6.2–
Approximately 65 percent of the excess LCF
are due to RAM shipments and 35 percent a
due to HAZMAT shipments.  All shipments ar
conservatively assumed to result in an emp
truck making the return trip.  This is appropria
for WIPP shipments and many SST traile
shipments; however, most shipments are 
general commerce and would not include t
return of an empty truck.

TABLE  F.5.3–3.—Annual Number of Hazardous Material Truck Shipments
for SWEIS Alternatives

SHIPMENT 
TYPE

ALTERNATIVE

NO ACTION
EXPANDED 

OPERATIONS
REDUCED 

OPERATIONS
GREENER

TOTAL 
SIGNIFICANT

TOTAL 
LARGE

TOTAL 
SIGNIFICANT

TOTAL 
LARGE

TOTAL 
SIGNIFICANT

TOTAL 
LARGE

TOTAL 
SIGNIFICANT

TOTAL 
LARGE

Off-Site, 
Toxic

645 90 1,439 200 606 84 645 90

Off-Site, 
Flammable

1,382 73 3,081 164 1,299 70 1,382 73

Off-Site, 
Explosive

518 2 1,155 2 487 1 518 1

On-Site 14,628 NA 34,231 NA 14,189 NA 15,068 NA
F–45
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TABLE  F.6.1–1.—Off-Site Shipment Distance per Trip

ROUTE
MILES 

(KILOMETERS) IN 
URBAN AREAS

MILES 
(KILOMETERS) IN 
SUBURBAN AREAS

MILES 
(KILOMETERS) IN 

RURAL AREAS

Northeast, RAM 63 (102) 511 (823) 1,647 (2,652)

Southeast, RAM 20 (32) 275 (442) 1,312 (2,113)

Northwest, RAM 17 (27) 118 (190) 1,092 (1,759)

Southwest, RAM 20 (32) 75 (120) 1,094 (1,762)

Toxic Material 22 (36) 152 (245) 1,230 (1,981)

Flammable Material 13 (21) 50 (80) 496 (799)

Explosive Material 6 (10) 63 (102) 684 (1,102)

TABLE  F.6.2–1.—Number of Excess Latent Cancer Fatalities Due to Truck Emissions
in Urban Areas

RISK MEASURE

ALTERNATIVE

NO ACTION
EXPANDED 

OPERATIONS
REDUCED 

OPERATIONS
GREENER

Excess LCF per Year 3.2 × 10-2 6.6 × 10-2 3.4 × 10-2 3.6 × 10-2
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F.6.3 Truck Accident Injuries and 
Fatalities

The HIGHWAY code (Johnson et al. 1993) was
used to determine the distance traveled in each
state for each of the centroids described in
subsection F.6.1.  The truck accident fatality,
injury, and total accident rates in each state were
taken from Saricks and Kvitek (1994).  The
rates in Table F.4.2.2–1 were used between
Santa Fe and LANL, and the rates in Table
F.4.2.3–1 were used on site.  The results are
given in Tables F.6.3–1 through F.6.3–3 for
fatalities, injuries, and total accidents,
respectively.  Approximately 65 percent of the
impacts are due to RAM shipments, and 35
percent are due to HAZMAT shipments.  Again,
all shipments are assumed to result in a return by
an empty truck.

F.6.4 Incident-Free Radiation 
Exposure

The RADTRAN and ADROIT codes are used
with the estimated number of off-site shipments
in Tables F.5.3–1 and F.5.3–2 and with the
estimated package surface radiation levels to
obtain the results shown in Tables F.6.4–1
through F.6.4–4.  The aircraft segment is for
overnight carrier service; the truck segment to/
from the airport is included in the truck results.

MEI dose occurs between LANL and I–25 and
is 3.0 x 10-4, 3.8 x 10-4, 3.2 x 10-4, and 3.4 x 10-4

rem for the No Action, Expanded Operations,
Reduced Operations, and Greener Alternatives,
respectively.

F.6.4.1 Driver Doses from On-Site 
Shipments of Radioactive 
Materials

The number of on-site shipments of RAM for
the baseline year 1994, was 1,187 shipments,
(taken from Table F.5.2–2).  The baseline
number of on-site shipments of RAM for the

four SWEIS alternatives was taken from Table
F.5.2–3.  Table F.6.4.1–1 presents a summary of
the total number of on-site shipments for all
alternatives.

Dosimetry data for 25 on-site LANL drivers
were provided by LANL.  For identification
purposes, the drivers were assigned numbers 1
through 25.  Driver doses for 1994 were
extracted from the dosimetry data package and
are summarized in Table F.6.4.1–2.  Driver
number 2 did not have any dosimetry data for
years beyond 1992, therefore, it was assumed
that this driver is no longer working at LANL.
He was dropped from further analysis.  The
driver doses were, therefore, based on 24
drivers.

To evaluate driver doses for the different
SWEIS alternatives, it was assumed that the
number of drivers (24) would be the same under
each of the alternatives.  In calculating the
cancer risk associated with these doses, a dose-
to-risk conversion factor 4 x 10-4 excess LCFs
per person-rem was used (ICRP 1991).

To evaluate doses associated with on-site
shipments for the different alternatives, the
following procedure was followed:

• A dose per shipment was calculated for the 
baseline year as follows:  
— Dose (person-rem per shipment) = 

(total collective dose) per number of 
shipments.

= 9.57 x 10-4

— The baseline total dose of 1.136 
person-rem was taken from Table 
F.6.4.1–2.

— The total number of shipments for each 
alternative was then multiplied by 
9.57 x 10-4 to obtain the total collective 
dose per alternative.

— The total dose per alternative was then 
divided by 24 (the number of drivers) 
to obtain the average driver dose for 
each alternative.
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TABLE  F.6.3–1.—Annual Truck Accident Fatalities

ROUTE SEGMENT

ALTERNATIVE

NO ACTION
EXPANDED 

OPERATIONS
REDUCED 

OPERATIONS
GREENER

On-Site 1.5 × 10-4 3.3 × 10-4 1.4 × 10-4 1.5 × 10-4

LANL to U.S. 84/285 1.7 × 10-3 3.4 × 10-3 1.8 × 10-3 1.9 × 10-3

U.S. 84/285 to I–25 4.1 × 10-3 8.2 × 10-3 4.3 × 10-3 4.6 × 10-3

Remainder of New Mexico 7.2 × 10-2 1.5 × 10-1 7.5 × 10-2 8.0 × 10-2

Outside New Mexico 3.0 × 10-1 6.2 × 10-1 3.3 × 10-1 3.5 × 10-1

Total 3.8 × 10-1 7.8 × 10-1 4.1 × 10-1 4.4 × 10-1

TABLE  F.6.3–2.—Annual Truck Accident Injuries

ROUTE SEGMENT

ALTERNATIVE

NO ACTION
EXPANDED 

OPERATIONS
REDUCED 

OPERATIONS
GREENER

On-Site 3.1 × 10-3 7.0 × 10-3 2.9 × 10-3 3.2 × 10-3

LANL to U.S. 84/285 3.5 × 10-2 7.1 × 10-2 3.7 × 10-2 4.0 × 10-2

U.S. 84/285 to I–25 8.6 × 10-2 1.8 × 10-1 9.1 × 10-2 9.7 × 10-2

Remainder of New Mexico 6.4 × 10-1 1.3 × 100 6.8 × 10-1 7.2 × 10-1

Outside New Mexico 3.0 × 100 6.0 × 100 3.3 × 100 3.6 × 100

Total 3.8 × 100 7.6 × 100 4.1 × 100 4.5 × 100

TABLE  F.6.3–3.—Number of Annual Truck Accidents

ROUTE SEGMENT

ALTERNATIVE

NO ACTION
EXPANDED 

OPERATIONS
REDUCED 

OPERATIONS
GREENER

On-Site 1.5 × 10-2 3.3 × 10-2 1.4 × 10-2 1.5 × 10-2

LANL to U.S. 84/285 1.7 × 10-1 3.4 × 10-1 1.8 × 10-1 1.9 × 10-1

U.S. 84/285 to I–25 4.1 × 10-1 8.2 × 10-1 4.3 × 10-1 4.6 × 10-1

Remainder of New Mexico 6.7 × 10-1 1.4 × 100 7.0 × 10-1 7.6 × 10-1

Outside New Mexico 3.2 × 100 6.4 × 100 3.6 × 100 3.8 × 100

Total 4.5 × 100 9.0 × 100 4.9 × 100 5.2 × 100
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TABLE  F.6.4–1.—Annual Incident-Free Population Dose and Excess Latent Cancer Fatality for the 
No Action Alternative

ROUTE SEGMENT

TRUCK OR AIR 
CREW

NONOCCUPATIONAL

ALONG ROUTE SHARING ROUTE STOPS

PERSON
-REM/
YEAR

EXCESS 
LCF/ 

YEAR

PERSON
-REM/
YEAR

EXCESS 
LCF/ 

YEAR

PERSON-
REM/
YEAR

EXCESS 
LCF/ 

YEAR

PERSON-
REM/
YEAR

EXCESS 
LCF/ 

YEAR

LANL to U.S. 84/285 5.9 x 100 2.4 x 10-3 3.2 x 10-2 1.6 x 10-5 5.1 x 10-1 2.6 x 10-4 3.2 x 100 1.6 x 10-3

U.S. 84/285 to I–25 7.9 x 100 3.2 x 10-3 3.8 x 10-1 1.9 x 10-4 3.6 x 100 1.8 x 10-3 3.3 x 100 1.6 x 10-3

Remainder of New 
Mexico

4.5 x 101 1.8 x 10-2 1.0 x 10-1 5.0 x 10-5 1.7 x 100 8.5 x 10-4 2.4 x 101 1.2 x 10-2

Outside New Mexico 4.1 x 102 1.6 x 10-1 2.8 x 100 1.4 x 10-3 2.4 x 101 1.2 x 10-2 1.8 x 102 9.0 x 10-2

Aircraft 2.4×100 1.2×10-3 NA NA NA NA NA NA

NA = Not applicable

TABLE  F.6.4–2.—Annual Incident-Free Population Dose and Excess Latent Cancer Fatality for the 
Expanded Operations Alternative

ROUTE SEGMENT

TRUCK OR AIR 
CREW

NONOCCUPATIONAL

ALONG ROUTE SHARING ROUTE STOPS

PERSON-
REM/
YEAR

EXCESS 
LCF/ 

YEAR

PERSON-
REM/
YEAR

EXCESS 
LCF/ 
YEAR

PERSON
-REM/
YEAR

EXCESS 
LCF/ 
YEAR

PERSON
-REM/
YEAR

EXCESS 
LCF/ 

YEAR

LANL to U.S. 84/285 7.4 x 100 3.0 x 10-3 4.0 x 10-2 2.0 x 10-5 6.5 x 10-
1

3.2 x 10-4 4.0 x 100 2.0 x 10-3

U.S. 84/285 to I–25 1.0 x 101 4.0 x 10-3 4.9 x 10-1 2.4 x 10-4 4.6 x 100 2.3 x 10-3 4.2 x 100 2.1 x 10-3

Remainder of New 
Mexico

5.5 x 101 2.2 x 10-2 1.2 x 10-1 6.2 x 10-5 2.1 x 100 1.0 x 10-3 3.0 x 101 1.5 x 10-2

Outside New Mexico 5.1 x 102 2.0 x 10-1 3.5 x 100 1.8 x 10-3 3.0 x 101 1.5 x 10-2 2.3 x 102 1.2 x 10-1

Aircraft 2.4×100 1.2×10-3 NA NA NA NA NA NA

NA = Not applicable
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TABLE  F.6.4–3.—Annual Incident-Free Population Dose and Excess Latent Cancer Fatality for the 
Reduced Operations Alternative

ROUTE SEGMENT

TRUCK OR AIR 
CREW

NONOCCUPATIONAL

ALONG ROUTE SHARING ROUTE STOPS

PERSON
-REM/
YEAR

EXCESS 
LCF/

YEAR

PERSON
-REM/
YEAR

EXCESS 
LCF/

YEAR

PERSON-
REM/
YEAR

EXCESS 
LCF/

YEAR

PERSON
-REM/
YEAR

EXCESS 
LCF/

YEAR

LANL to U.S. 84/285 6.4 x 100 2.6 x 10-3 3.4 x 10-2 1.7 x 10-5 5.6 x 10-1 2.8 x 10-4 3.4 x 100 1.7 x 10-3

U.S. 84/285 to I–25 8.7 x 100 3.5 x 10-3 4.2 x 10-1 2.1 x 10-4 3.4 x 100 1.7 x 10-3 3.6 x 100 1.8 x 10-3

Remainder of New 
Mexico

5.0 x 101 2.0 x 10-2 1.2 x 10-1 6.0 x 10-5 1.9 x 100 9.5 x 10-4 2.7 x 101 1.4 x 10-2

Outside New Mexico 4.4 x 102 1.8 x 10-1 2.9 x 100 1.4 x 10-3 2.5 x 101 1.2 x 10-4 2.0 x 102 1.0 x 10-1

Aircraft 2.4 x 100 1.2 x 10-3 NA NA NA NA NA NA

NA = Not applicable

TABLE  F.6.4–4.—Annual Incident-Free Population Dose and Excess Latent Cancer Fatality for the 
Greener Alternative

ROUTE SEGMENT

TRUCK OR AIR 
CREW

NONOCCUPATIONAL

ALONG ROUTE SHARING ROUTE STOPS

PERSON
-REM/
YEAR

EXCESS 
LCF/

YEAR

PERSON
-REM/
YEAR

EXCESS 
LCF/
YEAR

PERSON-
REM/
YEAR

EXCESS 
LCF/

YEAR

PERSON
-REM/
YEAR

EXCESS 
LCF/

YEAR

LANL to U.S. 84/285 6.8 x 100 2.7 x 10-3 3.6 x 10-2 1.8 x 10-5 5.9 x 10-1 3.0 x 10-4 3.6 x 100 1.8 x 10-3

U.S. 84/285 to I–25 9.2 x 100 3.7 x 10-3 4.4 x 10-1 2.2 x 10-4 4.2 x 100 2.1 x 10-3 3.8 x 100 1.9 x 10-3

Remainder of New 
Mexico

5.2 x 101 2.1 x 10-2 1.3 x 10-1 6.5 x 10-5 2.0 x 100 1.0 x 10-3 2.8 x 101 1.4 x 10-2

Outside New Mexico 4.6 x 102 1.8 x 10-1 3.0 x 100 1.5 x 10-3 2.6 x 101 1.3 x 10-4 2.1 x 102 1.0 x 10-1

Aircraft 2.4 x 100 1.2 x 10-3 NA NA NA NA NA NA

NA = Not applicable
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TABLE  F.6.4.1–1.—Annual Doses and Cancer Risks to Drivers from On-Site Shipment of 
Radioactive Materials

BASELINE 
(1994)

NO ACTION
EXPANDED 

OPERATIONS
REDUCED 

OPERATIONS
GREENER

Number of Shipments 1,187 4,372 10,754 4,454 4,728

Collective Driver Dose 
(person-rem)a

1.136 4.184 10.292 4.262 4.525

Average Driver Dose 
(rem)b

0.047 0.174 0.429 0.178 0.189

Cancer Riskc 4.54 x 10-4 1.67 x 10-3 4.12 x 10-3 1.70 x 10-3 1.81 x 10-3

a This is the total collective dose to all 24 drivers working at LANL.  This dose was obtained by multiplying the total number of 
shipments by 9.57 x 10-4.

b This is the annual average dose to each of the 24 drivers, obtained by dividing the total dose by 24.
c This is the sum of the excess LCF to all drivers from exposure to low level radiation.  A dose-to-risk conversion factor of 4 x 10-4 
is used.
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TABLE  F.6.4.1–2.—Driver Dose Data for On-Site Shipments in 1994

DRIVER NUMBER
SKIN DOSE 

(REM)
DEEP DOSE 

(REM)
NEUTRON DOSE 

(REM)

TOTAL 
DRIVER DOSE 

(REM)

1 0 0 0 0

2a — — — —

3 0 0 0 0

4 0 0 0 0

5 0 0 0 0

6 0.01 0 0 0.01

7 0 0 0 0

8 0 0 0 0

9 0 0 0 0

10 0 0 0 0

11 0 0 0 0

12 0 0 0 0

13 0 0 0 0

14 0 0 0 0

15 0.031 0 0.008 0.039

16 0.017 0 0 0.017

17 0.212 0.169 0.01 0.391

18 0.216 0.163 0 0.379

19 0.013 0 0 0.013

20 0.116 0.01 0.059 0.185

21 0.029 0 0 0.029

22 0 0 0 0

23 0 0 0 0

24 0.03 0 0.015 0.045

25 0.014 0.014 0 0.028

Total Collective Dose
(person-rem/year)

0.688 0.356 0.092 1.136

Average Driver Dose (rem/year) 0.029 0.015 0.004 0.047

a No 1994 dosimetry data were available for driver No. 2.  It was assumed that the driver left the job prior to 1994, and therefore he was 
dropped from the analysis.
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— The collective driver dose was 
multiplied by a dose-to-risk conversion 
factor of 4 x 10-4 (cancer deaths per 
person-rem) to obtain the cancer risk.

The results for driver doses and associated risks
are presented in Table F.6.4.1–1.  The average
driver doses are well below the DOE radiation
protection standard of 5 rem per year.  The
highest collective dose (under the Expanded
Operations Alternative) is just over 10 person-
rem per year.  The cancer risk associated with
this dose is 4.12 × 10-3 excess LCFs per year.

F.6.5 Accidents

Analyses are conducted for scenarios leading to
the release of either RAM or HAZMAT.  The
materials selected for analysis are those that
represent bounding risks.  Results are given for
off-site shipments of RAM and HAZMAT.
This subsection concludes with results for on-
site RAM shipment.

F.6.5.1 Determination of Bounding 
Materials

Selection of the bounding material shipments is
described in the following subsections.

Radioactive Materials

The shipments described in Tables F.5.3–1 and
F.5.3–2 were evaluated as described in this
subsection to determine those that would likely
present the largest risk.  These are referred to as
the bounding materials.  To determine the
transportation risk, the shipment of bounding
materials is evaluated in more detail.  The
bounding materials are those that have the
largest value of

MAR x ARF x RF x ID, (F–4)

Where:

MAR = material at risk (gram),

ARF = airborne release fraction,

RF = respirable fraction, and

ID = inhalation dose conversion facto
(rem per gram).

The ARF values used are the RADTRAN
default values, e.g., 1 x 10-6 for bulk metal,
1 x 10-2 for chunks, 1 x 10-1 for powder, and 1.0
for gases and volatile liquids.  The RADTRAN
default value for RF is 1.0 for gases and volat
liquids and 0.05 otherwise.

The bounding shipments determined by th
approach are as follows:

• Off-site in an SST, plutonium-238 oxide 
powder (Table F.5.3–1, entries for 
plutonium operations and plutonium-238 
heat source shipments to SRS)

• Off-site, americium-241 standards (Table 
F.5.3–1, americium-241 standard sales 
entry)

• On-site, plutonium-238 solution samples 
(Table F.5.3–2, entries for weapons grade
plutonium and plutonium-238 liquid 
samples)

Equation F–4 is for materials that are hazardo
due to their dispersion and subsequent expos
of persons to the airborne material.  Anoth
hazard is direct radiation from irradiated targe
should the packaging fail (entry for irradiate
targets in Table F.5.3–2).  This hazard 
bounding for its type.  Some shipmen
associated with the Dual Axis Radiograph
Hydrodynamic Test (DARHT) Facility are
explosively configured, and the quoted valu
for ARF do not apply.  DARHT shipments wer
not considered explicitly as bounding materia
instead, the results from the DARHT EIS (DO
1995) were incorporated into subsectio
F.6.5.5.

Risk includes both the consequence and 
frequency of an event (subsection F.3.2).  T
bounding shipments were selected to produ
F–53
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the highest calculated consequence.  The
frequency associated with the calculated
bounding consequence is determined by adding
together the number of bounding shipments and
any other shipment that has a consequence (as
estimated by using Equation F–4) that is greater
than 10 percent of the bounding consequence.
This approach is conservative and is used for
both RAM and HAZMAT shipments.

Shipments of CH TRU to WIPP exceed the 10
percent criterion and would be included in the
frequency term for off-site shipments of
americium-241 standards, but RH TRU
shipments do not exceed the 10 percent
criterion.  Both shipment types are analyzed
explicitly in this appendix because of the
potential public interest in the results.  Off-site
shipments of pits in an SST trailer were also
analyzed explicitly for the same reason.

Off-site shipments of plutonium-238 oxide
powder in an SST trailer were conservatively
aggregated with other strategic nuclear material
also shipped in SST trailers. (ADROIT analyses
of SST shipments were provided by SNL).

On-site shipments of some activated
components (e.g., beam stops) as a result of
accelerator operations exceed the 10 percent
criterion and are included in the frequency term
for on-site shipments of irradiated targets, as are
DARHT shipments.  (Some activated
components may exceed the radiation level for
irradiated targets, but irradiated targets are
judged to pose the greater risk due to the
packaging.)

On-site shipments of weapons-grade plutonium
solution samples are included in the plutonium-
238 solution samples frequency term.

Description of Bounding Radioactive 
Material Shipments

Pressed plutonium-238 oxide powder is
enclosed in a welded capsule that is then
enclosed in a welded vessel.  The vessel is

loaded into the 5320 packaging described 
subsection F.2.4.5.  Powder is transported 
LANL from the Savannah River Site (SRS) i
an SST.  The 5320 package limit is 12.6 ounc
(357 grams) of plutonium, but 15.6 ounces (4
grams) (17.6 ounces [500 grams] as plutoniu
dioxide) was used in the analysis to allow fo
possible increases in loading with anoth
package.

The FL-Type container described in subsecti
F.2.4.1 is used to transport pits in an SST. 

Up to 1 ounce (28 grams) americium-241 m
be shipped in oxide form in a 30-gallon (114
liter) 6M package (subsection F.2.4.4); up 
four packages may be shipped at a time.  T
oxide is enclosed in a stainless steel vial with
screw top and the vial is enclosed in a crimp
can.  This assembly is then placed in a 2
container in the 6M package.

Wastes transported to WIPP are enclosed
either the TRUPACT–II packaging described 
subsection F.2.4.2 or the 72–B cask described
subsection F.2.4.6.  One 72–B cask or thr
TRUPACT–II packages are transported in 
single shipment.  The waste parameters 
those used in the WIPP Draft Supplemental E
(DOE 1990c); additional details can be obtain
from that document.

Samples of plutonium-238 in solution ar
transported from the Chemistry and Metallurg
Research (CMR) Facility to TA–55 in an
armored vehicle that carries one to fou
packages.  Each package consists of a stain
steel container enclosing three 0.5-gallo
(2-liter) bottles.  Each bottle is double sealed
plastic bags.  The maximum concentration 
0.07 ounce (2 grams) plutonium-238 per 0.
gallon (2-liter) bottle; all shipments are
conservatively assumed to be at the maximu
concentration.  The LANL roads used are clos
to traffic during the shipment.

The irradiated target package is a cylind
measuring 44 inches (112 centimeters) hig
F–54
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with a 26-inch (66-centimeter) diameter.  The
packaging is constructed of 5.8 tons (5.266
kilograms) of depleted uranium, lead, and
stainless steel.  The package is equipped with a
sliding door on the bottom so that targets can be
loaded into the packaging by means of special
remote handling tools.  The package is
transported on a dedicated truck that has a
keyhole-shaped receptacle recessed into the
bed.

F.6.5.2 Analysis of Off-Site 
Accidents Producing 
Bounding Radioactive 
Materials Releases

The RADTRAN and ADROIT codes were used
to analyze the bounding off-site RAM
shipments described in subsections F.6.5.1.  The
MEI doses do not vary with route segment or
alternative and are given in Table F.6.5.2–1 for
each material analyzed with RADTRAN.
ADROIT results that are separated into
frequency and consequence components are not
readily available.  The product, MEI dose risk,
varies with the number of shipments and the
various shipment types.  The population dose
risks (consequence times frequency) and
corresponding excess LCF risks are given in
Tables F.6.5.2–2 through F.6.5.2–5 for each
alternative.

F.6.5.3 Analysis of Accidents 
Producing Chlorine 
Releases

An event tree analysis produced the following
accident scenarios that could lead to a major
chlorine release: 

• Release from a small hole caused by a 
puncture of the cylinder or failure of a valve 
from puncture or impact accidents

• Opening of a fusible plug as a result of fire
• Catastrophic failure in an impact accident
• Catastrophic failure as a result of a fire

The probability of each of these scenarios w
determined from the event trees by using 1-t
(908-kilogram) container failure threshold
(Rhyne 1994a) and force magnitud
probabilities (Dennis et al.).  (Although LANL
is not expected to store or handle chlorin
containers this large, they have in the past, a
the risks associated with transport of this si
container bound the risks of toxic materia
shipments.)  The ALOHA computer mode
(NSC 1995) was used to estimate release ra
from the 1-ton (908-kilogram) container, an
the DEGADIS (Havens and Spicer 1985) den
gas dispersion model was used to pred
downwind chlorine concentrations following
the four postulated releases.  (A separate vers
of DEGADIS is used because the versio
incorporated in ALOHA does not readily
provide time variation of downwind
concentrations.)

In this analysis, exposures to toxic chemicals a
compared to Emergency Response Plann
Guidelines (ERPGs).  ERPGs are explained
detail in appendix G, section G.2.2.  ERPG–2
the maximum airborne concentration belo
which it is believed that nearly all individual
could be exposed for up to 1 hour withou
experiencing or developing irreversible or oth
serious health effects or symptoms that cou
impair their abilities to take protective action
ERPG–3 is the maximum airborn
concentration below which it is believed tha
nearly all individuals could be exposed for up 
1 hour without experiencing or developing life
threatening health effects.  The model predic
the length and width of the cloud for whic
concentrations are greater than those 
ERPG–2 and ERPG–3.  The area affected, 
maximum exposure duration, the maximu
downwind distance affected, and the maximu
chlorine cloud width are shown in Tabl
F.6.5.3–1 for the bounding release, which 
release from a small hole with fire
(Catastrophic releases are of very short durat
and a high escape fraction is likely.)
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TABLE  F.6.5.2–1.—Maximally Exposed Individual Doses and Associated Frequencies for Off-Site 
Radioactive Materials Accidents

ROUTE SEGMENT

SHIPMENT TYPE

AMERICIUM-241 CH TRU RH TRU

MEI DOSE 
(REM)

FREQUENCY 
PER TRIP

MEI DOSE 
(REM)

FREQUENCY 
PER TRIP

MEI DOSE 
(REM)

FREQUENCY 
PER TRIP

LANL to U.S. 84/285 59 1.8 x 10-7 21 6.4 x 10-8 0.16 6.0 x 10-9

U.S. 84/285 to I–25 59 2.5 x 10-7 21 7.4 x 10-8 0.16 5.6 x 10-9

Remainder of New Mexico 59 9.9 x 10-7 21 1.4 x 10-6 0.16 1.3 x 10-7

Rest of U.S. 59 1.1 x 10-5 NA NA NA NA

TABLE  F.6.5.2–2.—Bounding Radioactive Materials Off-Site Accident Population Risk for the No 
Action Alternative

ROUTE SEGMENT

ANNUAL POPULATION DOSE RISK AND EXCESS LCF RISK

SHIPMENT TYPE

AMERICIUM-241 CH TRU RH TRU PLUTONIUM-238 PITS TOTAL

PERSON-REM/
YEAR

PERSON-
REM/YEAR

PERSON-
REM/YEAR

PERSON-REM/
YEAR

PERSON-
REM/YEAR

PERSON-
REM/YEAR

EXCESS LCF/
YEAR

LANL to U.S. 84/285 1.5 x 10-2 1.4 x 10-3 3.1 x 10-6 4 x 10-7 2 x 10-6 1.6 x 10-2 8.0 x 10-6

U.S. 84/285 to I–25 2.4 x 10-1 1.9 x 10-2 4.2 x 10-5 1 x 10-6 1 x 10-5 2.6 x 10-1 1.3 x 10-4

Remainder of New 
Mexico

3.1 x 10-2 1.2 x 10-2 2.6 x 10-5 4 x 10-7 4 x 10-6 4.3 x 10-2 2.2 x 10-5

Rest of U.S. 2.5 x 100 NA NA 4 x 10-6 2 x 10-5 2.5 x 100 1.2 x 10-3

TABLE  F.6.5.2–3.—Bounding Radioactive Materials Off-Site Accident Population Risk for the 
Expanded Operations Alternative

ROUTE SEGMENT

ANNUAL POPULATION DOSE RISK AND EXCESS LCF RISK

SHIPMENT TYPE

AMERICIUM-241 CH TRU RH TRU PLUTONIUM-238 PITS TOTAL

PERSON-REM/
YEAR

PERSON-
REM/YEAR

PERSON-
REM/YEAR

PERSON-REM/
YEAR

PERSON-
REM/YEAR

PERSON-
REM/YEAR

EXCESS LCF/
YEAR

LANL to U.S. 84/285 1.6 x 10-2 1.9 x 10-3 3.8 x 10-6 1 x 10-6 6 x 10-6 1.8 x 10-2 9.0 x 10-6

U.S. 84/285 to I–25 2.5 x 10-1 2.4 x 10-2 5.3 x 10-5 2 x 10-6 2 x 10-5 2.7 x 10-1 1.4 x 10-4

Remainder of New 
Mexico

3.3 x 10-2 1.6 x 10-2 3.3 x 10-5 1 x 10-6 8 x 10-6 4.9 x 10-2 2.4 x 10-5

Rest of U.S. 2.7 x 100 NA NA 8 x 10-6 4 x 10-5 2.7 x 100 1.4 x 10-3
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TABLE  F.6.5.2–4.—Bounding Radioactive Materials Off-Site Accident Population Risk for the 
Reduced Operations Alternative

ROUTE SEGMENT

ANNUAL POPULATION DOSE RISK AND EXCESS LCF RISK

SHIPMENT TYPE

AMERICIUM-241 CH TRU RH TRU PLUTONIUM-238 PITS TOTAL

PERSON-REM/
YEAR

PERSON-
REM/YEAR

PERSON-
REM/YEAR

PERSON-REM/
YEAR

PERSON-
REM/YEAR

PERSON-
REM/YEAR

EXCESS 
LCF/YEAR

LANL to U.S. 84/285 1.5 x 10-2 1.4 x 10-3 2.9 x 10-6 4 x 10-7 2 x 10-6 1.6 x 10-2 8.0 x 10-6

U.S. 84/285 to I–25 2.4 x 10-1 1.9 x 10-2 4.0 x 10-5 1 x 10-6 8 x 10-6 2.6 x 10-1 1.3 x 10-4

Remainder of New 
Mexico

3.1 x 10-2 1.2 x 10-2 2.5 x 10-5 4 x 10-7 4 x 10-6 4.3 x 10-2 2.2 x 10-5

Rest of U.S. 2.5 x 100 NA NA 4 x 10-6 1 x 10-5 2.5 x 100 1.2 x 10-3

TABLE  F.6.5.2–5.—Bounding Radioactive Materials Off-Site Accident Population Risk for the 
Greener Alternative

ROUTE SEGMENT

ANNUAL POPULATION DOSE RISK AND EXCESS LCF RISK

SHIPMENT TYPE

AMERICIUM-241 CH TRU RH TRU PLUTONIUM-238 PITS TOTAL

PERSON-REM/
YEAR

PERSON-
REM/YEAR

PERSON-
REM/YEAR

PERSON-REM/
YEAR

PERSON-
REM/YEAR

PERSON-
REM/YEAR

EXCESS 
LCF/YEAR

LANL to U.S. 84/285 1.6 x 10-2 1.5 x 10-3 3.2 x 10-6 4 x 10-7 2 x 10-6 1.8 x 10-2 9.0 x 10-6

U.S. 84/285 to I–25 2.5 x 10-1 2.0 x 10-2 4.4 x 10-5 1 x 10-6 8 x 10-6 2.7 x 10-1 1.4 x 10-4

Remainder of New 
Mexico

3.3 x 10-2 1.3 x 10-2 2.7 x 10-5 4 x 10-7 4 x 10-6 4.6 x 10-2 2.3 x 10-5

Rest of U.S. 2.7 x 100 NA NA 4 x 10-6 1 x 10-5 2.7 x 100 1.4 x 10-3

TABLE  F.6.5.3–1.—Exposure Parameters of Bounding Chlorine Accident

ACCIDENT 
DESCRIPTION

MAXIMUM 
EXPOSURE 
DURATION 
(MINUTES)

MAXIMUM DOWNWIND 
DISTANCE 

(KILOMETERS)

MAXIMUM CLOUD 
WIDTH 

(KILOMETERS)

EPRG-2 EPRG-3 EPRG-2 EPRG-3

Fire Causes Opening of a 
Fusible Plug

8.4 4.2 2.1 0.28 0.15

EPRG = Emergency Response Planning Guideline
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(NSC 1995) was used to estimate release rates
from the 1-ton (908-kilogram) container, and
the DEGADIS (Havens and Spicer 1985) dense
gas dispersion model was used to predict
downwind chlorine concentrations following
the four postulated releases.  (A separate version
of DEGADIS is used because the version
incorporated in ALOHA does not readily
provide time variation of downwind
concentrations.)

In this analysis, exposures to toxic chemicals are
compared to Emergency Response Planning
Guidelines (ERPGs).  ERPGs are explained in
detail in appendix G, section G.2.2.  ERPG–2 is
the maximum airborne concentration below
which it is believed that nearly all individuals
could be exposed for up to 1 hour without
experiencing or developing irreversible or other
serious health effects or symptoms that could
impair their abilities to take protective action.
ERPG–3 is the maximum airborne
concentration below which it is believed that
nearly all individuals could be exposed for up to
1 hour without experiencing or developing life-
threatening health effects.  The model predicts
the length and width of the cloud for which
concentrations are greater than those at
ERPG–2 and ERPG–3.  The area affected, the
maximum exposure duration, the maximum
downwind distance affected, and the maximum
chlorine cloud width are shown in Table
F.6.5.3–1 for the bounding release, which is
release from a small hole with fire.
(Catastrophic releases are of very short duration
and a high escape fraction is likely.)

The number of fatalities or injuries would
depend on the population density and the ability
of people to avoid harmful exposure by going
indoors or leaving the affected area.  The
frequency of occurrence of this accident would
depend on the truck accident rate.  The accident
rate and population density would vary for the
different route segments.  The ability of people
to avoid harmful exposure (to escape) would
depend on various factors; an escape fraction of
0.98 is used for all route segments.  This fraction

is based on analysis of a transportation accident
producing fatal releases of ammonia (Glickman
and Raj 1992) and should be applicable to
chlorine because the same dispersion
coefficients apply, resulting in similar plume
shapes and gradients of concentration.  For both,
there will be objectionable odor a short period
prior to concentrations that have serious effects.
The plumes tend to be visible and of modest
transverse dimension, with very objectionable
odor and strong respiratory irritation at their
edges, permitting recognition and urging
prompt escape on foot.  The estimated
frequency of a major chlorine release and the
estimated number of associated fatalities and
injuries are given in Table F.6.5.3–2 for
different population densities along the routes.
The risk values (i.e., annual frequency times
consequences analogous to Tables F.6.5.2–2
through F.6.5.2–5) are given for the SWEIS
alternatives in Table F.6.5.3–3.

F.6.5.4 Analysis of Accidents 
Producing Propane 
Releases

The bounding consequence from a propane
release would be the generation of a fireball.
The fireball would likely occur too soon after
the postulated truck accident for evacuation to
be effective.  The fireball would have a radius of
about 148 feet (45 meters) and would burn for
about 3 seconds.  Many persons would be
protected by buildings or automobiles for this
short duration.  It is assumed that 50 percent of
the available population would be shielded from
the fireball, 10 percent would be fatalities, and
the remainder would be injured (PNL 1980).  In
addition, fatal second-degree burns might be
experienced out to a radius of 620 feet (189
meters).  The percentages of available persons
that would be exposed to the radiant heat flux
are assumed to be 0.16 percent, 12 percent, and
19 percent in urban, suburban, and rural areas,
respectively (PNL 1980).



Transportation Risk Analysis

F–59

TABLE  F.6.5.3–2.—Frequencies and Consequences of a Major Chlorine Release

ROUTE 
SEGMENT

AREA
FREQUENCY 

PER TRIP

ESTIMATED 
NUMBER OF 
FATALITIES

ESTIMATED 
NUMBER OF 

INJURIES

LANL to U.S. 84/
285

Rural 3.1 x 10-7 6.5 x 10-2 2.4 x 10-1

Suburban 5.1 x 10-8 1.5 x 100 5.6 x 100

U.S. 84/285 to I–25 Rural 2.4 x 10-7 5.3 x 10-2 2.0 x 10-1

Suburban 5.2 x 10-7 3.0 x 100 1.1 x 101

Urban 1.6 x 10-7 1.1 x 101 4.0 x 101

Remainder of New 
Mexico

Rural 1.8 x 10-6 1.5 x 10-2 5.6 x 10-2

Suburban 1.9 x 10-7 1.5 x 100 5.5 x 100

Urban 3.1 x 10-8 8.4 x 100 3.2 x 101

Remainder of U.S. Rural 1.3 x 10-5 2.8 x 10-2 1.0 x 10-1

Suburban 3.3 x 10-6 1.6 x 100 6.1 x 100

Urban 7.8 x 10-7 1.0 x 101 3.9 x 101

TABLE  F.6.5.3–3.—Major Chlorine Accident Risks

ROUTE SEGMENT

ALTERNATIVE

NO ACTION
EXPANDED 

OPERATIONS
REDUCED 

OPERATIONS
GREENER

FATALITIES 
PER YEAR

INJURIES 
PER YEAR

FATALITIES 
PER YEAR

INJURIES 
PER YEAR

FATALITIES 
PER YEAR

INJURIES 
PER YEAR

FATALITIES 
PER YEAR

INJURIES 
PER YEAR

LANL to U.S. 84/285 8.6 x 10-6 3.2 x 10-5 1.9 x 10-5 7.2 x 10-5 8.0 x 10-6 3.0 x 10-5 8.6 x 10-6 3.2 x 10-5

U.S. 84/285 to I–25 2.9 x 10-4 1.1 x 10-3 6.4 x 10-4 2.4 x 10-3 2.7 x 10-4 1.0 x 10-3 2.9 x 10-4 1.1 x 10-3

Remainder of New 
Mexico

5.2 x 10-5 1.9 x 10-4 1.1 x 10-4 4.2 x 10-4 4.8 x 10-5 1.8 x 10-4 5.2 x 10-5 1.9 x 10-4

Remainder of U.S. 1.2 x 10-3 4.7 x 10-3 2.8 x 10-3 1.0 x 10-2 1.2 x 10-3 4.4 x 10-3 1.2 x 10-3 4.7 x 10-3
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The number of fatalities or injuries would
depend on the population density and the ability
of people to avoid harmful exposure by going
indoors or leaving the affected area.  The
frequency of occurrence of this accident would
depend on the truck accident rate.  The accident
rate and population density would vary for the
different route segments.  The ability of people
to avoid harmful exposure (to escape) would
depend on various factors; an escape fraction of
0.98 is used for all route segments.  This fraction
is based on analysis of a transportation accident
producing fatal releases of ammonia (Glickman
and Raj 1992) and should be applicable to
chlorine because the same dispersion
coefficients apply, resulting in similar plume
shapes and gradients of concentration.  For both,
there will be objectionable odor a short period
prior to concentrations that have serious effects.
The plumes tend to be visible and of modest
transverse dimension, with very objectionable
odor and strong respiratory irritation at their
edges, permitting recognition and urging
prompt escape on foot.  The estimated
frequency of a major chlorine release and the
estimated number of associated fatalities and
injuries are given in Table F.6.5.3–2 for
different population densities along the routes.
The risk values (i.e., annual frequency times
consequences analogous to Tables F.6.5.2–2
through F.6.5.2–5) are given for the SWEIS
alternatives in Table F.6.5.3–3.

F.6.5.4 Analysis of Accidents 
Producing Propane 
Releases

The bounding consequence from a propane
release would be the generation of a fireball.
The fireball would likely occur too soon after
the postulated truck accident for evacuation to
be effective.  The fireball would have a radius of
about 148 feet (45 meters) and would burn for
about 3 seconds.  Many persons would be
protected by buildings or automobiles for this
short duration.  It is assumed that 50 percent of

the available population would be shielded fro
the fireball, 10 percent would be fatalities, an
the remainder would be injured (PNL 1980).  
addition, fatal second-degree burns might 
experienced out to a radius of 620 feet (1
meters).  The percentages of available pers
that would be exposed to the radiant heat fl
are assumed to be 0.16 percent, 12 percent, 
19 percent in urban, suburban, and rural are
respectively (PNL 1980).

The number of persons that would be affect
depends on the population density; th
frequency of the accident would depend on t
truck accident rate.  Both of these paramete
would vary for the different route segment
The truck accident frequency of a majo
propane release and the estimated numbers
fatalities and injuries are given in
Table F.6.5.4–1 for different population
densities along the routes.  The fatality an
injury risks are given in Table F.6.5.4–2 for th
four SWEIS alternatives.  The frequency o
large explosive shipments was added to t
frequency of large flammable shipments.

F.6.5.5 Analysis of On-Site 
Accidents Producing 
Bounding Radioactive 
Materials Releases

The bounding on-site shipments involvin
RAM are the transport of plutonium-238
solution from CMR to TA–55 and the transpo
of irradiated targets from the LANSCE to
TA–48.  Both types of shipments are made w
the roads closed to all persons except person
directly involved in the transport.  Therefore, n
member of the public would be expected to 
involved in the postulated truck accident or to b
a bystander after the postulated truck acciden

MEI dose is calculated using the followin
assumptions.  In the case of plutonium-23
solution, it is assumed that a person would sta
very close to the evaporating liquid for 1
minutes before being warned away. In the ca
F–60
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TABLE  F.6.5.4–1.—Frequencies and Consequences of a Major Propane Release

ROUTE 
SEGMENT

AREA
FREQUENCY 

PER TRIP

ESTIMATED 
NUMBER OF 
FATALITIES

ESTIMATED 
NUMBER OF 

INJURIES

LANL to U.S. 84/
285

Rural 1.3 x 10-7 2.8 x 10-1 1.1 x 100

Suburban 2.2 x 10-8 4.2 x 100 1.7 x 101

U.S. 84/285 to I–25 Rural 1.0 x 10-7 2.3 x 10-1 9.2 x 10-1

Suburban 2.2 x 10-7 8.4 x 100 3.4 x 101

Urban 6.7 x 10-8 1.8 x 100 7.3 x 100

Remainder of New

Mexico

Rural 8.7 x 10-7 1.5 x 10-1 6.0 x 10-1

Suburban 2.8 x 10-7 5.1 x 100 2.0 x 101

Urban 3.5 x 10-8 1.5 x 100 6.1 x 100

Remainder of U.S. Rural 1.1 x 10-6 9.0 x 10-2 3.6 x 10-1

Suburban 1.4 x 10-7 4.8 x 100 1.9 x 101

Urban 7.2 x 10-8 1.9 x 100 7.5 x 100

TABLE  F.6.5.4–2.—Major Propane Accident Risk

ROUTE SEGMENT

ALTERNATIVE

NO ACTION
EXPANDED 

OPERATIONS
REDUCED 

OPERATIONS
GREENER

FATALITIES 
PER YEAR

INJURIES 
PER YEAR

FATALITIES 
PER YEAR

INJURIES 
PER YEAR

FATALITIES 
PER YEAR

INJURIES 
PER YEAR

FATALITIES 
PER YEAR

INJURIES 
PER YEAR

LANL to U.S. 84/285 9.7 x 10-6 3.9 x 10-5 2.2 x 10-5 8.6 x 10-5 9.2 x 10-6 3.7 x 10-5 9.7 x 10-6 3.9 x 10-5

U.S. 84/285 to I–25 1.5 x 10-4 6.0 x 10-4 3.3 x 10-4 1.3 x 10-3 1.4 x 10-4 5.7 x 10-4 1.5 x 10-4 6.0 x 10-4

Remainder of New 
Mexico

1.2 x 10-4 4.8 x 10-4 2.6 x 10-4 1.1 x 10-3 1.1 x 10-4 4.5 x 10-4 1.2 x 10-4 4.8 x 10-4

Remainder of U.S. 6.7 x 10-5 2.7 x 10-4 1.5 x 10-4 5.9 x 10-4 6.3 x 10-5 2.5 x 10-4 6.7 x 10-5 2.7 x 10-4
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of the irradiated target cask failure, a narrow
radiation beam would be produced that would
be lethal after 10 minutes of continuous
exposure at a distance of 6 feet (1.8 meters)
from the cask, and it is assumed that a person
would stand in this beam for 10 minutes.

The resulting MEI doses and frequencies are
given in Table F.6.5.5–1, and MEI risk is given
in Table F.6.5.5–2 for the four SWEIS
alternatives.  The plutonium-238 solution
sample shipment frequency terms includes
weapons-grade plutonium solution sample
shipments, and the irradiated target shipment
frequency term includes activated inserts and
beam stops (Table F.5.3–2) shipments.
DARHT shipment accidents could result in an
off-site MEI dose of 76 rem and fatalities to
LANL truck crews and other individuals within
80 feet (24 meters) of the explosion (DOE
1995).  The frequency of DARHT shipments
has been added to the frequency of irradiated
target shipments.

F.6.6 Transportation of Waste Off 
Site

Transportation of waste is imbedded in th
transportation risk assessment.  Because 
methodology is directed at identifying th
greatest risks associated with shipments 
materials, both from the standpoint of inciden
free shipments as well as accidents, the les
quantities of materials per package typical
found in wastes (as compared to sto
materials) tend to screen them from a detail
analytical presentation in this assessme
Waste shipments have been found to be 
public interest; and it is useful, therefore, 
discuss the manner in which the impacts of the
shipments are considered.  This qualitati
presentation is also illustrative of the overa
methodology.

Numbers of shipments of waste per year in t
categories of radioactive and nonradioacti
hazardous material were included in the milea
calculations for shipment of other materials 
the same class for the purpose of evaluat
impacts due to vehicle emissions, dire

TABLE  F.6.5.5–1.—Maximally Exposed Individual Doses and Frequencies for On-Site 
Radioactive Materials Accidents

SHIPMENT TYPE PER TRIP FREQUENCY MEI DOSE

Plutonium-238 Solution 6.9×10-10 8.7 rem

Irradiated Targets 3.4×10-8 fatal

TABLE  F.6.5.5–2.—On-Site Radioactive Materials Accident Maximally Exposed Individual Risk

SHIPMENT 
TYPE

MEI RISK PER ALTERNATIVE

NO ACTION
EXPANDED 

OPERATIONS
REDUCED 

OPERATIONS
GREENER

Plutonium-238 
Solution

7.7 x 10-7 rem/year 
(3.1 x 10-10 excess 

LCF/year)

1.4 x 10-6 rem/year 
(5.8 x 10-10 excess 

LCF/year)

7.7 x 10-7 rem/year 
(3.1 x 10-10 excess 

LCF/year)

7.7 x 10-7 rem/year 
(3.1 x 10-10 excess 

LCF/year)

Irradiated Targets 3.1 x 10-6 fatalities/
year

3.2 x 10-6 fatalities/
year

2.9 x 10-6 fatalities/
year

3.2 x 10-6 fatalities/
year
F–62
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exposure to radiation, and accidents not
involving the release of cargo.  Specifically,
TRU waste shipments to WIPP are less than 10
percent of the total number of shipments under
any alternative (and because of the relatively
short distance between LANL and WIPP, these
shipments would constitute an even smaller
percentage contribution to incident-free impacts
attributed to radioactive material shipments),
LLW shipments for off-site disposal under the
Reduced Operations and Greener Alternatives
are about 30 percent of the total shipments under
these alternatives (LLW constitutes about 15
percent and less than 1 percent of off-site
shipments under the No Action and Expanded
Operations Alternatives, respectively), and
about 10 percent of the total number of
hazardous (nonradioactive) shipments would be
expected to be waste shipments.  (This is based
on historical information—hazardous waste
shipments were not specifically projected and
are not reflected as individual shipments in the
off-site shipment projections in this appendix.)
Although the numbers of hazardous waste
shipments were not individually projected, they
are included in the numbers of shipments in
Table F.5.3–3 and considered in the total
mileage and impacts projected for hazardous
material shipments.

Routes for the shipment of waste are typical of,
and represented by, the routes chosen for
analysis that covered the U.S. by sector in terms
of population density as well as the category of
road (except that WIPP shipment routes, as
noted above, are much shorter than most of the
nonwaste radioactive material shipment routes);
thus, the contribution of waste shipments to the
total risks due to vehicle emissions and
accidents without a cargo release could be
estimated using the percentages in the previous
paragraph (although this would be very
conservative for WIPP shipments).   The
amount of material in a given container is orders
of magnitude less for waste shipments than for
product shipments (see accidents discussion
below), so the incident-free radiation exposure

attributable to waste shipments would be a ve
small percentage of that presented in th
appendix and in chapter 5.

Accidents involving the release of cargo we
based on factors such as the greatest quantit
the material known to be shipped, the mo
toxic, and the least protective packagin
Accident risk associated with the transportatio
of transuranic waste to WIPP was specifical
analyzed and presented in this appendix and
chapter 5 due to public interest in suc
shipments, and they are not discussed furt
here.  LLW and low-level mixed waste
(LLMW) shipments involve, at most, from
0.001 percent (for plutonium-238) to 0.0
percent (for americium-241 and plutonium-23
of the total material considered in the off-si
radioactive materials accidents specifical
presented in this appendix.  The mileag
associated with LLW waste shipments 
conservatively estimated at 30 percent of th
used in the radioactive materials accide
analyses presented in this appendix.  Therefo
the risk associated with waste shipments 
conservatively estimated to be 0.003 percent
that analyzed and presented for radioacti
materials, as presented in this analysis.

Similarly, shipments of hazardous chemic
(nonradioactive) waste contain much less of t
hazardous material content than do t
shipments of chlorine and propane analyzed a
presented in this appendix and in chapter 
While no estimates of waste contents we
available for use in this SWEIS, such shipmen
would not be likely to exceed 10 percent of th
amounts used for chlorine and propan
accidents (and would likely be a much small
fraction of these quantities).  On that bas
hazardous chemical waste shipments, wh
constitute about 10 percent of the total numb
of hazardous chemical shipments, would not 
expected (conservatively) to result in risks th
exceed 1 percent of those presented in t
SWEIS for hazardous material shipments.
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F.7 ANALYSIS OF THE SANTA  FE 
RELIEF  ROUTE OPTION

F.7.1 Introduction

The effect of the proposed relief route would be
to replace 6.5 miles (10.5 kilometers) on U.S.
84/285 through Santa Fe to exit number 282 of
I–25 with 13.8 miles (22.2 kilometers) starting
from U.S. 84/285 north of Santa Fe to exit
number 276 of I–25, south of Santa Fe.  Because
of the location where the Relief Route meets
I–25, travel on I–25 south of Santa Fe would be
reduced by six miles of highway travel, and
travel on I–25 north of Santa Fe would be
increased by 6 miles of highway travel if the
Relief Route were used.  The route between exit
number 282 of I–25 and the junction of U.S. 84/
285 with NM 502 consists of 1.2 miles (1.9
kilometers) of urban, 3.9 miles (1.9 kilometers)
of suburban, and 14.9 miles (24 kilometers) of
rural highway (Table F.4.3–1).  For this
analysis, the 6.5 mile (10.5 kilometer) segment
replaced is assumed to consist of all of the urban
and suburban highway plus 1.4 miles (2.3
kilometers) of rural highway.  The 13.8-mile
(22.2-kilometer) relief route is assumed to
consist of 9.6 miles (15.4 kilometers) of
suburban and 4.2 miles (6.8 kilometers) of rural
highway.

The four risk measures evaluated in section F.6
are evaluated in this section for the relief route
option.

F.7.2 Results

The effect of the proposed relief route on truck
emissions in urban areas would be to eliminate
1.2 miles (1.9 kilometers) of urban highway.
The overall reduction in excess LCFs would be
small, as shown in Table F.7.2–1.

A comparison of the annual number of fatalities
and injuries from truck accidents is shown in
Tables F.7.2–2 and F.7.2–3, respectively.  The

variation in truck accidents is shown in Tab
F.7.2–4.

Only the route segments affected by the rel
route option are described.  The effect of t
relief route on the remainder of New Mexic
route segment is negligible, but the effect on t
U.S. 84/285 to I–25 route segment is reduced
about one-half for the relief route option.  Th
reason is that the accident rate assumed on
relief route is approximately one order o
magnitude less than that for some parts of t
route through Santa Fe, in contrast to t
distance which increases by 50 perce

A comparison of the annual incident-fre
population doses for the No Action, Expande
Operations, Reduced Operations, and Gree
Alternatives is given in Tables F.7.2–5 throug
F.7.2–8, respectively.  In general, the chang
are small with a few exceptions.  Th
occupational and stops doses are direc
proportional to the length and inversel
proportional to the truck speed, and the
increase for the relief route.  The dose to tho
sharing the route is directly proportional to th
traffic density, which is significantly reduced o
the relief route.  This dose decreases for t
relief route.

A comparison of the change in accide
frequencies is shown in Tables F.7.2–9 a
F.7.2–10 for radioactive and HAZMAT,
respectively.  The change in the remainder 
New Mexico route segment depends on wheth
the shipment direction is southwest or northea
Chlorine is the representative material for a
toxic materials, whose representative source
the northeast; and propane is the representa
material for all flammable materials, whos
representative source is the southwest.  (T
comment in the next paragraph about poten
exaggeration applies to Tables F.7.2–9 a
F.7.2–10.)

The changes in bounding RAM acciden
population dose risks are shown in Tabl
F.7.2–11 through F.7.2–14 for the four SWEI
F–64



Transportation Risk Analysis

F–65

TABLE  F.7.2–1.—Comparison of Excess Latent Cancer Fatalities per Year Due to Truck Emissions

ROUTE OPTION

ALTERNATIVE

NO ACTION
EXPANDED 

OPERATIONS
REDUCED 

OPERATIONS
GREENER

Route Through Santa Fe 3.2 × 10-2 6.6 × 10-2 3.4 × 10-2 3.6 × 10-2

Relief Route 3.1 × 10-2 6.4 × 10-2 3.3 × 10-2 3.5 × 10-2

TABLE  F.7.2–2.—Comparison of Annual Truck Accident Fatalities

ROUTE 
OPTION

ROUTE SEGMENT

ALTERNATIVE

NO ACTION
EXPANDED 

OPERATIONS
REDUCED 

OPERATIONS
GREENER

Route Through 
Santa Fe

U.S. 84/285 to I–25 4.1 × 10-3 8.2 × 10-3 4.3 × 10-3 4.6 × 10-3

Remainder of New 
Mexico

7.2 × 10-2 1.5 × 10-1 7.5 × 10-2 8.0 × 10-2

Relief Route U.S. 84/285 and Relief 
Route

2.3 × 10-3 4.7 × 10-3 2.4 × 10-3 2.6 × 10-3

Remainder of New 
Mexico

7.2 × 10-2 1.5 × 10-1 7.6 × 10-2 8.1 × 10-2

TABLE  F.7.2–3.—Comparison of Annual Truck Accident Injuries

ROUTE 
OPTION

ROUTE 
SEGMENT

ALTERNATIVE 

NO ACTION
EXPANDED 

OPERATIONS
REDUCED 

OPERATIONS
GREENER

Route Through 
Santa Fe

U.S. 84/285 to I–25 8.6 × 10-2 1.8 × 10-1 9.1 × 10-2 9.7 × 10-2

Remainder of New 
Mexico

6.4 × 10-1 1.3 × 100 6.8 × 10-1 7.2 × 10-1

Relief Route U.S. 84/285 to I–25 4.9 × 10-2 9.8 × 10-2 5.2 × 10-2 5.5 × 10-2

Remainder of New 
Mexico

6.5 × 10-1 1.3 × 100 6.8 × 10-1 7.3 × 10-1

TABLE  F.7.2–4.—Comparison of Number of Annual Truck Accidents

ROUTE 
OPTION

ROUTE SEGMENT

ALTERNATIVE

NO ACTION
EXPANDED 

OPERATIONS
REDUCED 

OPERATIONS GREENER

Route Through 
Santa Fe

U.S. 84/285 to I–25 4.1 × 10-1 8.2 × 10-1 4.3 × 10-1 4.6 × 10-1

Remainder of New 
Mexico

6.7 × 10-1 1.4 × 100 7.0 × 10-1 7.6 × 10-1

Relief Route U.S. 84/285 to I–25 2.3 × 10-1 4.7 × 10-1 2.4 × 10-1 2.6 × 10-1

Remainder of New 
Mexico

6.7 × 10-1 1.4 × 100 7.1 × 10-1 7.6 × 10-1
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TABLE  F.7.2–5.—Comparison of Annual Incident-Free Population Dose for the
No Action Alternative

ROUTE OPTION ROUTE SEGMENT
OCCUPATIONAL 
(PERSON-REM/ 

YEAR)

NONOCCUPATIONAL 
(PERSON-REM/YEAR)

ALONG 
ROUTE

SHARING 
ROUTE

STOPS

Route Through Santa FeU.S. 84/285 to I–25 7.9 × 100 3.8 × 10-1 3.6 × 100 3.3 × 100

Remainder of New Mexico 4.5 × 101 1.0 × 10-1 1.7 × 100 2.4 × 101

Relief Route U.S. 84/285 to I–25 1.1 × 101 3.8 × 10-1 2.2 × 100 4.8 × 100

Remainder of New Mexico 4.5 × 101 1.2 × 10-1 1.7 × 100 2.4 × 101

TABLE  F.7.2–6.—Comparison of Annual Incident-Free Population Dose for the
Expanded Operations Alternative

ROUTE OPTION ROUTE SEGMENT
OCCUPATIONAL 
(PERSON-REM/ 

YEAR)

NONOCCUPATIONAL 
(PERSON-REM/YEAR)

ALONG 
ROUTE

SHARING 
ROUTE

STOPS

Route Through Santa FeU.S. 84/285 to I–25 1.0 × 101 4.9 × 10-1 4.6 × 100 4.2 × 100

Remainder of New Mexico 5.5 × 101 1.2 × 10-1 2.1 × 100 3.0 × 101

Relief Route U.S. 84/285 to I–25 1.5 × 101 4.8 × 10-1 2.8 × 100 6.1 × 100

Remainder of New Mexico 5.5 × 101 1.3 × 10-1 2.1 × 101 3.0 × 101

TABLE  F.7.2–7.—Comparison of Annual Incident-Free Population Dose for the
Reduced Operations Alternative

ROUTE OPTION ROUTE SEGMENT
OCCUPATIONAL 
(PERSON-REM/ 

YEAR)

NONOCCUPATIONAL 
(PERSON-REM/YEAR)

ALONG 
ROUTE

SHARING 
ROUTE

STOPS

Route Through Santa FeU.S. 84/285 to I–25 8.7 × 100 4.2 × 10-1 3.4 × 100 3.6 × 100

Remainder of New Mexico 5.0 × 101 1.2 × 10-1 1.9 × 100 2.7 × 101

Relief Route U.S. 84/285 to I–25 1.2 × 101 4.1 × 10-1 2.4 × 100 5.2 × 100

Remainder of New Mexico 5.1 × 101 1.3 × 10-1 1.9 × 100 2.7 × 101
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TABLE  F.7.2–8.—Comparison of Annual Incident-Free Population Dose for the
Greener Alternative

ROUTE OPTION ROUTE SEGMENT
OCCUPATIONAL 
(PERSON-REM/ 

YEAR)

NONOCCUPATIONAL 
(PERSON-REM/YEAR)

ALONG 
ROUTE

SHARING 
ROUTE

STOPS

Route Through Santa FeU.S. 84/285 to I–25 9.2 × 100 4.4 × 10-1 4.2 × 100 3.8 × 100

Remainder of New Mexico 5.2 × 101 1.3 × 10-1 2.0 × 100 2.8 × 101

Relief Route U.S. 84/285 to I–25 1.3 × 101 4.8 × 10-1 2.5 × 100 5.5 × 100

Remainder of New Mexico 5.3 × 101 1.3 × 10-1 2.0 × 100 2.9 × 101

TABLE  F.7.2–9.—Comparison of Off-Site Radioactive Materials Release Frequencies

ROUTE OPTION ROUTE SEGMENT

FREQUENCY PER TRIP

AMERICIUM-
241

CH TRU RH TRU

Route Through Santa FeU.S. 84/285 to I–25 2.5 × 10-7 7.4 × 10-8 5.6 × 10-9

Remainder of New Mexico 9.9 × 10-7 1.4 × 10-6 1.3 × 10-7

Relief Route U.S. 84/285 to I–25 2.0 × 10-7 6.8 × 10-8 6.1 × 10-9

Remainder of New Mexico 1.0 × 10-6 1.4 × 10-6 1.3 × 10-7

TABLE  F.7.2–10.—Comparison of Chlorine and Propane Major Release Frequencies

ROUTE OPTION ROUTE SEGMENT
FREQUENCY PER TRIP

CHLORINE PROPANE

Route Through Santa Fe U.S. 84/285 to I–25 9.1 × 10-7 3.9 × 10-7

Remainder of New Mexico 2.0 × 10-6 1.2 × 10-6

Relief Route U.S. 84/285 to I–25 4.6 × 10-7 2.0 × 10-7

Remainder of New Mexico 2.3 × 10-6 1.1 × 10-6
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alternatives.  The change in injury and fatality
risks of major releases of chlorine and propane
is shown in Tables F.7.2–15 through F.7.2–18
for the four SWEIS alternatives.  The
RADTRAN results in Tables F.7.2–11 through
F.7.2–14 show a major increase for the
remainder of New Mexico route segment, but
the ADROIT results show no change.  The
difference in these sets of results is due to the
difference in the way the portion of I–25
between exits 276 and 282 was modeled in the
two computer programs.  All of the RAM
shipments analyzed in Tables F.7.2–11 through
F.7.2–14, as well as chlorine shipments in
Tables F.7.2–15 through F.7.2–18, are expected
to follow I–25 north for 6 miles further with the
relief route option than for the route through
Santa Fe, in contrast to propane shipments that
would go south on I–25 and experience 6 miles
less travel on I–25.  The RADTRAN, chlorine,
and propane analyses are based on the
conservative assumption that the 6 miles on
I–25 are in an area with a population density
characteristic of suburban areas.  The changes in
the remainder of New Mexico values for
americium-241, CH TRU, RH TRU, chlorine,
and propane are therefore somewhat
exaggerated.  The changes for the 6 miles on
I–25 are accurately computed in the ADROIT
analysis of plutonium-238 and pits, but are
tabulated in the U.S. 84/285 to I–25 route
segment rather than the remainder of New
Mexico route segment.  The ADROIT computer
code has the capability to access population data
at the census block level.  

F.8 UNCERTAINTY  AND 
CONSERVATISM  IN THE 
ANALYSIS

The major steps in the transportation risk
analysis are as follows:

• Determination of the amount and 
characteristics of materials that will be 
needed or generated and thus moved to or 
from the LANL site.

• Estimation of the amount per shipment 
(e.g., packaging requirements and 
efficiency of truck capacity utilization, 
which may conflict with other logistics 
considerations such as storage requireme
until a truck can be filled).

• Determination of the bounding material in 
category and the number of shipments of 
this and similar materials that should be 
aggregated for frequency analysis.

• Selection of appropriate origin and 
destination and determination of the route
and its characteristic population, accident 
rate, etc.

• Estimation of package release probabilitie
• Estimation of the amount released from th

packaging and the fraction airborne that is
respirable.

• Calculation of dispersion, exposure, and 
health effect.

Uncertainties are associated with each step.  T
overall approach to dealing with uncertainty 
to estimate conservative values for paramet
and to estimate consistently.  On the other ha
estimates are not knowingly chosen to 
conservative by orders of magnitude becau
that approach could obscure differenc
between alternatives.  The focus of this analy
was on shipments that could contribu
significantly to the transportation risk.  The tota
number of shipments is important, as are t
shipments of large amounts of dispersible a
toxic material.  The following subsection
contain descriptions of sources of uncertain
and the resulting conservatism for each of t
major analysis steps.  Emphasis is placed 
uncertainty unique to the SWEIS.

F.8.1 Material Amount and 
Characterization

Because a detailed analysis of every type 
LANL shipment would be impractical,
shipments of similar types were aggregated 
the basis of the most hazardous materi
F–70
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TABLE  F.7.2–15.—Comparison of Major Chlorine and Propane Accident Risks for the
No Action Alternative

ROUTE OPTION ROUTE SEGMENT

CHLORINE PROPANE

FATALITIES 
PER YEAR

INJURIES 
PER YEAR

FATALITIES 
PER YEAR

INJURIES 
PER YEAR

Route Through Santa FeU.S. 84/285 to I–25 2.9 × 10-4 1.1 × 10-3 1.5 × 10-4 6.0 × 10-4

Remainder of New Mexico 5.2 × 10-5 1.9 × 10-4 1.2 × 10-4 4.8 × 10-4

Relief Route U.S. 84/285 to I–25 4.2 × 10-5 1.6 × 10-4 4.4 × 10-5 1.7 × 10-4

Remainder of New Mexico 8.4 × 10-5 3.2 × 10-4 7.4 × 10-5 3.0 × 10-4

TABLE  F.7.2–16.—Comparison of Major Chlorine and Propane Accident Risks for the
Expanded Operations Alternative

ROUTE OPTION ROUTE SEGMENT

CHLORINE PROPANE

FATALITIES 
PER YEAR

INJURIES 
PER YEAR

FATALITIES 
PER YEAR

INJURIES 
PER YEAR

Route Through Santa FeU.S. 84/285 to I–25 6.4 × 10-4 2.4 × 10-3 3.3 × 10-4 1.3 × 10-3

Remainder of New Mexico 1.1 × 10-4 4.2 × 10-4 2.6 × 10-4 1.1 × 10-3

Relief Route U.S. 84/285 to I–25 9.4 × 10-5 3.6 × 10-4 9.6 × 10-5 3.8 × 10-4

Remainder of New Mexico 1.9 × 10-4 7.0 × 10-4 1.6 × 10-4 6.6 × 10-4

TABLE  F.7.2–17.—Comparison of Major Chlorine and Propane Accident Risks for the
Reduced Operations Alternative

ROUTE OPTION ROUTE SEGMENT

CHLORINE PROPANE

FATALITIES 
PER YEAR

INJURIES 
PER YEAR

FATALITIES 
PER YEAR

INJURIES 
PER YEAR

Route Through Santa FeU.S. 84/285 to I–25 2.7× 10-4 1.0 × 10-3 1.4 × 10-4 5.7 × 10-4

Remainder of New Mexico 4.8 × 10-5 1.8 × 10-4 1.1 × 10-4 4.5 × 10-4

Relief Route U.S. 84/285 to I–25 3.9 × 10-5 1.5 × 10-4 4.1 × 10-5 1.6 × 10-4

Remainder of New Mexico 7.8 × 10-5 3.0 × 10-4 7.1 × 10-5 2.8 × 10-4
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Chemicals were grouped in classes of materials
such as flammable materials.  RAMs were
grouped in many more categories.  First, general
categories such as LLW, pits, samples, and
irradiated targets were used.  Then the general
categories were divided into groups within
which significant packaging differences could
occur.  For example, LLMW transported on site
was aggregated into three groups:  materials
likely to be packaged in 55-gallon drums,
materials likely to be transported in bulk, such
as in covered dump trucks (soil and debris), and
materials likely to be transported in 96-cubic
foot boxes (contaminated lead and non-RCRA
waste).

The incident-free risk is proportional to the TI
value.  The maximum legal value of 10 millirem
was used unless there were data to the contrary.
The conservatism in TI estimation is significant
because most shipments are much less than the
regulatory maximum.

Some small shipments are likely to have been
missed.  For example, on-site shipment of small
quantities of special nuclear materials and
chemicals are thought to have been overlooked
in the data-gathering activity.  These small
shipments have no effect on the risk of bounding
accidents and would contribute little to the
incident-free and truck-related risk measures.
The net effect is a significantly conservative
estimate.

F.8.2 Amount per Shipment

In almost all cases, the number of packages 
shipment was selected as less than full use of
truck capacity.  In the case of contaminate
laundry, for example, the current one truckloa
per week (sometimes with less than fu
capacity) is assumed to continue and the num
of laundry bags is assumed to vary wi
alternative and with week-to-week an
year-to-year variability in operations.  The on
exception to weekly shipments is that th
increase for the expanded alternative was la
enough to change the projection from 
shipment every five working days to one eve
three working days.

Another example of less than full truck capaci
is the case of LLW transported off-site.  A was
volume equivalent to 65, 55-gallon drums, wit
an 80 percent volume utilization, was used f
both LLMW and for LLW consisting of soil and
debris.  A tractor-trailer can hold 80 drums 
weight limits are not exceeded.  The volume p
shipment, 389 cubic feet (10.9 cubic meter
also corresponds to that of a standard cove
dump truck, but larger trucks could also be use
LLMW would likely go to several facilities, and
full truck loads could be impractical.  On th
other hand, soil and debris would likely go to th
same facility (in a given time frame), and fu
shipments would be a realistic expectation.

TABLE  F.7.2–18.—Comparison of Major Chlorine and Propane Accident Risks for the
Greener Alternative

ROUTE OPTION ROUTE SEGMENT

CHLORINE PROPANE

FATALITIES 
PER YEAR

INJURIES 
PER YEAR

FATALITIES 
PER YEAR

INJURIES 
PER YEAR

Route Through Santa FeU.S. 84/285 to I–25 2.9 × 10-4 1.1 × 10-3 1.5 × 10-4 6.0 × 10-4

Remainder of New Mexico 5.2 × 10-5 1.9 × 10-4 1.2 × 10-4 4.8 × 10-4

Relief Route U.S. 84/285 to I–25 4.2 × 10-5 1.6 × 10-4 4.4 × 10-5 1.7 × 10-4

Remainder of New Mexico 8.4 × 10-5 3.2 × 10-4 7.5 × 10-5 3.0 × 10-4
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The objectives were to be conservative, but not
overly so, in estimating amounts per shipment
and to be consistent across alternatives.

F.8.3 Bounding Materials

It is impractical to compute the accident risk
from every shipment.  As described in
subsection F.6.5.1, the approach is to select
bounding materials for consequence analysis.
Selection of the bounding materials was based
on quantity, dispersibility, and health effects.
Selection of bounding chemicals was
straightforward:  the toxic or flammable bulk
gases are the obvious primary candidates.
Highly dispersible actinides are the primary
candidates for RAM; dispersion is enhanced by
the physical form; e.g., powder, or by the
presence of another dispersion-causing
material; e.g., explosives.  Highly irradiated
materials are in a separate category, as are fissile
materials.

Estimates of the number of bounding shipments
are less straightforward because the frequency
of shipments of similar materials should also be
included.  Obviously, shipments of materials
that are slightly less dangerous than the
bounding material should contribute to the
frequency component of risk.  The question is,
how much less dangerous?  As described in
subsection F.6.5.1, the measure of danger
chosen was the amount of material, and if the
amount exceeded 10 percent of the bounding
amount, then the shipment was counted in the
frequency term.  This is a conservative
approach.  The term “amount” for RAM was
considered as the product of the weight in
grams, the respirable airborne release fraction,
and the health risk conversion factor of rem per
gram.

F.8.4 Origin and Destination

A major simplification was the aggregation of
the numerous origin and destination cities (other
than the LANL site) to only a few cities.  Doing

otherwise would have been impractical.  Th
methodology introduced major conservatism 
the route length of most shipments.  Th
centroid city of each of the five regions wa
chosen so that the great majority of shipmen
were going to a city no farther away than the o
chosen.  First, the average HAZMAT shippin
distance was determined for historical larg
shipments.  Then a city in the northeast (toxic
southeast (explosives), and southwe
(flammable) that was at that average shippi
distance or farther from LANL was chosen.  Th
conservatism introduced for HAZMAT
shipments is likely much less than that for RAM
shipments, because an average distance 
computed for HAZMAT shipments, and a
near-upper-bound distance was chosen on 
basis of historical shipments for the RAM
shipments.

The choice of SRS for the southeast centro
when material has historically also been shipp
to Florida, illustrates the logic underlying th
choice of a near-upper-bound distance.  Portio
of Florida are farther from LANL than is SRS
However, approximately 94 percent of th
historical ground shipments are to destinatio
no farther from LANL than is the SRS, an
approximately 80 percent are to destinatio
significantly closer than the SRS.  Therefor
choosing the upper bound distance (Florid
would be overly conservative because on
about 6 percent of the shipments actually go
Florida.  The logical choice is the
near-upper-bound distance to the SRS.

Given the chosen city, no special conservatis
was introduced when choosing other facto
such as route, population density, or accide
rate.

F.8.5 Package Release Probability

The package release probability is based 
performance requirements for all packages o
given type (e.g., Type B).  The package relea
probability used in this analysis would
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correspond to the release probability of a
package meeting the minimum performance
requirements for its type.  The conservatism
would have to be quantified on a
package-specific basis and such quantification
would require substantial analyses.

F.8.6 Package Release Fractions 
and Respirable Airborne 
Release Fractions

The package release fraction is also based on
performance for all packages of a given type,
and the conservatism would have to be
quantified for a specific package and contents.

The respirable airborne release fraction used for
analysis for general commerce shipments
corresponds to that for a loose, noncombustible
powder that suddenly loses all barriers
preventing its release (i.e., its packaging
suddenly becomes equivalent to an open-top
container).  In fact, the actual powder is not
loose, but compressed, and the packaging is
unlikely to fail such that a line-of-sight opening
develops.  Rather, realistic package failures are
more likely to produce an indirect path to the
environment that would significantly reduce the
fraction that could be made airborne and
respirable in the environment.  The respirable
airborne release fraction used is estimated to be
conservative by several orders of magnitude.
Further definite quantitative refinement of the
value used is not practical given the variety of
packaging and release mechanisms considered.

F.8.7 Dispersion and Exposure

Standard dispersion computer program
(RADTRAN, ADROIT, DEGADIS, and
ALOHA™) were used with the programs
default or recommended meteorological inpu
To establish population densities, mo
exposure calculations were based on cen
data; time-of-day variation could increase 
decrease these values.  The chlorine accid
escape fraction and propane accident shield
fractions are intended to be average values, 
few data are available to support the valu
used.  The MEI doses are intended to be up
bounds for the default meteorologica
conditions.

F.8.8 Summary

Four risk measures (section F.3) are used in t
appendix and each has a consequence an
frequency component.  Although th
uncertainties described previously do not app
uniformly to the eight risk components, 
general statement can be made that each 
component is much more likely to b
significantly conservative than to be slightly no
conservative enough.  This statement applies
all alternatives.  A major ramification of the
conservatism is that shipments in addition 
those described in Tables F.5.3–1 and F.5.3.2
are enveloped by the present analysis.
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APPENDIX G
ACCIDENT ANALYSIS

G.1 INTRODUCTION

The NEPA decision maker and the stakeholders
need to know the consequences of the different
SWEIS alternatives.  Some but not all of the
consequences are those of the possible
accidents.  Accidents are defined as unexpected
or undesirable events that lead to the release of
hazardous material within a facility or into the
environment (DOE 1996a), exposing workers
and/or the public to hazardous materials or
radiation.  

There are two benefits from this SWEIS
accident analysis.  First, the analysis
conservatively characterizes the overall risk
posed by the operation, creating a context for
the decision maker and putting the site in
perspective for the public.  Second, it quantifies
the increment in risk among the several
alternatives, as an input into the decision.

G.1.1 Characterization of the Risk 
from Accidents

Characterization includes a consideration of the
type of the accident (e.g., fire, explosion, spill,
leak, depressurization, criticality, etc.), the
initiator (e.g., human error, chemical reaction,
earthquake, strong wind, flood, vehicle
accident, mechanical failure, etc.) the material
at risk (e.g., plutonium, tritium, toxic chemical,
explosives, inflammable gas, etc.).
Characterization also considers the type of
consequences of the accident (e.g., immediate
fatalities, prompt reversible and irreversible
health effects, latent cancers—some of which
lead to eventual death), and the magnitude of the
consequences (e.g., to workers only, to
hypothetical members of the public, to a few,
some or many real individuals off site, etc.).

Finally, characterization considers th
likelihood that an accident will occur.

Because LANL is a complex and diverse sit
there are (as at any site) a wide range of accid
scenarios that can be hypothesized, with
corresponding range of likelihoods an
consequences, both realistic and imagined.   
this SWEIS we analyze accidents that cou
result in the release of hazardous materials fr
particular facilities and operations.  While suc
releases are not routinely expected, beca
controls are in place to prevent such releases
limit their consequences, there are ma
scenarios that could potentially end in such
release.  The analyses in this SWEIS select 
more probable scenarios.

To characterize the accident risk at LANL, th
analysis has deliberately chosen a range of ty
of accidents and a range of consequenc
including among these accidents for which th
public has shown concern.  This analysis do
not attempt to identify every possible accide
scenario, but instead selects accidents t
characterize or dominate the risk to the pub
from site operations (referred to as risk
significant accidents).  It thereby provides a
objective context for the public to evaluate th
risk posed by site operations and a context 
the decision among alternatives.

Accident scenarios may be considered “ris
significant” when they pose risks that ar
significant in the context of the total risk pose
by the site and when compared to other s
accidents.  The term “risk-significant” does no
imply a threshold or particular magnitude o
risk.  If the risk posed by the site is small or ve
small, then a risk-significant accident at that s
has a correspondingly small or very small risk
G–1



LANL SWEIS

e
e
ne
to
s a
s,
e

ay
the
 the
ge
m
ts
d
by a
e
ht
at
ere
er
e
e
ther
 a
es
le

a
 to
 in
ils

nts
be
e
m
so
By identifying the locations of appreciable
quantities of hazardous material, the accidents
associated with these materials can be assessed.
By grouping these accidents according to their
likelihood or frequency and the magnitude of
their consequences, it is possible to select
accidents for further characterization and
qualitatively portray their relative risk.  The
accidents selected for this detailed analysis are
those with bounding consequences as well as
those that characterize the risk of operating
LANL.

Such grouping or “binning” of accidents is
illustrated in Figure G.1.1–1.  Accidents
assigned to bins within a row vary in terms of
their consequences but not their frequencies.
Accidents assigned to bins within a column vary
in terms of their frequency but not their
consequences.  Accidents have an increasing
level of risk going from left to right within a row
or from bottom to top within a column.
Accidents that are in the same bin have about
the same risk.  Thus, when accidents are
considered within the context of this matrix,
they can be compared qualitatively, and their
relative risk ranking can be used for decision
making.  

There can be, however, a large number of
different potential accidents or scenarios at a
site such as LANL, especially of those in the
high probability-low consequence bins (for
example, minor industrial accidents).  However,
the risk changes exponentially as one goes from
one column or row to another.  Therefore, by
selecting accidents with the highest
consequences for a particular frequency row,
the accidents that contribute the most to the
overall risk to the public from site operations
can be considered.  Also, these accidents can be
characterized by the type of  material-at-risk,
accident initiators, their scenario progression,
and the type and magnitude of their
consequences.  In particular, the question can
now be considered as to the degree by which the
risk-significant accidents change across the
alternatives.  In other words, is there a decision

within this SWEIS that could and should b
influenced by a change in risk?  Not until th
potential accidents change, from at least o
frequency range or consequence range 
another, or accidents are added or deleted a
result of changes in mission and operation
does the risk profile for the site chang
significantly.

Any particular facility or inventory can be
affected by a wide variety of accidents that m
have about the same frequency and about 
same consequences.  For instance, some of
gases in cylinders at a gas cylinder stora
facility can be released by fire or by impact fro
a variety of initial causes.  All of these acciden
might have similar frequencies an
consequences, and so can be represented 
“representative accident.”  (In the analysis, th
frequency of that representative accident mig
be increased to account for other initiators th
lead to the same release.)  Conversely, th
may be at that storage facility, at times, a  larg
inventory of a particularly toxic gas whos
probability of release is low but that would hav
larger consequences than releases of the o
gases.  This postulated accident would be
“bounding accident” whose consequenc
would not be exceeded with any reasonab
possibility or probability.  For purposes of 
SWEIS, the bounding accidents are intended
provide an envelope that captures variations
routine operations and inventories whose deta
cannot be predicted.

These representative and bounding accide
characterize the many accidents that could 
postulated for that material or facility.  Ther
would be no benefit gained in a SWEIS fro
analyzing each of the many accidents 
characterized.
G–2
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G.1.2 The Meaning of Risk and 
Frequency as Used in this 
SWEIS

The word “risk” is defined in the dictionary as
the probability that a specific loss or injury will
occur.  However, if the injury would be small,
then most people would agree that the risk posed
by the venture is small also.  Therefore, DOE
couples the consequence of an event with the
probability that it will occur, and calls this
combination the “risk.”  Note that a high-
consequence event would not necessarily have
significant risk (in the context of NEPA
analysis) if its probability is very low.

For many events, the risk can be expressed
mathematically as the product of the
consequence and its probability.  In illustration,
if the expected public consequence of an
accident at a particular facility is one cancer per
accident, and if the accident has a probability of
occurring once during a period of 1,000 years,
then the continuing risk presented by that
accident is 1 x 1/1000 or 0.001 excess latent
cancer per year.  This product of consequence
and probability is called “societal risk” in this
SWEIS.  It permits the ready comparison of
accidents and alternatives without the burden of
the details.  The details are presented in this
appendix.

The probability of the accident is typically
expressed as its estimated frequency; that is, an
accident with a frequency of 1 x 10-3 per year
has a probability of occurring once in 1,000
years and twice in 2,000 years.  This is another
way of saying that the probability of the
accident occurring in any particular year is 1 in
1,000.  In the case of natural phenomena, this is
also expressed as a “return period” of 1,000
years.  This does NOT mean that once the
phenomenon occurs, it will be another 999 years
before it occurs (returns) again, because the
probability is with regard to its occurring in any
selected 12-month period1. 

G.1.3 Determining the Increment in 
Risk Among Alternatives

Although it is possible to characterize o
represent the risk posed by the operation, th
are too many possibilities and uncertainties 
quantify the total absolute risk.   Any attempt 
adjust the expected frequency and calcula
consequences of risk-dominant accidents so t
their sum would equal the total risk of a
accidents would be self-deceptive, as all the
innumerable possibilities are not independent
one another nor accurately quantifiable.

In this SWEIS analysis, it was found that th
nature of the accidents did not change amo
the alternatives; but the frequency an
consequence of some of the accidents 
change somewhat.  Recalling that risk is t
product of the consequence and its probabili
it is therefore possible to provide the decisio
maker with estimates of the difference in ris
among the alternatives.  These differences 
discussed later (in summary) in Table G.5–1.

To communicate the types of risk present 
LANL, the detailed methodology and results a
described below.  The methodology conside
accidents that are reasonably foreseeab
Although “reasonably foreseeable” does n
have a precise definition, the accident analysis
guided by the primary purpose of makin
reasonable choices among alternative
“Reasonably foreseeable” includes impacts th
may have very large or catastroph

1. This statement is correct from a statistical standpo
but must be qualified for certain events.  In the case of
natural phenomena, every occurrence and every 
nonoccurrence adds to the database from which the 
probabilities are estimated, so the probabilities do chang
In the case of earthquakes, an occurrence may relieve
stresses and reduce the probability of another quake f
some time; whereas, in the case of heavy flooding, seve
occurrences in a few years suggest that floods may be
more likely than the original data indicated.  The 
important point is that the frequency and/or return perio
are estimated measures of the probability of an 
occurrence, not predictions of when it will occur.
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consequences, even if their frequency of
occurrence is low, provided that the impact
analysis is supported by credible scientific
evidence, is not based on pure conjecture, and is
within the rule of reason.

If an accident is not reasonably foreseeable
(incredible), DOE does not consider that it
contributes substantially to the risk of operating
LANL (DOE 1993a).  If, on the other hand, a
hazardous material has a reasonable chance of
being involved in an accident, then the
consequences and the likelihood of the accident
are considered.

Specific accidents that contribute substantially
to, or envelop the risk, are considered risk-
dominant accidents or bounding accidents.
They are not exceeded by other accidents
analyzed or believed to be possible that involve
that inventory.  For instance, there may be a
number of accidents that could disperse
plutonium, with different initiators or different
mitigation; but they are represented by the risk-
dominant accident involving plutonium
dispersal.  This accident also may bound the
consequences for other facilities that may have
more sensitive site characteristics, such as larger
populations, but have lesser inventories than
those addressed by the analyses.  

There is no intent or expectation that the sum of
the consequences of these accident scenarios
will add quantitatively to the total risk of the
LANL site.  However, from the results of this
methodology, the decision maker is informed of
the nature and magnitude of the risk posed by
operating LANL facilities.

G.1.4 The Methodology for 
Selection of Accidents for 
Analysis

The analysis began with the establishment of the
baseline risk from current operations, plus
planned activities, that together constitute the
No Action Alternative.  The baseline was

established by a process of safe
documentation review, interviews with facility
management, physical inspections (walkdown
of facilities, and discussions with facility
management.  Changes in the baseline risk w
estimated for the Expanded Operation
Alternative, the Reduced Operation
Alternative, and the Greener Alternative t
ascertain the human health impacts of t
alternatives2.

Assessing the human health consequences
accidents for the alternatives is a four-ste
process.  The first step was to identify a bro
spectrum of potential accident scenarios.  The
scenarios were obtained from available sit
specific safety and environmental documen
programmatic documents, discussions wi
facility management, and physical inspectio
(walkdowns) of the facilities.

The second step in the process used screen
techniques to identify the specific scenarios th
contribute significantly to risk (i.e., the
scenarios that contribute an appreciable fract
of the total risk).  Due to the large number 
potential accident scenarios that could impa
human health, it is impractical to evaluate the
all in detail.  This is a common problem
encountered in risk assessments, and 
standard approach (which was adopted here
to apply rough bounding calculations during th
screening steps.

2. Recall, from chapter 3, that the No Action 
Alternative is the continuation of current operations 
without change in mission or the nature of operations. 
The Reduced Operations Alternative would be a 
reduction in activities to those necessary to maintain th
capability in the near term.  Under the Expanded 
Operations Alternative, operations could increase to th
highest reasonably foreseeable levels over the next 10
years that can be supported by the existing infrastructu
(including upgrades and construction).  The Greener 
Alternative uses existing capabilities, but also places a
emphasis on basic science, waste minimization, 
dismantlement of weapons, nonproliferation, and othe
nonweapons areas of importance, resulting in increase
activities and operations in those areas of interest.
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The calculations are performed to progressively
greater degrees of detail until it becomes clear
that the accident is either, not risk-significant, or
requires a detailed analysis in order to determine
the frequency and consequences of the accident
(i.e., its risk).

Rigorous evaluations (the third step in the
process) were only performed for the potentially
risk-dominant scenarios identified in step two,
that is, those which had a frequency of 10-6 or
more and led to off-site consequences beyond
insignificant.  

During the third step in the process, it was
determined that a number of scenarios that had
appeared to be risk-significant during the earlier
screening steps were in fact insignificant
contributors to risk.  This situation arises due to
the conservative approaches to frequency
binning used in safety analysis reports (SARs),
as described in DOE Standard 3009-94
(DOE 1994a).  DOE facilities for which SARs
are prepared are subjected to the most detailed
assessments; less hazardous facilities are the
subject of less detailed evaluations, in
accordance with the graded approach to safety
analysis.  For facilities with SARs, potential
accidents are assigned to one of the frequency
bins identified in Table G.1.4–1 (DOE 1994a).
In the DOE Standard 3009-94 approach,
accident frequency binning is essentially a
qualitative process rather than the product of a
rigorous quantitative analysis.  Accordingly,
frequency bin assignments are made
conservatively such that if a detailed
quantification were performed, the calculated
frequency would not place the accident in a
higher bin and would in fact be more likely to
result in placement in a lower frequency bin.
Sometimes, simple methods are used for
frequency binning, such as assigning a
conditional probability of 1 for dependent
events, a conditional probability of 0.1 to human
errors,    and a conditional probability of 0.01 to
genuinely independent events.

At the end of the detailed accident analyses
was found that a number of accidents had be
assigned to higher frequency bins tha
warranted.  Specifically, this was the case f
RAD–02, RAD–04, RAD–06, RAD–10,
RAD–11, and RAD–14, all of which were foun
to have mean frequencies of less than 10-6 per
year.  (The sequence of events described 
RAD–10 was found to be credible for worke
consequences because release out of 
building is not necessary to result in worke
exposures.) 

The fourth step in assessing the human hea
impact of accidents for the alternatives was 
carefully evaluate the effect of the alternativ
on the accident scenarios.  The importa
considerations involved in this evaluation we
whether the alternative would result in th
elimination of some accidents and the additio
of others, whether the alternative would result
an increase or decrease in the frequency of so
accidents, and whether the alternative wou
result in an increase or decrease in the amoun
hazardous materials released.  The results of
analysis indicate that, while a number o
accidents are potentially affected by th
alternatives, few of them pose significant risk 
the public.

In the context of LANL, it is important to
recognize that, as a result of several factors (
nature of the activities performed, the desig
features of the facilities at which the activitie
are performed, the conditions under which t
activities are performed, and the location of th
facility vis-a-vis the public), accidents are mor
likely to impact facility workers than they are t
impact the public.  This is true even though 
LANL the public has access to many areas 
laboratory via roadway (public access to roa
through LANL can be controlled by DOE in th
event of an accident).  Even for facility worker
the consequences in many cases would 
dependent on the use by facility workers 
personal protective equipment (PPE) and on 
G–6
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effectiveness of emergency response and
mitigation actions taken to limit consequences
(e.g., the timeliness of evacuation from the
facility). 

G.1.5 Comparison of Other 
Accident Analysis to the 
SWEIS

The DOE, through its safety and environmental
programs, conducts a variety of hazard and
safety analyses for various purposes.  Because
all of the safety and hazard analyses are
performed for different purposes, varying levels
of conservatism, and therefore, different
assumptions are made about physical
phenomena and preventive and mitigative
controls. In the analysis, if the applicable safety
objectives or standard criteria can be met with a
very conservative set of assumptions, then
detailed analysis is not considered necessary.
Further analysis is generally done to more
accurately predict an outcome when greater
realism is sought, or when very conservative
assumptions lead to results that exceed safety
objectives or criteria.  Detailed analysis requires
sophisticated calculations, and therefore,
greater expenditure of resources.  If a very
conservative estimate of consequences
demonstrates that the impacts to the public,
environment, and worker are acceptable within
regulation or guidelines, then it is unnecessary
to incur higher costs to more accurately predict
the outcome.  This fact may be acknowledged in
the safety or hazard analysis, but no further
quantification of actual doses is made. This
graded approach to accident analysis is an
explicit part of the DOE safety policy.

In order to understand the results of the accident
analysis as presented in this SWEIS compared
to other safety analyses and environmental
assessments, a brief discussion of hazard
assessments is given in the following sections.
This discussion assumes a release of
radiological material.

G.1.5.1 DOE Hazard Assessments

The hazard assessment is a comprehens
evaluation of hazards associated with 
particular activity or operation.  The hazar
analysis provides a clear definition of th
activity and the facilities in which the activitie
will be conducted.  The hazard analys
identifies potential accident scenarios.  Fro
this preliminary analysis, preventative an
mitigative equipment (i.e., systems, structur
and components) are identified, and controls 
features are established.  Not every scenario
analyzed but several (often hundreds) a
postulated, and those with the greatest poten
for off-site consequences are usually selected
“bounding.”

The hazard assessment starts with a v
conservative analysis of an accident. Althoug
activities are not conducted without the use 
controls, a hypothetical baseline is establish
that considers only the physics of the accide
such as atmospheric dispersion, not the contr
that would either prevent or mitigate th
consequences.  This accident may be referre
as a “parking lot scenario” or a “what-if”
scenario.  It is a hypothetical scenario used
gage the reduction in consequences 
frequency provided by control mechanisms. 

Given this estimate of a material release a
considerations of atmospheric transport, t
consequences are evaluated for a member of
public standing at the site boundary.  Th
hypothetical individual receives a dose fro
their exposure to a passing cloud of hazardo
material.  The individual is assumed to remain
this location for the entire passage of the clo
or plume.  These assumptions are designed
give a maximum exposure from the hazardo
material release.  If the dose to this individual
less than the DOE safety evaluation guidelin
then the equipment associated with this activ
does not need to be designated as safety c
equipment.  This implies that quantifying th
reduction in consequences due to addition
G–7
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safety controls is not necessary.  However,
hazard assessments will often give an expected
dose based on taking credit for barriers such as
building high efficiency particulate air (HEPA)
filters, building confinement, etc.  This
equipment will then have necessary controls
placed on it in order to assure its operability in
the event of the analyzed bounding accident.

G.1.5.2 Accident Analysis for this 
SWEIS

As described above, the hazard assessment may
provide a more conservative value for the
frequency of an event.  This result usually
reflects an estimate of the frequency of initiating
events and not the overall frequency of public
impacts.  The final results for the SWEIS,
however, included the consideration of multiple
barriers; generally it considered administrative
barriers, process design barriers, and facility
design barriers, as appropriate.  Although, the
consequences of a what-if scenario were
considered, they were placed in the context of
their frequency of occurrence. 

As a rule of thumb, most process events become
“incredible.”  If an initiating event is considered
anticipated, or has a frequency on the order of
10-1, and there are three independent controls
(each with an estimated probability of failure of
10-3), then the overall frequency of the event
becomes incredible at 10-10.  Therefore, once
the SWEIS took credit for these barriers, the
frequency of many of the accidents became less
than 10-6.

Several scenarios, even though they are
incredible, are provided in this appendix to
illustrate the defense-in-depth policy of the
DOE.  These accidents are retained in this
appendix to preserve the information they
contain, in illustration of the range of the
analyses, and in demonstration of the
conservative nature of the screening.  Incredible
accidents are not relevant to the decision and so

are segregated from credible accidents 
volume I of the SWEIS. 

The lower frequencies are difficult to
comprehend.  To provide a perspective for the
frequencies, some examples of natur
phenomena events at LANL are provided 
Table G.1.5.2–1.  Estimates of large mete
impact frequencies are included in order to 
able to attain the lowest frequency range.

Although specific scenarios were analyzed, t
results of the detailed evaluation represent a r
profile for LANL, given the types of operations
described under each alternative.  As long 
specific process configurations support th
same type of operations as considered in th
alternatives and are implemented consiste
with the DOE safety program, then the risk
would be represented by the same set 
accidents as presented for each alternative
this SWEIS. 

G.1.6 Conservatism in the Analyses

At all steps, when faced with uncertainties, th
analysts selected the most probable 
conservative value for accident likelihoods an
the quantity of hazardous materials release
Accepted models and conservative atmosphe
dispersion parameters were used in t
modeling.  Exposure conditions (e.g., locatio
material released, time in the plume) were us
that would maximize exposure of the tota
population and of individuals.  The maximum
risk factor for excess latent cancer fatalitie
(LCFs) was used to calculate health effec
whereas, the true risk factor may b
considerably less, as described in appendix 
section D.1.  The resulting estimates of risks a
considered to be quite conservative.  Incredib
accidents are not relevant to the decision and
are segregated from credible accidents 
volume I of the SWEIS. 
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G.2 HAZARDOUS MATERIALS  
IMPACTS ON HUMAN  HEALTH

This section addresses the human health
impacts resulting from exposure to hazardous
materials.  The sources of radiation pertinent to
this SWEIS are examined in the first subsection.
This discussion is followed by a discussion of
health impacts resulting from exposure to
hazardous chemicals.  Finally, the computer
models used to evaluate the consequences from
both chemical and radiological accidents are
discussed to provide an understanding of the
applications and limitations of the models. 

G.2.1 Sources of Radiation  

The sources of radiation pertinent to the
accident analysis in this SWEIS are facility
specific.  These sources include industrial
sources used to generate x-rays and other types

of electromagnetic radiation for nondestructiv
examination of components and assembli
Exposure to these sources of radiation on
poses a potential risk to workers and to othe
with authorized access to the facilities whe
these sources are in use.  Facility-speci
sources of radiation also include materia
released into the environment as a result of 
accident.  In most cases, these materials 
tritium and various mixtures of uranium an
plutonium isotopes.  In some cases whe
experiments involve pulse reactors or critic
assemblies, or where criticality occur
inadvertently, fission products also can b
released.  Each accident scenario that involv
radioactive materials includes a discussion 
the isotopes and quantities considered.  (T
nature of radiation, and its effects on huma
health are discussed in section D.1 
appendix D, Human Health.)

TABLE  G.1.5.2–1.—Frequency of Some Natural Phenomena Events at LANL

DESCRIPTIVE 
WORDS

RANGE OF 
ANNUAL 

FREQUENCY OF 
OCCURRENCE

PHENOMENON AND ITS FREQUENCY

Anticipated 10-2 to 10-1 aWind of 80 mph, 10-2.  11.2 inches precipitation in one month and 
64.8 inches snowfall in one monthb, 1.2 x 10-2.

Unlikely 10-4 to 10-2 aWind of 95 mph, 10-3.  cSnowfall adding 35.0 inches in depth in 24 
hours, 5 x 10-3, rainfall of 2.7 inches in 24 hours, 5 x 10-3.  dMeteor 

causing destructive tidal wave somewhere on earth, 2 x 10-4.  
eMagnitude 6.5 earthquake causing walls to fall, houses to shift 

from unsecured foundation, and cracks to open in wet ground, 10-4.

Extremely Unlikely 10-6 to 10-4 aStraight line wind of 120 mph, 10-5.  Tornado with wind of 70 
mph, 10-5.

Incredible < 10-6 aTornado with wind 150 mph or greater, 2.5 x 10-7.  dMeteor at least 
three miles in diameter striking somewhere on the earth, 10-7. 

a Reference for LANL wind and tornado frequency (LLNL 1985).  mph = miles per hour
b Estimated from the record annual precipitation at LANL during November 1910 to December 1997 (Source:  http://
weather.lanl.gov)

c Reference for 24-hour precipitations:  LANL 1990a
d Estimates of worldwide meteor probability:  PC 1998
e LANL earthquake data from Tables 4.2.2.2–2 and 4.2.2.2–3 in chapter 4.
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G.2.2 Human Health Effects of 
Exposure to Hazardous 
Chemicals

Human health effects resulting from exposure to
hazardous chemicals vary according to the
specific chemical of interest and the exposure
route and concentration.  The most immediate
risks to human health from exposure to
chemicals in the environment arise from
airborne releases of toxic gases, and it is this
route of exposure upon which the accident
analysis for the SWEIS is focused.  (The effects
of toxic chemicals are discussed in section D.1
of appendix D, Human Health.)  In this analysis,
exposures to toxic chemicals are compared to
Emergency Response Planning Guidelines
(ERPGs).  ERPGs are community exposure
guidelines derived by groups of experts in
industrial hygiene, toxicology, and medicine.
ERPGs are then published by the American
Industrial Hygiene Association (AIHA) after
review and approval by their ERPG Committee.
ERPGs are defined as follows (AIHA 1991):

• ERPG–1 is the maximum airborne 
concentration below which it is believed 
that nearly all individuals could be exposed 
for up to one hour without experiencing 
other than mild, transient adverse health 
effects or perceiving a clearly defined 
objectionable odor.

• ERPG–2 is the maximum airborne 
concentration below which it is believed 
that nearly all individuals could be exposed 
for up to one hour without experiencing or 
developing irreversible or other serious 
health effects or symptoms that could 
impair their abilities to take protective 
action.

• ERPG–3 is the maximum airborne 
concentration below which it is believed 
that nearly all individuals could be exposed 
for up to one hour without experiencing or 
developing life-threatening health effects.

Human responses to chemical exposure do 
occur at precise exposure levels, but rath
extend over a wide range of concentrations.  T
values derived for ERPGs do not prote
everyone, but are applicable to most individua
in the general population.  Furthermore, th
ERPG values are planning guidelines, n
exposure guidelines.  They do not contain t
safety factors normally associated wit
exposure guidelines (AIHA 1991).

In developing an ERPG, emphasis is given 
the use of acute or short-term exposure da
Human experience data are emphasized; 
usually only animal exposure data are availab
When it is believed that adverse reproductiv
developmental, or carcinogenic effects might 
caused by a single acute exposure, the data
considered in the ERPG derivation.  

Unless one is provided information to th
contrary by toxicologists, it is necessary 
regard ERPGs as ceiling concentrations (i.e., 
highest concentration acceptable for the tim
period).  As such, the ERPG would be treated
an exposure that should not be exceeded wit
1 hour.  Any extrapolation from the ERPG is n
to be made without significant consideration
specifically, to make such an adjustment, t
ERPG documentation for each chemical mu
be reviewed fully by toxicologists.  The effect
of exposure times longer than 1 hour may not
limited to those associated with the ERPG.  

In addition to ERPGs, this analysis incorporat
the temporary emergency exposure limi
(TEELs) developed by the DOE Emergenc
Management Advisory Committee
Subcommittee of Consequence Analysis a
Protective Actions (SCAPA).  Published ERP
values were available for only 69 chemical
TEEL values are interim, temporary, or ERPG
equivalent exposure limits provided for a
additional 297 chemicals.  In the absence 
ERPG or TEEL values, the hierarchy develop
by SCAPA and published in the AIHA Journa
was utilized (Craig et al. 1995).
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ERPG–1 defines a level that does not pose a
health risk to the community but that may be
noticeable due to slight odor or mild irritation.
Above ERPG–2, for some members of the
community there may be significant adverse
health effects or symptoms that could impair an
individual’s ability to take protective actions.
These symptoms might include severe eye or
respiratory irritation or muscular weakness.
Above ERPG–3 there may be life-threatening
effects and, at sufficiently high concentrations
and exposure times that vary with the chemical,
there could be death.  The length of an
individual’s exposure to high concentrations
will depend upon that individual’s situation and
response (that is, by his/her recognition of the
threat and its location, attaining shelter, and
escaping).  Later in this analysis, consequences
are presented as the number of people exposed
to concentration greater than the ERPG–2 and
ERPG–3 guidelines; but there are too many
uncertainties to speculate as to the specific
effects that would occur to those people.

G.2.3 Chemical 
Accidents—ALOHA™ Code

The Areal Locations of Hazardous Atmospheres
(ALOHA™) code developed by EPA, the
National Oceanographic and Atmospheric
Administration (NOAA), and the National
Safety Council (NSC), was used for the analysis
of chemical releases.  It is listed by DOE
(DOE 1994c) and EPA (EPA 1996) as an
acceptable code for air dispersion modeling.

The ALOHA™ code is designed to be used for
emergency responders in the case of chemical
accidents.  The code predicts the rate at which
chemical vapors may escape to the atmosphere
from broken gas pipes, leaking tanks, and
evaporating puddles and predicts how the
resulting hazardous gas cloud disperses
horizontally and vertically into the atmosphere
following release (NSC 1995). 

Especially near the source of a release, sho
term gas concentrations depart markedly fro
average values in response to random turbul
eddies and are unpredictable.  As the clo
moves downwind, concentrations within th
cloud become more similar to ALOHA™
calculations.  ALOHA™ shows concentration
that represent averages for time periods 
several minutes and predicts that avera
concentrations will be highest near the relea
point and along the center line of the relea
cloud (this is typical Gaussian plume modeling
The concentration is modeled as dropping o
smoothly and gradually in the downwind an
crosswind directions.

ALOHA™ models neutrally buoyant gases wit
a Gaussian plume model.   Airborne particulat
are assumed to be passive; that is, they beh
as nonbuoyant gases.  Heavy gases are mod
using a variation of the DEGADIS heavy ga
model.  Some simplifications were
implemented into ALOHA-DEGADIS to speed
computational procedures and reduce t
requirement for input data that would b
difficult to obtain during an accidental releas
These simplifications include the assumptio
that:  (1) all heavy gas releases originate close
ground level; (2) mathematical approximation
are faster but less accurate than those 
DEGADIS; and (3) modeling sources for whic
the release rate changes over time as a serie
short, steady releases rather than a numbe
individual point source puffs.  The author
worked closely to ensure a faithfu
representation of DEGADIS model dynamic
and the resulting ALOHA-DEGADIS mode
was checked to ensure that only min
differences existed in results.

Although ALOHA™ models the dispersion o
heavy gases, the model assumes that the ter
is flat.  Thus, if canyons are located between t
release point and a potential recepto
ALOHA™ models the scenario as though th
canyon were not present.  This is a conservat
G–11
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approach because receptors are offered no
protection from heavy gases by intervening
canyons.  Under the most stable atmospheric
conditions (most commonly found late at night
or very early in the morning), there is little wind,
reduced turbulence, and less mixing of the
release with the surrounding air.  High gas
concentrations can build up in small valleys or
depressions and remain for long periods of time.
ALOHA™ does not account for buildup of gas
concentrations in low-lying areas.  The
properties of a heavy gas are discussed in
section G.5.5.

ALOHA™ allows the user to enter only a single
wind speed and wind direction, and assumes
that these remain constant throughout the
release and  travel.  In reality, air flow changes
speed and direction when confronted with
changes in terrain such as slopes, valleys, and
hills.  ALOHA™ ignores these effects.  Because
wind is likely to shift direction and change
speed over both distance and time, ALOHA™
will not make predictions for more than 1 hour
after a release begins, or for distances more than
6.2 miles (10 kilometers) from the release point.
In general, wind direction is least predictable
when the wind speed is low and at the lowest
wind speed modeled in the code (1 meter per
second), ALOHA™ presents the footprint as a
circle.  ALOHA™ does not calculate particulate
settling and deposition.  The ALOHA™ code
presumes the ground beneath a leak or spill to be
flat, so that the liquid expands evenly in all
directions.

Combustion products rise rapidly while moving
downwind, until they cool to the temperature of
the surrounding air.  ALOHA™ does not
account for this rise.  ALOHA™ models the
release and dispersion of pure chemicals only,
and the properties of chemicals in its chemical
library are valid only for pure chemicals.
ALOHA™ also does not account for chemical
reactions of any kind.  (This limitation can be
avoided by modeling the resulting chemicals, if
known.  In the case of the seismic collapse of
TA–3–66, the SWEIS has modeled the

hydrogen cyanide that evolved from mixin
metal cyanide solution and nitric acid.)

The limitations of ALOHA™ do not detract
from its use in this SWEIS for screenin
chemical accidents and bounding their daytim
consequences.  During the preparation of t
SWEIS, as upgrades to ALOHA™ code becam
available they were used.  Trial calculation
showed that the upgrades provided the sa
results as previous versions for the same inpu

G.2.4 Radiological 
Accidents—MACCS 2 Code

The MACCS 2 computer code models th
consequences of an accident that release
plume of radioactive materials to th
atmosphere.  Should such an accident occur,
radioactive aerosols and/or gases in the plu
would be transported by the prevailing win
while dispersing horizontally and vertically in
the atmosphere.  MACCS 2 uses a straight-li
Gaussian plume model and the source term d
input by the user to model the atmospher
dispersion and deposition of radionuclide
released from facilities.  Plume rise, dr
deposition, and precipitation scavenging (belo
cloud washout) of aerosols, and resuspension
particulate matter that has deposited from t
plume is explicitly modeled.  The chroni
exposure model calculates the resulting dos
for all inhabitants living in the area.  In th
intermediate and long-term phases, t
inhalation shielding factor for normal activity is
used in the dose calculations.  Decay 
radionuclides to daughter products is accoun
for.

The MACCS 2 calculations also estimate th
range and probability of health effects caused
radiation exposures that are not avoided 
protective actions.  In these EIS calculations, 
credit was taken for protective measures th
might and would be used to decrease exposu
(MACCS 2 permits the modeling of variou
protective measures, such evacuatio
G–12
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sheltering, and relocation.  A variety of
protective measures can be taken in the long-
term phase in order to reduce doses to
acceptable levels: decontamination,
interdiction, and condemnation of property.)

MACCS 2 divides the accident into three time
phases:  the emergency phase, the intermediate
phase, and the long-term phase.  The emergency
phase begins immediately after the accident and
could last up to 7 days following the accident.
In this period, the exposure of the population to
both radioactive clouds and contaminated
ground is modeled.  In the intermediate phase,
the radioactive clouds are gone, and decisions
are made regarding the type of protective
actions that need to be taken; the only exposure
pathways are those resulting from ground
contamination.  The long-term phase represents
all time subsequent to the intermediate phase,
and again, the only exposure pathways
considered are those resulting from the
contaminated ground. 

In accidents there is an initial release, and there
may be a continuing release thereafter.  A single
MACCS 2 calculation can handle four separate
releases.  To account for reduction of the source
as it was depleted by the continuing suspension,
the continuing release was treated as three
consecutive continuing releases of 8 hours each.
For those accidents that have both an initial and
a continuing release, the releases were stopped
no later than 24 hours after the initial release.

The region surrounding the site is divided into a
polar coordinate grid centered on the facility
from which the release originates.  The angular
divisions used to define the spatial grid
correspond to the 16 directions of the compass.
The user specifies the number of radial divisions
as well as their endpoint distances.  Up to 35 of
these divisions may be defined, extending out to
a maximum distance of 6,213 miles
(10,000 kilometers).

The emergency phase calculations use dose-
response models for early fatality and early

injury, and are performed on a finer grid than th
calculations of the intermediate and long-ter
phases.  For this phase, the 16 compass sec
are divided into 3, 5, or 7 user-specifie
subdivisions in the calculations.  

Each radiological release site was assigned
the closest one of the four weather statio
(located in TA–6, TA–49, TA–53, and TA–54)
The 1995 meteorological data were used f
these calculations.  Sensitivity calculation
using data from 1991 to 1995 have be
performed for one accident scenario 
investigate the possible impact on consequen
of using weather data from a particular year.  
the near field (out to 1,312 feet [400 meters]), 
approximate maximum 30 percent variatio
occurred in the calculated doses, depend
upon which year is used.  The results indicat
that 1995 yields the largest consequence res
of this 5-year period for the scenario modele
(Steele et al. 1997).

Consequence results were calculated for b
ground level and elevated releases, accord
to the facility and the scenario.   Downwin
concentrations of radionuclides up to a distan
of 50 miles (80 kilometers) were calculated fo
each of the 16 compass directions around 
facility.  Radiation doses to the on-site and o
site population were calculated by the dosime
models within MACCS 23, using the
concentrations.  Exposure pathways we
direct radiation from the passing plume, dire
radiation from radioactive material deposited o
the ground and skin, inhalation while within th
plume, and inhalation of resuspended grou
contamination.  Subsequent ingestion, whi
normally represents only a small fraction o
total exposure and can be controlled, was n
considered.

3. MACCS dosimetry models use risk factors that var
by nuclide, and result in approximately, but not exactly
an effective risk factor of 5 x 10-4 excess LCFs per 
person-rem of exposure.  This is discussed in the prim
on the effects of radiation in section D.1 of appendix D
Human Health.
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Because population is not evenly distributed
around the source, the consequences of an
accident vary with wind direction.  The
probability of the consequence thus depends on
the probability of that wind direction.
Therefore, the results of the calculations are
presented as the average of the consequences for
all 16 directions weighted by the probability of
the wind being toward that direction.  Note that
the calculations used both daytime and
nighttime winds; whereas, the population
distribution used was the daytime population
described in section G.3.2.  Because the daytime
population is larger than the nighttime
population, this overestimates the mean
consequences.

Having the results from the multiple model
runs, it was possible to calculate the mean dose
to hypothetical individuals at points of closest
public access; at points on the site boundary
(referred to as doses to maximally exposed
individuals [MEIs]); and mean doses at public
population centers, such as towns, pueblos, and
schools.

Note that these calculations capture all
meteorological conditions, including the most
adverse conditions, each weighted by its
frequency of occurrence in the entire year.  An
alternative approach, use of the dispersion
condition for which dispersion is greater than 95
percent the time (referred to as 95th percentile
meteorology) is often used for screening.  It
maximizes the concentrations downwind, but
does not consider the population distribution.
Therefore, it does not provide as much useful
information.

Note that uncertainties as to the models’
abilities to predict concentrations and
exposures, and uncertainties in the range of
meteorological conditions, apply equally to all
the alternatives.

G.3 ACCIDENT  SCENARIO  
SCREENING

LANL is one of the largest multiprogram
research laboratories in the world, and a numb
of factors combined to make the selection 
accident scenarios for the SWEIS a challengi
task.  These factors included:

• DOE NEPA guidance that mandates 
consideration of accidents within the desig
basis, as well as those beyond the design
basis, to identify a spectrum of potential 
accident scenarios that could occur during
the activities encompassed by the propos
action and analyzed alternatives.

• The diversity of activities performed at 
LANL, including: pit production; high 
explosives research, development, 
production, and testing; special nuclear 
material (SNM) processing, research and 
development, and storage; hydrodynamic
testing and dynamic experimentation; 
accelerator operations, research, and 
development; fusion power research and 
development; operation critical assemblie
and fast burst reactors; and radioactive, 
chemical, and mixed waste processing, 
characterization, disposal, and storage.

• A wide range of accident initiators 
(including process hazards, man-made 
hazards, and natural phenomena hazards
and the resulting human, system, and 
structural responses to those initiators.

• A large number of accident scenarios 
identified in underlying programmatic and 
LANL-specific NEPA documents (e.g., the
Stockpile Stewardship and Management 
PEIS, and the Dual Axis Radiographic 
Hydrodynamic Test [DARHT] Facility 
EIS).

• The availability and vintage of a variety of
hazard assessment and safety analysis 
documentation, performed to evolving 
DOE guidance.
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• The diversity of material that could 
potentially be released in an accident 
(referred to as “material-at-risk” or MAR), 
including:  tritium, plutonium, various 
enrichments of uranium, toxic chemicals 
such as chlorine, bulk acid storage, high 
explosives, and a wide variety of other 
chemicals and radioactive materials.

• The presence of some relatively complex 
facilities such as the Plutonium Facility 
(TA–55–4), the Chemistry and Metallurgy 
Research (CMR) Building (TA–3–29), the 
Tritium System Test Assembly (TSTA) 
Facility (TA–21–155), the Tritium Science 
and Fabrication Facility (TSFF, 
TA–21–209), the Weapons Engineering 
Tritium Facility (WETF, TA–16–205), and 
the critical assembly and fast burst reactor 
facilities at the Pajarito site (TA–18), for 
which hazard and safety analyses have 
identified dozens to hundreds of credible 
accident scenarios for each of these 
facilities.

The large number of facilities and processes at
LANL, combined with the diversity of MAR
and the variety of accident initiators, produce
credible accident scenarios numbering at least
in the many thousands.  Analyzing each of these
scenarios in detail is neither required under
NEPA nor practical.  Ideally, a comprehensive
risk assessment would express the total human
health risk as the sum of all potential accident
scenarios.  It is neither practical (due to cost) or
necessary (from a NEPA compliance
standpoint) to rigorously quantify all of these to
produce a summation of the total risk.  The
purpose of screening is to identify for detailed
analysis a suite of accidents that constitute a
large fraction of the total risk.

Accident analyses, for a NEPA document,
involve considerably less detail than a formal
probabilistic risk assessment (PRA), but make
use of PRA techniques and insights (such as
event trees, failure rate data, and initiating event

occurrence data) to identify risk-significan
accident scenarios.

G.3.1 Accident Initiator Screening

It was recognized, based on review of availab
safety documentation for several importa
facilities, that there would be a very larg
number of credible accident scenarios f
LANL facilities.  The SWEIS accident analysi
began with a detailed examination an
screening of accident initiators and accide
types in order to focus the attention of th
remainder of the analysis on those accide
initiators most important to risk.  Acciden
initiators and accident types were identified an
categorized into three broad classes:  (1) proc
hazards, (2) man-made hazards, and (3) nat
phenomena hazards (NPHs).  Military actio
sabotage, terrorism, or other forms o
deliberately malevolent actions were no
included.  The magnitudes of the likelihood an
consequences of such acts are independen
the site operations, under the purview 
security and protection forces, and a
considered to be outside the purview of accide
analysis.

The list of accident types and initiators, arraye
into these three categories, is provided 
Table G.3.1–1.  These accident types a
initiators were evaluated in the context of the
likelihood and their potential for resulting in 
release of hazardous materials or for causing
event that could result in such a release (e.g
fire or explosion).  Hazardous materials 
LANL include radioactive materials, chemicals
biohazards, and high explosives.  

The intent is to capture all accidents that hav
frequency in excess of 1 x 10-6 per year.   It is
not possible to estimate accurately th
likelihood (frequency) of accidents with ver
low probability.   Therefore, accident types an
accident initiators that could produce a
accident with a frequency in excess of 1 x 10-7

per year when realistically estimated, or 
G–15
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frequency in excess of 1 x 10-6 per year when
conservatively estimated, were treated as
“credible” and “reasonably foreseeable.”  

Accidents with frequencies less than 1 x 10-6

were not dismissed without considering whether
they were capable of producing worse
consequences than credible accidents.  Large
earthquakes would affect the entire LANL site
simultaneously.  As a result, it is not considered
plausible that many individual but unlikely
accidents could rival earthquakes in overall risk,
and thus, were not retained for detailed analysis.

A suite of accident type and accident initiator
screening criteria was developed for the purpose
of evaluating the master event list in Table
G.3.1–1.  It is important to recognize that, while
some of the accident types or initiating events
listed in Table G.3.1–1 may appear to some
readers to stray into the realm of the absurd, the
goal of the master listing and the screening
process was to demonstrate that the
consideration of accident types and accident
initiators was as comprehensive as possible.  

The accident types and initiators in the master
list were screened, using the screening criteria in
Table G.3.1–2.  Results of the screening for
process hazards, man-made hazards, and natural
phenomena hazards are reported separately in
Tables G.3.1–3, G.3.1–4, and G.3.1–5,
respectively.

Table G.3.1–6 summarizes the three preceding
tables as events the survived that screening.
These were subsequently evaluated on a
facility-specific basis, using detailed safety
documentation review and facility walkdowns,
as described in the following section G.3.2.

G.3.2 Facility Hazard Screening

DOE assigns different hazard categories to its
facilities on the basis of the magnitude of
maximum potential injuries and fatalities on site
and off site.  Although the system has a different

purpose than identification of facilities to b
considered in EIS analyses, the pa
categorization constituted an effectiv
screening of facilities for this SWEIS.

In hazard classification, no credit is give
designed active safety features4, administrative
controls (other than those limiting the tota
quantity of hazardous materials in the facility
or prompt emergency response.  Credit f
mitigation is assumed only for substanti
passive primary barriers or natural removal 
dispersal mechanisms associated with t
distance between the facility and the recep
location (LANL 1995a).  Hazard classification
is therefore considered to represent 
appropriate basis for an initial screening 
LANL facilities to focus the attention of the
SWEIS accident analysis on those facilities th
have the most significant potential for causin
impacts to workers, the public, and th
environment. 

This screening step is based on the hazard po
by the facility.  There may be other reasons f
including facilities in the accident analysis (e.g
stakeholder interest).  Such additional facilitie
were selected by expert judgment.  The faciliti
that were identified in the initial hazard
categorization process are listed in Tab
G.3.2–1. Following detailed discussions wit
LANL, walkdowns of more than 40 facilities
and review of updated safety documentatio
many of the facilities in Table G.3.2–1 wer
screened from further analysis.  Table G.3.2
provides a listing of the facilities that wer
screened and a summary of the reasons for th
exclusion from detailed analysis.  Table G.3.2
provides the final list of facilities that were
subjected to screening consequence analysi

4. An “active safety feature” is one that is fallible, 
through its dependence upon maintenance, electrical 
power, human operation, etc.  Examples would be a 
smoke alarm, filtering system or automatic electrical 
switch.  A “passive” feature or barrier is one that does n
require dependable human attention for its operation. 
Examples are a berm, catch basin, or firewall.
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TABLE  G.3.1–1.—Accident Type and Initiating Event Master Classification List

PROCESS HAZARDS MAN-MADE HAZARDS
NATURAL PHENOMENA 

HAZARDS

NATURAL 
PHENOMENA 

HAZARDS (CONT.)

Biohazard Spill Aircraft Crashh Avalanche Lightning Strikebb

Chemical Spilla Arson Barometric Pressures Liquefactioncc

Container Failure Co-Located Facilitiesi Biological Hazardst Low Water Level

Criticality Eventb Dam Failurej Blizzardsu Nontectonic Deformation

Explosionc Dike Failurej Climatic Changev Precipitation Extremes

Fired Explosionk Coastal Erosion River Diversion

Floodinge Firel Drought Sand Storms

Hardware Failuref Floodingj Dust Storms Seiche

Human Errorg Levee Failurej Earthquakesw Sink Holes and Collapse

Radioactive Spill Military Actionm Extraterrestrial Objectsx Slope Stability

Nuclear Detonationn Fog Snow

Pipeline Failureo Frost Soil Consolidation

Sabotage and Terrorismp Glacial Activityy Soil Shrink/Swell

Satellite Orbital Decay Hail Storm Surge

Shipwrecks High Waterj Temperature Extremesdd

Vandalismq High Windz Tornadoesee

Transportationr Hurricanes Tsunami

Ice and  Ice Jams Volcanismff

Landslides and Mudflowsaa Waves

Notes:
a Includes release of chemicals, including toxic gases, liquids, solids, high explosives, etc. that disperse into the facility or 
environment.  Also includes uncontrolled chemical reactions due to inadvertent mixing of chemicals (e.g., mixing of metal 
cyanide solution and acid, which liberates hydrogen cyanide).

b Represents all accidental or unplanned nuclear criticality events, including criticality in solid systems, aqueous solutions, and 
waste forms.  Does not include planned criticality during critical assembly experiments or fast burst reactor operations.

c Represents explosions due to sources of explosive materials (gases, etc.) originating within the facility.  Does not include 
ingestion of explosive gases into the heating, ventilation, and air conditioning (HVAC) system from outside the facility.  
Explosions may be accompanied by a fire.

d Represents fires originating within a facility.
e Represents flooding originating within a facility (due, for example, to a pipe break or an inadvertent actuation of a fire sprinkler 
system).

f Includes hardware failures due to any cause (such as aging, overheating, overcooling, lubrication system failure, etc.) exce 
military action, sabotage, terrorism, or other forms of deliberately malevolent actions.

g Includes human errors in any phase of design, construction, fabrication, operation, maintenance, modification, design con 
management, emergency response, etc.

h Includes direct impact on the facility as well as a crash near the facility followed by the skidding of the aircraft or aircraft 
components into the facility.  Also includes fires or explosions resulting from aircraft crash (due to combustion of aviation fuel 
and/or the contents of the aircraft), as well as impacts of missiles on the facility resulting from the aircraft crash or resulting fire/
explosion.

i Represents accidents at nearby facilities (off-site industrial facilities, other on-site facilities, military facilities, etc.) that cause an 
impact at the facility under evaluation.  Such accidents would include explosions, fires, chemical accidents, toxic gas releas, 
etc.).
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j Includes failures due to human errors (such as design errors, failure to anticipate sufficiently severe flood and debris conditions, 
construction errors, etc.).

k Includes explosions from sources outside the facility, but does not include explosions due to pipeline accidents, sabotage, 
military action.

l Includes fires from sources outside the facility, such as wildfires.
m Includes acts of war, as distinguished from sabotage, terrorism, arson, etc.  Also includes war-like actions during internece 

conflicts.
n Includes only the inadvertent detonation of a nuclear explosive device.  No nuclear weapons or nuclear explosive devicesbe 

assembled, disassembled, or otherwise handled at LANL under any of the alternatives.
o Includes accidents involving natural gas pipelines that can result in fires and/or explosions.
p Includes acts committed by authorized insiders (persons with authorized access to the facility) or outsiders (including visitors) 

that are committed with the intent of causing a release of radioactive materials, hazardous chemicals, high explosives, or
biohazards or that are committed with the intent of causing a nuclear criticality event.  The acts could take place at the faclity or 
outside the facility (e.g., destruction of a dam, deliberate crash of an aircraft, etc.).

q Includes acts committed by authorized insiders or outsiders (including visitors) that are not intended to cause a release of 
radioactive materials, hazardous chemicals, high explosives, or biohazards or that are not intended to cause a criticality,  that 
nonetheless result in such occurrences contrary to the intent of the perpetrators.

r Includes accidents resulting in release of radioactive materials, hazardous chemicals, high explosives, or biohazards, or th result 
in a nuclear criticality event, occurring in all modes of transportation (truck, car, rail, aircraft, or ship) that involve material being 
shipped to or from the facility.  Also includes impact of a vehicle from all modes of transportation (except aircraft, which is 
analyzed separately in this appendix) on the facility that causes damage to the facility (but that may or may not be transpng 
hazardous cargo).

s Includes normal changes in barometric pressure.  Does not include changes in air pressure due to the passage of a tornadch 
is analyzed separately.

t Includes accidents caused by biological factors such as ingestion of plant debris by cooling systems, blockage of cooling sems 
by mussel and clam infestations, excessive biological growth on the exterior of facility structures, etc.  Does not include fie 
involving plants (wildfire), which is analyzed separately.

u Includes effects from excessive loads due to snow accumulation on or against facility structures.
v Includes such effects as global warming (and its impacts), glaciation (and its impacts), and other impacts of changes in weer 

that are not within the range of normally expected conditions.  Does not include impacts due to existing glaciers.
w Includes effects such as seismically initiated liquefaction, dam failures, fires, and flooding, as well as surface deformation, 

tectonic subsidence, tectonic uplift, and damage due to ground accelerations (vertical and horizontal).
x Includes direct impact on the facility of meteorites, comets, asteroids, and other extraterrestrial bodies, as well as collateral 

damage resulting from impacts elsewhere (surface deformation, missile impacts, flooding, etc.).
y Includes impacts due to glaciers existing at the time of the analysis.  Such impacts include the effects of both the advancend 

retreat of glaciers.
z Includes straight winds, as distinguished from hurricanes and tornadoes, and also includes wind-borne missiles.
aa Does not include landslides and mud flows due to volcanic activity.
bb Includes the impacts of fires caused by lightning strikes.  For structures with lightning protection, this requires consideration of 

possible failures of lightning protection systems.
cc Does not include seismically initiated liquefaction, which is included under earthquakes.
dd Includes effects of freezing of equipment due to low external temperatures.
ee Includes impacts due to tornado-borne missiles, differential pressure due to nearby tornado passage, and lightning strikesil, 

rain, and other phenomena due to storms associated with the tornado weather system.
ff  Includes such effects as ash falls, rock falls, nueé ardente, rapid snow-pack-melt-induced flooding, mud flows, siltation, 

sedimentation, phreatomagmatism, pyroclastic activity, etc. and fire/explosion.

TABLE  G.3.1–1.—Accident Type and Initiating Event Master Classification List-Continued
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TABLE  G.3.1–2.—Accident Type and Accident Initiator Screening Criteria

SCREENING 
CRITERION

SCREENING CRITERION DESCRIPTION

1 The accident type or initiating event is within the facility design basis, and the frequency in 
combination with the conditional probability of a sufficiently severe design error affecting 
parameters that would cause failure of the facility is considered to be incredible (i.e., frequency 
less than 1 x 10-6 per year (conservatively evaluated); or

2 The initiating event does not occur close enough to the facility to affect it (this is a function of the 
magnitude of the event and the proximity of the facility to the event); or

3 The accident type or initiating event is included in the definition of another event due to the 
similarity of impacts on the facility, and the frequency contribution of the other event includes the 
contribution from this event; or

4 The event has a sufficiently cataclysmic impact on the facility as well as on the surrounding 
region such that the consequences of the event on the surrounding region would not be 
significantly affected by the destruction of the facility; or

5 The accident type or initiating event has a conservatively estimated mean frequency of less than
1 x 10-6 or a realistically estimated mean frequency of less than 1 x 10-7 per year; or

6 The accident type or initiating event is under the purview of the security and protection forces and 
the security and safeguards related administrative and physical controls, and is the result of 
deliberate act; these events are considered to be outside the purview of an “accident” analysis, 
which is concerned with unanticipated events that occur at random.
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TABLE  G.3.1–3.—Process Hazards Screening Results

ACCIDENT TYPE OR 
INITIATING EVENT

SCREENING 
CRITERIA SCREENS 

OUT (Y/N)
NOTES

1 2 3 4 5 6

Biohazard Spill No Applicable to workers only; no 
credible scenario for spread of 
biohazard beyond the LANL 

workforce

Chemical Spill No Chemical spill hazards bounded by 
toxic gases and liquids that are 

easily dispersed

Container Failure X Yes Contributing event to chemical 
spill and radioactive spill

Criticality Event No Applicable to workers only; public 
dose consequences of criticality 
event are less than 100 millirem

Explosion No

Fire No

Flooding X X Yes Possible contributing cause for 
criticality events; criticality 

retained

Hardware Failure X Yes Embedded in other events as 
contributory causes; also 

represented as causes of system 
failures after an initiating event

Human Error X Yes Embedded in other events as 
contributory causes; also 

represented as causes of system 
failures after an initiating event

Radioactive Spill No
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TABLE  G.3.1–4.—Man-Made Hazards Screening Results

ACCIDENT TYPE OR 
INITIATING EVENT

SCREENING 
CRITERIA SCREENS 

OUT (Y/N)
 NOTES

1 2 3 4 5 6

Aircraft Crash No Analysis to be performed per DOE 
Standard 3014-96 (DOE 1996c)

Arson X Yes Malevolent act

Co-Located Facilities No

Dam Failure X X Yes

Dike Failure X X Yes

Explosion No

Fire No

Flooding No TA–18 only; other hazardous 
facilities located on mesa tops

Levee Failure X X Yes

Military Action X Yes Malevolent act

Nuclear Detonation X X Yes No nuclear weapons or nuclear 
explosive devices are assembled, 

disassembled, handled, or 
otherwise processed at LANL

Pipeline Failure No TA–3–29 only

Sabotage and Terrorism X Yes Malevolent acts

Satellite Orbital Decay X Yes

Shipwrecks X X Yes

Transportation No Transportation analysis performed 
separately from accident analysis

Vandalism X Yes Malevolent acts
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TABLE  G.3.1–5.—Natural Phenomena Hazards Screening Results

ACCIDENT TYPE OR 
INITIATING EVENT

SCREENING CRITERIA SCREENS 
OUT (Y/N)

NOTES
1 2 3 4 5 6

Avalanche X Yes

Barometric Pressure X Yes

Biological Hazards X Yes

Blizzards X Yes

Climatic Change X Yes

Coastal Erosion X Yes

Drought X Yes

Dust Storms X Yes

Earthquakes No

Extraterrestrial Objects X Yes

Fog X Yes

Frost X Yes

Glacial Activity X Yes

Hail X Yes

High Water X Yes

High Wind No

Hurricanes X Yes

Ice and Ice Jams X Yes

Landslides and Mud Flows X Yes

Lightning Strike No

Liquefaction X Yes

Low Water Level X Yes

Nontectonic Deformation X Yes

Precipitation Extremes X Yes

River Diversion X Yes

Sand Storm X Yes

Seiche X Yes

Sink Holes and Collapse X Yes

Slope Stability No

Snow X Yes

Soil Consolidation X Yes

Soil Shrink/Swell X Yes

Storm Surge X Yes

Temperature Extremes X Yes

Tornado X Yes

Tsunami X Yes

Volcanism No
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order to select the final suite of facilities for
detailed analysis.

G.3.2.1 Description of the DOE 
Hazard Category System 

As background information only, this
subsection describes the hazard categorization
system used by DOE.

Facilities performing radiological operations
are subdivided into hazard categories pursuant
to DOE Order 5480.23 and DOE Standard

1027-92 (DOE 1992).  There are three haza
categories based on the type of facility (Haza
Category 1) or the radiological inventor
(Hazard Categories 2 and 3).  These faciliti
are defined as nuclear facilities.  Facilities th
do not meet the threshold requirements f
Hazard Category 3 but that still contai
radioactive materials are categorized 
radiological facilities. 

The three hazard categories for these facilit
are defined as follows (DOE 1992):

• Hazard Category 1.  Hazard analysis shows
the potential for significant off-site 
consequences (limited to Category A 
reactors and other facilities designated by
the Program Secretarial Officer).  (Note: 
There are no facilities at LANL designated
by LANL or DOE as Hazard Category 1).

• Hazard Category 2.  Hazard analysis shows
the potential for significant on-site 
consequences (includes facilities with the 
potential for nuclear criticality events or 
with sufficient quantities of hazardous 
materials and energy that would require o
site emergency planning activities).  
Threshold quantities of radionuclides for 
Hazard Category 2 facilities are shown in 
Appendix A of DOE Standard 1027-92 
(DOE 1992), with LANL-specific 
elaboration provided in a separate 
document (LANL 1995b).

• Hazard Category 3.  Hazard analysis shows
the potential for only significant localized 
consequences.  Threshold quantities of 
radionuclides for Hazard Category 3 
facilities are shown in Appendix A of DOE
Standard 1027-92, with LANL-specific 
elaboration provided in a separate 
document (LANL 1994a).

• Radiological Facilities.  Facilities not 
meeting at least Hazard Category 3 
threshold criteria but that still possess som
amount of radioactive materials.  No other
hazard identified than normal office or 
laboratory environment (electrical 
equipment, glassware, tools, etc.).

TABLE  G.3.1–6.—Credible Accident Types 
and Accident Initiators that
Survived Early Screening

PROCESS HAZARDS

Biohazard Spill
Chemical Spill

Criticality Eventa

Explosion (Internal to Facility)
Fire (Internal to Facility)

Radioactive Spill

MAN-MADE HAZARDS

Aircraft Crash—analyzed based on DOE 
Standard 3014–96 (DOE 1996c)

Co-Located Facilitiesb

Explosion (External to Facility)b

Fire (External to Facility)
Flood (External to Facility)—TA–18 onlyb

Pipeline Failure—TA–3–29 only; other facilities 
screened

Transportation Accidents—analyzed separately 
from facility accidents

NATURAL  PHENOMENA  HAZARDS

Earthquakes
High Windb

Lightning Strikeb

Slope Stability—TA–18 onlyb

Volcanismc

a Screened out for public risk based on low dose; retained 
as a worker accident.

b Later screened out, based on subsequent facility- and 
site-specific review.

c Credible, but not used, based on higher level of risk 
posed by earthquakes.
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TABLE  G.3.2–2.—LANL Facilities Screened from Analysis, with Screening Rationale

FACILITY FACILITY NAME AND SCREENING RATIONALE

TA–0–1113 Potable Water Chlorinator—Located in canyon; chlorine is a heavy gas that in high 
concentrations will proceed down the canyon, away from populated areas; no unique wo
accidents; no biohazards; no radioactive materials.

TA–0–1114 See TA–0–1113.

TA–2–1 Omega West Reactor—Not scheduled for operation in a  SWEIS alternative.  All nuclea
material has been moved from this facility, and the facility has been removed from the si
nuclear facility list.

TA–3–30 General Warehouse—No radioactivity or biohazards; chemical inventory screened; no 
unique worker hazards.

TA–3–31 Chemical Warehouse—No radioactivity or biohazards; chemical inventory screened; no
unique worker hazards.

TA–3–35 Press Building—Radiological facility only; radiological hazards bounded by other nearby
facilities.  No chemicals or biohazards.  No unique worker hazards.

TA–3–39 Shops Building—No unique worker hazards; no biohazards.  Impacts from depleted 
uranium or beryllium bounded by other facilities (TA–3–66, TA–3–141).

TA–3–102 See TA–3–39.

TA–3–141 Beryllium Technology Building—No credible public accidents.  No biohazards; no 
radioactivity.

TA–3–142 Shipping and Receiving Warehouse—Transient radioactivity only (less than Hazard 
Category 3 quantities).  Chemical inventory screened (ERPG–3 < 100 meters).  No 
biohazards.  No unique worker hazards.

TA–3–159 Sigma Thorium Storage Facility—Facility contains only thorium; consequences bounded
other facilities; passive storage only, nonpyrophoric forms, low combustible loading.

TA–3–164 Uranium Storage Facility—Inventory removed.  No use projected for any SWEIS 
alternative.

TA–3–166 Wastewater Treatment Plant—Chlorine inventory removed; facility no longer treats 
wastewater.  No biohazards or radioactivity.  No unique worker hazards.

TA–3–170 Compressed Gas Processing Facility—No radioactivity or biohazards.  No unique work
hazards.  Chemical inventory screened (ERPG–3 <100 meters).

TA–3–1698 Materials Science Laboratory (MSL)—No credible accidents; radioactivity and chemica
inventories screen.  No unique worker hazards; no biohazards.

TA–8–22 Radiography—Facility performs radiography of (among other things) pits and DARHT 
assemblies.  Low combustible loading and similar seismic resistance to other facilities a
which these materials will be present for a much greater percentage of the time.  The risk
accidents at TA–8–22 are bounded by the risks of accidents at the other facilities.  No un
worker accidents (radiography performed at other facilities as well).

TA–8–23 See TA–8–22.

TA–9–23 Shops Building—Radiological inventory below Hazard Category 3; chemical inventory 
screens (ERPG–3 <100 meters).  No biohazards.  No unique worker hazards.  Remote 
location.
G–26
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TA–9–30 Nuclear Material Storage—Maximum radiological inventory is 100 kilograms of depleted
uranium and less than 0.1 grams of tritium (less than Hazard Category 3).  Chemical 
inventory screens (ERPG–3 < 100 meters).  No biohazards.  No unique worker hazards
Remote location; depleted uranium accident consequences bounded by other facilities w
greater inventory and in more densely populated area.

TA–11–30 Vibration Test Building—Transient radiological inventory only (same materials present a
other facilities in greater quantity and/or more frequently).  No chemicals or biohazards.  
unique worker hazards.

TA–14–5 Toxic Gas Storage Building—Inventory removed.  No use projected for any SWEIS 
alternative.

TA–15–184 PHERMEX—Firing site with no unique hazards (any hazards at PHERMEX bounded by
those at DARHT and other facilities).  No unique worker hazards.  No biohazards.  More
remote than other facilities with similar MAR.

TA–16–260 High Explosives Processing—No radioactivity or biohazards.  No unique worker hazard
Detonation hazards limited to workers due to exclusion area and blowout panels.

TA–16–305 High Explosives Chemical Storage—No radioactivity or biohazards.  No unique worker 
hazards.  Chemical inventory screens (ERPG–3 < 100 meters).  Contained in former hig
explosives magazine.

TA–16–340 High Explosives Pressing Facility—No radioactivity or biohazards.  No unique worker 
hazards.  Detonation hazards limited to workers due to exclusion area and blowout pane

TA–16–410 Assembly Facility—Activities at TA–16–410 are comparable to those at TA–16–411, an
the MAR at TA–16–410 is bounded in hazard and quantity by MAR at TA–16–411.

TA–16–560 Potable Water Chlorinator—Consequences limited to area containing few buildings.  No
public consequences (except possibly a limited number of commuters on West Jemez Ro
No unique worker hazards; no biohazards; no radioactivity.  Impacts bounded by other 
potable water chlorinators.

TA–18–26 Pajarito Site Hillside Vault—Passive vault storage of plutonium and highly enriched 
uranium (HEU) in a vault built into the side of a mesa.  Very low combustible loading, no
active HVAC systems.  Infrequent access.  Seismic collapse would bury MAR with no 
significant release to the environment.  No credible accidents; very low frequency accide
bounded by those at other storage facilities (TA–3–29, TA–55–4).

TA–21–3 Chemistry Building—Facility undergoing decontamination and decommissioning; 
completion scheduled prior to final SWEIS issuance.

TA–21–4 See TA–21–3.

TA–21–5 See TA–21–3.

TA–21–146 Filter Building—Filter building for former plutonium activities at TA–21.  Decontamination
and decommissioning will be completed prior to final SWEIS issuance.

TA–21–150 See TA–21–3.

TA–35–2 Laboratory—The only MAR is radioactive sources, which screen under DOE Standard 
1027-92 (DOE 1992).

TA–35–27 Nuclear Safeguards Laboratory—The only MAR is radioactive sources, which screen un
DOE Standard 1027-92.

TABLE  G.3.2–2.—LANL Facilities Screened from Analysis, with Screening Rationale-Continued

FACILITY FACILITY NAME AND SCREENING RATIONALE
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TA–35–213 Target Fabrication Facility—No radioactive materials (except less than Hazard Categor
quantities of depleted uranium and tritium).  No biohazards.  Some toxic chemicals pres
but located in fume hoods with active ventilation.  Under seismic collapse conditions, tox
effects remain within TA (facility adjacent to canyon, which will preclude transport of high
concentrations of heavy gases); workers would be impacted by the seismic collapse in a
event.

TA–41–1 Ice House—Former radiological inventory removed (residual contamination only).  No 
storage or processing in any SWEIS alternative.  No chemicals or biohazards.  No uniqu
worker hazards.

TA–46–154 Applied Photochemistry—No radioactivity or biohazards.  No unique worker hazards.  
Chemical inventory screens (ERPG–3 < 100 meters).

TA–48–1 Radiochemistry Facility—All MAR (radioactive and chemical) screen (i.e., radioactivity 
less than Hazard Category 3, except for hot cells; chemicals screen at ERPG–3 at less 
100 meters).  Any impacts would be limited to the TA–48 site area.

TA–53 LANSCE and Manuel Lujan Neutron Scattering Center (MLNSC)—No credible accident
No unique worker accidents.  No biohazards.

TA–54–33 Drum Preparation Facility—No chemicals or biohazards.  No unique worker hazards.  M
limited and bounded by other nearby facilities (TA–54–38, TA–54–G Transuranic Waste 
Inspectable Storage Project [TWISP]).

TA–54–49 Low-level Mixed Waste Storage Dome—No biohazards.  No unique worker hazards.  
Radiological hazards bounded by other nearby facilities with much larger inventories 
(TA–54–G, TWISP).

TA–54–1008 Potable Water Chlorinator—No receptors within ERPG–2 distance.  No unique worker 
hazards; no biohazards or radioactivity.

TA–55–5 Plutonium Facility Warehouse—Chemical inventory removed; staging area only with 
transitory chemical inventory.  No changes expected for any SWEIS alternative.  Bounde
by TA–55–4 chemical accidents (e.g., chlorine, hydrogen fluoride gas, nitric acid, 
hydrochloric acid).

TA–55–41 Nuclear Materials Storage Facility (NMSF)—Storage activities at TA–55–41 mirror those
TA–55–4.  No unique hazards at TA–55–41.  TA–55–41 connected to TA–55–4 via an 
underground tunnel.  Risks at TA–55–41 bounded by those at TA–55–4.

TA–60–29 Pesticide Storage Building—Passive storage facility; chemicals screen or are bounded 
the effects of chemical releases at other nearby facilities.  No biohazards or radioactivity

TA–72–3 Potable Water Chlorinator—No receptors within ERPG–2 distance.  No unique worker 
hazards; no biohazards or radioactivity.

TA–73–1 Los Alamos Airport—Covered under transportation accident analysis.  Aircraft crash 
associated with missed landings, etc., covered in facility aircraft crash accident analysis
(DOE Standard 3014-96, DOE 1996b).

TA–73–9 Potable Water Chlorinator—Located on steep hill.  Chlorine is a heavy gas that in high 
concentrations will proceed downhill into a canyon.  Any impacts to commuters on State
Road 502 will be bounded by chlorine release from other potable water chlorinators 
(TA–0–1109, TA–0–1110).

TABLE  G.3.2–2.—LANL Facilities Screened from Analysis, with Screening Rationale-Continued

FACILITY FACILITY NAME AND SCREENING RATIONALE
G–28



Accident Analysis

G–29

TABLE  G.3.2–3.—Final List of LANL Facilities to be Subjected to Screening Consequence Analysis

TECHNICAL AREA AND 
BUILDING NUMBER

FACILITY NAME

TA–0–1109 Potable Water Chlorinator

TA–0–1110 Potable Water Chlorinator

TA–3–29 CMR Building

TA–3–66 Sigma Facility

TA–3–476 Toxic Gas Storage Shed

TA–9–21 Analytical Chemistry Building (worker hazard only)

TA–15–312 DARHT Facility

TA–16–205 WETF

TA–16–411 Assembly Building

TA–18–23 Pajarito Site Kiva #1 (seismic and aircraft crash only)

TA–18–32 Pajarito Site Kiva #2 (seismic and aircraft crash only)

TA–18–116 Pajarito Site Kiva #3

TA–18–168 Pajarito Site SHEBA Building (seismic and aircraft crash only)

TA–21–155 TSTA

TA–21–209 TSFF

TA–43–1 Health Research Laboratory (HRL) (seismic only)

TA–46–340 Waste Water Treatment  Facility (WWTF)

TA–50–1 Radioactive Liquid Waste Treatment Facility (seismic only)

TA–50–37 Radioactive Materials Research, Operations, and Demonstration Facility 
(RAMROD) 

TA–50–69 Waste Characterization, Reduction, and Repackaging (WCRR) Facility

TA–54–G TWISP (TA–54–229, TA–54–230, TA–54–231, and TA–54–232); Transuranic 
Waste Storage Domes (TA–54–48, TA–54–153, TA–54–224, TA–54–226, and 
TA–54–283); Tritium Waste Sheds (TA–54–1027, TA–54–1028, TA–54–1029, and 
TA–54–1041)

TA–54–38 Radioactive Assay and Nondestructive Test (RANT) Facility

TA–54–39 PCB Waste Storage Facility

TA–54–216 Legacy Toxic Gas Storage Facility

TA–55–4 Plutonium Facility

TA–55–185 Transuranic Waste Drum Staging Building

TA–59–1 Occupational Health Laboratory (worker hazard only)
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Facilities that do not perform radiological
operations are subdivided into three hazard
classes based on the hazard potential of the
chemical inventory according to guidance in
DOE Order 5481.1B and DOE EM Standard
5502-94 (DOE 1994b).  Facilities that do not
fall into one of the three hazard classes are
considered as nonhazardous facilities (i.e., no
hazards identified other than a normal office
environment) (LANL 1995a).  

The four nonnuclear facility hazard classes are
defined as follows (DOE 1994b):

• High Hazard.  Hazards with a potential for 
on-site and off-site impacts to large 
numbers of people or for major impacts to 
the environment.  (Note: There are no 
facilities at LANL designated by LANL or 
DOE as High Hazard).

• Moderate Hazard.  Hazards that present 
considerable potential on-site impacts to 
people or the environment but at most only 
minor off-site impacts.

• Low Hazard.  Hazards that present minor 
on-site and negligible off-site impacts to 
people and the environment.

• Nonhazardous.  No hazards beyond those 
routinely encountered in an office 
environment (electrical equipment, 
glassware, tools, etc.).

G.3.2.2 Use of Facility Safety 
Documentation and 
Walkdowns

Based on the results of the accident initiator
screening and facility screening, available
facility safety documentation was reviewed.  All
other things being the same, potential accident
scenarios with the largest release potential
within each frequency row were selected for
more detailed review and assessment.  Prior to
the conduct of facility interviews and
walkdowns (in most cases), a preliminary list of
accident scenarios was prepared based on

facility safety documentation review in order t
facilitate the walkdown and discussions wit
facility operations personnel.

A pre-visit facility walkdown/interview data
collection form was prepared for each facilit
and transmitted to facility representative
(through the LANL SWEIS Project Office).
Facility representatives, in coordination wit
the LANL SWEIS Project Office points-of-
contact, then arranged for a facility discussio
and walkdown.  The walkdown/interview dat
collection forms were created to facilitate th
collection of a consistent set of facility data.  I
preparing the forms, the previous experience
SWEIS accident analysis team in conductin
previous accident evaluations (including safe
analyses, probabilistic risk assessments, a
process hazard analyses) was considered. 
addition, the following specific source
documents were considered:

• DOE Handbook 1100-96, Chemical 
Process Hazard Analysis, February 1996 
(DOE 1996b).

• DOE EM Standard 5502-94, Hazard 
Baseline Documentation, August 1994 
(DOE 1994b).

• DOE Standard 1027-92, Hazard 
Categorization and Accident Analysis 
Techniques for Compliance with DOE 
Order 5480.23, Nuclear Safety Analysis 
Reports, December 1992 (DOE 1992).

• DOE Standard 3009-94, Preparation Guide 
for U.S. Department of Energy Nonreactor
Nuclear Facility Safety Analysis Reports, 
July 1994 (DOE 1994a).

During and subsequent to the walkdown
revised safety documentation was provided 
the facility representatives.  This documentatio
was subsequently reviewed, and a draft d
collection document was prepared for ea
facility.  These draft data collection documen
were reviewed by the LANL SWEIS Projec
Office and facility representatives to ensure th
the information about the facilities and the
G–30
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operation was correctly noted by the data
collection team.

Where a facility had current safety
documentation, that documentation was used in
the first instance to define accident scenarios.
Owing to differences in scope between safety
documentation and NEPA accident analyses,
some supplementation of the safety
documentation was necessary in a few instances
in order to provide the required NEPA coverage
(this was especially true in the area of
seismically initiated sequences).  The facility
walkdowns were used to further evaluate the
accident scenarios identified in the safety
documentation, to evaluate whether additional
accident scenarios were possible that were not
included in the safety documentation, to
evaluate whether there were accident frequency
or accident consequence mitigation capabilities
present that were not credited in the safety
documentation, and to assess the impacts of the
SWEIS alternatives on the accident scenarios.
This latter consideration included the following
aspects:

• Evaluation of whether accident frequencies 
could increase or decrease across the 
alternatives

• Evaluation of whether the MAR could 
increase or decrease across the alternatives

• Evaluation of whether accident scenarios 
identified for the No Action Alternative 
would be eliminated across the remaining 
alternatives

• Evaluation of whether any accident 
scenario not identified for the No Action 
Alternative would be possible in any of the 
other alternatives

As a result of the facility walkdowns and
interviews and the review of revised safety
documentation for many facilities, a large
number of credible radiological accident
scenarios were identified and grouped by MAR
(e.g., weapons grade plutonium, source material
plutonium, tritium, highly enriched uranium,

depleted uranium, etc.) for furthe
consideration.

G.3.2.3 Population Distributions

Population distributions were created (using t
SECPOP90 program) based on 1990 Cen
data for residential population and based 
1996 LANL workforce populations by TA.

LANL workforce populations were included in
the analysis by centering the total TA
population in the direction from the acciden
origination facility that represents the large
concentration of TA population for each TA
Although this is an approximation method an
results in some double counting because faci
workers also may have residences within t
50-mile (80-kilometer) radius of LANL for
which consequence calculations we
performed, this is believed to be an appropria
means for including LANL workforce
consequences. 

The aggregation of workforce population da
by TA is the only available aggregation fo
which substantial questions do not exis
Although data are available on a building-by
building basis, those data represent where 
LANL employees collect their mail and do no
necessarily represent where they spend mos
their work day.  Neither is the LANL workforce
varied across the alternatives for accide
analysis purposes, although it is recognized t
the LANL workforce varies in size by
alternative. There is much greater variation 
LANL workforce from shift to shift during any
given day than there is across the alternatives
is not practical nor feasible to refine th
population within a TA quite close to a releas
point because such data are not available a
would not be stable.  The consequences 
given in terms of collective exposure and th
exposure at the MEI locations, which ar
adequate for differentiating among th
alternatives for decision making.
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In all cases in this accident analysis, the
accidents are assumed to take place during the
day shift with the maximum workforce
population present.  (Indeed, the entire
workforce is represented in the aggregated
workforce population data by TA, not just the
daytime workforce.)  The assumption of
daytime conditions is conservative for those
accidents that occur at random and are unrelated
to processes in operation at any given time.

G.3.2.4 Dispersion Parameters Used 
in Screening and 
Consequence Calculations

Daytime populations, which are larger than
nighttime populations near the source, were
used for screening and calculating the
consequences of chemical and radiological
accidents.  Accordingly, the meteorological
conditions used were:  (1) wind speed of 9.2 feet
per second (2.8 meters per second); (2) Pasquill-
Gifford stability Class C; (3) ambient
temperature of 48°F (8.9°C); (4) mostly sunny,
cloud cover conditions; and (5) 51 percent
relative humidity.  These are representative of
daytime conditions in this area (LANL 1990a).
They provide conservative dispersion under
daytime conditions and will be referred to as
such in this SWEIS.   (Class A and B stabilities
also occur during the daytime, but their greater
vertical air motions will produce lower ground
level concentrations.  Stable atmospheres,
which will produce higher concentrations, can
occur but are atypical and therefore not used for
screening.)  

For the consequence assessment of chemical
accidents, both conservative daytime dispersion
and adverse dispersion conditions (stable
atmosphere) were used.  For radiological
accidents, all meteorological conditions, in the
relative frequency as they occurred in 1995,
were used. 

G.3.3 Chemical Accident Screening

G.3.3.1 Summary of Chemical 
Accident Screening

Thirty-seven chemicals were identified in th
1992 LANL database that met all of th
following criteria:

• Has a time-weighted-average (TWA) less 
than 2 parts per million

• Is found in readily dispersible form (i.e., a 
gas or liquid)

• Has a boiling point less than 212°F (100°C
and vapor pressure greater than 0.5 
millimeter mercury

These 37 chemicals were modeled for release
their largest 1992 inventory, using adver
dispersion conditions.  The ten releases th
exceeded the ERPG–3 guideline at 328 fe
(100 meters) distance were retained for furth
analysis.  To these were added another ei
chemicals of interest.

Releases of the actual inventories of these 
chemicals at 78 locations were then modeled
see which would exceed the ERPG–
concentration under conservative daytim
dispersion conditions.  In this modeling:

• Release was at surface level
• Gases were released over 10 minutes
• Liquids were spilled instantaneously and 

then evaporated from a puddle 0.4 inch (1
centimeter) deep

The releases that exceeded the ERPG
concentration were examined wit
consideration of:

• Whether there is a large workforce nearby
or if there is public exposure

• If a heavy gas, whether the public is 
protected by intervening canyons
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• Whether the consequences are less than a 
release of the chemical from a different 
facility

• Whether the consequences are less than 
those of another chemical released from the 
same facility

With these considerations, a number of releases
were selected and retained for detailed analysis.
Formaldehyde also was retained because it
represents the largest LANL inventory of a
readily dispersible chemical carcinogen.  These
final selections are shown in Table G.3.3.1–3.
The above process is described in detail in the
following.

Details of Chemical Screening  

There is a wide variety of chemicals in storage
and in use at LANL facilities.  This analysis
assumes that all chemicals that are regulated or
have established exposure guidelines are listed
in the MULTUS database (Dukes 1995).  This
commercially available database contains
information on over 2,800 controlled chemicals
and over 23,000 associated synonyms.  Because
there are far more TWAs than other guidelines
for chemicals, TWAs were chosen to represent
toxicity for screening purposes.  An upper
threshold value of  2 parts per million was
selected because it is the TWA for nitric acid.
(There is a 6,100-gallon [23,100-liter] nitric
acid tank at TA–55 that, because of its volume,
was likely to represent the bounding
consequence chemical accident.)  The
MULTUS database was searched for chemicals
with TWAs less than 2 parts per million,
resulting in a list of 330 chemicals.

The 1992 LANL Automated Chemical
Inventory System (ACIS) chemical database
(which represented LANL baseline data) was
searched for these same 330 chemicals.  Only
190 were found.  Of these, if the chemical is
ordinarily in solid form (nondispersible), it was
screened from further analysis.  (Although
particles smaller than about 10 micrometers
diameter are respirable, a liquid or gas is

expected to have greater consequences in te
of area of impact and time urgency; thus, t
analysis was focused on liquids and gase
Application of this criterion reduced the list t
74 chemicals.

If the chemical has a boiling point of greate
than 212°F (100°C) and has a vapor pressure
less than 0.5 millimeters of mercury unde
ambient conditions, the material was screen
from further analysis.  This criterion wa
developed based on an American Conference
Governmental Industrial Hygienists
(ACGIH 1992) hazard index (HI) (which
assigns a low vaporization/dispersion hazard
materials with boiling points greater than 212°
[100°C]) and the EPA List of Regulated
Substances and Thresholds for Acciden
Release Prevention.  (The latter establishe
criterion of a vapor pressure of less than 0.
inch [0.5 millimeter] of mercury under ambien
conditions for toxic liquids to capture mos
substances that have a relatively low volatili
but may still pose an airborne hazard 
accidental release [40 CFR 68].)  Application 
this criterion further reduced the list to 3
chemicals.

For each of the 37 chemicals, ALOHA™
dispersion modeling was performed using 
largest inventory in the 1992 ACIS databas
Adverse dispersion conditions were used 
determine whether concentrations as great
ERPG–3 would occur at a distance of 328 fe
(100 meters) (the approximate distance 
noninvolved workers and general publ
access).  Ten chemicals were found to produ
ERPG–3 concentrations at distances beyo
328 feet (100 meters):  boron trifluoride
bromine, chlorine, formaldehyde, methy
hydrazine, nitric acid, phosgene, phosphoro
oxychloride, selenium hexafluoride, and thion
chloride.

In addition to the ten chemicals to survive th
above screening process, the following sev
chemicals were identified in the “significan
chemicals in hazard analysis” table of th
G–33
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LANL hazard assessment document
(LANL 1995a), and were included for analysis:
diborane, fluorine, hydrogen cyanide, hydrogen
fluoride, nickel carbonyl, perfluoroisobutylene,
hydrochloric acid, and sulfur dioxide.  In
addition, a review of the TA–3–170
Compressed Gas Processing Facility inventory
resulted in the addition of nitric oxide to the list
of chemicals of concern. 

An information request was submitted to LANL
for storage locations, quantities, physical form,
units of measurement, and other associated
information for these 18 chemicals.  Upon
receipt of the information from LANL, the
materials were aggregated into storage
locations, converted into common units of
measurement, and adjusted for concentration.
This process resulted in 183 chemical sources at
78 storage locations.  The resulting chemical
inventories were then modeled to determine
which facilities contained total quantities that, if
released, would exceed ERPG–3 concentrations
at 328 feet (100 meters) under conservative
daytime atmospheric dispersion conditions.
This modeling identified chemical sources at
the storage locations shown in Table G.3.3.1–1.  

The initial data source, as indicated above, was
the 1992 ACIS baseline data.  The following
information sources were utilized to find
additional storage locations and potential
release sites for these chemicals:

• The 1995 ACIS Database, which contains a 
listing of the chemicals ordered on an 
annual basis

• TA–54 Area L (hazardous waste 
management facility) gas cylinder 
inventory

• STORES Database
• Cheaper Database (recycled chemicals) and 

Gas Plant Database
• Facility-Specific SARs, Safety 

Assessments (SAs), and other safety 
documentation

• LANL Spill Prevention, Control and 
Countermeasure (SPCC) Plan

• Facility interview and walkdown data 
collection forms

The results in Table G.3.3.1–1 were examin
with a further consideration of populatio
distributions surrounding the release sites an
for heavy gases, consideration of whether t
potential atmospheric transport to populat
areas would be interrupted by canyons.  Bas
on these considerations, a number of relea
sites were screened from further consideratio
The results of this initial binning effort are
shown in Table G.3.3.1–2.  

The release sites and chemicals surviving t
initial binning effort were then plotted on a ma

TABLE  G.3.3.1–1.—Preliminary ALOHA™ 
Chemical Screening Results

CHEMICAL LOCATION

Sulfur Dioxide TA–54–216

Hydrochloric Acid TA–55–249

Hydrogen Cyanide TA–3–66

Nitric Acid TA–50–1

TA–50–5

TA–55–4

TA–59–1

Selenium Hexafluoride TA–54–216

Chlorine TA–00–1109

TA–00–1110

TA–00–1113

TA–00–1114

TA–3–476

TA–16–560

TA–33–200

TA–46–340

TA–54–1108

TA–55–4

TA–72–3

TA–73–9

Fluorine TA–54–216

Hydrogen Fluoride TA–54–216

TA–55–4
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TABLE  G.3.3.1–2.—Preliminary Binning of Chemical Accident Release Sites

CHEMICAL
RELEASE 

SITE
PRELIMINARY BINNING COMMENTS

Chlorine TA–00–1109 Retained for detailed analysis; located on the edge of a neighborhood

TA–00–1110 Retained for detailed analysis; located on the edge of a neighborhood

TA–00–1113 Screened; located in a canyon; any impacts bounded by TA–0–1109/1110

TA–00–1114 Screened; located in a canyon; any impacts bounded by TA–0–1109/1110

TA–03–476 Retained for detailed analysis; large LANL workforce nearby; intervening 
canyon prevents heavy gas transport to Los Alamos townsite

TA–16–560 Screened; located at a site with no public receptors; impacts bounded by 
TA–03–476

TA–33–200 Screened; located at a remote site with no public receptors and a very small 
LANL workforce population (less than 10); impacts bounded by TA–03–476

TA–46–340 Screened; no credible accidents; release site is in a canyon; heavy gas plume 
will dissipate prior to reaching distant public receptors

TA–54–1008 Screened; located at a remote site with no public receptors; impacts bounded by 
other chemicals released from TA–54–216 (closer to LANL workforce)

TA–55–4 Retained for detailed analysis; intervening canyon prevents transport to public 
receptors; large LANL workforce population (TA–35, TA–48, TA–50, & 

TA–55)

TA–72–3 Screened; located at a remote site with no public receptors; canyon prevents 
transport of a heavy gas to populated areas

TA–73–9 Screened; located on a hill; heavy gas transport will be predominantly 
downslope into a canyon, away from public receptors and LANL workforce at 

TA–00 locations

Fluorine TA–54–216 Screened; impacts bounded by sulfur dioxide and selenium hexafluoride

Hydrochloric Acid TA–55–249 Retained for detailed analysis

Hydrogen Cyanide TA–03–66 Retained for detailed analysis

Hydrogen Fluoride TA–54–216 Screened; impacts bounded by sulfur dioxide and selenium hexafluoride

TA–55–4 Screened; bounded by release of chlorine at the same site

Nitric Acid (80%) TA–50–1 Screened; impacts bounded by chlorine and nitric acid release at TA–55–4

TA–50–5 Screened; impacts bounded by chlorine and nitric acid release at TA–55–4

TA–55–4 Retained for detailed analysis (large LANL workforce population at TA–55)

TA–59–1 Screened; largest container is 2.6 gallons, bounded by much larger potential 
releases at other facilities

Selenium 
Hexafluoride

TA–54–216 Retained for detailed analysis

Sulfur Dioxide TA–54–216 Retained for detailed analysis; other sites screened, bounded by release at 
TA–59–216
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of Los Alamos County and evaluated based on
the population grids (on-site and off-site)
surrounding the respective chemical storage
location.  The population distributions for
chemical release sites were generated from
1990 Census data and current LANL TA
populations as described above.  The evaluation
considered the probability that the wind would
blow in the direction of the population at the
time of release. 

In addition, the chemical storage locations were
separated into the following bins relating to the
potential accident scenario: natural phenomena
hazards (e.g., seismic events), process hazards,
and man-made hazards.  This final binning
effort is portrayed in Table G.3.3.1–3.     

Formaldehyde at TA–43–1, which was
originally screened as resulting in
concentrations less than ERPG–3 at 328 feet
(100 meters) under conservative daytime
dispersion conditions, was added back to the list
on the basis that it represents the largest LANL

inventory of a readily dispersible carcinoge
from the 51 confirmed, suspected and anim
carcinogens in the site inventory.

G.3.3.2 Assumptions Inherent in the 
Screening

The following assumptions are inherent in th
process:

• All hazardous LANL chemicals are in the 
MULTUS database.

• All hazardous LANL chemicals of 
significant inventory are in the LANL 
ACIS database or otherwise captured in th
safety documentation and walkdowns.

• There are no readily dispersible particles 
that pose significant accident release 
consequence and that are not otherwise 
captured in the human health analyses an
or in the site-wide and other accident 
scenarios.

TABLE  G.3.3.1–3.—Final Chemical Accident Binning

CHEMICAL
RELEASE 

SITE
PROCESS 
HAZARD

MAN-MADE 
HAZARD

NATURAL 
PHENOMENA 

HAZARD
CARCINOGEN

Chlorine TA–00–1109 X X

TA–00–1110 X X

TA–03–476 X

TA–55–4 X X

Formaldehyde TA–43–1 X X

Hydrochloric Acid TA–55–249 X

Hydrogen Cyanide TA–03–66 X

Nitric Acid TA–55–4 X

Selenium Hexafluoride TA–54–216 X X

Sulfur Dioxide TA–54–216 X X

Note:  These releases are heavy gas releases except for selenium hexafluoride and hydrogen chloride.  Heavy gases in h
concentrations would not be capable of crossing canyons from mesa to mesa, but would instead flow down into the cany
and proceed downslope.  Such diversion into canyons is not modeled by ALOHA™, which is a flat terrain model.  Heavy 
behavior has been taken into account manually in the affected population results shown above.  The formaldehyde releas
TA–43–1 was screened on chemical consequence results.  However, it was retained because it represents the largest inv
of a readily dispersible carcinogenic chemical.
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• There are no solid (nondispersible) 
pyrophoric materials posing a release 
hazard of significant consequence that were 
not captured or bounded in one of the 
accidents considered.

• Gases were modeled as a 10-minute release 
(rather than an instantaneous release) in 
accordance with the EPA Risk Management 
Plan Off-site Consequence Analysis 
Guidance (EPA 1996) and the EPA/FEMA/
DOT Technical Guidance For Hazards 
Analysis (EPA 1987).  However, 
instantaneous release may be possible for 
some gases, producing much higher 
concentrations (though for a shorter time).

• The terrain around LANL facilities is 
relatively flat in the first several hundred 
meters, and when not, this does not 
dramatically change the concentrations 
from those produced by ALOHA™.

• The surface around LANL facilities is 
represented by the surface roughness in the 
ALOHA™ model, which in turn affects the 
dispersion rate.

• The averaging time inherent in ALOHA™ 
does not smooth, to an average less than 2 
parts per million, dangerously high 
momentary concentrations that would exist 
beyond 328 feet (100 meters).

These assumptions are reasonable for screening
because the resultant screening is sufficiently
conservative to have a reasonable assurance of
capturing all chemicals and chemical locations
that pose a risk to the public and workers outside
the facility.

G.3.4 Facility Radiological Accident 
Screening

G.3.4.1 Methodology for 
Consequence Screening

To facilitate radiological facility accident
screening, integrated population exposure was
established as an evaluation criterion.

Consequences were calculated for the releas
a unit of material and multiplied by the sourc
term magnitude to obtain approximat
consequences for screening.  The calculatio
were performed with the MACCS 2 code (a
described in section G.2.4) for both ground lev
releases and elevated releases (which var
from 18.3 to 100 meters, depending on t
facility and the scenario of interest).  Th
following distance intervals were used in eac
of the 16 compass directions:  0 to 1 kilomete
1 to 2 kilometers, 2 to 3 kilometers, 3 t
4 kilometers, 4 to 8 kilometers, 8 to
12 kilometers, 12 to 20 kilometers, 20 t
30 kilometers, 30 to 40 kilometers, 40 t
60 kilometers, and 60 to 80 kilometers.

G.3.4.2 Source Terms

For radiological accidents, there are two sour
terms of interest:  the initial source term and t
suspension source term.  The initial source te
is the radioactive material driven airborne at t
time of the accident.  The suspension sour
term is the radioactive material that becom
airborne subsequent to the accident as a resu
evaporation, winds, or other processes.  F
most DOE nonreactor facilities, the dose fro
inhalation exposure dominates the overall do
from accidents.

Source terms were estimated based on 
accident progression for the scenario bei
considered.  DOE Handbook 3010-94, Airborne
Release Fractions/Rates and Respirab
Fractions for Nonreactor Nuclear Facilities
(DOE 1994d), was used as the prima
reference for calculation of source terms.  DO
Standard 3014-96 (DOE 1996c), which cove
aircraft crash accidents, has a separate sou
term methodology identified in Table II of the
standard.  Although it is stated to be based 
DOE Handbook 3010-94, it is more
conservative than the handbook.  In order 
maintain consistency across the accide
analyses, and in accordance with the provisi
in Section 7.2.5 of the DOE standard, whic
G–37
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provides that other methods can be used if
justified, the DOE Handbook 3010-94 source
term methodology has been applied to the
aircraft crash accidents in this SWEIS.

MAR estimates were obtained from safety
documentation and verified during the course of
facility walkdowns.  Two source term equations
are used:  one for the initial source term and one
for the subsequent continuing suspension source
term.  The initial equation has the following
general form:

Initial Source Term = (MAR) x (DR) x (ARF) x 
(RF) x (LPF)

where:

MAR = Material-at-risk (quantity of material
available to be acted on by a given physical
stress)

DR = Damage ratio (the fraction of the MAR
actually impacted by the accident-generated
conditions)

ARF = Airborne release fraction (the fraction of
the material suspended in the air as an aerosol
and, thus, available for transport due to the
physical stresses from a specific accident or due
to operation of HVAC systems)

RF = Respirable fraction (the fraction of the
aerosols that can be transported through the air
and inhaled into the human respiratory system,
commonly assumed to include particles of
10 micrometers aerodynamic equivalent
diameter or less)

LPF = Leak path factor (the fraction of the
respirable aerosols transported through some
confinement or filtration mechanism)

The suspension source term equation has the
following general form:

Suspension Source Term = (MAR) x (DR) x 
(ARR/hr) x (24 hrs) x (RF) x (LPF)

where:

MAR = Material-at-risk

DR = Damage ratio

ARR/hr = Airborne release rate per hour

RF = Respirable fraction

24 hrs = Suspension calculational time period

LPF = Leak path factor

Note that the suspension source term includ
all processes whereby material continues 
become airborne.  This includes evaporation
liquids, continuing leaks, and resuspension 
air motions of material initially deposited.  It is
referred to as “suspension” to delineate it fro
resuspension, a term reserved for resuspens
of deposited materials previously airborne.

G.3.4.3 Identification of Accident 
Scenarios

Two primary types of data sources were used 
radiological accident analysis:  (1) safe
documentation, including SAs, hazard analys
(HAs), process hazard analyses (PrHAs), PRA
and SARs; and (2) facility walkdown/interview
data collection forms.  Documentation relie
upon for the radiological facility acciden
analysis included the following:

• The draft facility descriptions and hazard 
classification document for LANL, 
prepared by the LANL SWEIS Project 
Office (LANL 1995a)

• Descriptions of alternatives for key 
facilities prepared by the LANL SWEIS 
Project Office (LANL 1997c and LANL 
1998a)

• The LANL seismic hazard evaluation 
(Wong et al. 1995)

• The LANL aircraft crash hazard evaluation
(LANL 1996c)
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• Various LANL memoranda and 
miscellaneous documentation

• Basis for Interim Operation, Operational 
Safety Requirements, and Technical Safety 
Requirements for various LANL facilities

• Environmental Assessments (EAs) and 
EISs

• Various DOE guidance documents
• DOE orders and standards
• Other nuclear industry data sources (e.g., 

Swain and Guttmann 1983 and Mahn et al. 
1995)

Based on the results of the review of facility
safety documentation and the facility
walkdown/interview data collection process,
a large suite of accident scenarios were
identified and their consequences quantified
by conservative screening methods.
Table G.3.4.3–1 provides a consolidated listing
of all of the various scenarios that were
subjected to the conservative consequence
screening analysis.  Only those scenarios that
were shown on a conservative screening basis to
be potentially risk-dominant were then
subjected to a more detailed analysis.  (These
are listed in Table G.4–1).

G.3.4.4 Addition of Site-Wide 
Wildfire to Screening 
Results

In the screening methodology, wildfire was not
put into the list of natural phenomena hazards
that might initiate accidents.  Instead, the DOE
initially treated wildfire as a subset of manmade
fires (Table G.3.1–1).  Manmade fires were
considered at individual facilities, but were
eliminated as the most frequent accident
initiator, or the bounding or representative
accident for the facility. Because of this, and
because wildfires are not common in facility-
specific hazard analysis documents, site-wide
wildfires escaped consideration in the Draft
SWEIS.  At the same time, there was a general
recognition of the threat to LANL, as evidenced

by the multiple agency cooperation in a
ongoing fuel reduction effort. This oversigh
was brought to the DOE’s attention during th
public hearings on the Draft SWEIS, and a
analysis was immediately begun with inpu
from the Española District of the Santa F
National Forest, the Bandelier Nationa
Monument of the National Park Service, the Lo
Alamos Fire Department, and LANL
departments and personnel.  The final analy
appears as SITE–04.

G.3.5 Worker Accident Screening

Analysis of worker accidents was performed 
provide estimates of potential health effec
from chemical and radiological exposure fo
involved workers.  (For purposes of thi
SWEIS, workers within the TA where the
accident occurs are defined as “involve
workers,” and other on-site LANL employee
are defined as “noninvolved workers.”
Because worker health risk from industria
accidents (falls, electrical shock, crushing, et
dominates over worker health risk from
exposure from radiological and chemica
accidents, worker accident analysis is not 
extensive or detailed as that for public impac
Also, there are far more low energy even
whose impacts are highly dependent up
worker location and the details of the acciden

Worker accidents were reviewed qualitative
in order to arrive at a list of accidents that 
representative of the accident potential at LAN
under the four alternatives.  The process us
was similar to the analysis of accidents wi
public impact.  The purpose of the separa
worker accident screening was to identi
whether there are accident scenarios that co
have greater consequence to workers than 
worker consequence associated with the pub
accident scenarios.

Data to support the accident analysis we
obtained from a variety of sources, both facility
and site-specific as well as from industrial an
G–39
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TABLE  G.3.4.3–1.—Consolidated List of Accidents Subjected to 
Radiological Consequence

MATERIAL 
TYPE

HAZARD TYPE (PROCESS, 
MAN-MADE, NATURAL 

PHENOMENA)

FACILITY AND SCENARIO 
DESCRIPTION

ANNUAL 
FREQUENCY 

BIN

Highly Enriched 
Uranium, 
Depleted 
Uranium, 
Plutonium, 
Tritium, TRU

Natural Phenomena Multiple facilities, site-wide earthquake 
resulting in structural damage or collapse

10-6 to 10-4

Highly Enriched 
Uranium

Process TA–3–29, fire/explosion in ULISSES solvent 
extraction line or HEU foundry

10-4 to 10-2

Process TA–3–29, inadvertent criticality event due to 
multiple procedural violations and/or 

equipment failures

Man-Made TA–3–29, aircraft crash and fire 10-6 to 10-4

Process TA–18–116, power excursion leading to fuel 
melting

10-6 to 10-4

Process TA–3–66, foundry fire 10-4 to 10-2

Plutonium Man-Made TA–3–29, natural gas pipeline failure, 
ingestion of gas into building, explosion and 

fire

10-6 to 10-4

Process TA–18–116, reactivity excursion, melting of 
Pu sample

10-6 to 10-4

Man-Made TA–50–1, nonprocess-related boiler 
explosion, damage to clariflocculator

10-2 to 10-1

Process TA–55–4, inadvertent criticality event due to 
multiple procedural violations and/or 

equipment failures

10-6 to 10-4

Process TA–55–4, ion exchange column exothermic 
reaction and explosion, failure of HEPA 

filters

10-6 to 10-4

Process TA–55–4, explosion and fire in hydride-
dehydride glovebox, failure of HEPA filters

10-6 to 10-4

Process TA–55–4, human error resulting in dropped 
plutonium oxide powder container, failure of 

HEPA filters

10-4 to 10-2

Process TA–55–4, fire in heat source plutonium 
glovebox, fire suppression inoperable, HEPA 

filtration ineffective

10-6 to 10-4

Process DARHT, inadvertent detonation < 10-6

Process DARHT, loss of containment 10-7 to 10-6
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Depleted 
Uranium

Process TA–3–66, foundry fire 10-4 to 10-2

Tritium Process TA–16–205, inadvertent opening of LP–50 
container

10-2 to 10-1

Process TA–16–205, high pressure gas handling 
system failure, ventilation isolation failure

10-4 to 10-2

Process TA–16–205, tritium waste treatment system 
failure, ventilation isolation failure

10-4 to 10-2

Process TA–21–155, release of tritium from 
nonsecondary contained system during 
maintenance, or release of tritium from 

glovebox due to leaking component

10-2 to 10-1

Process TA–21–155, distillation column failure, 
vacuum jacket failure, fire

10-6 to 10-4

Process TA–21–155, tritium leak, tritium waste 
treatment system failure

10-4 to 10-2

Man-Made TA–21–155, aircraft crash and fire 10-6 to 10-4

Process TA–21–209, molecular sieve regeneration 
error

10-4 to 10-2

Man-Made TA–21–209, aircraft crash and fire 10-4 to 10-2

Man-Made TA–54–1027, TA–54–1028, TA–54–1029, 
and TA–54–1041, unsuppressed wild fire, 
aircraft crash and fire, or truck fuel system 
leak and fire at tritium waste storage sheds

10-6 to 10-4

Process TA–55–4, special recovery line de-inerting 
and fire

10-6 to 10-4

TRU Waste Man-Made TA–50–37, aircraft crash and fire 10-4 to 10-2

Process TA–50–69, TRU waste drum puncture by 
forklift outdoors

10-4 to 10-2

Man-Made TA–50–69, truck fuel system leak and fire at 
outdoor container storage area

10-4 to 10-2

Man-Made TA–54–38, truck fuel system leak and fire at 
outdoor container storage area

10-4 to 10-2

Man-Made TA–54–229, TA–54–230, TA–54–231, and 
TA–54–232, aircraft crash and fire or 

unsuppressed wild fire at TWISP storage 
domes

10-6 to 10-4

TABLE  G.3.4.3–1.—Consolidated List of Accidents Subjected to 
Radiological Consequence-Continued

MATERIAL 
TYPE

HAZARD TYPE (PROCESS, 
MAN-MADE, NATURAL 

PHENOMENA)

FACILITY AND SCENARIO 
DESCRIPTION

ANNUAL 
FREQUENCY 

BIN
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nuclear generic databases and compilations.
Data sources included the following:

• Safety and hazard analysis documentation
• Data forms generated during the facility 

walkdowns
• LANL SWEIS alternatives documentation: 

generic data from industry and nuclear 
facilities including the following:
— Component Failure Rate Data with 

Potential Applicability to a Nuclear 
Fuel Plant (Dexter and Perkins 1982)

— General Component Failure Data Base 
for Light Water and Liquid Sodium 
Reactor PRAs (Eide et al. 1990)

— Handbook of Human Reliability 
Analysis with Emphasis on Nuclear 
Power Plant Application (Swain and 
Guttman 1983)

— Natural Phenomena Hazards Modeling 
Project: Seismic Hazard Models for 
Department of Energy Sites (Coats and 
Murray 1984)

— Office of Nuclear and Facility Safety, 
Office of Environment, Safety and 
Health, U.S. Department of Energy, 
Washington, DC.  Maintains and 
compiles a series of databases and 
reports on worker accidents in DOE 
facilities, including:  (1) Occurrence 
Reporting and Processing System 
(ORPS) reports for LANL and other 
DOE facilities; (2) Office of Operating 
Experience Analysis and Feedback, 
Safety Notices; and (3) Office of 
Operating Experience Analysis and 
Feedback, Operating Experience 
Weekly Summary

— Occupational Safety and Health 
Administration Form 200 Injury/Illness 
Reports for LANL and other DOE 
facilities

The summary listing identified more than 600
potential worker accident scenarios.  Potential
worker accident scenarios were then sorted by

material hazard and initiators and ranke
according to relative risk.  Risk wa
qualitatively assigned on the basis of th
frequency and consequence ranking matrix 
hazard evaluation described in DOE Standa
3009-94 (DOE 1994a) and shown i
Figure G.1.1–1.  The array of worke
accidents was not dissimilar from the array 
accidents with public impact, so that the work
accident component of the selected pub
accidents also provides a representative pict
of the worker accident potential.  

There are, however, some accidents that p
risk to workers but not to the public.  An
example is the medical research at TA–43–
field work on small mammal capture and bloo
sampling, where the exposures to workers a
localized and the exposure to the populati
from a release would be mitigated b
environmental attenuation.  Another exceptio
is energetic hazards, where potential hazardo
sources do not involve the public.  Examples 
energetic hazards are:

• High explosives
• Laser
• Pressurized gas
• Radiofrequency
• Liquid nitrogen/cryogen
• Neutron generator
• High pressure
• Hydrogen

Representative energetic hazard accide
include:

• Low pressure steam line failures 
(TA–16–205)

• Failure of cryogenic systems (TA–3–170, 
liquid nitrogen and liquid argon; 
TA–3–1698, liquid nitrogen; TA–16–205, 
liquid nitrogen; and TA–21–155, liquid 
nitrogen)

• Rupture of nontoxic gas bottles 
(TA–15–184, TA–50–1, TA–50–69, 
TA–54–39, and TA–59–1)
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• Failure of noncombustible gas tube trailer 
(TA–3–29 and TA–50–69)

• Failure of pressurized gas lines 
(TA–16–205, TA–16–411)

• Electrical shock (all facilities)
• Laser accidents (TA–3–1698)
• Electromagnetic fields (TA–15–312 and 

TA–53)
• High explosive detonation (TA–15–184, 

TA–15–312, TA–16–260, TA–16–340, and 
TA–16–411)

The ranked worker accident scenarios were then
compared to the public impact accidents with

comparable risk rankings.  From the review 
the chemical and radiological accidents selec
for detailed quantification of public risk, as we
as a screen of these accidents against the wo
accidents, the following worker accidents we
selected for more detailed evaluation:

• Inadvertent high explosives detonation
• Biohazard contamination of a single worke
• Inadvertent criticality event
• Inadvertent exposure to electromagnetic 

radiation (x-rays, accelerator beam, laser, 
RF source)
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G.4 EVALUATION  OF RISK-
DOMINANT  ACCIDENTS

The risk-dominant accidents that were selected
for detailed evaluation and impact
quantification are shown in Table G.4–1.  These
are five site-wide accidents (earthquakes of
varying severity and a wildfire), six chemical
accidents, sixteen radiological accidents, and
four worker hazard accidents.   

G.4.1 Accident Frequency 
Assessment

This section contains the methodology used to
determine the frequency of the different
accident scenarios.  The resulting frequencies,
summarized in Table G.4.1–1, cover a wide
frequency range.  To place these frequencies in
perspective, Table G.1.5–1 (section G.1 of this
chapter) gives the probability of some natural
phenomena at LANL and the probability of
large meteors impacting somewhere in the
world.

G.4.1.1 Earthquake Frequencies

The frequency of accidents arising from
earthquakes is predicated upon a methodology
set forth in DOE Standard 1020-94, Natural
Phenomena Hazards Design and Evaluation
Criteria for Department of Energy Facilities
(DOE 1994e).  Conceptually, the earthquake
accident frequency assessment considers two
parameters:  (1) the frequency per year that
earthquakes of different ground acceleration
levels occur and (2) the conditional probability
of component or structural failure, given those
ground accelerations.

In practice, facilities are designed for
earthquakes according to their hazard potential.
The design  for general industry is based on the
Uniform Building Code (UBC), which has
evolved considerably over the period of time
during which currently active facilities at LANL

have been constructed (early 1950’s through 
1990’s).  DOE nuclear facilities have desig
basis earthquake standards (depending upon
hazard potential of the facility) and performanc
requirements for avoiding hazardous mater
releases.  

The treatment of earthquakes in facility safe
documentation varies from the simpl
(screening earthquakes based on meeting 
design basis earthquake guidance) to t
bounding (assuming complete structur
collapse) to the detailed (seismic marg
analysis).  In order to try to place the assessm
of system and structural response for all LAN
facilities on a consistent basis, estimates we
made of a parameter known as the hi
confidence in low probability of failure
(HCLPF).  This is the ground acceleration lev
at which the analyst is very confident that th
probability of failure is very low.  The HCLPF
value can be mathematically related to th
seismic hazard (annual frequency of grou
acceleration) to produce a point estimate 
frequency at which system or structural failu
will occur.

The seismic hazard at LANL was the subject 
a state-of-the-art probabilistic seismic haza
analysis (PSHA) prepared for the laboratory a
DOE by Woodward-Clyde Federal Service
The methodology used in the study is similar 
(but more advanced in some areas) th
approved by the U.S. Nuclear Regulato
Commission (NRC) for commercial nuclea
power plant sites located east of the Roc
Mountains.  The PSHA produces a variety 
results expressing the annual frequency 
ground motion at the LANL site.  Among th
more important results and implications of th
LANL PSHA are the following:

• Many important facilities at LANL were 
designed and constructed in the 1950’s 
through the late 1970’s and do not compa
favorably with current DOE seismic design
requirements.
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TABLE  G.4–1.—Risk-Dominant Accidents at LANL

PROCESS HAZARD ACCIDENTS

CHEM–01 Single cylinder release of chlorine (150 pounds) from a potable water chlorinator (TA–00–110
bounding) due to equipment failure or human error during chlorine cylinder replacement or 
maintenance activities

CHEM–03 Single cylinder release of chlorine (150 pounds) from toxic gas cylinder storage facility 
(TA–3–476) due to human error during cylinder handling or cylinder deterioration due to 
unintended long-term exposure to weather

CHEM–06 Chlorine gas release (150 pounds) from a process line at the Plutonium Facility (TA–55–4) d
to mechanical damage to a supply manifold

RAD–03 Reactivity excursion accident at Pajarito Site Kiva #3 (TA–18–116) with Godiva-IV outside th
kiva, vaporizing part of the highly enriched uranium fuel and melting the remainder

RAD–04 Inadvertent detonation of a plutonium-containing assembly at or near the DARHT Facility firin
point, resulting in an elevated, explosive-driven release of plutonium (TA–15)

RAD–09 Transuranic waste drum failure or puncture at TA–54, Area G (bounding)

RAD–10 Plutonium release from a degraded storage container in the Plutonium Facility (TA–55–4) va
during container retrieval (Note:  Determined by detailed analysis to be a worker accident on

RAD–11 Container breach after detonation of a plutonium-containing assembly at the DARHT firing 
point (TA–15), resulting in a ground-level release of plutonium

RAD–13 Plutonium melting and release accident at Pajarito Site Kiva #3 (TA–18–116)

RAD–14 Plutonium release from ion exchange column thermal excursion at TA–55–4 (Note:  Determin
by detailed analysis to be a worker accident only.)

RAD–15 Plutonium release from hydride-dehydride glovebox fire at TA–55–4 (Note:  Determined by 
detailed analysis to be a worker accident only.)

WORK–01 Worker fatality due to inadvertent high explosive detonation

WORK–02 Worker illness or fatality due to inadvertent biohazard contamination

WORK–03 Multiple worker fatality due to inadvertent nuclear criticality event

WORK–04 Worker injury or fatality due to inadvertent electromagnetic radiation exposure (x-ray, 
accelerator beam, laser, or RF source exposure)

MAN-MADE HAZARD ACCIDENTS

CHEM–02 Multiple-cylinder chlorine release (1,500 pounds) due to explosion or unsuppressed fire 
affecting a toxic gas storage facility (TA–3–476)

CHEM–04 Single cylinder release of toxic gas (selenium hexaflouride, historical bounding chemical) from
the legacy toxic gas storage facility (TA–54–216) due to random cylinder failure or a forklift 
accident

CHEM–05 Cylinder release of toxic gas (sulfur dioxide, historical bounding chemical) from the legacy tox
gas storage facility (TA–54–216) due to a fire, a propane tank boiling-liquid expanding vapor 
explosion (BLEVE), or a propagating random failure

RAD–01 Plutonium release due to container storage area fire involving transuranic waste drums 
(TA–54–38) 

RAD–02 Plutonium release due to natural gas pipeline failure near TA–3–29, with no immediate ignitio
ingestion of gas into facility, followed by explosion and fire

RAD–05 Aircraft crash with explosion and/or fire at TA–21 resulting in a tritium oxide release
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RAD–06 Aircraft crash with explosion and/or fire at TA–50–37, resulting in a plutonium release from 
transuranic waste drums  (Note:  Retained based on preliminary calculations; final calculation
determined that this accident screened on frequency less than 1 x 10-7 per year.)

RAD–07 Plutonium release due to container storage area fire involving transuranic waste drums 
(TA–50–9) 

RAD–08 Aircraft crash with explosion and/or fire at the transuranic waste dome area at TA–54 
(TA–54–229, TA–54–230, TA–54–231, and TA–54–232)

RAD–16 Aircraft crash with explosion and/or fire at TA–3–29 resulting in a plutonium release

NATURAL PHENOMENA HAZARD ACCIDENTS

SITE–01 Site-wide earthquake, resulting in damage to low capacity structure or internal components a
multiple facilities

SITE–02 Site-wide earthquake, resulting in damage to moderate capacity structures or internal 
components at multiple facilities

SITE–03 Site-wide earthquake, resulting in structural damage or collapse to all facilities 

SITE–03, 
Surface Rupture

Site-wide earthquake with accompanying surface rupture on subsidiary faults, resulting in 
structural damage or collapse to all facilities

SITE–04 Site-wide wildfire, consuming combustible structures and vegetation.

RAD–12 Plutonium release from a seismically initiated event

TABLE  G.4–1.—Risk-Dominant Accidents at LANL-Continued
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TABLE  G.4.1–1.—Accident Annual Frequency Results, by Alternative

ACCIDENT 
SCENARIO

NO ACTION
EXPANDED 

OPERATIONS
REDUCED 

OPERATIONS
GREENER

SITE–01 2.9 x 10-3 same same same

SITE–02 4.4 x 10-4 same same same

SITE–03 7.1 x 10-5 same same same

SITE–03, 
Surface Rupture

1 to 3 x 10-5 same same same

SITE–04 0.1 same same same

CHEM–01 1.2 x 10-3 1.3 x 10-3 1.1 x 10-3 1.2 x 10-3

CHEM–02 1.3 x 10-4 1.5 x 10-4 1.2 x 10-4 1.3 x 10-4

CHEM–03 1.2 x 10-4 same same same

CHEM–04 4.1 x 10-3 same same same

CHEM–05 5.1 x 10-4 same same same

CHEM–06 6.3 x 10-2 same same same

RAD–01 1.6 x 10-3 same same same

RAD–02 < 10-6 (Incredible) same same same

RAD–03 3.4 x 10-6 4.3 x 10-6 3.4 x 10-6 3.4 x 10-6

RAD–04 < 10-6
 
(Incredible) same same same

RAD–05 3.8 x 10-6 (TSTA)
5.3 x 10-6 (TSFF)

same same same

RAD–06 < 10-6 (Incredible) same same same

RAD–07 1.5 x 10-4 3.0 x 10-4 1.1 x 10-4 1.5 x 10-4

RAD–08 4.3 x 10-6 same same same

RAD–09 4.1 x 10-3

0.4
4.9 x 10-3

0.49
3.9 x 10-3

0.38
4.1 x 10-3

0.4

RAD–10 < 10-6 (Incredible) same same same

RAD–11 < 10-6 (Incredible) same same same

RAD–12 1.5 x 10-6 same same same

RAD–13 1.6 x 10-5 same same same

RAD–14 < 10-6 (Incredible) same same same

RAD–15 3.2 x 10-5 same same same

RAD–16 3.5 x 10-6 same same same

WORK–01 0.001 to 0.01 same same same

WORK–02 0.01 to 0.1 same same same
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WORK–03 < 1.0 x 10-5 same same same

WORK–04 0.01 to 0.1 same same same

WORK–05 0.23 same same same

TABLE  G.4.1–1.—Accident Annual Frequency Results, by Alternative-Continued

ACCIDENT 
SCENARIO

NO ACTION
EXPANDED 

OPERATIONS
REDUCED 

OPERATIONS
GREENER
G–48



Accident Analysis

ing

 

 

d
he
s

ut
In
e

ent.
d

ly
r

s
st
t
o
t
,
e
ic

nd

 of
ite
ble
A

• Earthquakes simultaneously affect all 
LANL facilities.

• All risk-significant facilities at LANL are 
located within 3.5 miles (5.6 kilometers) of 
the Pajarito Fault, which runs parallel to the 
western boundary of LANL and slopes 
down-to-the-east under the laboratory.  The 
Pajarito Fault, along with the Embudo Fault 
(which runs to the north of LANL), is the 
principal source of large ground motions at 
LANL.

• The PSHA indicates that, for all eight 
LANL locations for which detailed 
calculations were performed, the frequency 
of a 1.0 g (where “g” is the acceleration due 
the Earth’s gravity) peak horizontal ground 
acceleration is approximately 1 x 10-5 years 
(about once in one hundred thousand 
years), which is both well within the bounds 
of what is considered to be “credible” under 
NEPA (DOE 1993a) and large enough to 
heavily damage essentially all LANL 
facilities.

In order to evaluate earthquake damage to
LANL facilities, HCLPF values were estimated
based on a variety of sources of information,
including detailed seismic margin studies1 (e.g.,
TA–3–29 and TA–55–4) and safety
documentation.  Where no detailed information
was available, HCLPF values were based on
expert judgment and facility walkdowns.  The
HCLPF values were mathematically related to
the PSHA results such that the HCLPF value is
directly related to an annual frequency of
occurrence.  When this was done, the
frequencies of failure of the facilities fell into
three groupings for which the frequencies of
occurrence differ by only a factor of 3 to 4
within the group.  Considering the approximate
method used to generate the results, this is
considered to represent appropriate groupings
for accident analysis purposes.  The three

earthquake scenarios, and their correspond
frequencies, are as follows:

• SITE–01, HCLPFs ranging from 0.04 g to 
0.10 g, with a frequency of 3 x 10-3 per 
year, corresponding to failures of 
components and structures with relatively
low seismic capacities.

• SITE–02, HCLPFs ranging from 0.10 g to 
0.25 g, with a frequency of 4 x 10-4 per 
year, corresponding to failures of 
components and structures with moderate
seismic capacities.

•  SITE–03, HCLPFs ranging from 0.25 g to 
0.44 g, with a frequency of 7 x 10-5 per 
year, corresponding to failure of 
components and structures with 
comparatively high seismic capacities.

Seismic studies recently completed an
currently in progress have further evaluated t
potential for ground faulting.  These studie
indicate the possibility of such events is low, b
credible, at some locations on the LANL site.  
addition, the potential of ground faulting at on
facility of concern, the CMR Building, will be
discussed as a subsection of the SITE–03 ev
Section 4.2.2.2 (in volume I, chapter 4) an
appendix I discuss further the recent
completed studies and their implication fo
LANL and DOE.

In practice, with significant analytical resource
assigned, it would be possible to derive robu
HCLPF values and then convolve tha
information with the seismic hazard curve t
identify failure frequencies for all importan
LANL facilities.  However, even were this done
the uncertainties in the results would b
substantial due to the uncertainty in the seism
hazard.  For example, the range in grou
acceleration from the 5th to the 95th percentile,
result at a frequency of 1 x 10-5 per year, is from
0.55 g to more than 1.0 g.  The representation
the earthquake risks by using the three s
accidents identified above provides a reasona
level of resolution for the purposes of NEP
accident analysis.  

1. A Seismic Margin Study is a study undertaken to 
quantify the ability of a structure, system, or component 
to withstand an earthquake greater than it was designed 
for and still achieve its function.
G–49



LANL SWEIS

e
ks
s

 at

l
nd
e

of

 pit

ky
ts
t
d
in
in

s
69
a
s
n

e
gs
gn
all
r
her
ct
nt

e
ts

nd
y.
e
ay
jor
G.4.1.2 Fire and Other Accident 
Frequencies and 1969 
Rocky Flats Fire

Accident frequency assessments were
performed for accidents other than those caused
by earthquakes and aircraft crash using PRA-
based methods and available LANL and
industry data sources.  The accidents were
examined in a step-by-step method that
carefully examined the sequential progression
of the accidents, beginning with an initiating
event and continuing through the chain of
equipment failures, human actions, and
phenomenological events that constitute the
accident scenario.  General guidance for such
calculations is provided in a Sandia National
Laboratories (SNL) publication (Mahn et al.
1995), and this general guidance has been
supplemented by numerous LANL-specific and
other studies in order to provide a defensible
basis for the accident frequency analysis.

It should be recognized that the DOE safety
analysis guidance does not require PRA
calculations to be performed in order to
categorize the likelihood of accident scenarios
(DOE 1994a).  Rather, coarse binning efforts
are undertaken to qualitatively rank the accident
scenarios into frequency bins for the purposes of
hazards analysis.

Fire other than from earthquake and aircraft
crash was postulated to release MAR in several
of the analyses (e.g., RAD–01 and RAD–07).   A
truck fire was considered more likely than other
fire initiators (such as wildfire, lightning, and
forklift fires) in outdoor areas and was used.
However, a leaking fuel system on a truck that
goes unnoticed long enough to pool a large
amount of fuel, then followed with an ignition
capable of igniting the nonvolatile diesel fuel,
has a low frequency that is difficult to quantify.
The same is true for wildfire in paved areas and
for fires initiated by lightning.  However, these
accidents were retained for analysis because the
combined frequency of fires from all causes is

thought to pose a credible accident.  (Th
explosive potential of diesel fuel tanks on truc
and other vehicles is very small and wa
screened out by more likely accident initiators
facilities where trucks might visit.)

In the Final Programmatic Environmenta
Impact Statement for Stockpile Stewardship a
Management (SSM PEIS) (DOE 1996f) th
reassignment of pit manufacturing to LANL
was analyzed.  In the resulting Record 
Decision (ROD) (61 CFR 68014), DOE
discussed the decision made, that is, to move
manufacturing to LANL.  Historically, pit
manufacturing was conducted at the Roc
Flats Plant (now known as the Rocky Fla
Environmental Technology Site [RFETS]).  A
RFETS, a major fire occurred in 1969, an
minor fires occurred on other occasions 
similar accidents.  Plutonium was released 
the 1969 fire-related accident.

To provide a better idea of the difference
between the operations at Rocky Flats in 19
and the operations in TA–55 today, 
description of the 1969 Rocky Flats fire, a
provided by the Atomic Energy Commissio
(AEC) at the time of the fire, is provided below
(AEC 1969).  This description includes th
findings presented by the AEC.  These findin
have since been used to improve desi
characteristics and operating procedures in 
DOE nuclear facilities.  Thus, a simila
sequence of events would not be possible eit
because of built in barriers that would restri
the initiation of such an event or would preve
the propagation of such a fire.

The LANL Plutonium processing facility,
TA–55–4, was designed to correct th
deficiencies that led to the 1969 Rocky Fla
fire.  In the following discussion, the AEC
findings are crosswalked to design features a
operating procedures that exist in TA–55 toda
As demonstrated in this crosswalk, if th
preventative measures that exist in TA–55 tod
were present at Rocky Flats in 1969, the ma
G–50
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fire that resulted in release of plutonium would
not have happened.

Fire is always a concern when working with any
pyrophoric material such as plutonium.
However,  TA–55 was designed with specific
engineering features to prevent fire and is where
plutonium has been worked with, handled, and
stored for many years.  Its past and current
research and development missions have been
specifically focused on understanding
plutonium and its material properties.
Introducing pit production at Los Alamos,
therefore, does not dramatically increase the
potential for fire because TA–55–4 is where
plutonium has been stored, handled, and
processed since the facility’s original inception.  

In fact, the fire at Rocky Flats began in a process
development area not a production area.  The
major differences in TA–55–4 that prevent a
building-wide fire are specific operating
procedures and design features (barriers) that
were established based on lessons learned from
fires such as that which happened at Rocky
Flats.  These barriers prevent the fire from
starting, as well as prevent its spread should a
fire start.  As presented in the following
discussion, the inference that TA–55–4 will
have a building wide fire now that the facility is
producing pits is misleading.

Description of the 1969 Fire at the Rocky 
Flats Plant 

The available evidence indicates that the fire
originated on the lower shelf of the storage
cabinet in Glovebox 134-24 (see
Figure G.4.1.2–1) in the North Line.  Plutonium
briquettes (discs 3 inches [8 centimeters] in
diameter and 1 inch [3 centimeters] thick of
either pressed scrap metal or lathe turnings) and
some loose scrap metal were stored in
uncovered cans in the storage cabinet.  The
exact cause of ignition is unknown; however,
plutonium in the form of chips or lathe turnings
is pyrophoric and caught fire.  The heat from the
burning plutonium metal evidently caused the

storage cabinet, which was constructed mos
of cellulosic laminate material and plastic, t
char and generate flammable gases that m
have been ignited by burning plutonium.   Th
heat of the burning gases may have ignited ot
briquettes and initiated a slow burning of th
storage cabinet materials, particularly in th
cracks between the joined sections of t
cellulosic materials. Regardless of the proce
the fire spread to the outer surfaces of t
cabinet.

The smoke in the exhaust system of the No
Line gradually clogged the filters.  The flame
on the outer surfaces of the cabinet spread to
combustible gloves and plastic windows o
Glovebox 134-24.  Up to this time, the fire wa
still undetected by the few people who were 
the building that day because the smoke, flam
and heat were contained within the glovebo
system.  Because the heat detectors were loca
outside and under Glovebox 134-24 and we
insulated by the floor of the storage cabine
they were incapable of sensing the fir
(Similar detectors elsewhere in the glovebo
system subsequently did function, and the ala
was sounded.)

Once the plastic windows of Glovebox 134-2
were breached, the air rushing in fanned the f
and caused it to spread into the North Convey
Line and into the gloveboxes east of Gloveb
134-24.

The airflow in the North Conveyor Line
normally flowed from east to west.  Howeve
because of the clogged filters, the airflow in th
line reversed and followed the secon
ventilation system, which was part of the North
South Line and the Center Line.  When the fi
reached the North-South Line, it turned sou
because of two factors:  a closed metal door
the North Line and the direction of the airflow
On reaching the Center Line, the fire again we
east because of the airflow.

The first indication of a fire was an alarm
received in the plant’s fire station at 2:27 p.m
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on May 11, 1969, from the heat-sensing system
that monitored temperatures at various locations
in the glovebox systems in Building 776-777.
Although the fire department responded
promptly, the dense smoke, crowded
conditions, and presence of large quantities of
combustible shielding material made the fire
very difficult to fight and extinguish.  Because
of the concern about the possibility of a nuclear
criticality accident (a chain reaction), the
standard firefighting procedures then in effect
for Building 776-777 did not specify the use of
water, except as a last resort.  For this reason,
there was no automatic sprinkler system in this
area of the building.  The first attack on the fire
was made with carbon dioxide and was
ineffective.  Less than 10 minutes after the fire
alarm was received, the fire captain initiated the
use of water. Thereafter, water was used almost
exclusively in the firefighting activities.  No
nuclear criticality occurred.  The fire was
brought under control about 6:40 p.m., but
continued to burn or recur in isolated areas
throughout the night.

The damage to Building 776-777 and its
equipment was extensive.  In addition to the
actual fire and smoke damage, the building was
heavily contaminated internally with plutonium.
Substantial parts of the utility systems within
the building were severely damaged.  Some of
the interconnected buildings sustained minor
interior contamination.  The fire did not breach
the building roof, but slight exterior
contamination was measured on the roof of
Building 776 and an adjoining building,
apparently due to a minor failure of a filter.
Instrument readings indicated a level of
0.02 microcuries per 100 square centimeters
with a few spots up to 0.2 microcuries per
100 square centimeters.  Plutonium also was
tracked out of Building 776 by the firefighters
and was detectable on the ground around the
building.  Survey instrument readings in these
areas indicated from 0.02 to 0.2 microcuries per
100 square centimeters.

AEC Findings on the May 1969 Rocky Flats
Plant Fire

The AEC Report presented the followin
findings from the May 1969 fire at the Rock
Flats Plant (AEC 1969).

• With the available evidence, the AEC has
no basis for concluding that the fire was se
intentionally.  

• The plastic windows contributed heavily to
the spread of the fire and the extent of the
loss.  These windows, a major structural 
part of the containment system, provided 
fuel surface on the inside of the glovebox-
conveyor systems. Continued operation o
the glovebox ventilation systems provided 
supply of air to support the combustion.  
Under these conditions, burning of the 
windows and plutonium would have 
resulted essentially in the same loss as w
experienced even if no other combustible 
materials had been present. 

• Less than 1 percent of the total of almost 
600 tons of combustible radiation shielding
was consumed in the fire.

• The long interconnected conveyor system
without physical barriers provided a path 
for the fire to spread.  The closed metal 
door in the North Line demonstrated the 
effectiveness of even a simple firebreak in
the line.

• The storage of plutonium briquettes in can
without lids provided potential ignition 
sources.

• Without the plastic and cellulosic laminate
cabinet in Glovebox 134-24, it is unlikely 
that a plutonium briquette burning in an 
open metal container would have ignited 
the plastic windows.

• The addition of the storage cabinet, which
nullified the heat-sensing system in 
Glovebox 134-24, prevented an earlier 
warning of fire.
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Crosswalk of Design Barriers and Operating 
Procedures Between Rocky Flats in 1969 and 
TA–55–4 in 1998

The Rocky Flats fire started from the burning of
plutonium metal scraps that were stored in metal
containers without lids.  In TA–55, plutonium is
stabilized prior to storage.  In this case, storage
of scrap material is not permitted in open
containers.

The storage containers at Rocky Flats were
placed in storage cabinets that were made out of
plastic and cellulosic laminate material,
providing a fuel source for the burning
plutonium.  At TA–55, these types of storage
cabinets are not used.  Studies on combustible
loadings are required for all operations that will
be conducted within the gloveboxes, and
restrictions are placed on the quantities of
combustible materials to ensure that fires cannot
be sustained and then propagated. Good
housekeeping as well as other control measures
such as conducting machining operations
without oil has lead to a drastic reduction in
incipient fires.

Once the fire at Rocky Flats was started, the fire
detection systems did not sense the fire because
the detectors were located on the outside of the
gloveboxes, and the fire in its early stages was
confined to the inside of the gloveboxes.
Additionally, the glovebox acted to insulate the
sensor from the heat of the fire—in effect
preventing an early warning.  In TA–55–4, the
gloveboxes, have sensors both on the inside as
well as on the outside of the gloveboxes, and
additional sensors exist within the rooms.  If the
processes within the gloveboxes are modified, it
is required to check the sensors to ensure that
they have not been blocked.

Once the storage cabinets at Rocky Flats were
set on fire, the fire propagated to the plastic
gloves and plastic window on the glovebox,
burned through, and created a breach in
containment.  Without the charring of the
cabinets and the production of combustible

gases, the fire would probably not have spre
to the glovebox; however, in this case, the fi
was sustained to the point that it could propag
to the glovebox.  At TA–55–4 the gloveboxe
themselves are required to provide a fire barr
between material in the glovebox and the roo
itself. 

Once the fire at Rocky Flats breached t
gloveboxes, there was radiation shielding th
surrounded the gloveboxes and the convey
lines.  This material also was combustible, and
small percentage of it burned in the Rocky Fla
fire.  At TA–55–4 combustible loading within
the separate laboratories is kept to a minimu
Also, due to the integration of safet
management functions, the solution to on
safety concern (such as the use of radiat
shielding) is looked at for the potential to cau
other safety concerns (such as the propagat
of fires).  Thus, radiation shielding used 
TA–55–4 is not typically flammable. 

At Rocky Flats there were no automat
sprinklers in this area of the building due t
concerns about a criticality accident.  At th
time of the fire, the standard firefighting
procedure was not to use water, except as a 
resort.  Within 10 minutes of the fire alarm, th
firefighters used water and no criticalit
occurred.  Automatic sprinkler systems a
available in TA–55 to stop the spread of fire
In addition, fire water traps, that contain neutro
absorbing material, are available to ensure tha
criticality event does not occur.

The fire at Rocky Flats propagated east alo
the conveyor line, turning south following th
airflow of the second ventilation system
Continuation of the fire through the North Lin
conveyor was stopped because of a closed m
door and the prevalent airflow conditions.  Th
glovebox lines in TA–55–4 have automat
dampers that close in the event of a fire. The
dampers are at the junction with each trunk li
and between rooms. Also, the ventilatio
system is shutdown in the event of a fire 
prevent airflow.
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The degree of contamination in the buildings at
Rocky Flats was due to regularly spaced
plutonium material in the conveyor system and
in the gloveboxes.  Pit production at TA–55–4
will not come close to the capacity that was
required at Rocky Flats.  Thus, the amount of
plutonium in the gloveboxes will be
considerably less than was present at Rocky
Flats.  The processing lines will be configured in
such a manner that a continuous source of
exposed plutonium will not be present.
Plutonium stored in the gloveboxes also must be
in closed containers.

Additionally, Building 776-777 at Rocky Flats
did not have an operations center that was
staffed 24 hours a day providing full-time
monitoring of systems. TA–55–4 has a fully
staffed operations center to provide monitoring
of systems and alarms on a 24-hours per day
basis.  

Summary of Differences Between Rocky 
Flats and TA–55–4

Substantial differences exist between the
nuclear facility and operations being conducted
in TA–55–4 today and those that were present at
Rocky Flats in 1969.  The above crosswalk
illustrates the barriers that are in place at
TA–55–4 that would have prevented the
building wide fire at Rocky Flats.  TA–55–4
was designed to correct the deficiencies
detected in older facilities such as RFETS and is
being upgraded to meet the even more stringent
requirements of the 1990’s, including enhanced
seismic resistance and fire containment.  Alarms
are monitored, and the Operations Center is
manned continually at TA–55.   The amount of
plutonium required for production at LANL is
about half that required during RFETS
operations.  The manufacturing operations are
substantively different than those at RFETS,
significantly reducing risk.  The concern that
building wide fires will occur at TA–55–4 due
to pit production operations being located at this
facility is not plausible considering the controls
that exist today.

Consideration of Fires at TA–55–4 in the 
SWEIS

The SWEIS, however, does consider th
potential for fire in TA–55–4.  A glovebox fire
is analyzed in RAD–14, section G.5.6.14.  
glovebox fire is considered credible; but th
release of material to the public is not a credib
event.  A building-wide fire was screened bas
on the very low probability of propagating 
glovebox fire to a laboratory, a laboratory fire t
a wing, and a wing fire to the entire building
With the enhancement of pit production, th
characterization of accidents at TA–55–4 an
therefore, the risk in operating the site does n
change.

G.4.1.3 Aircraft Crash Frequencies

This section of the accident appendix  prese
an analysis of the frequency of an aircraft cra
into structures located within the various TAs 
LANL.  In 1996, LANL issued a study
performed by Selvage (LANL 1996c) that use
the K. Solomon Model as a basis for aircra
crash frequency assessment.  The LAN
assessment has been overtaken by subseq
events.

In October 1996, DOE issued a final standa
for Accident Analysis for Aircraft Crash into
Hazardous Facilities that presents a
standardized approach (DOE 1996c).  The n
standard was developed by an inter-agen
working group with membership from DOE, th
Defense Nuclear Agency, Westinghous
Savannah River Corporation, the Feder
Aviation Administration (FAA), the EPA, and
the NRC.  The working group chairman and a
expert panel (with technical experts from
private industry, government, and the nation
laboratories) developed the standard.  Techni
support teams (data, modeling, structural, a
exposure), which also included membersh
from private industry, government, and th
national laboratories, provided technical inp
and data used in developing the standard.  T
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standard was issued with a number of
supporting technical documents for use in safety
analysis.

In November 1996, the Final EIS on continued
operation of the Pantex Plant and storage of
nuclear weapon components was issued by
DOE (DOE 1996a).  Appendix E of the Pantex
EIS included an aircraft crash frequency
analysis prepared using the July 1996 draft of
DOE Standard 3014.  The final version of the
DOE aircraft crash standard methodology was
applied to LANL facilities to estimate the
frequency of an aircraft crash into those
facilities (DOE 1996c).  Current and projected
data describing air traffic are used in the
analysis; aircraft traffic rates for Los Alamos
Airport traffic reflect projected traffic for the
year 2003, which is considered to be a
reasonable approximation to the traffic in 2006
(the end of the SWEIS analytical period).  The
projected air traffic includes air taxi service to
Los Alamos Municipal Airport (LAM),
although no such service currently exists.  This
traffic component was retained because air taxi
service has existed in the recent past and there is
no way of knowing whether it will resume
during the SWEIS analytical period extending
to 2006.  

An estimate of the frequency of an aircraft crash
into any of the facilities of interest was
generated and is shown in Table G.4.1.3–1.
Table G.4.1.3–2 presents the projected number
of aircraft operations at LAM.

Site Analysis of Crash Risk

Because there are no alternative sites included
in the SWEIS, LANL is the only site that is
analyzed with respect to the risk due to aircraft
crash.  LANL is located within 1 mile (1.6
kilometers) of LAM at its closest point.  LAM
consists of one runway, which runs from east to
west.  The primary purpose of LAM is to
support the missions of the DOE and LANL
(Greiner 1994)  Due to local conditions, all
takeoffs are to the east, and all landings are to

the west.  The west end of the runway is on
used for runups and taxiing.  There is prohibit
airspace over LANL (Restricted Airspac
R–5101) up to 14,000 feet (4,267 meters).  T
restricted airspace forces flights taking off from
or landing at LAM to follow a path around
LANL.  During certain inclement weather fligh
conditions, LANL grants permission to overfly
the Live Firing Range (TA–72).  To perform
this overflight, pilots must receive prio
permission, and the firing range ceas
operations during the overflight (LANL 1996c)

Note that the DOE standard (DOE 1996c) do
not provide for a reduction in crash frequency 
account for restricted airspace.  Restrict
airspace is an administrative control; n
physical barriers exist.  In the event of a
aircraft accident, loss of control is presume
Thus, the aircraft could, in principle, cras
anywhere, including within a restricted
airspace.  Moreover, flights above 14,000 fe
(4,267 meters) can overfly LANL in any even
Thus, while giving no credit to the restricte
airspace in terms of reducing crash frequenc
may be conservative, the degree 
conservatism is not believed to be large enou
to warrant a departure from the DOE Standar

In addition to LAM, there are two airports in th
vicinity of LANL.  Santa Fe Municipal Airport
is located approximately 18 miles
(29 kilometers) southeast of LANL.
Albuquerque International Airport is locate
approximately 56 miles (90 kilometers
southwest of LANL.  These two airports ar
outside of the probability density function
boundary for all categories of aircraft.  Thu
only LAM airport activity and nonairport (in-
flight) aircraft were included in the analysis a
described in the DOE standard (DOE 1996c).

In this analysis, 1993 data obtained from the Los
Alamos Airport Master Plan (Greiner 1994)
indicate that there are approximately 12,43
operations per year at LAM.  This number 
split between Ross Aviation operations, perm
G–56
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TABLE  G.4.1.3–1.—Aircraft Crash Rates

AIRCRAFT CATEGORY

CRASH  RATE

TAKEOFF
(PER TAKEOFF)

LANDING
(PER LANDING)

COMMERCIAL

Air Carrier 1.9 x 10-7 2.8 x 10-7

Air Taxi 1.0 x 10-6 2.3 x 10-6

MILITARY

Largea 5.7 x 10-7 1.6 x 10-6

Smallb 1.8 x 10-6 3.3 x 10-6

GENERAL  AVIATION

Fixed-Wing, Single-Engine 1.1 x 10-5 2.0 x 10-5

Fixed-Wing, Multiple-Engine Piston 9.3 x 10-6 2.3 x 10-5

Fixed-Wing, Turboprop 3.5 x 10-6 8.3 x 10-6

Fixed-Wing, Turbojet 1.4 x 10-6 4.7 x 10-6

a Large military aircraft include bomber, cargo, and tanker aircraft.
b Small military aircraft include fighter, attack, and trainer aircraft.
Source:  DOE 1996c

TABLE  G.4.1.3–2.—Projected LAM Yearly Flight Operations (Year 2003)

AIRCRAFT 
CATEGORY

FLIGHT 
OPERATIONS

TAKEOFFS LANDINGS

Air Carrier 0 0 0

Air Taxi 5,400 2,700 2,700

Large Military 0 0 0

Small Military 0 0 0

Single-Engine Piston 11,781 5,891 5,891

Multiple-Engine Piston 794 397 397

Turboprop 13 6 6

Turbojet 13 6 6

Total 18,000 9,000 9,000

Source:  Greiner 1994
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(based) aircraft operations, and transient aircraft
operations.

The LAM Master Plan study forecasted future
annual aircraft operations of 18,000 for the year
2003.  This total includes 5,400 air taxi
operations, 10,600 permit aircraft operations,
and 2,000 transient aircraft operations.  These
projected numbers are used in the analysis,
assuming half are takeoffs and half are landings.

According to the LAM Master Plan study, more
than 99.9 percent of the aircraft forecasted to
use LAM are Class A (12,500 pounds or less,
single-engine) and B (12,500 pounds or less,
multiple-engine) small aircraft.  Less than
0.1 percent are Class C (12,500 to
300,000 pounds, multiple-engine), and no
Class D (over 300,000 pounds, multiple-engine)
aircraft can operate at LAM (Greiner 1994).

Based on the above percentages, the 13,800
general aviation operations were split between
the four DOE standard (DOE 1996c) general
aviation categories.  The LAM Master Plan
study indicates that the number of general
aviation operations is dominated by “based”
aircraft.  Because based aircraft are
predominately single-engine piston aircraft, the
split between single-engine and multiple-engine
aircraft was based on the percentage of based
aircraft from these classes.  Thus, 93.5 percent
of the operations were assigned to single-engine
aircraft, 6.3 percent to multiple-engine aircraft,
and 0.1 percent each to turboprops and
turbojets.  One hundred percent of the air taxi
operations were assumed to be accomplished
using DHC–6 Twin Otter aircraft
(Greiner 1994).  This aircraft is considered an
air taxi by the DOE standard technical support
material (LLNL 1996).  The actual wingspan of
this aircraft is 65 feet (20 meters) (Jane’s 1995).
This wingspan was used in the calculation.

Because LANL TAs are within the aircraft
category dependent exclusion distance from
LAM, the aircraft operations of interest for this
analysis are takeoff, landing, and in-flight

modes.  The length of the east-west runway
LAM is approximately 1.0 mile
(1.61 kilometers).  Due to the aircraft catego
dependent exclusion distance, all aircra
considered as in airport operation on the ea
west runway were either in the takeoff o
landing mode.  For this runway, 50 percent 
operations are takeoffs and 50 percent a
landings. LANL resides within the aircraf
category dependent exclusion distances, so
near-airport analysis was required, an
probability density function values were used 
this analysis.

The NPf (x,y) values provided in DOE Standa
3014-96 (DOE 1996c) for the various aircra
categories reflect the crashes per square m
per year, centered at a given site for nonairp
operations.  In this analysis, the following NP
(x,y) values (in crashes per square mile per ye
centered at the site) for LANL were use
(DOE 1996c):

NPf (x,y) General Aviation = 2 x 10-4

NPf (x,y) Air Carrier = 2 x 10-7

NPf (x,y) Air Taxi = 3 x 10-6

NPf (x,y) Large Military = 1 x 10-7

NPf (x,y) Small Military = 5 x 10-6

These values are specific to the LANL site, a
are based on an analysis of the locations of p
aircraft crashes within the continental U.S.  Th
data are substantial for general aviation aircr
(over 1,000 crashes), while the available da
for other aircraft categories (air carrier, larg
military, etc.) are very limited.  Crash locatio
frequencies for general aviation aircraft we
based on the assumption that future levels
activity and flight patterns will be similar to the
historical record.  

Nonairport commercial and military cras
frequencies are based on the assumption that
aircraft will fly point-to-point under the new
G–58
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FAA regulations, rather than in specific
airways.  The model for these aircraft assumes
that the traffic density within an Air Route
Traffic Control Center (ARTCC) is uniform,
and that given a crash within the ARTCC, the
location of the crash is random.  The crash rate
is assumed to be uniform for the continental
U.S. and proportional to the aircraft traffic
volume handled at each ARTCC.  

For small military aircraft, however, the number
of crashes per year is estimated for each
ARTCC based on the distribution of crash
locations in the historical record.  It is important
to recognize that the in-flight analysis for
military aviation applies only to normal in-flight
operations outside military operations areas and
low-level flight ranges.  

Frequency of Releases as a Result of Aircraft 
Crash

It was recognized early in this SWEIS analysis
that seismic events can cause simultaneous
releases of hazardous materials from multiple
facilities at frequencies in the range of 1 x 10-5

per year and higher.  Accordingly, detailed
aircraft crash consequence calculations were
only performed if it appeared that the frequency
and source term of the aircraft crash accident
were risk-significant compared with the seismic
event; that is, the products of the consequence
and frequency were comparable.  In this
analysis, facilities that contain plutonium,
tritium, and hazardous chemicals were
considered.

The DOE Standard 3014-96 (DOE 1996c)
provides methodologies for:  (1) estimating the
frequency of aircraft impact into a facility,
based on a conservative, simplified equation;
(2) determining the effect of the impact on the
facility through structural response analysis;
(3) determining the frequency of a release of
hazardous materials from the facility, given an
aircraft impact; and (4) evaluating the exposure
resulting from such a release.

The DOE Standard 3014-96 approach to aircr
crash analysis is intended for use in safe
analysis.  The methodology provides a
approximate level of risk, rather than a detaile
risk assessment.  As a result, the methodolo
adopts typical accident analysis practice 
addressing uncertainty through the use 
analytical margin instead of a forma
uncertainty analysis.  The focus is on analyzi
the risk posed to the health and safety of t
public and on-site workers.  The standard do
not consider the risk to the occupants of t
aircraft, the risk to individuals inside a buildin
affected by a crash, nor the risk to oth
individuals on the ground (either inside o
outside a facility boundary) who might b
directly impacted by the crash (DOE 1996c
The methodology also does not consid
malicious acts (e.g., sabotage, terrorism, a
war) (DOE 1996c).

Estimating the frequency of hazardous mater
releases as a result of aircraft involves a serie
calculations of increasing analytica
sophistication, to the level required t
demonstrate that aircraft crash either does
does not cause a level of risk equivalent to th
from other risk sources.  The analysis conside
the structural properties of the affected facili
as well as its inventory of hazardous material

Local impacts to facilities include penetration
perforation, and scabbing.  Penetration occu
when the missile (flying debris) striking a
facility intrudes into the outer surface of th
structure.  Perforation occurs when the miss
punctures a hole all the way through th
concrete or steel surface.  Scabbing occurs wh
the missile does not perforate, but does ca
concrete to be ejected from inside face of t
target into the facility.

Because heavy, high-speed aircraft have mu
greater potential to damage than do slow, lig
aircraft, the method requires that the populati
of aircraft in the skies around the site b
resolved into subpopulations by weight an
speed.  A structural calculation is performed 
G–59
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determine if an aircraft that hits a facility will
cause sufficient damage to warrant further
analysis.  Aircraft missiles (i.e., flying objects
from the crash) for the structural calculations
are selected by using representative engine
weights and diameters.  The structural analysis
is performed by calculating the scabbing and
perforation thickness for each aircraft category
into the facility using an empirical model.

The first step in the process is to determine the
representative type of aircraft for each category.
Next, the effective area of a facility is
determined based upon the length, width, and
height of the facility and the aircraft’s wingspan,
flight path angle, heading relative to the heading
of the facility, and the length of its skid.  Using
the calculated area of a facility, the number of
operations near a facility, and crash rate density
function, the frequency of hitting the facility for
each aircraft category is calculated.  The total
frequency is the sum of all the aircraft category
frequencies.  If the total frequency of hitting a
facility is greater than 1 x 10-6, further analysis
is conducted.

The calculations are refined to eliminate aircraft
categories that cannot cause a release of
hazardous materials, leaving only those that
could, through impact and/or fire, release
radionuclides or toxic chemicals.  If the
frequency of hitting a facility and causing either
scabbing or perforation is greater than 1 x 10-6,
the DOE standard requires that a consequence
analysis be performed (DOE 1996c). 

Calculation of Facility Effective Area.  The
total effective area of a facility is the sum of the
true area (the facility base area adjusted for
aircraft dimension), the shadow area (defined by
the facility height and the angle of postulated
impact), and the skid area (the area covered by a
skidding aircraft after impact with the ground).

The analysis was done on a building-by-
building basis, treating each facility
individually.  The topographic features of the
LANL site are such that the actual skid distances

can be less than the skid distances given in 
DOE standard.  Subsequently, the skid distan
were reduced based on actual site conditio
The majority of reduced skid distances affe
only commercial and military aircraft.  The
angle of impact chosen was based on the val
presented in the DOE standard (DOE 1996c).
total effective area for each facility wa
calculated using the reduced skid distance.  

Table G.4.1.3–3 presents the various buildi
dimensions.  Table G.4.1.3–4 presents t
aircraft operational data used, including the sk
distances.  Both the DOE standard a
maximum wingspans for aircraft in the vicinit
of LAM are given.  Maximum wingspans wer
determined by selecting representative aircr
from Jane’s All the World’s Aircraft (Jane’s
1995).  The skid distances in the tab
correspond to the skid distances presented
DOE Standard 3014-96 (DOE 1996c).

Hit Frequency Calculation.  Based on the
center-line and perpendicular distances to t
TA facilities of interest, all aircraft using LAM
were analyzed using the near-airport mod
The impact frequency was obtained for ea
facility by multiplying the number of flights, the
impact area, the crash rate, and the crash den
function for each category.  Table G.4.1.3–
contains the crash frequencies for landing
takeoffs, and the nonairport aircraft for eac
facility.

Structural Calculation.   For this analysis,
70th percentile velocities of aircraft were use
(LLNL 1996).  The velocities chosen were i
either takeoff or landing operations, whichev
was the largest.  For facilities with overburde
these velocities were reduced according to 
earth overburden velocity reduction equation.

The local response equations for rigid missil
impacting reinforced concrete structures we
applied to applicable facilities, and the loc
response steel equations for rigid missiles we
applied to applicable facilities.  A reduction i
penetration depth was taken because 
G–60
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TABLE  G.4.1.3–3.—LANL Building Dimensions

BUILDING
BUILDING 
LENGTH 

(ft)

BUILDING 
WIDTH 

(ft)

BUILDING 
HEIGHT 

(ft)

WALL 
THICKNESS 

(in.)

ROOF 
THICKNESS 

(in.)

TA–3–29 CMR 550 254 50 8 6

TA–3–476 18 12 9 0 0

TA–16–205 WETF 131 112 14 8 4

TA–16–411 87 24 20 8 6

TA–21–155 TSTA 70 15 26 1 3

TA–21–209 TSFF 40 35 20 1 2

TA–50–37 RAMROD 142 110 46 8 24

TA–50–69 Container 
Storage Area 

90 24 6 0 0

TA–54 TWISP 414 286 38 0 0

TA–55–4 284 265 22 14 10

TA–18–26 Hs. Vault 18 12 10 18 12

TA–18–32 Kiva #2 59 58 25 15 4

TA–18–116 Kiva #3 81 64 36 18 8

TA–55–185 60 40 14 0 0

TA–8–22 42 39 21 8 8

TA–8–23 48 40 30 30 6

TA–15 DARHT 6 6 6 0 0

TA–18–23 Kiva #1 61 48 26 8 3

TA–18–168 SHEBA 20 20 18 0 0

TA–54–38 Container 
Storage Area

12 8 6 0 0

Source:  Safety analysis documentation, site location maps, and miscellaneous sources
Note:  TSTA and TSFF wall thicknesses are based on an approximate reinforced concrete equivalence for concrete block, 

based on the Pantex EIS analysis of similar construction (DOE 1996a).
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TABLE  G.4.1.3–4.—Aircraft Operational Data:  Takeoff, In Flight, and Landing

AIR 
CARRIER

AIR TAXI
LARGE 

MILITARY
SMALL 

MILITARY

GENERAL AVIATION

SINGLE 
ENGINE

 MULTI-
ENGINE

TURBOPROP TURBOJET

DOE Standard 
Wingspan (ft)

98 59b 223 78 50 50 73 50

Maximum 
Wingspan (ft)

211 75 223 93 50 50 80 78

Takeoff Skid 
Length (ft)

1,440 1,440 780a 246 60 60 60 60

Landing Skid 
Length (ft)

1,440 1,440 368 447a 60 60 60 60

a Conservatively used for inflight.
b Actual wingspan is 65 feet.  This wingspan is used in the calculation and does not change the overall hit frequency because hit frequency is 

dominated by general aviation.
Source:  DOE 1996c, Jane’s 1995, and calculated values 
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TABLE  G.4.1.3–5.—Aircraft Crash Frequencies

CRASH FREQUENCIES (PER YEAR)

BUILDING TAKEOFF LANDING NONAIRPORT TOTAL

TA–3–29 CMR 7.1 x 10-8 5.0 x 10-6 3.6 x 10-6 8.6 x 10-6

TA–3–476 1.6 x 10-9 1.1 x 10-7 8.5 x 10-8 2.0 x 10-7

TA–16–205 and TA–16–205A 0 1.7 x 10-7 4.7 x 10-7 6.4 x 10-7

TA–16–411a 0 1.4 x 10-7 2.8 x 10-7 4.1 x 10-7

TA–21–155 TSTA 1.3 x 10-5 2.7 x 10-5 2.7 x 10-7 4.1 x 10-5

TA–21–209 TSFF 1.0 x 10-5 2.1 x 10-5 2.1 x 10-7 3.1 x 10-5

TA–50–37 RAMROD 1.8 x 10-6 2.8 x 10-6 9.5 x 10-7 5.5 x 10-6

TA–50–69 Container Storage 
Area

2.9 x 10-7 4.5 x 10-7 1.6 x 10-7 9.0 x 10-7

TA–54 TWISP 8.9 x 10-7 7.4 x 10-7 2.6 x 10-6 4.3 x 10-6

TA–55–4 4.5 x 10-6 4.5 x 10-6 1.5 x 10-6 1.1 x 10-5

TA–18–26 3.2 x 10-9 3.0 x 10-8 5.5 x 10-8 8.8 x 10-8

TA–18–32 1.8 x 10-8 1.8 x 10-7 3.1 x 10-7 5.1 x 10-7

TA–18–116 3.2 x 10-8 2.0 x 10-7 4.8 x 10-7 7.1 x 10-7

TA–55–185 7.3 x 10-8 6.0 x 10-7 2.1 x 10-7 8.9 x 10-7

TA–8–22b 0 9.1 x 10-8 2.3 x 10-7 3.2 x 10-7

TA–8–23b 0 1.2 x 10-7 3.0 x 10-7 4.3 x 10-7

TA–15 DARHTa 0 1.0 x 10-8 4.9 x 10-8 5.9 x 10-8

TA–18–23 1.8 x 10-8 1.7 x 10-7 3.1 x 10-7 5.0 x 10-7

TA–18–168 7.7 x 10-9 7.4 x 10-8 1.3 x 10-7 2.2 x 10-7

TA–54–38 Container Storage 
Area

3.2 x 10-9 3.1 x 10-8 5.5 x 10-8 8.9 x 10-8

Source:  calculated values
a Note:  This is the raw crash frequency for this facility.  There is a conditional probability of MAR being present that must be 

multiplied times the crash frequency to obtain the frequency of a crash with MAR present.  The conditional probability is classified 
for this facility.

b Note:  This is the raw crash frequency for this facility.  There is a conditional probability of MAR being present that must be 
multiplied times the crash frequency to obtain the frequency of a crash with MAR present.  The conditional probability is less than 
5 percent.
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missiles were nonrigid.  In cases where the
structural equations presented in the DOE
standard do not apply (e.g., due to the facility
construction), it was assumed that significant
building damage to these facilities was a
certainty (i.e., probability of 1, given impact).
In this analysis, the aircraft engine was
investigated as the missile of concern.  These
engines were treated in the equations as
nonrigid missiles.  Table G.4.1.3–6 presents
maximum engine weights and diameters for
aircraft landing and taking off at LAM.
Maximum engine weights and diameters were
determined by selecting representative aircraft
from Jane’s All the World’s Aircraft (Jane’s
1995).  Maximum engine weights and diameters
were then used in the structural calculations. 

Local response structural calculations were
performed for the various overburden and
building thicknesses.  Table G.4.1.3–7 presents
the results for perforation.

Perforation and Scabbing Frequency
Calculation.  For this analysis, it was assumed
that for facilities such as the TRU waste domes
in TA–54, which are constructed of a rigid arch
frame covered by a tensioned membrane, the

release frequency due to aircraft crash is t
same as the hit frequency.  For facilities wi
high explosives, the bounding accident is 
perforation or scab leading to an explosion.  F
facilities without high explosives, the boundin
accident is a perforation leading to a fire
Scabbing leading to an explosion in ste
facilities is not possible because steel does 
scab.  The areas for the facilities were reduc
using the structural analysis results.  Th
reduced areas were then used to recalcu
perforation and scabbing frequencie
Table G.4.1.3–8 presents the frequencies 
perforation leading to an explosion, an
Table G.4.1.3–9 presents the frequencies 
perforation leading to a fire for landings
takeoffs, and the nonairport aircraft for eac
facility.

The true, shadow, and skid areas for the vario
facilities were reduced for perforation an
scabbing (Table G.4.1.3–7).  If the facility roo
does not sustain damage, then the true are
reduced to zero.  If the facility walls do no
sustain damage, then the shadow and skid ar
are reduced to the width of the building time
the skid distance.

TABLE  G.4.1.3–6.—Aircraft Missile Characteristics

AIRCRAFT CATEGORY
IMPACT VELOCITY 

(ft/sec)
ENGINE WEIGHT 

(lb)
ENGINE DIAMETER 

(in.)

Air Carrier 282 9,874 86

Air Taxi 282 861 31

Large Military 439 8,731 105

Small Military 513 4,201 51

Single-Engine Piston 152 500 30

Multiple-Engine Piston 152 596 25

Turboprop 152 465 19

Turbojet 152 2,574 37

Sources:  LLNL 1996 and Jane’s 1995.  Impact velocities are based on 70th percentile values, corresponding to the skid distance 
values used in DOE Standard 3014-96 (DOE 1996c) and this analysis.
G–64
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TABLE  G.4.1.3–7.—Structural Perforation Calculation Summary

BUILDING
AIR 

CARRIER
AIR TAXI

LARGE 
MILITARY

SMALL 
MILITARY

GENERAL AVIATION

SINGLE 
ENGINE

 MULTIPLE 
ENGINE

TURBO
PROP

TURBO
JET

R W R W R W R W R W R W R W R W

TA–3–29 X X X X X X X X X X X X X

TA–3–476 X X X X X X X X X X X X X X X X

TA–16–205 X X X X X X X X X X X X X

TA–16–411 X X X X X X X X X X X X X

TA–21–155 X X X X X X X X X X X X X

TA–21–209 X X X X X X X X X X X X X

TA–50–37 X X X X X X X X

TA–50–69 X X X X X X X X X X X X X X X X

TWISP X X X X X X X X X X X X X X X X

TA–55–4 X X X X X X X X X

TA–18–26 X X X

TA–18–32 X X X X X X X X X X X X

TA–18–116 X X X X X X X X X

TA–55–185 X X X X X X X X X X X X X X X X

TA–8–22 X X X X X X X X X X

TA–8–23 X X X X X X X X X X

DARHT X X X X X X X X X X X X X X X X

TA–18–23 X X X X X X X X X X X X X

TA–18–168 X X X X X X X X X X X X X X X X

TA–54–38 X X X X X X X X X X X X X X X X

R = Roof
W = Walls
X = Damage; perforation occurs.
Blank = No damage; perforation does not occur.
Source:  Calculated values



G–66

LANL SWEIS

TABLE  G.4.1.3–8.—Aircraft Crash Frequencies per Year for Perforation Leading to Explosion 

FREQUENCY (PER YEAR)

BUILDING TAKEOFF LANDING NONAIRPORT TOTAL

TA–3–29 0 0 0 0

TA–3–476 1.6 x 10-9 1.1 x 10-7 8.5 x 10-8 2.0 x 10-7

TA–16–205 0 0 0 0

TA–16–411 0 1.7 x 10-8 5.0 x 10-8 6.7 x 10-8

TA–21–155 0 0 0 0

TA–21–209 0 0 0 0

TA–50–37 0 0 0 0

TA–50–69 
Container Storage 
Area

0 0 0 0

TA–54 TWISP 0 0 0 0

TA–55–4 0 0 0 0

TA–18–26 0 0 0 0

TA–18–32 0 0 0 0

TA–18–116 0 0 0 0

TA–55–185 0 0 0 0

TA–8–22 0 < 1.0 x 10-9 1.6 x 10-8 1.6 x 10-8

TA–8–23 0 1.5 x 10-8 4.7 x 10-8 6.3 x 10-8

DARHT 0 1.0 x 10-8 4.9 x 10-8 5.9 x 10-8

TA–18–23 0 0 0 0

TA–18–168 0 0 0 0

TA–54–38 
Container Storage 
Area

0 0 0 0

Source:  Calculated values
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TABLE  G.4.1.3–9.—Aircraft Crash Frequency per Year for Perforation Leading to Fire

BUILDING
FREQUENCY (PER YEAR)

TAKEOFF LANDING NONAIRPORT TOTAL

TA–3–29 CMR 2.7 x 10-8 2.0 x 10-6 1.5 x 10-6 3.5 x 10-6

TA–3–476 1.6 x 10-9 1.1 x 10-7 8.5 x 10-8 2.0 x 10-7

TA–16–205 and TA–1–205A 
WETF

< 1.0 x 10-9 6.3 x 10-8 1.9 x 10-7 2.6 x 10-7

TA–16–411 Assembly Building < 1.0 x 10-9 1.7 x 10-8 5.0 x 10-8 6.7 x 10-8

TA–21–155 TSTA 1.0 x 10-6 2.8 x 10-6 3.5 x 10-8 3.8 x 10-6

TA–21–209 TSFF 1.6 x 10-6 3.7 x 10-6 4.2 x 10-8 5.3 x 10-6

TA–50–37 RAMROD 6.7 x 10-9 1.4 x 10-8 4.4 x 10-8 6.5 x 10-8

TA–50–69 Container Storage 
Area

2.9 x 10-7 4.5 x 10-7 1.7 x 10-7 9.0 x 10-7

TA–54 TWISP 8.9 x 10-7 7.4 x 10-7 2.6 x 10-6 4.3 x 10-6

TA–55–4 Plutonium Facility < 1.0 x 10-9 3.3 x 10-9 8.0 x 10-6 8.4 x 10-8

TA–18–26 Hillside Vault < 1.0 x 10-9 < 1.0 x 10-9 < 1.0 x 10-9 < 1.0 x 10-9

TA–18–32 Kiva #2 4.3 x 10-9 3.2 x 10-8 7.3 x 10-8 1.1 x 10-7

TA–18–116 Kiva #3 < 1.0 x 10-9 < 1.0 x 10-9 1.6 x 10-8 1.6 x 10-8

TA–55–185 TRU Staging 7.3 x 10-8 6.0 x 10-7 2.1 x 10-7 8.9 x 10-7

TA–8–22 Radiography < 1.0 x 10-9 < 1.0 x 10-9 1.6 x 10-8 5.5 x 10-8

TA–8–23 Radiography < 1.0 x 10-9 1.5 x 10-8 3.9 x 10-8 5.9 x 10-8

TA–15 DARHT < 1.0 x 10-9 1.0 x 10-8 4.9 x 10-8 5.9 x 10-8

TA–18–23 Kiva #1 3.9 x 10-9 2.8 x 10-8 6.7 x 10-8 9.9 x 10-8

TA–18–168 SHEBA 7.7 x 10-9 7.4 x 10-8 1.3 x 10-7 2.2 x 10-7

TA–54–38 Container Storage 
Area

3.2 x 10-9 3.1 x 10-8 5.5 x 10-8 8.9 x 10-8

Source:  Calculated values
Note:  In the cases of TA–8–22, TA–8–23, TA–15 DARHT, and TA–16–411, there is a conditional probability significantly 
less than one of MAR actually being present. 
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Discussion of Aircraft Crash and Release 
Frequencies

The aircraft crash frequencies in
Table G.4.1.3–5 provide an indication of the
frequency with which personnel injuries or
fatalities could occur as a result of an aircraft
crash at the facilities listed in the table.  Note
that a crash is not necessarily equivalent to a
release of hazardous material; however, the
conditional probability of a release given a crash
is dependent on the design and construction of
the facility and the nature of the aircraft
impacting the facility.

Two types of release scenarios were considered:
perforation leading to an explosion and
perforation leading to a fire.  The perforation-
induced explosion results are presented in
Table G.4.1.3–8.  The results, particularly when
the conditional probability of explosives being
present is taken into account, indicate that
perforation-induced explosion is a very minor
contributor to risk.  With the exception of the
TA–3–476 facility, the other facilities
potentially affected have perforation-induced
explosion frequencies of less than 1 x 10-8 per
year.  This frequency is so low compared with
the seismic structural damage/collapse
scenarios (which can result in a large source
term) that perforation-induced explosion is not
considered further.

The perforation-induced fire results indicate
that four facilities with hazardous materials
have perforation-induced fire frequencies above
1 x 10-6 per year.  The frequency of perforation-
induced fire aircraft crash events at these
facilities was examined in comparison with the
seismic structural damage/collapse scenarios in
order to evaluate whether aircraft crash
accidents needed to be evaluated in detail.

It is important to recognize that the DOE aircraft
crash standard (DOE 1996c) was intended for
use as a safety analysis screening tool.  For
facilities that, after full analysis in accordance
with the standard, still have aircraft crash

frequencies in excess of the evaluatio
guidelines in the standard (crash frequency 
greater than 1 x 10-6 per year), it was intended
that a more detailed analysis be performed
order to determine whether aircraft crash shou
be considered to be an evaluation basis accid
for safety analysis purposes.  For NEP
purposes, the results indicate that the TA–3–
(CMR), TA–21–155 (TSTA), TA–21–209
(TSFF), and TA–54 TWISP facilities dominat
the aircraft crash-induced release frequen
The releases from TSTA and TSFF due 
aircraft crash represent bounding tritium relea
scenarios for LANL because they occur at
relatively high frequency (compared with othe
large tritium release accidents) and, because
the accompanying fire, the tritium release
would be in oxide form (which is more
radiologically hazardous than elemental tritiu
gas).  

Plutonium release from the CMR Building
(RAD–16), plutonium release (from TRU
waste) at TA–54 TWISP (RAD–08), and tritium
oxide release from TSTA/TSFF (RAD–05) du
to aircraft crash and fire were retained as ris
dominant accidents.   

Having the crash frequency estimates, 
consequence analysis was performed for ea
accident.  (An analysis also was conducted 
an “incredible” aircraft crash at RAMROD
(RAD–06).  The consequence analyses a
similar to the consequence analyses for oth
accident scenarios, except that release fracti
specified in the DOE aircraft crash standa
(DOE 1996c) are used, rather than relea
fractions from DOE Standard 3010-94 (DO
1994d).

The remaining perforation-induced fire
scenarios identified in Table G.4.1.3–9 a
considered to be bounded in risk by seism
release scenarios that occur at a much hig
frequency.  (Seismic releases occur in t
frequency range of  to 7.1 x 10-5 to 2.9 x 10-3 per
year; whereas, the remaining aircraft crash w
perforation-induced fire releases occur in th
G–68
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frequency range from to 1.3 x 10-10 to
8.9 x 10-7 per year.)  For an aircraft crash
accident to dominate over a seismic release for
the remaining facilities, the source term for the
aircraft crash accident would have to be orders
of magnitude greater than for the seismic
structural damage/collapse.  No such release
potential was identified.

G.4.2 Accident Source Term 
Assessment

The “source term” is a description of the
physical and chemical characteristics of the
materials released inside the facility or to the
environment.  The source term parameters
include not only the MAR and the amount and
rate of release, but also parameters that
determine the subsequent transport, dispersion,
and effects.  These include whether the material
is gas or particulate, in elemental or oxide form
(e.g., for tritium and plutonium), and whether
the release occurs at ground level or at some
elevation above the ground.  The plume source
height is determined by the intensity of the fire
or explosion, or, if the release is from a stack,
the stack parameters (e.g., stack height diameter
and velocity, heat content, etc.).

G.4.2.1 Chemical Accident Source 
Terms

Chemical accident source terms are estimated in
a straightforward manner for the SWEIS.  The
screening analysis identified toxic gases and
liquids that could easily disperse in the event of
an accident.  The source terms are based on the
MAR quantities appropriate to the accident
initiator.  For example, in the case of a building
structural collapse due to an earthquake, the
entire gaseous/liquid chemical contents of the
building are assumed to be released.  For a
process-related accident, such as the failure of a
valve on a 150-pound capacity cylinder of
chlorine, the source term is the maximum
contents of the cylinder (even though it is

recognized that the container may not be f
when the valve failure occurs).

Where there are physical constraints on t
release, these are recognized in the modeli
The 150-pound chlorine cylinder release is
good illustration of this sort of constraint.  Th
chlorine inventory in the cylinder is partially
gaseous and partially liquid.  When the valv
fails, the gaseous chlorine depressurizes v
quickly, releasing a jet of liquid.  However, thi
act results in a cooling of the cylinder below th
boiling temperature of the liquid chlorine
halting  the large release.  As a result, not all 1
pounds of chlorine are released quickl
Simulation predicts the release of 68 pounds
the first 45 seconds at a flow rate of 91.5 poun
per minute.  The flow rate then decreas
sharply (Gephart and Moses 1989).  Th
remaining chlorine would be released slowly 
the container heats up to ambient temperatu
Such a slow release rate would not po
significant hazards downwind of the releas
point.  This type of release can be modeled w
ALOHA TM.

In some cases, conservative assumptions m
be made in order to model the accident.  A go
example of this is the fire at TA–3–476, whic
results in chlorine release by melting fusib
plugs in the chlorine cylinders (which melt a
165°F [74°C] and release the chlorine at a p
defined rate in order to prevent sudden ruptu
of the cylinder).  There are potentially te
affected cylinders in this accident.  In reality
not all ten would release at exactly the sam
time.  Due to modeling  limitations, however, 
was necessary to assume a simultaneous rele
This is a conservative and boundin
representation of the accident, but is n
necessarily the most realistic portrayal of th
accident.  Table G.4.2.1–1 provides a summa
of source terms for the chemical accidents.
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TABLE  G.4.2.1–1.—Summary of Chemical Accident Source Term Calculations

ACCIDENT SCENARIO 
DESIGNATOR

AFFECTED FACILITY
CHEMICAL 
RELEASED

SOURCE TERM 
INFORMATION

CHEM–01 TA–00–1109 chlorine 150 pounds

CHEM–02 TA–3–476 chlorine 1,500 pounds

CHEM–03 TA–3–476 chlorine 150 pounds

CHEM–04 TA–54–216 selenium hexafluoride 75 liters

CHEM–05 TA–54–216 sulfur dioxide 300 pounds

CHEM–06 TA–55–4 chlorine 150 pounds

SITE–01 TA–00–1109

TA–00–1110

TA–3–66

TA–3–476

TA–9–21
TA–43–1

chlorine

chlorine

hydrogen cyanide

chlorine

phosgene

formaldehyde

300 pounds

300 pounds

7.6 liters

150 pounds

3 pounds

30 liters

SITE–02 TA–00–1109

TA–00–1110

TA–3–66

TA–3–476

TA–9–21

TA–43–1

TA–55–4

TA–55–4

TA–55–249

chlorine

chlorine

hydrogen cyanide

chlorine

phosgene

formaldehyde

chlorine

nitric acid

hydrochloric acid

300 pounds

300 pounds

7.6 liters

150 pounds

3 pounds

30 liters

150 pounds

6,100 gallons

5,200 gallons

SITE–03 TA–00–1109

TA–00–1110

TA–3–66

TA–3–476

TA–9–21

TA–43–1

TA–55–4

TA–55–4

TA–55–249

chlorine

chlorine

hydrogen cyanide

chlorine

phosgene

formaldehyde

chlorine

nitric acid

hydrochloric acid

300 pounds

300 pounds

7.6 liters 

150 pounds

3 pounds

30 liters

150 pounds

6,100 gallons

5,200 gallons

SITE–04 TA–43–1 formaldehyde 30 liters
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G.4.2.2 Radiological Accident 
Source Terms

DOE has issued standard guidance on
estimating source terms for nonreactor nuclear
facility accidents as DOE Handbook 3010-94
(DOE 1994d).  (Note:  aircraft crash source
terms were not calculated using DOE Handbook
3010-94. Rather, DOE Standard 3014-96
specifies the source term methodology for
aircraft crash accidents.  Although DOE
Standard 3014-96 cites DOE Handbook 3010-
94 as a basis for its values, there are differences,
and DOE Standard 3014-96 was used for
aircraft crash accidents.)

DOE Handbook 3010-94 received extensive
peer review within the DOE technical
community and is the best available current
information on the subject.  Although the
handbook presents both median and bounding
values in many cases, this accident analysis
employs the bounding values.   (Accordingly,
where SARs have used more realistic, less
conservative source terms, the SARs have
projected lesser consequences.)   Although the
availability of a median and bounding estimate
might result in a temptation to generate a
statistical distribution of values, the handbook
specifically cautions against such an approach
(DOE 1994d):

“The generation and suspension of particles
the result of the interaction of multiple
physiochemical variables that have not be
completely characterized as the majority of th
experiments performed were designed in 
attempt to reflect reasonably boundin
conditions for specific industrial situations o
concern.  Accordingly, the data obtained a
more accurately characterized as selected po
from multiple distributions against multiple
parameters than as different values from
common distribution.  Even if this point is
neglected, there are still practically intractab
problems in attempting to generate statistic
distributions.  While the data are presumed to
bounding for the purpose intended, it is large
unknown whether the data values a
truly 90th percentile, 99th percentile,
99.9th percentile, etc.  Further, in many cases
is considered likely that accident specific ARF
are actually distributed in a highly irregula
manner (i.e., multi-modal or truncate
distributions).  Assuming a typical distribution
(i.e., log-normal, Poisson) using standa
deviations will produce seriously distorte
values that may have little or nothing to do wi
reality.”

The handbook also cautions against ov
reliance on the values contained there
(DOE 1994d).  Table G.4.2.2–1 provides th
details of source terms for radiologica
accidents.
G–71



LANL SWEIS

 

TABLE  G.4.2.2–1.—Source Terms of Radiological Accidents at LANL

ACCIDENT 
SCENARIO 

DESIGNATOR

AFFECTED 
FACILITY

MATERIAL RELEASED SOURCE TERM INFORMATION

SITE–01 TA–3–29

TA–18–23

TA–21–155

TA–21–209

TA–50–1

TA–50–37

TA–54–38

TWISP

Pu-239

HEU

tritium oxide

tritium oxide

Pu-238, Pu-239, Am-241

Pu-239

Pu-239

Pu-239

96.9 g of Pu-239 initial; 9.4 g suspension

22.9 g of HEU initial; 0.22 g suspension

200 g of tritium oxide

200 g of tritium oxide

5.8 x 10-5 g of Pu-238, 0.27 g of Pu-239 & 0.005 g of Am-241 initial;

1.3 x 10-4 g Pu-238, 5.85 g Pu-239 & 0.11g of Am-241 suspension

1.0 Pu-239 PE-Ci initial; 0.96 Pu-239 PE-Ci suspension

0.339 Pu-239 PE-Ci initial; 0.033 Pu-239 PE-Ci suspension

0.19 Pu-239 PE-Ci initial; 1.2 Pu-239 PE-Ci suspension

SITE–02 TA–3–29

TA–16–205

TA–18–23

TA–18–32

TA–18–116

TA–18–168

TA–21–155

TA–21–209

TA–50–1

TA–50–37

TA–50–69

TA–54–38

TWISP

TA–55–4

Pu-239

tritium oxide

HEU

Pu-239, HEU

Pu-239, HEU

HEU

tritium oxide

tritium oxide

Pu-238, Pu-239, Am-241

Pu-239

Pu-239

Pu-239

Pu-239

Pu-239, Pu-238, Pu-242, HEU

102.8 g of Pu-239 initial; 9.4 g suspension

100 g of tritium oxide

22.9 g of HEU initial; 0.22 g suspension

0.22 g Pu-239

0.028 g Pu-239

0.85 g HEU initial; 18.4 g suspension

200 g of tritium oxide

200 g of tritium oxide

5.8 x 10-5 g of Pu-238, 0.27 g of Pu-239 & 0.005 g of Am-241 initial;

1.3 x 10-4 g Pu-238, 5.85 g Pu-239 & 0.11 g of Am-241 suspension

1.0 Pu-239 PE-Ci initial; 0.96 Pu-239 PE-Ci suspension

0.39 Pu-239 PE-Ci initial; 0.037 Pu-239 PE-Ci suspension

0.339 Pu-239 PE-Ci initial; 0.033 Pu-239 PE-Ci suspension

0.12  Pu-239 PE-Ci initial; 1.2 Pu-239 PE-Ci suspension

0.0174 g Pu-238, 5.31 g Pu-239, 0.201 g Pu-242 & 0.242 g HEU

initial; 0.056 g Pu-238, 56.7 g Pu-239, 1.68 g Pu-242 & 0.025 g HEU
suspension
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SITE–03 TA–3–29

TA–16–205

TA–18–23

TA–18–32

TA–18–116

TA–18–168

TA–21–155

TA–21–209

TA–50–1

TA–50–37

TA–50–69

TA–54–38

TWISP

TA–55–4

TA–55–185

Pu-239

tritium oxide, tritium gas

HEU

Pu-239, HEU

Pu-239, HEU

HEU

tritium oxide

tritium oxide

Pu-238, Pu-239, Am-241

Pu-239

Pu-239

Pu-239

Pu-239

Pu-239, Pu-238, Pu-242, HEU

Pu-239

140.8 g Pu-239 initial; 13.1 g suspension

172 g of tritium oxide, 1,188 g tritium gas

22.9 g of HEU initial; 0.22 g suspension

0.22 g of Pu-239

0.028 g of Pu-239

0.85 g HEU initial; 18.4 g suspension

200 g of tritium oxide

200 g of tritium oxide

5.8x10-5 g of Pu-238, 0.27 g of Pu-239 & 0.005 g of Am-241 initial;

1.3x10-4 g Pu-238, 5.85 g Pu-239 & 0.11 g of Am-241 suspension

1.0 Pu-239 PE-Ci initial; 0.96 Pu-239 PE-Ci suspension

0.39 Pu-239 PE-Ci initial; 0.037 Pu-239 PE-Ci suspension

0.339 Pu-239 PE-Ci initial; 0.033 Pu-239 PE-Ci suspension

0.25 Pu-239 PE-Ci initial; 2.4 Pu-239 PE-Ci suspension

2.04 g Pu-238, 69.2 g Pu-239, 0.062 g Pu-240, 3.36 g Pu-242 & 3.74

HEU initial; 1.95 g Pu-238, 71.2 g Pu-239, 0.3 g Pu-240, 3.22 g 

Pu-242 & 3.6 g HEU suspension

0.006 Pu-239 PE-Ci initial; 0.06 Pu-239 PE-Ci suspension

SITE–03, 
Surface Rupture

TA–3–29

TA–16–205

TA–18–23

TA–18–32

TA–18–116

TA–18–168

TA–21–155

TA–21–209

TA–50–1

TA–50–37

TA–50–69

TA–54–38

TWISP

TA–55–4

TA–55–185

Pu-239

tritium oxide, tritium gas

HEU

Pu-239, HEU

Pu-239, HEU

HEU

tritium oxide

tritium oxide

Pu-238, Pu-239, Am-241

Pu-239

Pu-239

Pu-239

Pu-239

Pu-239, Pu-238, Pu-242, HEU

Pu-239

788.5 g Pu-239 initial; 27.6 g suspension

172 g of tritium oxide, 1,188 g tritium gas

22.9 g of HEU initial; 0.22 g suspension

0.22 g of Pu-239

0.028 g of Pu-239

0.85 g HEU initial; 18.4 g suspension

200 g of tritium oxide

200 g of tritium oxide

5.8x10-5 g of Pu-238, 0.27 g of Pu-239 & 0.005 g of Am-241 initial;

1.3x10-4 g Pu-238, 5.85 g Pu-239 & 0.11 g of Am-241 suspension

1.0 Pu-239 PE-Ci initial; 0.96 Pu-239 PE-Ci suspension

0.39 Pu-239 PE-Ci initial; 0.037 Pu-239 PE-Ci suspension

0.339 Pu-239 PE-Ci initial; 0.033 Pu-239 PE-Ci suspension

0.25 Pu-239 PE-Ci initial; 2.4 Pu-239 PE-Ci suspension

2.04 g Pu-238, 69.2 g Pu-239, 0.062 g Pu-240, 3.36 g Pu-242 & 3.74

HEU initial; 1.95 g Pu-238, 71.2 g Pu-239, 0.3 g Pu-240, 3.22 g 

Pu-242 & 3.6 g HEU suspension

0.006 Pu-239 PE-Ci initial; 0.06 Pu-239 PE-Ci suspension

SITE–04 TA–16–205

TA–21–155

TA–21–209

TA–54

tritium gas

tritium oxide

tritium oxide

Pu-239

1,360 g tritium gas

200 g tritium oxide

100 g tritium oxide

0.16 Pu-239 PE-Ci initial release (elevated); 0.74 Pu-239 PE-Ci 
suspension release (ground level)

RAD–01 TA–54–38 Pu-239 0.13 Pu-239 PE-Ci initial release (elevated); 0.60 Pu-239 PE-Ci 
suspension release (ground level)

RAD–02 TA–3–29 Pu-239 504 g Pu-239 released in 60 seconds (explosion), 6 g Pu-239 releas
in 2 hours (fire), 0.48 g Pu-239 suspension release (ground level)

TABLE  G.4.2.2–1.—Source Terms of Radiological Accidents at LANL-Continued

ACCIDENT 
SCENARIO 

DESIGNATOR

AFFECTED 
FACILITY

MATERIAL RELEASED SOURCE TERM INFORMATION
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RAD–03 TA–18–116 HEU, Fission Products 7,194 g HEU and fission products initial release (ground level); 56.1 g
HEU suspension release (ground level)

RAD–04 DARHT Pu Elevated release of Pu

RAD–05 TA–21–155 and/
or TA–21–209

tritium oxide 200 g tritium oxide, elevated release (fire), no suspension release

RAD–06 TA–50–37 Pu-239 0.63 Pu-29 PE-Ci released in 30 minutes (elevated release); 2.8 
Pu-239 PE-Ci suspension release (ground level)

RAD–07 TA–50–69 
Container Storage 

Area

Pu-239 0.28 Pu-239 PE-Ci released in 2.4 minutes (elevated); 0.52 Pu-239 
PE-Ci suspension release (ground level)

RAD–08 TWISP Pu-239 0.16 Pu-239 PE-Ci initial release (elevated); 0.74 Pu-239 PE-Ci 
suspension release (ground level)

RAD–09 TWISP Pu-239 High activity container, 0.066 Pu-239 PE-Ci initial release (ground 
level; 0.63 Pu-239 PE-Ci suspension release (ground level); Average
activity container, 0.0012 Pu-239 PE-Ci initial release, 0.012 Pu-239
PE-Ci suspension release

RAD–10 TA–55–4 Weapons-Grade Pu 2.7 g weapons-grade Pu initial release (stack); 4.3 g weapons-grade
Pu suspension release (ground level)

RAD–11 DARHT Pu Ground-level release of Pu

RAD–12 TA–16–411 Pu Elevated release of plutonium

RAD–13 TA–18–116 Weapons-Grade Pu,
Fission Products

6 g weapons-grade Pu initial release, plus fission products (ground 
level); 0.6 g weapons-grade Pu suspension release (ground level)

RAD–14 TA–55–4 Weapons-Grade Pu 2.5 g weapons-grade Pu initial release (stack); 0.0983 g weapons-
grade Pu suspension release (ground level)

RAD–15 TA–3–29 Weapons-Grade Pu 6.6 g weapons-grade Pu initial release; 4.34 g weapons-grade Pu 
suspension release (Expanded Operations Alternative only)

RAD–16 TA–3–29 Pu-239 0.69 g Pu-239 initial release (elevated); 0.21 g Pu-239 suspension 
release (ground level)

Note:  As plutonium-239 (Pu-239)  ages, there is an ingrowth of the daughter americium-241 (Am-241) that affects the gamma radiation levels.   However, an analysis 
shows that health effects from the combined uptake are quite independent of the aging.  Therefore, the MAR does not distinguish as to age of the material released.

TABLE  G.4.2.2–1.—Source Terms of Radiological Accidents at LANL-Continued

ACCIDENT 
SCENARIO 

DESIGNATOR

AFFECTED 
FACILITY

MATERIAL RELEASED SOURCE TERM INFORMATION
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G.5 ACCIDENT  CONSEQUENCE 
ASSESSMENT

This section provides the detailed description
and analysis results for each of the accident
scenarios for which impact quantification is
performed.  Table G.5–1 provides a summary of
the consequences to the public from risk-
significant accidents at LANL.  The annual
frequency at which these consequences occur
(that is, their probability of occurrence in any
year), can be put into a common perspective by
reference to Table G.1–2.  When the term
“societal risk” is encountered, recall that the
product of consequence and probability is called
societal risk in the SWEIS.  It permits the ready
comparison of accidents and alternatives
without the burden of the details found in this
section.  

G.5.1 Note on Worker 
Consequences

Table G.5.1–1 provides a similar summary for
consequences to workers in the facilities at
which the accidents originate.  The
consequences are characterized rather than
quantified.  In most cases, it is possible to
estimate the number or range in number of
people that may be present as determined from
experience, the size of the task, or
administrative limits.  However, it is not
generally possible to quantify the number of
injuries and fatalities this close to the source
because:  (1) the details of the contaminant
distribution, fires, projectiles, and explosive
forces close to the accident point are not known
and are not predictable; (2) the numbers and
locations of workers change frequently; and
(3) worker response, which has a large effect in
increasing or decreasing consequences, is not
predictable.

G.5.2 Note on Soil Contamination

There is also soil contamination that resu
from deposition of plumes from radiologica
releases.  When provided by the model, t
predicted mean soil contamination levels a
given in tables at the end of the descriptions
those radiological accidents that release mo
than a small amount of uranium or plutonium
(There is negligible deposition of tritium on
soil.)  The deposited material may subsequen
become airborne by wind or other disturbance
The resulting potential for exposures throug
inhalation is small compared to the initia
plume; nevertheless, the dose from such 
calculated in the modeling and is included in th
exposures in Table G.5–1.

Over the long term, the soil contamination h
potential for further exposure through inhalatio
of air and ingestion of food products.  Th
federal government, under the Feder
Radiological Emergency Response Pla
(61 Federal Register [FR] 20944), responds to
radiological emergency and provides resourc
to assist in the evaluation and mitigation 
potential long-term exposure pathways 
humans.  Specifically, EPA will assum
responsibility from DOE for long-term
monitoring and remediation, assist in th
preparation of area restoration plans, a
recommend cleanup criteria.  The U.S
Department of Agriculture (USDA) will inspec
meat and meat products, poultry and poult
products, and egg products to ensure they 
safe for human consumption.  In addition, th
USDA in conjunction with the U.S. Departmen
of Health and Human Services (HHS) will assi
in monitoring the production, processing
storage, and distribution of food through th
wholesale level to eliminate or reduc
contamination to a safe level.  HHS will assi
with the assessment, preservation, a
protection of human health, and will assist sta
and local governments in making evacuatio
and relocation decisions.
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TABLE  G.5–1.—Summary of Consequences from Risk-Significant Accidents at LANLa

SCENARIO DESCRIPTION
BASELINE 

LIKELIHOOD b
BASELINE CONSEQUENCE 

MEASURESc
EFFECT OF 

ALTERNATIVES d

SITE–01 Moderate earthquake. 
on the Pajarito Fault or a 
large earthquake in the 
Rio Grande Rift zone, 
resulting in structural 
damage and/or severe 

internal damage to 
comparatively low-
capacity facilities.

Approximately
2.9 x 10-3 per year

(i.e., one such 
event in 

approximately 
350 years).

Mean population dose approximately 
27,726 person-rem, resulting in 

approximately 16 excess LCFs; MEI 
dose 20 rem; several tens of people 

exposed at or above ERPG–2 or 
ERPG–3 levels at distances to a 

substantial fraction of 1 mile from 
multiple sources.

NOA—baseline.

No difference among 
alternatives; the MAR 

and accident conditions 
are unaffected by the 

alternatives.

SITE–02 Large earthquake on the 
Pajarito Fault, resulting 

in structural damage 
and/or severe internal 
damage to low- and 
moderate-capacity 

facilities.

Approximately
4.4 x 10-4 per year 

(i.e., one such 
event in 

approximately 
2,300 years).

Mean population dose approximately 
41,340 person-rem, resulting in  
approximately 24 excess LCFs;  

MEI dose 34 rem;   approximately 
100 people exposed above ERPG–2 
or ERPG–3 levels to a distance of 

about 1 mile from multiple sources.

NOA—baseline.

No difference among 
alternatives: the  MAR 
and accident conditions 
are unaffected by the 

alternatives.

SITE–03 Very large earthquake 
on the Pajarito Fault and 

perhaps the Embudo 
Fault, resulting in 

structural damage to 
essentially all facilities.

Approximately
7.1 x 10-5 per year 

(i.e., one such 
event in 

approximately 
14,000 years).

Mean population dose approximately 
210,758 person-rem, resulting in  
approximately 134 excess LCFs; 

MEI dose 247 rem; approximately 
100 people exposed above ERPG–2 
or ERPG–3 levels to a distance of 

about 1 mile from the sources.

NOA—baseline.

No difference among 
alternatives; the MAR 

and accident conditions 
are unaffected by the 

alternatives.

SITE–03, 
Surface 
Rupture

Very large earthquake 
on the Pajarito Fault, 
resulting in structural 

damage to essentially all 
facilities with surface 
rupture possible on 
subsidiary faults.

Approximately 
1 to 3 x 10-5 per 

year (i.e., one such 
event in 95,000 to 

32,000 years).

Mean population dose approximately 
344,581 person-rem, resulting in 
approximately 233 excess LCFs; 

MEI dose < 380 rem; approximately 
100 people exposed above ERPG–2 
or ERPG–3 levels to a distance of 

about 1 mile from multiple sources.

NOA—baseline.

No difference among 
alternatives; the MAR 

and accident conditions 
are unaffected by the 

alternatives.

SITE–04 Site-wide wildfire 
consuming combustible 

structures and 
vegetation.

Approximately 0.1 
per year 

(i.e., one every 10 
years).

Mean population dose approximately 
675 person-rem, resulting in 

approximately 0.34 excess LCFs; 
MEI dose < 25 rem; potential for 
limited exposure to chemicals.

NOA—baseline.

No difference among 
alternatives; the MAR 

and accident conditions 
are unaffected by the 

alternatives.

CHEM–01 Large leak chlorine 
release (69 to 75 lb) 
from potable water 

treatment station due to 
human error during 

cylinder changeout or 
maintenance, or due to 

random hardware 
failures.

Approximately
1.2 x 10-3 per year 

(i.e., one such 
event in 

approximately 
800 years).

For the risk-dominant large leak 
scenario, an average of 

approximately 43 people exposed 
above ERPG–2 levels, and 

approximately 12 people exposed 
above ERPG–3 levels to distances of 

up to a few tenths of 1 mile.

NOA—baseline.

EXP—approximately 5% 
more likely.

RED—approximately 5% 
less  likely.

GRN—same as baseline; 
no change in severity.
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SCENARIO DESCRIPTION
BASELINE 

LIKELIHOOD b
BASELINE CONSEQUENCE 

MEASURESc
EFFECT OF 

ALTERNATIVES d

CHEM–02 Multiple cylinder 
release (1,500 lb) from 

toxic release gas storage 
shed at Gas Plant due to 

fire or aircraft crash.

Approximately 
1.3 x 10-4 per year 

(i.e., one in 
approximately 
8,000 years).

Average of 292 people within LANL 
(ranging from none to 1,000 

depending upon wind direction) 
exposed at or above ERPG–2 or 

ERPG–3 levels; town protected by 
canyon from highest concentrations.

NOA—baseline.

EXP—approximately 
14% more likely.

RED—approximately 5% 
less likely.

GRN—same as baseline; 
no change in severity.

CHEM–03 Chlorine release (68 to 
75 lb) from toxic gas 
storage shed at Gas 
Plant due to random 

failure or human errors 
during cylinder 

handling.

Approximately 
1.2 x 10-4 per year 

(i.e., one in 
approximately 
8,000 years).

An average of  approximately 263 
people exposed above ERPG–2 

levels or 239 above ERPG–3 levels 
at distances to a fraction of 1 mile, 

all within LANL; town protected by 
canyon from highest concentrations.

NOA—baseline.

No difference among 
alternatives; the MAR 

and accident conditions 
are unaffected by the 

alternatives.

CHEM–04 Bounding single 
container release of 
toxic gas (selenium 
hexafluoride) from 

waste cylinder storage.

Approximately 
4.1 x 10-3 per year 

(i.e., one in 
approximately 250 

years).

Average number of off-site people 
exposed above ERPG–2 level is 

zero; toxic effects generally limited 
to the source’s technical area 

(TA–54).

NOA—baseline.

No change in likelihood 
or severity among the 

alternatives.

CHEM–05 Bounding multiple 
cylinder release of toxic 

gas (sulfur dioxide) 
from waste cylinder 

storage.

Approximately 
5.1 x 10-4 per year 
(i.e., one event in 

approximately 
2,000 years).

Under conservative daytime 
conditions, no one outside the source 
area (TA–54) would see levels above 

ERPG–2.  Under least favorable 
conditions, 13 people could be 

exposed above ERPG–3 levels and 
59 above ERPG–2 levels.

NOA—baseline.

No change in likelihood 
or severity among the 

alternatives.

CHEM–06 Chlorine gas release 
outside Plutonium 

Facility.

Approximately 
6.3 x 10-2 per year 
(i.e., one event in 

approximately 
16 years).

Average number of people exposed 
at or above ERPG–2 doses is 
approximately 102, and above 

ERPG–3, approximately 7 at ranges 
to a fraction of 1 mile.

NOA—baseline.

No change in likelihood 
or severity among the 

alternatives.

RAD–01e Plutonium release from 
RANT Facility 

transuranic waste 
container storage area 

fire.

Approximately 
1.6 x 10-3 per year 
(i.e., one event in 

approximately 
600 years).

Mean population dose approximately 
72 person-rem, resulting in 

approximately 0.04 excess LCF; 
MEI dose at nearest public access 

(on Pajarito Road) approximately 46 
rem; at most exposed residence 

approximately 4 rem.

NOA—baseline.

No change in likelihood 
or severity among the 

alternatives.

RAD–02 Plutonium release from 
the CMR Building due 
to natural gas pipe-line 

break, gas ingestion into 
facility, and subsequent 

explosion and fire.

Negligible 
likelihood, < 10-6 

per year or > 
1,000,000 years 

between 
occurrences.

Mean population dose approximately 
120,000 person-rem, resulting in 

approximately 57 excess LCFs; MEI 
dose at nearest public access 

(Diamond Road) approximately 
4000 rem; at nearest residence 

approximately 170 rem.

NOA—baseline.

No change in likelihood 
or severity among the 

alternatives.

TABLE  G.5–1.—Summary of Consequences from Risk-Significant Accidents at LANLa-Continued
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SCENARIO DESCRIPTION
BASELINE 

LIKELIHOOD b
BASELINE CONSEQUENCE 

MEASURESc
EFFECT OF 

ALTERNATIVES d

RAD–03 Highly enriched 
uranium release from 

power excursion 
accident with Godiva-
IV outside Kiva #3.

Approximately 
3.4 x 10-6 per year 
(i.e., one event in 
300,000 years).

Mean population dose approximately 
110 person-rem, resulting in 

approximately 0.06 excess LCF; 
MEI dose at nearest public access 

(Pajarito Road) approximately 
150 rem; at nearest habitation 

approximately 0.5 rem.

NOA—baseline.

EXP—approximately 
25% more likely.

RED and GRN—no 
change in likelihood.

No change in severity 
among the alternatives.

RAD–04f Inadvertent detonation 
of plutonium-containing 

assembly at DARHT 
firing point.

Negligible 
likelihood, < 10-6 

per year or > 
1,000,000 years 

between 
occurrences.

Mean population dose approximately 
9,000 person-rem, resulting in 

approximately 5 excess LCFs; MEI 
dose for nearest public access (State 

Route 4) approximately 76 rem.  

NOA—baseline.

No change in likelihood 
or severity among the 

alternatives.

RAD–05 Tritium oxide release 
due to aircraft crash at 

TSFF.

5.3 x 10-6 per year 
(i.e., one accident 
in 190,000 years).

Mean population dose approximately 
24 person-rem; 0.012 excess LCF or 

negligible chance of excess LCF.  
MEI approximately 0.01 rem.g

NOA—baseline.

The same for all 
alternatives, except with 

RED, the tritium 
available for release is 
reduced by 25% in one 
but not both buildings.

RAD–06 Plutonium release due to 
aircraft crash at 

RAMROD.

Negligible 
likelihood, < 10-6 

per year or > 
1,000,000 years 

between 
occurrences.

Mean population dose approximately 
7,900 person-rem, resulting in 
approximately 4 excess LCFs.

NOA—baseline.

No change among 
alternatives.

RAD–07 Plutonium release from 
WCRRF transuranic 

waste container storage 
area fire.

1.5 x 10-4 per year 
(i.e., one in 

7,000 years).

Mean population dose approximately 
1,300 person-rem, resulting in 

approximately 0.7 excess LCF; MEI 
dose at closest public access 

(Pajarito Road) approximately 
74 rem; at closest habitation 

approximately 4 rem.

NOA—baseline.

EXP—likelihood doubles 
due to higher waste 

throughput. 

RED—likelihood reduced 
by 25%.

GRN—same as baseline; 
no change in severity.

RAD–08 Plutonium release from 
TWISP transuranic 

waste storage domes 
due to aircraft crash and 

fire.

4.3 x 10-6 per year 
(i.e., one event in 

approximately 
200,000 years). 

Mean population dose approximately 
400 person-rem, resulting in 

approximately 0.2 excess LCF; MEI 
dose at nearest public access 

(Pajarito Road and nearest border 
with White Rock) 22 rem.

NOA—baseline.

No effect of alternatives 
on crash likelihood or 

maximum waste loading 
assumed in the analysis.

TABLE  G.5–1.—Summary of Consequences from Risk-Significant Accidents at LANLa-Continued
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SCENARIO DESCRIPTION
BASELINE 

LIKELIHOOD b
BASELINE CONSEQUENCE 

MEASURESc
EFFECT OF 

ALTERNATIVES d

RAD–09 Plutonium release due to 
transuranic waste drum 
failure or puncture (for 
high and typical activity 

in drum).

4.1 x 10-3 per year 
(i.e., one in 

approximately 
250 years for high-

activity drum); 
0.4 per year (i.e., 
1 in 2.5 years for 
typical-activity 

drum).

Mean population dose (high-activity 
drum) approximately 230 person-

rem, 0.12 excess LCF.  Mean 
population dose (typical-activity 
drum) approximately 4.3 person-
rem, with 0.0022 excess LCF or 

negligible risk.  MEI dose of 
0.41 rem.

NOA—baseline.

Number of drum 
operations, and thus 

likelihood, up 20% for 
EXP; down 5% for RED.  

GRN—same as baseline.

RAD–10 Plutonium release from 
degraded storage 

container at plutonium 
facility.

< 10-6 per year; 
negligible 

likelihood of 
external release 
(i.e., < 10-6 per 

year).

For the incredible accident, mean 
population dose approximately 

560 person-rem, with 0.28 excess 
LCF.  MEI dose of approximately 44 

rem at Pajarito Road boundary.

NOA—baseline.

Alternatives do not alter 
the likelihood or severity 

of these accidents 
associated with the 

repackaging of stored 
plutonium.

RAD–11f Container breach after 
detonation of 

plutonium-containing 
assembly at DARHT 

firing point.

Negligible 
likelihood, < 10-6 

per year or > 
1,000,000 years 

between 
occurrences.

Mean  population dose 
approximately 210 person-rem, 

resulting in < 1 excess LCF; MEI 
dose (maximum dose point on State 

Route 4)  approximately 14 rem.

NOA—baseline.

Alternatives do not alter 
the likelihood or severity 

of such accidents.

RAD–12f Explosively driven 
dispersal of plutonium 

at TA–16–411.

1.5 x 10-6 per year 
or about 1 in 

670,000 years.

Mean population dose approximately 
35,800 person-rem; 18 excess LCFs.  
MEI (maximum dose at closest site 

boundary) 138 rem.

NOA—baseline.

Alternatives do not alter 
the likelihood or severity 

of such accidents.

RAD–13 Plutonium release from 
flux trap irradiation 

experiment at TA–18.

1.6 x 10-5 per year 
(i.e., one event in 

62,000 years).

Mean population dose approximately 
160 person-rem, resulting in 0.08 
excess LCF; MEI dose at closest 
public access (Pajarito Road) is 

approximately 120 rem; at closest 
habitation is approximately 

0.12 rem.

NOA—baseline.

Alternatives do not alter 
the likelihood or severity 

of such accidents.

RAD–14 Plutonium release from 
ion exchange column 
thermal excursion at 
Plutonium Facility.

< 10-6 per year 
(i.e., < 1 in one 
million years).

Mean population dose approximately 
130 person-rem (i.e., 0.063 excess 

LCF);  MEI dose 0.45 rem at Pajarito 
Road and 0.32 rem at closest 

habitation.

NOA—baseline.

Alternatives have no 
effect on likelihood or 

severity of such 
accidents.

TABLE  G.5–1.—Summary of Consequences from Risk-Significant Accidents at LANLa-Continued
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SCENARIO DESCRIPTION
BASELINE 

LIKELIHOOD b
BASELINE CONSEQUENCE 

MEASURESc
EFFECT OF 

ALTERNATIVES d

RAD–15 Plutonium release from 
the ARIES process: 

(1) Hydride-dehydride 
glovebox fire.

(2) Plutonium release 
from wing fire.

(1) 3.6 x 10-5 per 
year

(2) 3.2 x 10-5
 
(i.e., 

1 in about 30,000 
years for both 

accident 
scenarios).

(1) Mean population dose 4.5 
person-rem; approximately 0.0023 
excess LCFs; MEI at closest public 

access:  approximately 4.1 rem.

(2) Mean population dose 
approximately 1,700 person-rem; 
approximately 0.85 excess LCFs, 

MEI at closest public access:  
approximately 91 rem.

NOA—baseline.

EXP—

(1) Increases the severity 
of the accident by 

approximately 4 times 
that of the NOA.

(2) Increases the severity 
of the accident by 

approximately 100% over 
the NOA.

RED and GRN—remain 
the same as the NOA.

Frequencies remain the 
same across alternatives.

RAD–16g Plutonium release due to 
aircraft crash at the 

CMR Building.

Approximately 
3.5 x 10-6 per year 
(i.e., one event in 

approximately 
300,000 years).

Mean population dose:   
approximately 56 person-rem; 0.03 
excess LCFs expected; MEI dose at 
closest public access approximately 

3 rem; at nearest habitation 
approximately 0.03 rem.

NOA—baseline.

Alternatives do not alter 
the likelihood or severity 

of such accidents.

WORK–01 Inadvertent detonation 
of high explosives.

10-3 to 10-2 per 
year (i.e., one in 

approximately 100 
to 1,000 years).

1 to 10 fatalities or injuries. NOA—baseline.  

EXP—50% increase in 
likelihood.

RED—20% reduction in 
likelihood.

GRN—40% reduction in 
likelihood.

WORK–02 Biohazard 
contamination of a 

single worker.

10-2  to 10-1  per 
year (i.e., one in 
approximately 10 

to 100 years).

One casualty. NOA—baseline.

No differences among 
alternatives apart from the 

addition of one more 
pathogen in EXP.

WORK–03 Inadvertent criticality 
event at the CMR 
Building, Critical 

Experiments Facility, or 
Plutonium Facility.

< 10-5 per year 
(i.e., one in more 

than 100,000 
years).

Substantial doses to those few 
workers in the immediate vicinity, 
with possible fatalities from acute 

exposures.

NOA—baseline.

Alternatives have little 
effect on likelihood and 
none on severity of such 

accidents.

WORK–04 Inadvertent exposure of 
workers to 

electromagnetic 
radiation.

10-2  to 10-1  per 
year (i.e., one in 
approximately 10 

to 100 years).

Typically one, rarely several, 
casualties.

NOA—baseline.

Alternatives have little 
effect on likelihood and 
none on severity of such 

accidents.

TABLE  G.5–1.—Summary of Consequences from Risk-Significant Accidents at LANLa-Continued
G–80



Accident Analysis

e
not
eri

r 
g un
ach 
are 
se

f 

r 
u
t 

 
refor

ed, do not
ts.
e i

able; 
lud

n as an 
EI
der each 
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BASELINE CONSEQUENCE 

MEASURESc
EFFECT OF 

ALTERNATIVES d

WORK–05 Plutonium release from 
degraded storage 

container at Plutonium 
Facility

0.23 per year (i.e., 
one in 

approximately 
5 years).

Significant but nonlethal doses to 
one to two operators.

NOA—baseline.

Alternative have little 
effect on likelihood and 
none on severity of such 

accidents.

a See the individual narratives for each accident in section G.5 for additional information.
b Accident likelihood estimates are conservative, given the information available.  However, for the particularly unlikely accidnts, 
it is possible that there are causal mechanisms that were missed; therefore, the possibility of a more probable scenario can be 
rigorously ruled out.  The frequency per year is more correctly described as the probability of occurrence in any 12-month pod.  
See detailed explanation under Meaning of Risk and Frequency in section G.1.

c Conservative assumptions have been employed in estimating the quantity and form of the hazardous materials available fo
release.  Accident consequences are generally conservative (pessimistic) but do not bound the effects of accidents occurrinder 
unusually unfavorable weather conditions.  The results quoted for radiological accidents are weather-averaged.  MEIs for e
location are hypothetical individuals who do not leave and do not take protective actions to avoid exposure.  Excess LCFs 
cancers resulting from, and that develop well after, exposure to ionizing radiation.  The excess LCF is the product of the do and 
the risk factor of 5 x 10-4 excess LCF/person-rem.  This is discussed in the primer on the effects of radiation in section D.1 o
appendix D, Human Health.

d Explanations of the alternatives:  No Action (NOA), Expanded Operations (EXP), Reduced Operations (RED), and Greene
(GRN) appear in the introduction to this appendix and in chapter 3.  The baseline risk is the risk from current operations, pls 
planned activities.  Together, these constitute the NOA. There is frequently no difference among the alternatives in acciden
frequency and public consequence.  The inventories used in the analyses are typically those of bounding permitted or 
administrative limits, rather than realistic values that would be more likely to change among the alternatives.  The accident
frequencies depend upon the accident initiators, many of which are independent of the operations and of inventory, and thee, 
do not change among alternatives.  Frequencies that depend upon operations, such as the number of drums being process 
necessarily translate into change in frequency of an environmental release, but may affect the frequency of worker acciden

e As with other plutonium doses, these 4,000 rem are the total dose that accumulates over a 50-year lifetime as a result of thnitial 
intake.

f These accidents are taken from the DARHT EIS (DOE 1995a) and utilize different modeling from the others shown in this t
therefore, the results may not be strictly comparable.  For example, the integrated exposures for these accidents do not ince 
exposures to on-site workers.  The DARHT EIS treated the on-site workers as noninvolved workers.  The doses were give
individual dose and not included in the integrated population numbers.  For this reason, integrated population doses in this S are 
higher than those in the DARHT EIS; however, both EISs assessed the consequences to noninvolved workers.  See text un
accident for elaboration.

g This is at 360-meter distance.  The closest public access would likely be involved in the crash.

TABLE  G.5–1.—Summary of Consequences from Risk-Significant Accidents at LANLa-Continued
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TABLE  G.5.1–1.—Summary of Consequences to Workers at 
Accident Origination Facilities

SCENARIO DESCRIPTION FACILITY WORKER CONSEQUENCES

SITE–01 Moderate earthquake on the Pajarito 
Fault or a large earthquake in the Rio 

Grande Rift zone, resulting in 
structural damage and/or severe 

internal damage to comparatively 
low-capacity facilities.

Workers in buildings that are structurally damaged or that 
suffer partial or total collapse (unusual, but possible) could 

be injured or killed.  Worldwide experience with very severe 
earthquakes indicates that a priori  predictions of the numbers 

of injuries and fatalities are not possible.  The experience 
clearly indicates that large numbers of fatalities (i.e., many 

hundreds to thousands of deaths) are not commonly 
experienced except under special conditions.  These specia
conditions include severe earthquakes with large numbers o

people in severely substandard structures that suffer 
complete collapse.  Modern structures do not often 

experience such failures, even in very severe earthquakes
Other circumstances under which large numbers of fatalities

can occur include seismically induced, widespread fires.  
Other impacts to workers can include delayed emergency 

response (including medical assistance) and indirect effects
from releases of hazardous materials (both inside facilities 

and to the environment).  

SITE–02 Large earthquake on the Pajarito 
Fault, resulting in structural damage 

and/or severe internal damage to 
comparatively moderate-capacity 

facilities.

See SITE–01.

SITE–03 Very large earthquake on the Pajarito 
Fault and perhaps the Embudo Fault, 

resulting in structural damage to 
essentially all facilities.

See SITE–01.

SITE–04 Site-wide wildfire consuming 
combustible structures and 

vegetation.

All threatened workers would be evacuated prior to arrival of 
the fire front.  Aircraft crashes have occurred while dropping 
slurry on wildfires.  Firefighters are at risk if they enter an 
area without an alternate escape route, and there have bee

historical fatalities from such events.  However, because life
safety is given first priority over protection of property at 
LANL, it is not likely that there will be worker fatalities.  

Some firefighters and other emergency personnel are likely
to have significant but transient effects from smoke 

inhalation.

CHEM–01 Chlorine release (up to 150 pounds) 
from potable water treatment station 
due to human error during cylinder 
changeout or maintenance, or due to 

random hardware failures.

For the cylinder rupture event, it is unlikely that workers will 
be present because due to the nature of the event, it is 

assumed to occur at random rather than as a result of worke
activity.  Even with very prompt response by workers inside 
the building when the release occurs, severe injury or fatality

is possible with large chlorine leak rates.  The number of 
injuries and fatalities depends on the exact number and 

location of workers at the facility at the time of the event.  
For small leak rates, the likelihood of injury or death is low 

due to the self-annunciating nature of the event.
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CHEM–02 Multiple-cylinder release 
(1,500 pounds) from toxic gas 

storage shed at Gas Plant due to fire 
or aircraft crash.

Workers present at the Gas Plant (TA–3–170 and environs)
can be injured or killed, depending upon wind direction and
wind speed.  However, the chlorine gas and fire causing the
release will be readily visible, and escape from the plume, 
even on foot, is likely.  Workers attempting to fight the fire 
without personal protective equipment can be overcome by

chlorine gas.

CHEM–03 Chlorine release (150 pounds) from 
toxic gas storage shed at Gas Plant 
due to random cylinder failure or 

multiple human errors during 
cylinder handling.

Gas Plant workers who are directly involved in handling the 
cylinders of chlorine can be exposed to ERPG–2 or ERPG–3

concentrations from the human error contributor to this 
event.  In the case of random failures, it is unlikely that 

workers will be in the immediate vicinity of the cylinder.  
Gas Plant workers can be exposed to high concentrations o
chlorine if located outdoors; but these employees will be able

to evacuate the area rapidly, which would tend to reduce 
exposure consequences.

CHEM–04 Bounding single-cylinder release of 
toxic gas (selenium hexafluoride) 

from waste cylinder storage.

There are typically four or five employees in the area during
normal work hours.  Injuries or fatalities can occur due to 

exposures as well as missiles from cylinder rupture.  Workers
are trained to leave the area in the event of a gas release.
Consequences will depend on wind speed and direction.

CHEM–05 Bounding multiple-cylinder release 
of toxic gas (sulfur dioxide) from 

waste cylinder storage.

See CHEM–04.

CHEM–06 Chlorine  release outside Plutonium 
Facility.

Air intakes at TA–55–4 are on the west end of the building, 
about 18 feet (5 meters) above the ground, and the chlorine

release location is on the north side of the building at ground
level.  In addition, there is an isolation valve in the intake 
ductwork.  Thus, it is unlikely that chlorine will be drawn 

into the building.  Personnel located outdoors can be expose
to ERPG–2 and ERPG–3 concentrations of chlorine; but 
these employees will be able to evacuate the area rapidly,

which would tend to reduce exposure consequences.  

RAD–01 Plutonium release from RANT 
Facility transuranic waste container 

storage area fire.

There are about a dozen employees at the facility during da
shift who can be at risk of plutonium inhalation as a result of
this fire.  However, the employees would be expected to take
shelter or evacuate the area, which would reduce exposures

No lethal exposures would be expected.

RAD–02 Plutonium release from the CMR 
Building due to natural gas pipeline 
break, gas ingestion into facility, and 

subsequent explosion and fire.

Workers in the wing affected by the explosion can be 
severely injured or killed due to the dynamics of the 

explosion and the subsequent fire.  Workers not directly 
affected by the explosion can inhale airborne plutonium that

results from the explosion and subsequent fire.  
Contaminated air can be drawn into the building and 

dispersed to otherwise unaffected wings of the building.

TABLE  G.5.1–1.—Summary of Consequences to Workers at 
Accident Origination Facilities-Continued

SCENARIO DESCRIPTION FACILITY WORKER CONSEQUENCES
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RAD–03 Highly enriched uranium release 
from power excursion accident with 

Godiva-IV outside Kiva #3.

Personnel will  not be located outdoors during an experimen
leading to this accident.  The TA–18 control building 

provides 40% attenuation of gamma radiation; ventilation 
systems will be secured in the event of an accident, 

minimizing the air exchange rate with the outdoors.  No 
acute fatalities are expected for this accident.

RAD–04 Inadvertent detonation of plutonium-
containing assembly at DARHT 

firing point.

Up to15 fatalities can occur among workers directly affected
by blast effects.  Other workers farther away can be injured
and/or exposed to airborne radioactivity (the latter depends

on wind speed and direction and the location of the workers).
Workers not directly affected by the blast could receive 

nonlethal exposures of up to 160 rem at 1,300 feet 
(400 meters) and up to 90 rem at 2,430 feet (750 meters).

RAD–05 Tritium oxide release due to aircraft 
crash at TSFF or TSTA.

An aircraft crash into the building can result in severe 
injuries or deaths to nearly all the occupants of the building. 
Nearby workers not within the facility can also be injured or 

killed as a result of the crash dynamics, explosion, fire, 
missiles, etc.  Workers not directly affected by the aircraft 

crash can be exposed to tritium oxide, but the release plum
will be elevated and may skip over the immediate crash site

before returning to the ground at some distance.

RAD–06 Plutonium release due to aircraft 
crash at RAMROD.

An aircraft crash into the building can result in severe 
injuries or deaths to nearly all the occupants of the building. 
Nearby workers not within the facility can also be injured or 

killed as a result of the crash dynamics, explosion, fire, 
missiles, etc.  Workers not directly affected by the aircraft 

crash could be exposed to plutonium, but the release plume
will be elevated and may skip over the immediate crash site
before returning to the ground at some distance.  (Note tha

this scenario was found, after detailed analysis, to screen on
frequency less than 1 x 10-7 per year.)

RAD–07 Plutonium release from WCRRF 
transuranic waste container storage 

area fire.

There are typically five WCRRF workers present during 
normal operations.  The postulated accident will not result in
an immediate release, providing time for implementation of 
evacuation or other protective measures.  No fatal exposure

are expected.

RAD–08 Plutonium release from TWISP 
transuranic waste storage domes due 

to aircraft crash and fire.

A small number of workers may be present during normal 
operations and can be directly affected by crash dynamics,
explosion, fire, missiles, etc.  Workers not directly affected 
by the aircraft crash can be exposed to plutonium, but the 

release plume will be elevated and may skip over the 
immediate crash site before returning to the ground at some

distance.

TABLE  G.5.1–1.—Summary of Consequences to Workers at 
Accident Origination Facilities-Continued

SCENARIO DESCRIPTION FACILITY WORKER CONSEQUENCES
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RAD–09 Plutonium release due to transuranic 
waste drum failure or puncture.

The accident results in an immediate dispersal of plutonium
to the area where the work is being performed.  The dose to
the worker will be dependent on ambient conditions and the

speed with which protective actions can be taken (e.g., 
evacuation).  No acute fatalities are expected for this 

accident.

RAD–10 Plutonium release from degraded 
storage container at Plutonium 

Facility.

The workers present when a container fails could be expose
to plutonium inhalation with substantial doses possible, 

depending upon the usage of PPE and the speed with whic
workers exit the immediate area.

RAD–11 Container breach after detonation of 
plutonium-containing assembly at 

DARHT firing point.

No fatalities are expected for the containment failure event 
because workers will be inside the facility and protected 

from material releases.  Workers not directly involved with 
the experiment can receive nonlethal doses of up to 60 rem a

1,300 feet (400 meters) and up to 20 rem at 2,460 feet
 (1,750 meters).

RAD–12 Plutonium release from seismically 
initiated event at TA–16–411.

Workers within the facility would be killed by the explosion 
and building collapse.

RAD–13 Plutonium release from flux trap 
irradiation experiment at TA–18.

See RAD–03.

RAD–14 Plutonium release from ion exchange 
column thermal excursion at 

Plutonium Facility.

Workers in the room where the event occurs can be injured o
killed due to the dynamics of the accident.  Plutonium 

particulate inhalation is also possible.  No fatalities have 
occurred in past resin thermal excursion events at other 

facilities.

RAD–15 Plutonium release from hydride-
dehydride glovebox fire.

From one to three workers may be present attending the 
operations.  These workers can be killed or injured due to the

direct effects of a laboratory fire or can be exposed to 
plutonium particulates via inhalation.  Other workers can be
affected by smoke inhalation.  Workers outside the facility 
will not be expected to be impacted due to redundant trains
of HEPA filtration between the accident location and the 

outside environment.

RAD–16 Plutonium release due to aircraft 
crash at the CMR Building.

An aircraft crash into the CMR Building can result in severe 
injuries or deaths to nearly all the occupants of the building. 
Nearby workers not within the facility can also be injured or 

killed as a result of the crash dynamics, explosion, fire, 
missiles, etc.  Workers not directly affected by the aircraft 
crash can be exposed to plutonium, but the release plume

will be elevated and may skip over the immediate crash site
before returning to the ground at some distance.

WORK–01 Inadvertent detonation of high 
explosives.

One to several workers can be killed due to explosion 
dynamics.  The actual number of workers depends on the 
circumstances of the explosion (e.g., type of activity in 
progress, quantity of explosives involved, distances of 

workers from explosion site, etc.).

TABLE  G.5.1–1.—Summary of Consequences to Workers at 
Accident Origination Facilities-Continued
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WORK–02 Biohazard contamination of a single 
worker.

One worker can be contaminated by this accident.  The 
outcome of the contamination depends on the nature of the

agent involved and the extent and efficacy of medical 
intervention.  Fatality is possible but not likely, based on 

experience in the medical and research communities.

WORK–03 Inadvertent criticality event at the 
CMR Building, Critical Experiments 

Facility, or Plutonium Facility.

One or more workers can be killed due to acute radiation 
exposure, but the lethal zone is limited to tens of meters from

the site of the criticality event.  Other workers can receive 
sublethal exposures or can inhale fission products.

WORK–04 Inadvertent exposure of workers to 
electromagnetic radiation.

Severe injury or death is possible in the worst case.  
Sublethal effects (e.g., eye injuries) are also possible.

WORK–05 Plutonium release from degraded 
storage container at Plutonium 

Facility. 

The workers handling the container can be exposed to 
plutonium particulates by inhalation.  Significant but 

nonlethal doses are possible depending on the usage of 
personal protective equipment and the speed with which the

workers exit the immediate area.

TABLE  G.5.1–1.—Summary of Consequences to Workers at 
Accident Origination Facilities-Continued
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G.5.3 Note on the Consequences 
from Earthquakes

For the site-wide earthquakes, the earthquake
frequency, the MAR (dominant contributors),
and accident consequences across the
alternatives are also projected to be comparable.

G.5.4 Site-Wide Earthquake and 
Wildfire Accidents

LANL is located within the Rio Grande Rift, a
tectonically active province in the western U.S.
Although only six historic earthquakes of
Richter magnitude (ML) of 5.0 or greater have
occurred in the LANL region, the period of
historical observation is short (from about 1850
for events of ML 5.5) (Wong et al. 1995).
Although no surface faulting has occurred in
historic times, detailed paleoseismic
investigations have found evidence of surface
faulting in prehistoric times.  Seismic studies
currently in progress have further evaluated the
potential for ground faulting.  These studies
indicate the possibility of such events is low, but
credible, at some locations on the LANL site.
Section 4.2.2.2 (in volume I, chapter 4) and
appendix I further discuss the recently
completed studies and their implication to DOE
and LANL.

In order to evaluate the seismic hazards at
LANL more fully, and in accordance with the
guidance contained in DOE Standards 1020 and
1023 (DOE 1994e and DOE 1995b), LANL
contracted with Woodward-Clyde Federal
Services to perform a state-of-the-art PSHA.
PSHA provides estimates of the frequency of
various levels of ground movement (e.g., peak
horizontal ground acceleration [PGA],
represented in terms of the multiple of the force
of gravity, represented by the letter “g”).  The
analysis evaluated the contribution of 25 faults
to the seismic hazard at LANL, accounting for
all known faults within 93 miles
(150 kilometers) of the site that could produce
ground accelerations of 0.05 g or greater (e.g., a

PGA of 0.05 g is representative of the onset o
strong ground shaking) (Wong et al. 1995).  
addition, areal seismic sources were conside
in an attempt to account for hidden faults th
could produce earthquakes of up to magnitu
6.5 (larger faults would produce surfac
ruptures that would be represented already). 

The Woodward-Clyde analysis found that mo
of the seismic hazard at LANL is due t
projected seismic activity in the Rio Grande R
and along the Pajarito, Rendija Canyon, Gua
Sawyer Canyon, and Embudo faults.  Th
surface expression of the Pajarito fault ru
along the western boundary of LANL.  Th
fault, which is a down-to-the-east faul
underlies the entire laboratory; all significan
facilities at LANL are within 3.5 miles
(5.6 kilometers) of the surface expression of t
fault.  The two facilities with the larges
radiological hazard potential at LANL are th
CMR Building and TA–55–4 facility, which are
0.4 and 1.9 miles (0.7 and 3.1 kilometers
respectively, from the surface expression of t
Pajarito Fault.  Therefore, the structures 
LANL are considered to be near-field for th
purposes of an earthquake along the Paja
Fault.  This near-field status means that lar
vertical displacements could occur in a
earthquake along the Pajarito Fault, along w
the horizontal displacements.  Modelin
performed by Woodward-Clyde indicates th
vertical accelerations could exceed th
horizontal acceleration at near-source distanc
of up to 6 miles (10 kilometers).

PSHA for Los Alamos indicates that th
frequency of a very large peak horizont
ground acceleration (1.0 g) is approximately
one in one hundred thousand per year, 
1.0 x 10-5 per year.  Because the mo
structurally robust facility at LANL has a desig
basis earthquake of 0.31 g, it is clear that
earthquakes have a potential to cause signific
damage to LANL facilities.  

The risks posed by earthquakes at LANL ha
been assessed on a site-wide basis, un
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existing safety documentation, which considers
the facilities independently.  The seismic
analysis herein is based on PSHA, on available
safety documentation (which in many cases
provides information on the seismic capacity of
important structures), on facility walkdowns
conducted by the SWEIS accident analysts, and
on engineering judgment.  The approach taken
in the analysis was to estimate conservative
structural failure thresholds (referred to as
HCLPF values), which correspond roughly to a
high confidence that the conditional probability
of structural failure is 5 percent or less at a given
ground acceleration.  By estimating
conservative HCLPF values, the frequency of
failure can be established with greater
confidence than if the median or mean fragility
values were estimated using limited resources.
This approach places most of the uncertainty in
failure frequency on the down side of the risk
estimates; that is, it is much more likely that the
actual failure frequency is lower than the
estimated value than it is higher.  Still, with a
consistent approach to the analysis, the relative
ranking of seismically initiated failures should
be valid.

Once the HCLPF values are estimated (these
values are tabulated in Table G.5.4–1), the
seismic hazard information can be convolved
with the HCLPF values to calculate the failure
frequency.  Because the seismic hazard is not
very different among the eight LANL sites
analyzed, the seismic hazard from TA–55 was
used in quantification.  The frequency of failure
corresponding to HCLPF values for TA–55 is
presented in Table G.5.4–2.  Using the
information in Tables G.5.4–1 and G.5.4–2,
seismic failure events and their corresponding
frequencies of occurrence were estimated as set
forth in Table G.5.4–3.

In principle, if the assessment of seismically
initiated accidents was being done as part of a
full-scope PRA, the frequency of structural
failure (or internal component/system damage)
could be calculated uniquely for each structure
and risks calculated separately for each

resulting chemical or radiological releas
However, the SWEIS accident analysis is no
seismic PRA.  The goal of the analysis is 
identify for the decision maker and stakeholde
the risks associated with the SWEIS alternativ
and to evaluate whether there are any signific
differences in accident risks across th
alternatives.  Examining the results of th
analysis in Table G.5.4–3, and considering t
approximate method by which the HCLP
values were assigned, the uncertainties in 
results are such that grouping the failure eve
by frequencies within a factor of three or four o
one another is not unreasonable.  Based 
Table G.5.4–3, three site-wide earthquak
were identified, as listed in Table G.5.4–4.  
addition, the potential impact of ground faultin
at one facility of concern, the CMR Building
will be discussed as a subsection of the SITE–
event.

Appendix I summarizes the ongoing an
recently completed seismic hazard studies, 
well as the implications of these studies f
DOE and LANL.  The uncertainties in the
estimated seismic risk are large.  The seism
hazard estimate alone has significa
uncertainties.  To illustrate, the uncertainties 
the seismic hazard are such that the 5th to 95th

percentile horizontal PGA values at a frequen
of 1 x 10-5 per year range from about 0.55 g to
much greater than 1.0 g.  Similarly, the 5th to
95th percentile frequency values, for 
horizontal PGA of 1.0 g, spans the range from
5 x 10-5 to much less than 1 x 10-6 per year.

G.5.4.1 SITE–01, Site-Wide 
Earthquake Causing 
Damage to Low-Capacity 
Structures/Internals

Consequences of SITE–01 for Facility 
Workers and the Public

The consequences of SITE–01 are presen
separately for workers and the public.  F
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TABLE  G.5.4–1.—Estimated High Confidence in Low Probability of Failure Capacities of LANL
Structures and Internals

FACILITY 
DESIGNATION

FAILURE 
HCLPFa NOTES

TA–00–1109 0.04 Unreinforced concrete block structure; large-diameter natural gas pipeline
and pumping station located within 50 feet of this structure; a small-diamet
natural gas pipe also enters the structure; HCLPF based on judgment and 
Campbell et al. 1988.

TA–00–1110 0.04 Unreinforced concrete block structure; two large water tanks located withi
100 feet of this structure; HCLPF based on judgment and Campbell et al. 
1988.

TA–3 Admin. Complex 0.04 0.15 g PGA calculated as having a high probability of failure (Miller et al. 
1995); also consistent with LANL 1991a.

TA–3–29 (CMR) 0.08 The CMR Building expected to fail at 0.17 g median fragility (LANL 1995c), 
corresponding to a HCLPF of 0.08 g.  The basement vault is expected to 
survive intact, but may suffer damage and leakage at earthquake magnitud
comparable to a HCLPF of 0.34 g (frequency of 7.1 x 10-5/yr.).

TA–3–66 (Sigma) 0.05 Built in late 1950’s; HCLPF based on LANL 1991a (original seismic desig
for 0.05 g) and PC 1996b (3 of 4 building sectors fail Federal Emergency 
Management Agency [FEMA] 178 life safety requirements corresponding t
0.14 g PGA).

TA–3–476 0.25 Judgmental estimate for overturning the shed in an earthquake.

TA–9–21 0.04 Judgmental estimate based on facility walkdown.

TA–15 DARHT NA No credible accident scenarios were identified wherein a seismic event cou
trigger a release from DARHT that would have any off-site impacts 
(DOE 1995a).  If an earthquake were to occur with an assembly loaded and
the containment sealed, not only would the container supports have to fail, b
the explosives in the assembly would have to detonate and the containmen
would have to fail in order for a release to the environment to occur.  The 
congruence of a sufficiently large earthquake, the conditional probability of
an assembly being installed in the containment, the explosives detonating, a
the containment structurally failing are considered to be incredible.

TA–16–205 (WETF) 0.14 Corresponds to 5 x 10-4/yr frequency estimate in SAR based on Table 
G.5.1–2; this earthquake does not cause structural failure (LANL 1996e), b
results in a tritium release due to failures internal to the facility coupled with
failure of the ventilation isolation system (100 grams tritium oxide; 250 gram
in the Expanded Operations Alternative).

0.30 SAR estimates structural failure at 0.6 g (LANL 1996e); however, the 
frequency in the SAR (1.5 x 10-5/yr) corresponds to an HCLPF of about 
0.53g, for which the median fragility would be much higher than 0.6 g.  
Indeed, that SAR frequency corresponds to approximately a 1.0 g PGA 
earthquake; the value shown here is a judgment pending further evaluation
In addition, during drafting of this SWEIS, DOE was informed that a 
seismically related unidentified safety question is in progress for WETF, 
which may lower the structural failure fragility to 0.3 g.

TA–16–411 0.05 Built in early 1950’s; HCLPF based on judgment and PC 1996b (fails FEM
178 life safety requirements corresponding to 0.14 g PGA).
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TA–18–23 (Kiva #1) 0.05 Built in late 1940’s to UBC criteria; HCLPF based on judgment and PC 
1996b (fails FEMA 178 life safety requirements corresponding to 0.14 g 
PGA).  Also calculated to be incapable of surviving the design basis 
earthquake of 0.22 g (LANL 1996f).

TA–18–32 (Kiva #2) 0.22 Analyzed in the SAR using finite element analysis against University of 
California Research Laboratory (UCRL–15910) seismic criteria and found t
survive the design basis earthquake for a Hazard Category 2 facility.  
Assuming facility is DOE Standard 1020-94 Performance Category 2, 
HCLPF judgmentally assigned at 0.22 g, which corresponds to the 
Performance Category 2 earthquake at TA–18 (Wong et al.1995).

TA–18–116 (Kiva #3) 0.22 See notes for TA–18–32, above.

TA–18–168 (SHEBA) 0.22 See notes for TA–18–32, above.

TA–21–155 (TSTA) 0.10 Built in early 1950’s; SAR indicates 0.33 g median fragility (LANL 1996g), 
but PC 1996b indicates that both sectors of building fail the FEMA 178 life 
safety requirements, corresponding to 0.14 g PGA.  Building brought up to 
1976 UBC requirements for seismic and wind; but the upgrade was not mea
to conform to UCRL–15910 or DOE Standard 1020 (LANL 1996g).

TA–21–209 (TSFF) 0.10 Built in late 1960’s; HCLPF based on SAR (LANL 1996h) and PC 1996b (
three sectors failed FEMA 178 life safety requirements, corresponding to  
0.14 g PGA).

TA–43–1 (HRL) 0.08 HCLPF based on LANL 1991a (capable of 0.18 g resistance); 5 of 6 sectors 
failed FEMA 178 life safety requirements, corresponding to 0.14 g PGA 
(PC 1996b).

TA–50–1 Radioactive 
Liquid Waste 
Treatment Facility 
(RLWTF)

0.10 SAR states that the facility cannot withstand the 0.22 g design basis 
earthquake for a Performance Category 2 facility (LANL 1995d); HCLPF 
assigned by judgment based on SAR-reported frequency of 1.4 x 10-3/yr 
(LANL 1995d).

TA–50–37 (RAMROD) 0.07 HCLPF assigned based on fragility of 0.15 g and corresponding frequency of 
2 x 10-3/yr (LANL 1996i).

TA–50–69 (WCCR 
Facility)

0.22 HCLPF assigned based on design basis earthquake of 0.22 g (LANL 1995e).

TA–54 TRU Domes 0.11 HCLPF assigned based on design basis earthquake of 0.22 g with a 
corresponding frequency of 1 x 10-3/yr (LANL 1995f); corresponds to 
structural collapse of the tension dome structures of four domes and impact
10% of the TRU waste drums on the top row of the stacks.

0.31 HCLPF assigned based on beyond design basis earthquake of 0.57 g with a 
corresponding frequency of 1 x 10-4/yr (LANL 1995f); corresponds to dome 
failure plus overturning of 10% of the TRU waste drums.

TA–54–38 (RANT) 0.11 HCLPF assigned based on the SAR, which states that the facility was 
designed to withstand seismic Zone 2 earthquake loads and design live loa
per UBC 1985, corresponding to a 0.11 g design basis earthquake.  However, 
additional bracing (tying together the roof and walls to resist the 100-year 
wind) brings the seismic resistance to greater than 0.11 g but less than the 
required 0.22 g for the facility (LANL 1996j).

TABLE  G.5.4–1.—Estimated High Confidence in Low Probability of Failure Capacities of LANL
Structures and Internals-Continued

FACILITY 
DESIGNATION

FAILURE 
HCLPFa NOTES
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TA–55–4 0.14 Design basis earthquake; facility structure remains intact, but some proce
enclosures collapse due to anchorage failure resulting in a free-fall spill of 
MAR and the rupture of process gas lines.  Ventilation system fails due to lo
of off-site power and failure of nonsafety-class ductwork within the building.
LPF = 6% due to ventilation system failure and pressurized gas-driven 
release; frequency of this scenario is 4 x 10-4/yr (LANL 1996k).  The release 
for this scenario, calculated on a spreadsheet basis, is estimated at 1.16 x-2

 

grams of heat source plutonium, 5.17 grams of weapons-grade plutonium, 
0.201 grams of plutonium-242, and 0.241 grams of highly enriched uranium
(LANL 1996k).

0.23 Beyond evaluation basis earthquake included in the SAR; similar to 0.30 g in 
that the structure remains intact with an LPF = 0.06, but more gloveboxes,
etc., fail, increasing the source term.  Release, calculated on a spreadshee
basis, is estimated at 1.74 x 10-2 grams of heat source plutonium, 5.31 grams 
of weapons-grade plutonium, 0.201 grams of plutonium-242, and 0.242 
grams of highly enriched uranium (LANL 1996k).

0.44 Beyond design basis earthquake not included in the TA–55 SAR; the structure 
has an HCLPF of 0.44 g, corresponding to an annual frequency of 
3.16 x 10-5/yr (LANL 1996k).

TA–55–185 0.31 TA–55–185 is a prefabricated metal building located on a concrete pad; it 
general use facility constructed in accordance with the 1988 UBC (DOE 
1996g).  HCLPF assigned based on judgment considering design and 
considering TA–54 Area G analysis for toppling of top row of TRU drums 
(LANL 1995f).

TA–55–249 0.23 Based on beyond evaluation basis earthquake for TA–55–4 (see above).

a Failure HCLPF is the ground acceleration where the probability of structural failure is 5% or less.

TABLE  G.5.4–1.—Estimated High Confidence in Low Probability of Failure Capacities of LANL
Structures and Internals-Continued

FACILITY 
DESIGNATION

FAILURE 
HCLPFa NOTES
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TABLE  G.5.4–2.—HCLPF Values Versus Annual Frequency of Failure

HCLPF FREQUENCY HCLPF FREQUENCY HCLPF FREQUENCY HCLPF FREQUENCY

0.01 9.93 x 10-3 0.16 5.24 x 10-4 0.31 1.01 x 10-4 0.46 2.67 x 10-5

0.02 8.59 x 10-3 0.17 4.60 x 10-4 0.32 9.18 x 10-5 0.47 2.46 x 10-5

0.03 6.38 x 10-3 0.18 4.06 x 10-4 0.33 8.36 x 10-5 0.48 2.26 x 10-5

0.04 4.67 x 10-3 0.19 3.59 x 10-4 0.34 7.62 x 10-5 0.49 2.08 x 10-5

0.05 3.54 x 10-3 0.20 3.19 x 10-4 0.35 6.95 x 10-5 0.50 1.92 x 10-5

0.06 2.78 x 10-3 0.21 2.84 x 10-4 0.36 6.35 x 10-5 0.51 1.77 x 10-5

0.07 2.24 x 10-3 0.22 2.54 x 10-4 0.37 5.80 x 10-5 0.52 1.63 x 10-5

0.08 1.84 x 10-3 0.23 2.27 x 10-4 0.38 5.31 x 10-5 0.53 1.50 x 10-5

0.09 1.53 x 10-3 0.24 2.04 x 10-4 0.39 4.86 x 10-5 0.54 1.39 x 10-5

0.10 1.29 x 10-3 0.25 1.84 x 10-4 0.40 4.45 x 10-5 0.55 1.28 x 10-5

0.11 1.09 x 10-3 0.26 1.66 x 10-4 0.41 4.08 x 10-5 0.56 1.18 x 10-5

0.12 9.29 x 10-4 0.27 1.49 x 10-4 0.42 3.74 x 10-5 0.57 1.09 x 10-5

0.13 7.99 x 10-4 0.28 1.35 x 10-4 0.43 3.44 x 10-5 0.58 1.01 x 10-5

0.14 6.90 x 10-4 0.29 1.22 x 10-4 0.44 3.16 x 10-5 0.59 9.35 x 10-6

0.15 6.00 x 10-4 0.30 1.11 x 10-4 0.45 2.90 x 10-5 0.60 8.65 x 10-6
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TABLE  G.5.4–3.—Seismic Failures and Failure Frequencies Arrayed in Descending Order

FREQUENCY HCLPF FACILITY AND FAILURE SCENARIO

4.7 x 10-3 0.04 Administration Building structural failure

0.04 TA–00–1109 structural failure

0.04 TA–00–1110 structural failure

0.04 TA–9–21 structural failure

3.5 x 10-3 0.05 TA–3–66 (Sigma) structural failure

0.05 TA–18–23 (Kiva #1) structural failure

0.05 TA–16–411 structural failure

2.2 x 10-3 0.07 TA–50–37 (RAMROD) structural failure

1.8 x 10-3 0.08 TA–3–29 (CMR) structural failure

0.08 TA–43–1 (HRL) structural failure

1.1 x 10-3 0.10 TA–21–155 (TSTA) structural failure

0.10 TA–21–209 (TSFF) structural failure

0.10 TA–50–1 (RLWTF) structural failure

0.11 TA–54 TRU domes structural failure, no drum overturning

0.11 TA–54–38 (RANT) structural failure

6.9 x 10-4 0.14 TA–16–205 internal failures, structure remains intact

0.14 TA–55–4 (Plutonium Facility) internal failures, structure remains intact

2.5 x 10-4 0.22 TA–18–32 (Kiva #2) structural failure

TA–18–116 (Kiva #3) structural failure

TA–18–168 (SHEBA) structural failure

TA–50–69 (WCRR Facility) structural failure

2.3 x 10-4 0.23 TA–55–4 (Plutonium Facility) internal failures, structure remains intact; nitric acid 
tank and berm structural failure

0.23 TA–55–249 (hydrochloric acid tank and berm) structural failure

1.8 x 10-4 0.25 TA–3–476 overturning

1.1 x 10-4 0.30 TA–16–205 structural failure

1.0 x 10-4 0.31 TA–54 TRU domes structural failure, drums overturning

0.31 TA–55–185 structural failure

3.2 x 10-5 0.44 TA–55–4 (Plutonium Facility) structural failure
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workers, the following consequences are
identified:

• Any time a facility occupied by workers is 
subjected to structural damage or collapse 
in an earthquake, injuries will occur and the 
potential for fatalities is also present.  
Worldwide experience with very severe 
earthquakes indicates that a priori 
predictions of the numbers of injuries and 
fatalities are not possible.  The experience 
clearly indicates that large numbers of 
fatalities (i.e., many hundreds to thousands 
of deaths) are not commonly experienced 
except under special conditions.  These 
special conditions include severe 
earthquakes with large numbers of people 
in severely substandard structures that 
suffer complete collapse.  Modern 
structures do not often experience such 
failures, even in very severe earthquakes.  
Other circumstances under which large 
numbers of fatalities occur include 
seismically induced dam failures and 
seismically induced, widespread fires.

• Workers trapped in nonhazardous buildings 
could be exposed to radioactivity and 
chemicals released into the atmosphere as a 
result of structural damage to other 
facilities and fires.

• Medical assistance to injured workers could 
be delayed due to limited availability of 
immediate medical response resources as 

well as by damage to transportation route
(e.g., due to landslides or collapsed 
bridges).

• These same considerations also apply to t
off-site public.

Under the SITE–01 earthquake scenario, LAN
nuclear facilities, except for the CMR Building
and most of LANL nonnuclear facilities would
not collapse.  The general effect is the potent
to spill, create a small fire, or otherwise cau
limited damage to material.  Material  that is “i
process” is more likely to experience this type 
effect.  As a conservative value, the wing 
building limits have been used as the MAR 
these accidents with all of this material subje
to spills, free-fall impacts, and a limited amou
involved in fires. Bounding values were used 
determining the amount of this material that h
the potential for airborne transport.  If interna
systems could be damaged, the LPF for t
facility was assumed to be 1.0.  (That is, give
the occurrence of the earthquake, it is assum
that the facilities that would experienc
structural or systems damage would always 
so in a manner that creates an unconstrain
path for material release outside of th
structure.)  This is a very conservativ
assumption because such damage could a
occur in a manner that does not result in t
release of material outside of the structure.  (F
example, walls might crack, but materia
storage containers could remain intact, or on

TABLE  G.5.4–4.—Identified Site-Wide Earthquakesa

FREQUENCY RANGE/YR
POINT ESTIMATE 

FREQUENCY
CHARACTERIZATION OF EARTHQUAKE

SITE–01 

1.1 x 10-3 to 4.7 x 10-3

2.9 x 10-3 Low capacity structures or internals fail

SITE–02 

1.8 x 10-4 to 6.9 x 10-4

4.4 x 10-4 Moderate capacity structures or internals fail

SITE–03 

3.2  x  10-5 to 1.1 x 10-4

7.1 x 10-5 Comparatively high capacity structures fail

a Based on the information provided in Table G.5.1–3.
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spill material within the structure.) For
buildings that would not sustain internal
structural or systems damage, the LPF was
assumed to be zero.  

As a specific example, in evaluating the impact
of hypothesized building damage from a
SITE–01 earthquake affecting the CMR
Building, it was assumed that the full amount of
the MAR (the wing limits) were in powder
form, uncontained and unprotected, subject to
impacts and spills from the earthquake ground
motion and falling objects.  All of this material
was assumed to be freely available for dispersal
to the outside following the building damage.
For comparison, generally only about
40 percent of the material in the CMR Building
is in powder form, the remainder being in metal
or solution, and most of the materials are in
storage containers during routine operations
(most is not “in process”).  Such storage
containers would have to be breached in the
course of or following the earthquake to make
that material available for release.  Thus, while
there is a variety of scenarios that could be
developed for the events resulting from such an
earthquake, this approach represents a
conservative case for the purposes of NEPA.  

LANL nuclear facilities do meet the
requirements for design basis earthquakes.  This
includes engineered controls to minimize the
damage to internal structures and systems.
However, for the purposes of NEPA, the
seismic hazard is treated very conservatively.
This approach is taken in recognition that the
frequency and magnitude of earthquakes are
uncertain.  The uncertainty will remain until
much more is known and understood about the
causes of earthquakes and their effects,
including the predictability of earthquake
magnitudes for a given area.  Far less uncertain
is the response of buildings to given forces;
however, the process for determining the exact
values for building responses is both expensive
and time consuming.  For the purposes of this
SWEIS and consistent with the requirements of
NEPA, the analyses considered conservative

values for both the amount of material that cou
be affected in these scenarios and the ability 
facilities and their systems to contain hazardo
material.

Based on the foregoing discussion and analy
low capacity structures/internals subject 
damage and resulting in radiological releas
for a 2.9 x 10-3 annual frequency earthquak
include TA–3–29 (CMR Building structura
collapse), TA–18–23 (Kiva #1 structura
failure), TA–21–155 (TSTA Facility structura
failure), TA–21–209 (Tritium Science and
Fabrication Facility structural failure),
TA–50–1 (RLWTF structural failure),
TA–50–37 (Radioactive Materials Researc
Operations, and Demonstration Facilit
structural failure), TA–54 Area G (TWISP
Storage Dome failure), and TA–54–3
(Nondestructive Assay and Nondestructiv
Examination Facility structural failure).  The
dominant MAR and source terms are associa
with TA–3–29, TA–50–1, TA–50–37, TA–54
Area G, and TA–54–38.  Note that facilities th
pose small additional risk were not included 
the analyses.  An example is TA–16–411, whe
the MAR is in a very strong part of the structu
(vault) and is there only part of the time, so th
a release from this facility as a result of a
earthquake is believed to border on th
incredible.  The probability of such a release
discussed in detail under section G.5.6.1
RAD–12.

Note that these analyses (SITE–01, SITE–0
and SITE–03) do not attempt to evaluate t
effect upon the population from the earthqua
itself.  Certainly, an earthquake in the Lo
Alamos area would have broader implication
upon the local community than just the dama
to LANL facilities.  The population effects
discussed here would only be incremental to t
significant damage sustained from th
earthquake itself.

The mean collective population dose from th
dominant source term contributors is projecte
to total about 27,726 person-rem total effecti
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dose equivalent (TEDE), resulting in
approximately 16 excess LCFs.  Some 97
percent of the exposure rises from the CMR
Building (TA–3–29), RAMROD (TA–50–37),
and the RLWTF (TA–50–1).  No acute
(immediate) fatalities from radiation are
expected to result from the earthquake event.

Doses to the MEI member of the public from the
subject facilities will generally not be additive
because of the diverse locations of the facilities
and the attendant requirement that different
wind directions at each facility converging on
the MEI would be necessary to obtain
concurrent exposures (not physically possible).
MEI doses for community residents and the
corresponding release sources are summarized
as follows:  (1) 20.2 rem (TEDE), Los Alamos
townsite resident (TA–3–29); (2) 20.1 rem
(TEDE), Royal Crest Trailer Park resident
(TA–3–29, TA–50–1, TA–50–37); and
(3) 3.0 rem (TEDE), White Rock resident
(TA–54 Area G).  

Chemical release consequences also have been
calculated. Chemical releases include
300 pounds of chlorine released from
TA–00–1109 and TA–00–1110, 7.6 liters of
hydrogen cyanide produced by collapse of the
floor at the Sigma facility (TA–3–66), 3 pounds
of phosgene released from collapse of TA–9–21
(a laboratory building), and 30 liters of
formaldehyde released from the Health
Research Laboratory (TA–43–1).  The
consequences of these releases are described
below (note that no emergency response actions
are assumed, with exposure assessed as though
the people exposed are located outdoors; both
assumptions are conservative).

• TA–00–1109 and TA–00–1110, 300 pounds 
chlorine released at each.  In both cases, 
the most likely outcome would be that the 
higher concentrations of chlorine (being a 
heavy gas) would proceed down into 
nearby canyons, and exposures to the public 
would be reduced.  Under typical 
meteorological conditions, and assuming 

flat terrain for the sake of conservatism, th
ERPG–3 concentration of 20 parts per 
million could be exceeded to a distance of
361 yards (330 meters).  Concentration 
profiles at 200 and 300 yards (183 and 
275 meters) show that the ERPG–3 value
exceeded for a little over 10 minutes for a
person located outdoors.  At a 100-yard 
(92-meter) distance, the ERPG–3 value is
exceeded significantly, with an exposure o
about 200 parts per million lasting for abou
10 minutes outdoors (see properties of 
chlorine gas under CHEM–02).  Indoors, 
these values would be less, but the 
increment is not known due to damage to 
structures (with an intact single-story 
structure, the indoors concentration at 
328 yards [100 meters] does not exceed 
ERPG–3, with a maximum concentration o
13.5 parts per million calculated).  The 
circumstances of the release are such tha
the total release would be less than 
300 pounds.  The failure mode is evaluate
to be shearing of the valves off the ends o
the two tanks online.  As discussed later 
under scenario CHEM–01, such a failure 
mode results in cooling the cylinder to a 
temperature less than the boiling point of 
chlorine, terminating the release before al
the chlorine is released (actually, about ha
the total is released).  The consequences 
this would be no worse than those 
calculated for a single cylinder rupture, 
which releases 150 pounds from the 
building in 18.2 minutes.  This results in 53
people being exposed to greater than 
ERPG–2 and 12 people exposed to greate
than ERPG–3 concentrations under 
conservative daytime dispersion condition

• TA–3–66, 7.6 liters of hydrogen cyanide 
released.  Hydrogen cyanide (HCN) would 
form in the basement of the Sigma 
Building.  However, HCN is lighter than air
and would be expected to evolve from 
solution in the basement and reach groun
level, at which point it can be modeled as 
ground level release.  In order to place 
bounds on the consequences, several 
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scenarios were run.  The most conservative 
release calculations assumed an 
instantaneous release of all 7.6 liters of 
HCN under adverse dispersion conditions, 
which is extremely conservative.  The 
resulting maximum ERPG–2 and ERPG–3 
distances were 0.60 and 0.43 miles (1 and 
0.7 kilometers), respectively.

Another calculation was performed similar to
those performed for EPA Risk Management
Program (RMP) purposes, assuming a constant
release rate with all the material released within
10 minutes under adverse dispersion conditions.
The resulting maximum ERPG–2 and ERPG–3
distances were 0.45 and 0.28 miles (0.72 and
0.45 kilometers), respectively.  A similar case,
which assumed evaporation from a puddle
under adverse dispersion conditions, produced
maximum ERPG–2 and ERPG–3 distances of
0.27 and 0.17 miles (0.43 and 0.27 kilometers),
respectively.

EPA RMP-type calculations under conservative
daytime dispersion conditions produced
maximum ERPG–2 and ERPG–3 distances of
119 yards (109 meters) and 75 yards
(69 meters).  Because ALOHA-calculated
distances of the order of 100 yards or less are
overestimates, this release scenario is of
marginal consequence under conservative
daytime dispersion.  Even under adverse
dispersion conditions, the ERPG–2 and
ERPG–3 distances still did not extend to the Los
Alamos townsite; any consequences would be
limited to the LANL workforce population.  The
estimated numbers of people affected by
concentrations greater than ERPG–2 and
ERPG–3 are 15 and 15, respectively, for
conservative daytime dispersion conditions and
44 and 29, respectively, for adverse dispersion
conditions.  Given collapse of the floor at
Sigma, personnel in that facility would likely be
severely injured or killed by the seismic event
alone.  Any survivors would have to rapidly
evacuate the structure to avoid exposure to high
concentrations of HCN.

• TA–3–476, 150 pounds of chlorine 
released.  The consequences of this releas
are essentially identical to the consequenc
for accident scenario CHEM–03, as 
presented in Table G.5.6–1.

• TA–9–21, 3 pounds of phosgene released  
TA–9–21 is a relatively isolated site at 
LANL (compared with, for example, TA–3 
or TA–55) with a low workforce population
in the immediate area.  Nonetheless, 
phosgene is a very toxic gas (the ERPG–3
concentration for phosgene is 1 part per 
million; whereas, the ERPG–3 
concentration or chlorine is 20 parts per 
million).  Using EPA RMP-type release 
parameters of a constant 10-minute releas
under adverse dispersion conditions, the 
ERPG–2 and ERPG–3 distances are 0.76
and 0.0.32 miles (1.2 and 0.52 kilometers
respectively.  Under conservative daytime
dispersion conditions, the ERPG–2 and 
ERPG–3 distances decrease to 0.23 and 
0.10 miles (0.37 and 0.16 kilometers), 
respectively.  The estimated number of 
people affected by concentrations greater
than ERPG–2 and ERPG–3 is 2 and 1, 
respectively, under either adverse or 
conservative daytime dispersion condition

• TA–43–1, 30 liters of formaldehyde 
released.  This release was modeled 
because it is the largest inventory of easily
dispersed (by air) carcinogens at LANL.  
The Los Alamos Medical Center is adjacen
to the Health Research Laboratory, just 
across the bridge from LANL in the town 
area. 

Similar to EPA RMP criteria, a 10-minute
release was modeled under both adverse 
conservative daytime dispersions.  Und
adverse dispersion, the ERPG–2 and ERPG
distances were calculated to be 0.68 a
0.41 miles (1.1 and 0.66 kilometers
respectively.  Under conservative daytim
conditions, the ERPG–2 and ERPG–3 distanc
were 0.17 and 0.10 miles (0.27 an
0.16 kilometers), respectively.
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The number of people exposed to
concentrations greater than ERPG–2 and
ERPG–3 under adverse dispersion conditions
are 60 and 23, respectively.  Under conservative
daytime dispersion, the number of people
exposed to greater than ERPG–2 and ERPG–3
is 11 and 6, respectively. 

The MAR (dominant contributors), earthquake
frequencies, and accident conditions are the
same for all four SWEIS alternatives;
consequently, accident consequences across the
alternatives are also projected to be comparable.  

G.5.4.2 SITE–02, Site-Wide 
Earthquake Causing 
Damage to Low- and 
Moderate-Capacity 
Structures/Internals

As discussed in section G.5.4, the frequency of
SITE–02 is 4.4 x 10-4 per year.  The source term
and consequences of this accident are also
addressed in section G.5.4.

Consequences of SITE–02 for Facility 
Workers and the Public

In this earthquake scenario, the same
conservative approach is used as was used in
SITE–01. Facilities that sustain structural
collapse would essentially consider all material
in a facility as MAR.  This includes stored
material that could sustain damage from higher
magnitude earthquakes.  As with the SITE–01
scenario, for facilities that sustain internal
damage only, the process material is considered
to be at risk.  Facilities that do not sustain
damage do not contribute to MAR. Once the
facility is considered to be damaged, the same
conservative values (as were applied from
SITE–01) for determining the source terms
were used.

Moderate-capacity structures/internals subject
to damage and resulting in radiological releases
for a 4.4 x 10-4 annual frequency earthquake

include TA–16–205 (Weapons Engineerin
Tritium Facility internals damage), TA–18–3
(Kiva #2 structural failure), TA–18–116 (Kiva
#3 structural failure), TA–18–168 (SHEBA
structural failure), TA–50–69 (WCRRF
structural failure), and TA–55–4 (Plutonium
Facility internals damage).  The dominant MA
and source terms for moderate-capac
structures/internals are associated wi
TA–50–69 and TA–55–4.  

For the 4.4 x 10-4 annual frequency earthquake
the dominant source term contributors includ
the identified moderate-capacity structure
internals (TA–50–69 and TA–55–4) and th
low-capacity structures/internals evaluated f
Scenario SITE–01.  The mean collectiv
population dose is projected to tota
41,340 person-rem (TEDE), resulting i
approximately 24 excess LCFs.  Most of th
increase in exposure over the SITE–01 resu
comes from plutonium releases due to intern
failures at the Plutonium Facility (TA–55–4)
together, the TA–55–4 contribution and th
contribution from the low-capacity facilities
identified in SITE–01 account for 95 percent o
the total integrated population dose.  No acu
fatalities are predicted to result from th
earthquake event. 

A member of the public residing at the Roy
Crest Trailer Park has the potential of receivin
concurrent exposures to releases fro
TA–3–29, TA–50–1, TA–50–69, and TA–55–
for the postulated earthquake event.  The M
dose for this receptor location is conservative
projected to total 34.3 rem (TEDE) an
primarily results from postulated release
associated with TA–55–4 (Plutonium Facility
TA–50–37 (RAMROD), and TA–3–29.

The MAR (dominant contributors), earthquak
frequencies, and accident conditions are t
same for all four  SWEIS alternatives
consequently, accident consequences across
alternatives are also projected to be comparab
G–98
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Chemical release consequences also have been
calculated. Chemical releases for SITE–02
include the same releases as for SITE–01, plus
additional releases of 6,100 gallons of nitric acid
and 5,200 gallons of hydrochloric acid from
tanks at TA–55.  These tanks are located within
a few hundred feet of one another, and the
consequences of the hydrochloric acid release
are far greater than the nitric acid release.
Accordingly, the hydrochloric acid release was
modeled in detail (note that no emergency
response actions are assumed, with exposure
assessed as though the persons exposed are
located outdoors; both assumptions are
conservative).  The hydrochloric acid tank is
contained inside a berm; consequently, the
release rate is limited by the surface area within
the berm.  

Consequence analyses were performed
assuming a puddle of hydrochloric acid, which
is the condition expected following seismic
failure of the tank.  The consequences of the
release are provided in Table G.5.4.2–1 

G.5.4.3 SITE–03, Site-Wide 
Earthquake Causing 
Damage to All Structures/
Internals

As discussed in section G.5.4, the frequency of
SITE–03 is 7.1 x 10-5 per year.  The source term
and consequences of this accident are also
addressed above in section G.5.4.

Consequences of SITE–03 for Facility 
Workers and the Public

In this case, high-capacity facility structures a
subject to damage and collapse.  Once th
facilities are considered to be damaged by t
earthquake, conservative values are used
estimate the source terms.  These values 
consistent with the conservative assumptio
used in SITE–01 and SITE–02, but consider t
larger magnitude of this earthquakes.  T
increase in impacts is associated with the grea
inventories that are affected by the earthquak

High-capacity facility structures subject t
damage and resulting in radiological releas
for a 7.1 x 10-5 annual frequency earthquak
include TA–16–205 (Weapons Engineerin
Tritium Facility structural failure), TA–54
Area G (TRU drums overturn), TA–55–4
(Plutonium Facility structural failure), and
TA–55–185 (TRU Waste Staging Facility
structural failure).  The dominant MAR an
source terms for this scenario are associa
with TA–3–29, TA–54 Area G, and TA–55–4.

For the 7.1 x 10-5 annual frequency earthquake
source term contributions include the identifie
dominant high-capacity structures (TA–5
Area G and TA–55–4), the other dominan
moderate-capacity (TA–50–69), and low
capacity (TA–3–29, TA–50–1, TA–50–37
TA–54–38, and TA–54 Area G) structures
internals.  The mean collective population do
is projected to total 210,758 person-re
(TEDE), resulting in approximately 134 exces

TABLE  G.5.4.2–1.—Consequences of a Hydrochloric Acid Release

POINT OF COMPARISON ERPG–2 ERPG–3

Distance, Adverse Dispersion 2.0 miles 0.72 miles

Distance, Conservative Daytime Dispersion 1.0 miles 0.44 miles

Adverse Dispersion, Exposed Population 194 93

Conservative Daytime Dispersion, Exposed Population 124 36
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LCFs.  Projected doses and associated health
effects primarily result from the postulated
releases associated with TA–55–4 (accounting
for almost 82 percent of the total) and TA–3–29
(accounting for an additional 14 percent of the
total).  No fatalities from acute radiation
exposure are predicted to result from the
earthquake event.  The bounding dose at the
MEI location in the Royal Crest Trailer Park is
approximately 247 rem.  The LANL seismic
event exposures are almost exclusively from
inhalation of plutonium, for which the
exposures are more protracted and the acute
effects are correspondingly reduced or absent.

The chemical release consequences for
SITE–03 are the same as those for SITE–02
(section G.5.4.2).  

The MAR (dominant contributors), earthquake
frequencies, and accident conditions are the
same for all four SWEIS alternatives;
consequently, accident consequences across the
alternatives are also projected to be comparable. 

Recent and ongoing seismic studies have
identified the potential for ground faulting at the
CMR Building (TA–3–29).  The assessment of
ground faulting impacts on facility damage is
difficult to quantify.  For the CMR Building, the
facility structure is assumed to collapse as part
of the SITE–01 earthquake, with the CMR
basement vault being intact until an earthquake
magnitude comparable to a HCLPF of 0.34 g
(frequency of 7.1 x 10-5 per year).  The annual
frequency associated with significant (greater
than 50 centimeters) fault displacement is
estimated to be 1 to 3 x 10-5 per year.  Should
fault displacement at the CMR Building occur
in addition to other SITE–03 impacts, additional
releases from the CMR Building could result.  A
conservative sensitivity assessment of this
impact was completed.  It should be reiterated
that a detailed understanding of the additional
damage and associated releases at the CMR
Building has not been completed.  The
conservative sensitivity assessment results in an
additional 133,823 person-rem collective

population dose, resulting in about 99 addition
excess LCFs.  The MEI doses would increase
133.9 rem at the Los Alamos townsite an
99.3 rem at the Royal Crest Trailer Park.

G.5.4.4 SITE–04, Site-Wide Wildfire 
Consuming Combustible 
Structures and Vegetation

General Scenario Description 

The LANL site and surrounding vicinity are
generally forested areas with high fuel loadin
Wildfires are frequent occurrences on near
U.S. Forest Service land, with obvious potent
for encroaching on the LANL site, a
demonstrated by recent events.  For this s
wide accident, it is postulated that a wildfire 
initiated to the southwest of LANL near th
border of the Bandelier National Monument an
the Dome Wilderness Area.  While there is
potential for initiation of a wildfire at many
locations within and near the LANL site, thi
location was considered as resulting in the m
widespread impact to the site and surroundi
area.

The fire begins mid day in the late April throug
June time frame, at a time of high or extrem
fire danger, and is not extinguished in the fir
hour.  The initial location is in an area populate
with heavy ponderosa pine fuels that are fou
between roughly 6,500 and 8,200 feet (1,9
and 2,500 meters) elevation.  As the fire grow
local jurisdictions respond to the fire, but are n
effective due to remoteness, travel time, lack
road access, fire behavior, etc.  Resources fr
more distant jurisdictions are alerted, but cann
arrive in a short time because of distanc
limited roads, and opposing evacuation traffi
It proves impossible to put out the fire with th
available resources and existing forest acc
before it enters the laboratory.  Unlike the Wat
Canyon fire (greater than 3,000 acre
[1,200 hectares] in June 1954), La Mesa fi
(15,270 acres [6,180 hectares] in June 197
Dome fire (16,500 acres [6,680 hectare
G–100
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April 25 to May 5, 1996), and Oso fire (greater
than 5,000 acres [2,000 hectares] in June 1998),
the weather does not change in time to prevent
the fire from sweeping across the western part of
LANL and into the townsite.  

This specific analysis assumes a common
meteorological situation that favors the fire.  In
this scenario, the fire begins about 10:00 a.m.,
reaches a size of 1,000 acres (400 hectares) in
3 hours, and becomes a well developed crown
fire on a broad fire front containing 6,000 acres
(2,400 hectares) in the second day.  Like the La
Mesa fire (Foxx 1981), at times it advances at a
rate of 38 chains1 per hour (0.44 miles
[0.7 kilometers]).  It starts spot fires 0.5 to
1.25 miles (0.8 to 0.2 kilometers) in advance,
aided by prevailing southwest winds of 20 miles
per hour and low daytime humidity.  It easily
jumps canyons and existing fuel break lines
around LANL and the townsite.  

The daytime convection column reaches to 20
or 25,000 feet (6 to 7,600 meters).  In the Oso
fire, the fire burned as actively at night as in the
day, with flame heights on the order of 100 feet
(30 meters).  In this scenario, in order to have a
conservative (low height) plume rise,  at night
the temperature drops and the relative humidity
increases.  The nighttime plume rise is then
about 2,000 feet (600 meters).  The fire regains
its intensity at 10:00 a.m. each day.  Following
fire passage, the smoldering remains of
vegetation and structures emit smoke and
contaminants at the surface level.  

The fire reaches State Road 4 and State Road
501, the southwest edge of LANL, at noon on
the second day (see Figure G.5.4.4–1).
Protective actions are already underway by
LANL, such as relocating some radionuclides
and barricading some windows, and releasing
nonessential personnel following existing
emergency plans.  (Note that for this analysis,
credit is given only for those protective
measures that can be easily undertaken, such as

ceasing operations or simple material transfe
are given credit.)  The fuel break along the
roads proves inadequate.  At this point, the f
has progressed in areas where access is limi
hampering fire suppression activities due 
concern for the safety of the firefighters.  A
control line is established at Pajarito Road a
resources are concentrated there.  Conseque
Pajarito Road is closed and not available f
public evacuation.  The fire burns forest to th
west of and within LANL, but its eastern exten
within LANL is constrained by pinyon-juniper
woodlands and defined by fuel continuity an
density.  

From aerial photographs, it is estimated  th
these continuous fuel lines threaten TA–3
TA–15, TA–16, and TA–66, and those TAs t
their west, as well as areas in and on the edg
the forested canyons.  Following the continuo
fuel lines and steered somewhat b
southwesterly winds, the fire enters and cross
Pajarito Canyon and Two Mile Canyon, and b
1:00 a.m. of the third day burns up to th
Pajarito Road control line just west of TA–66.

Although it would be  expected that the contr
line will contain most fires, in this conservativ
accident scenario an adverse meteorologi
situation exists.  At noon on the third day, aide
by a modest daytime wind speed pickup and lo
relative humidity, the fire crosses the Pajari
Road control line between TA–3 and TA–55.  
surrounds TA–3 and TA–48, and enters L
Alamos Canyon either directly or by spotting
The fire continues down Los Alamos Canyon o
both sides of Omega Road where TA–41 a
TA–2 are located.  Because Omega Ro
continues down Los Alamos Canyon as a d
road below the Omega site, it is unsafe f
firefighters to enter Los Alamos Canyon, an
the fire progresses essentially unabated.  

From Los Alamos Canyon, the fire climbs ont
the mesas where TA–53 and TA–21 are locat
The fire also spots into Mortandad Canyon.  T
canyon fires are necessarily allowed to bu
eastward,  due to their inaccessibility, until the1. 80 chains = 1 mile (1.6 kilometers).
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FIGURE G.5.4.4–1—Location of the Los Alamos National Laboratory.
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reach the thinner stands of pinyon-juniper
common to the lower parts of the canyons.
There they come under control, by wind and
weather changes, lack of fuel continuity, by
human interference, or some combination of
these.  When there are sufficient trees on the
canyon walls, fire climbs the walls and then
ignites combustible structures and fuel at the
canyon edges.  It enters the townsite early on the
fourth day after initiation.

An alternative fire scenario could have the fire
initiate to the west of LANL and townsite in the
Santa Fe National Forest of  mixed conifer and
ponderosa pine.  This crown fire, similar to the
Oso fire of 1998, travels downslope somewhat
more slowly on a broad front.  This fire spots
only 1/4-mile or more in advance.  The present,
relatively narrow fuel break around the town
and laboratory along State Road 501 would be
overreached.  This fire also would consume the
ponderosa pine and combustible structures in
continuous fuel areas over the same western part
of LANL and townsite, and the fire would
spread down the lengths of canyons until it
encountered thin pinyon-juniper stands.  It also
could not be fought successfully because there
is no access to the National Forest west and
north of LANL and townsite, and because there
is no north-south fuel break comparable to
Pajarito Road where a control line can be
established and defended. This alternative is not
analyzed because the selected scenario is
believed  to maximize the exposure to the Los
Alamos townsite from  laboratory releases.  The
final acreage burned in both scenarios is on the
order of 27,000 acres (10,900 hectares) of which
about 8,000 acres (3,200 hectares) are within
LANL boundaries.  

On the LANL site, the fire is assumed to
consume all combustible structures in its path
that are evaluated as having moderate or higher
risk from wildfire under the LANL Building
Appraisal Program. The fire also exposes the
surface of contaminated earth previously
protected by vegetation in the firing sites and
canyons.  This text separately discusses the

exposures from fire burning the soil cover an
suspending the underlying soil, and th
exposures from burning structures.  Exposur
from canyon fires are calculated individually
thus enabling the assessment of fires of les
extent than the site-wide fire.

This accident analysis does not consider off-s
damage directly caused by the flames a
smoke from LANL fires, and does not addre
the direct effects of the fire on the townsite.  It 
recognized that there is continuous fuel joinin
the National Forest and the residential areas, a
that fires in the canyons at LANL also coul
propagate into the townsite.

Wildfire Frequency

Conditions that Favor Wildfire.   These
scenarios are quite credible, in view of th
present density and structure of fu
surrounding and within LANL and townsite, a
well as the occurrence of three major fires in t
past 21 years.  Some protection is afford
LANL by the fire scars of the previous Dom
and La Mesa fires, but there is ample fu
continuity remaining to bring an off-site
wildfire to the southwest and western bounda
of LANL.

The probability of high to extreme fire danger 
determined by the frequency of meteorologic
conditions of low precipitation for 2 to 3 week
preceding; low relative humidity for 3
consecutive days; and high temperatures.  Wh
the high to extreme fire danger exists in Ne
Mexico in May through July, there are certain 
be multiple ignition sources (from lightning
carelessness, and human causes). There is a
frequency of lightning and lightning-cause
fires in the Jemez Mountains (Armstrong 1998
From 1975 to 1996, there were 372 fire sta
(17.7 per year) in the 40,000 acre
(16,000 hectares) of Santa Fe National For
and Bandelier National Monument adjacent 
LANL.  Using as input the frequency o
different sized fires, the PROBACRE mode
yielded a 30 percent probability of exceedin
G–103
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5,000 acres (2,000 hectares) in a 5 year period
(Armstrong 1998).  Armstrong’s calculation
was made prior to the 1998 Oso fire, whose
inclusion would increase the probability.

The frequency of a large fire encroaching on
LANL is estimated as the joint probability of
ignition in the adjacent forests, high to extreme
fire danger, failure to promptly extinguish the
fire, and a 3-day spell of southwesterly to
westerly wind over 11 miles per hour (5 meters
per second), low humidity, and no precipitation.

Determining the Joint Probability of
Occurrence of Weather and Fire Danger
Conditions.  The probability of occurrence of
the weather and fire conditions needed for this
scenario were determined using wind data and
fire danger data for April through June of 1980
through 1998.  These months were chosen on
the general knowledge that fire risk and
frequency is greater in those months.  Note that
site-wide fires also are possible, but less
probable, in other months besides April through
June; thus, the annual frequency of fire-
favorable weather is somewhat greater than
quantified for April through June.

The fire danger was determined using Energy
Release Component (ERC) data obtained from
Bandelier National Monument (PC 1998b).  The
ERC is a component of the National Fire Danger
Rating System, and the adjective ratings, such
as “moderate” or “extreme,” are determined
from categories of the ERC, with higher values
of the ERC representing conditions of higher
fire danger.  Above a threshold value of the
ERC, the fire danger is “very high” and
“extreme,” and this threshold value was used to
determine days of very high and extreme fire
danger.  Interpolation was performed to
estimate for days when ERC data was missing.

In general, wind direction at any location varies
and does not persist in a single direction for a
few days.  LANL is no exception.  At LANL,
persistent daytime winds are interrupted for a
few hours when nighttime drainage winds

occur.  However, granting short interludes 
drainage flow, there are many instances 
which a dominant direction, such a
southwesterly, westerly, northerly, etc., ca
exist for 3 days without precipitation.

For determining fire-favorable weathe
frequency, 15-minute average wind data fro
the 11.5-meter level of the TA–59 and TA–
meteorological towers were used.  For each d
in April through June of 1980 through 1998, a
average afternoon wind was calculated from t
15-minute data in order to eliminate loca
diurnal changes in wind speed and direction th
are common to the area.  Average afterno
wind speeds of greater than 10 mile
(16 kilometers) per hour were chosen 
represent strong winds.  While this thresho
may seem low for a strong wind, wind gusts 
over 30 miles (48 kilometers) per hour an
sometimes over 40 miles (64 kilometers) p
hour were seen on most days when the afterno
average wind was above 10 mile
(16 kilometers) per hour.  The wind directio
thresholds were set at 180° (southerly, mean
from the south) through 292.5° (wes
northwesterly).  Three-day periods from th
same data set were then examined to determ
if the ERC, wind speed, and wind direction fe
above (or within) set thresholds.  All 3-da
periods falling within the set limits were the
extracted.

The results show that it is not uncommon to s
a 3-day period exhibiting the selecte
characteristics in a given year, and that wh
such a 3-day period appears, it is likely th
more than one such period will occur within th
year.  Specifically, the resulting statistics sho
that of the 19 years examined, 5 of the
displayed at least one 3-day period within th
limits, or 1 every 4 years.  Of these 5 years, 4
them had an average of 3.6, 3-day periods.  (
instance of 5 days in a row is counted as 3, 3-d
periods.)  This comes to 15.4 instances in 
springs.
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In summary, fire-favorable weather conditions
occur on the order of once per year; the ignition
sources are prevalent; and fire fighting is
hampered by limited accessibility.  Therefore,
this analysis concludes that a major fire moving
up to the edge of  LANL is not only credible but
likely, probably on the order of 0.1 per year.
This frequency is the same for all alternatives.

Dispersion Meteorology

As noted, only certain meteorological
conditions are compatible with such a fire. The
meteorology of June 7 to 10, 1998, was selected
for modeling the accident sequence because
these dates were recognized as a recent time of
serious fire danger to LANL.  These conditions
are regarded as conservative, in that in this
period the wind is generally from LANL toward
the nearby Los Alamos townsite and would
result in higher total population doses.  Santa Fe
is much more distant, and concentrations would
therefore be lower.  Under northwesterly winds,
exposures in Santa Fe (had the alternate
scenario been used) would  surely be less than
exposures to the Los Alamos townsite from the
southwesterly winds in this scenario. 

Exposures at 100 meters distance from burning
exposed soils are calculated using C stability
and 6.6 feet (2 meters) per second wind speed.
These exposures can be regarded as MEI
exposures, although it is unlikely that anyone
other than firefighters will be present at that
distance.  Exposures at 3,300 feet (1,000 meters)
are also reported.  In canyons, where elongated
area sources exist, the calculation provides
integrated exposure at 330 and 3,300 feet (100
and 1,000 meters) downwind of the long axis of
the area, thus maximizing the exposure.  This
situation could occur with winds turning to
follow the canyon profile, such as under
drainage wind conditions.  Thus, the calculation
applies to plumes that are destined for any
receptor within and beyond the contaminated
sections of the canyons.

Soil Resuspension Following the Fire

Suspension by the wind of a fraction of th
surface soil can occur following denuding of th
vegetation.  This has the potential of exposi
workers returning to the area, as well as t
transient public, until the situation has stabilize
and vegetation has begun to recover.  As prov
by the continuing existence of soil and as
following a fire, the suspension of fire residu
and of burned soil is very small compared to t
bulk quantity that continues to remain.  Only th
loose material would be suspended, and, if t
material is not mechanically disturbed, the ra
of suspension would taper off.  Even 
precipitation halting the suspension did n
occur, the wind direction would change man
times so that the resuspended material wo
not be transported as effectively as that from t
shorter term, initial release.  Consequent
resuspension doses are only calculated for 
individual standing directly on the contaminate
area.

Large, brief suspensions for unweather
materials occur under mechanical disturban
such as the passage of vehicles.  This is hig
dependent upon vehicle speed and wind sp
(Figure 4-23, DOE 1994d). The highes
bounding resuspension rate is 1 x 10-2 per
passage for a car driven directly through powd
tracer material on an asphalt road (DOE 1994
However, there are no asphalt roads and no 
vehicle traffic on the firing ranges, and most 
the contamination is not near roads.  Henc
suspension by vehicles will not be of th
magnitude and is not included in this analys
Rather, the direct suspension by the wind 
analyzed.

A rate of resuspension is often expressed as
ratio of the airborne concentration and the are
surface contamination, usually with the units 
meters-1.  This ratio is called the resuspensio
factor.  Its magnitude depends upon the wi
speed, particle size, and nature of the cover.  T
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resuspension factor decreases with time due to
weathering and downward migration of a
portion of the contamination.  Although most
material remains in the surface soil, it becomes
unavailable to the wind.  Sehmel (1984)
provides a substantive discussion of
resuspension factors, their use, and limitations.
Note, this concept strictly applies to the
resuspension of material deposited from the
atmosphere and applied to the soil as tracers in
experiments and may not apply to material
otherwise incorporated in the soil matrix.  Most
resuspension factors range from 10-5 to 10-11

per meter.

Note that the resuspension factor is not the
fraction of the material that becomes airborne,
and therefore cannot be treated as an airborne
release fraction (ARF) or source term for
dispersion models.  Because of the way the
resuspension factor is defined and measured, the
concentrations apply only in the immediate
vicinity (i.e., above) the contaminated soil.
Concentrations beyond the area will be much
lower, due to variations in the wind direction
and atmospheric diffusion.

Although resuspension factors are highly
irregular and poorly defined (Sehmel 1984),
they were applied to evaluate residual concerns
with reoccupying burned out contamination
areas.  A conservative resuspension factor of
1 x 10-5 meters-1   (sandy soil with charred
debris) is selected for use in this analysis (from
Section 4.4, Table 4-16, page 4-91,
DOE 1994d). The fraction of the suspended
contaminant that is respirable (less than
10 micrometers equivalent aerodynamic
diameter) at the soil surface following the fire
passage, is unknown.  The particle size is likely
to be large, as the contaminants will be attached
to soil particles; but, because it is unknown, an
RF of 1.0 is assumed. The appropriate time
period for application of this conservative value
is probably only a few days long, depending
upon precipitation, because resuspension
factors decrease by several orders of magnitude
with time.

The resuspension factor of 1 x 10-5 meters-1

was applied to the mean areal soil concentrat
in the top layer of the contaminated sites, wi
the resultant radiological exposures shown 
Table G.5.4.4.–1.  These are the estima
exposures that could occur if all th
contamination in the top soil layer were right 
the surface, if there were no precipitation or s
cover, if there were wind, and if the recepto
were standing above a spot that represented
average soil contamination for the contaminat
portion of the site or canyon.  These estima
are limited by the theoretical and experiment
problems with resuspension factors.  

In practice, before these known contaminatio
areas would be reoccupied following a fire, th
potential for exposure would be assessed a
protective actions taken as appropriate 
minimize exposure to the personnel.

Exposures from Burning Vegetation and 
Suspended Soil

Open Burn/Open Detonation Dispersion
Model.  During the burning of a vegetative
cover, some fraction of the soil is entrained in
the fire and transported and dispers
downwind.  Such downwind concentrations 
soil contaminants suspended by fire we
calculated using the Open Burn/Ope
Detonation Dispersion (OBODM) model.  Th
Open Burn/Open Detonation Dispersion Mod
(OBODM) is intended for use in evaluating th
potential air quality impacts of the open-a
burning and detonation of obsolete munition
and solid propellants at U.S. Department 
Defense and DOE installations (DPG 1997). 
can be used to calculate peak concentrati
time-mean concentration, time-integrate
concentration, and particulate deposition fro
multiple sources.  It can consider instantaneo
or quasi-continuous releases from poin
volume, and/or line sources.

The model predicts buoyant rise of the plum
from the burn and uses default mixing dept
generally representative of noncoastal regio
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in the western United States.  The minimum
meteorological input consists of wind speed and
direction at 10 miles elevation, air temperature,
and the Pasquill stability category or the Net
Radiation Index.  For OBODM wildfire
calculations, a conservative stability and wind
speed (category C and 2 meters per second at
10 miles height) were selected to maximize the
downwind exposures.  A stable atmosphere
would not represent the mixing conditions in the
daytime meteorological situations favorable to a
wildfire, and could not exist in the presence of
the wildfire.

Vegetation Fire Plume Rise.  The OBODM
model calculates the plume rise given a fuel
loading, rate of burn, and heat content of the
fuel.  It calculates the resulting concentration
distribution at specified receptor points.  The
fuel model classes and associated rates of burn
(defined pursuant to Anderson 1982) were
determined by field survey (PC 1998c) and are
given in Table G.5.4.4–2. 

Caloric values of various terrestrial food plants
and seeds are 4.5 to 5.2 cal/gm (Odum 1971).
The heat content of dead cellulosic materials
does not vary greatly (Simard et al. 1989).  For
this analysis, the heat content of both grass and
of wood were assumed to be 4.95 cal/gm
(20.7 J/gm) (Wilgen et al. 1990). The fuel
models contain the sum the dead and live
vegetation in various conditions of dryness and
have an associated rate of fire spread.  The range
of uncertainty in the fuel load is large enough
that the uncertainty in the moisture content, heat
content, and rate of burn is not material.  The
total heat produced is used only to calculate the
plume rise, which has only a modest effect on
concentrations at moderate to large distances
from the source.

Areas of Contaminated Soil Analyzed.  The
areas of contaminated soil were identified as
PHERMEX Firing Site and EF Firing Site in
TA–15, Potrillo Canyon (from runoff at the EF
Firing Site), DP Canyon and Los Alamos
Canyon below TA–21, and Mortandad Canyon

below and east of TA–35.  The radioactiv
waste lagoon at the end of TA–35 has cattails
it, but contains water. Acid Canyon receive
untreated waste water until 1953, then treat
waste water until 1963.  It has been cleaned 
but residual contamination still shows up in th
Acid Weir sediment trap.  The area o
contamination in Acid Canyon is estimated a
3.3 feet wide by 330 feet long (1 meter wide b
100 meters long) (PC 1998d).  Acid Canyo
empties into Pueblo Canyon, which also is 
low concentrations. Other, numerou
contaminated areas that have been covered w
clean soil are not at risk of suspension duri
and following wildfire and therefore were no
evaluated.  Ten Site Canyon below th
Radioactive Liquid Waste Treatment Facility i
TA–50 was not evaluated, as its contaminati
is primarily strontium-90, which has a lowe
dose conversion factor than plutonium an
because it has such low concentrations that i
no longer sampled (PC 1998e).

The contamination levels were obtained fro
several publications, as identified at variou
places in this text and in the summa
Table G.5.4.4–2.  To be conservative, the to
amount in the upper tier of sampled soil, usua
0 to 1 or 0 to 3 inches (2.5 or 7.6 centimete
depth, were assumed to be entirely on t
surface and exposed to the fire.  

Airborne Release Fractions During
Vegetation Fires.  The model OBODM
requires as input the fraction of contaminatio
present in the fuels being burned.  For the
calculations, the ratio of this suspende
contamination to the mass of fuel burned ov
the same area was presented to the model. 
get this ratio, the mass of contaminatio
suspended during the fire passage is the prod
of the contamination in the top layer of surfac
soil and the release fraction.  For th
assessment, all the contamination in the t
layer of soil is assumed to be released with 
release and respirable fraction (ARF x RF
appropriate to uranium metal under therm
stress. 
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For contamination in the soil, duff and litter, the
burning temperature is going to be low and the
burning time short, with the fire front
progressing at 0.2 to 0.44 meter per second in
timber and grass, respectively.  The possibility
of shrapnel in trees is recognized.  However,
there are few trees around the firing sites, and
the release fraction from burning DU is small.
Uranium is not capable of continued burning
after the fire has departed, and so the burning
release time would be short.  The ARF x RF for
uranium metal under thermal stress is taken
from DOE 1994d, Section 4.2.1.2.1, page 4-42.
The observed geometric mean ARF x RF is 1 x
10-4, with a 95 percent confidence level ARF x
RF of 4 x 10-4.  In this analysis, the value 4 x 10-

4 also is used for beryllium and its compounds
in the absence of experimental data dealing
directly with beryllium.  There are no release
fractions available for radionuclides other than
plutonium and uranium in the DOE-HDBK-
3010-94 (DOE 1994d) or in the Nuclear Fuel
Cycle Facility Accident Analysis Handbook
NUREG/CR-6410 (NRC 1998).  The bounding
ARF x RF for powders subjected to thermal
stress are 6 x 10-5 for nonreactive compounds
and 1 x 10-5 for reactive compounds (DOE
1994d, Section 4.4.1, page 4-61).  For
consistency, the conservative ARF x RF of
4 x 10-4 also was used for other nuclides in
contaminated soils.

Contamination in Plants and Animals.  Small
mammals have tissue/soil uranium ratios of 10-3

and 10-4  (Miera et al. 1980), and tissue/soil
cesium and strontium ratios on the order of 1.0
(Whicker and Schultz 1982, Table 17).  (It is
unclear whether these ratios are wet or dry
weights in the animals, plants, and soils.)  For
the reasons of their low concentration ratios,
their escape ability, and their very small total
mass compared to that of the vegetation,
animals are ignored as a source of airborne
nuclides in this analysis.  

The NRC has published a list of plant/soil
concentration ratios (NRC 1977).  The ratios for
stable strontium and cesium are 0.017 and 0.01,

respectively, although there will be cases whe
observed values differ substantially (Whicke
and Schultz 1982).  Whicker and Schultz stat
that the ratios for uranium range from 10-4 to
over 10-1, that ratios for plutonium are
particularly dependent on chemical form, an
that ratios for americium are perhaps 100-fo
higher than plutonium.  Plants growing whe
uranium concentrations in surface soils were 
times to 3,500 times background, hav
exhibited uranium concentration factors of 0.0
(spring) to 0.08 (fall).  Late fall standing dea
vegetation at the EF site average
320 micrograms uranium per gram of dr
vegetation (Miera et al. 1980).  Applying thi
observation, the 1,987 kilograms of vegetatio
at the EF site would contain 0.64 kilogram o
depleted uranium, all of which would
presumably become airborne in the fir
Application of the ARF of 4 x 10-4 to the EF site
soil would produce 0.27 kilogram of airborn
depleted uranium.  Thus, the dose from burni
vegetation could contribute 2.37 times the do
from the suspended soil, and the doses could
3.37 times the value given for soil alone in th
final column of Table G.5.4.4–2.

Wenzel et al. (1987) studied  radionuclid
concentrations in soil, litter, and  vegetatio
growing in a TRU waste area, and conclud
that a higher resolution sampling is needed f
cesium-137 and plutonium-239/plutonium-24
to interpret surveillance results and produ
reliable risk assessments.  Their observatio
suggest that the concentrations of the
nuclides, and of depleted uranium, in vegetati
is always less than the concentrations in the 
0.8 inch (2 centimeters) of soil, and generally 
order of magnitude less.  

Thus, it is concluded that the doses in the fin
column of Table G.5.4.4–2 could be increas
by a factor of three or four to account for th
contamination in the vegetation above grou
that becomes airborne.

Beryllium Exposures.  The 8-hour time
weighted average for worker exposure 
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beryllium and its compounds is 0.002 milligram
per cubic meter.  The acceptable maximum peak
for a maximum duration of 30 minutes
is 0.025 milligram per cubic meter
(NIOSH 1997).  These are not thresholds that
will protect all people but are useful for
comparison to the concentrations from burning
over the PHERMEX site.  The beryllium
concentrations calculated by OBODM
(Table G.5.4.4–2) were 0.0008 milligram per
cubic meter, much less than these thresholds.

Conclusions as to Doses Downwind from
Firing Sites and Canyon Fires.  The doses at
330 feet and 3,300 feet (100 meters and
1,000 meters) downwind from fires over
individual firing sites and canyons are provided
in Table G.5.4.4–2.  The doses assume that the
receptor remains at those locations for the full
time of the plume passage.  This can be a long
time, as the fire front advances at about 0.7 foot
per second (0.2 meter per second) in the canyon
timber.  At this speed, the fire takes 13.5 hours
to burn the contaminated area of Pueblo
Canyon, 8.9 hours for Los Alamos Canyon,
4.8 hours for Mortandad Canyon, and 1.7 hours
for DP Canyon, but only 0.42 hours for Potrillo
Canyon and 20 minutes for the EF site.  

The largest doses from the vegetation fires are at
330 feet (100 meters) downwind of the firing
sites, EF (0.21 millirem), and PHERMEX
(0.18 millirem).  The 5 x 10-7 LCF per millirem
risk factor can be applied to the doses in
Table G.5.4.4–2, to receive assurance that there
are no effects expected from the radiological
exposures from burning vegetation and ground
cover over soils.  If the total area of
contamination is small, such as for the firing
sites and Acid Canyon, then the same values
would apply for any wind direction.  For the
other canyons, however, the exposure is
integrated for the entire length of the canyon
fire, and so the exposure to the side of the
canyon would be less than given in
Table G.5.4.4–2.

Because the canyons are parallel, a recep
cannot be directly downwind from more tha
one canyon, and hence, the exposures fr
multiple canyons should not be added to obta
a new MEI dose.  In order for a receptor 
receive exposure from multiple canyons, th
wind would have to be transverse to them, as
would be in this site-wide fire with the
southwesterly winds.  However, if the win
were transverse to multiple canyon fires, th
orientation of the canyons would assure that t
dose from each would be much less than tho
shown at 100 meters distance 
Table G.5.4.4–2.  One must conclude that, 
matter the orientation of the wind, sources, a
receptors, the MEI dose from site-wid
vegetation fires must be less than 1 millirem.

Delayed Emissions Following Building Fire

The smoke or emissions from building remain
following the fire passage were not modele
The entrainment of surrounding air by stron
fires will capture much of the delayed emissio
that occur soon after passage of the fire fro
converting them into an elevated release as p
of the main fire.  However, in the LANL
landscape there may not be an inten
continuous fire front; hence, some of th
contaminants in the surface emissions m
travel and disperse at low elevations.  Th
relative amount of the contaminant that is and
not entrained into the main fire plume cannot 
evaluated.

Evaluation of Building Fires

This section analyzes potential individual an
population radiological and chemical exposur
from buildings burning as a result of wildfire
initiation.  Each building was first screened fo
its vulnerability to wildfire.  Those that were
evaluated as vulnerable were then screened
chemical and radiological inventories.  Fo
those with significant inventories, the dose
from the fires were then obtained from previou
fire analyses (such as in SARs or this SWEIS)
newly calculated using the MACCS code.
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Criteria and Process for Determining
Building Vulnerability to Wildfire.   The
evaluation of  vulnerability to wildfire is on the
basis of building construction, materials and
exposure, slope, and the quantity and structure
of external fuel as described below.  The total
wildland fire vulnerability  was  calculated for
this SWEIS by the LANL Fire Protection
Group.  The vulnerability is the product of the
structure hazard times the sum of the fuel hazard
and slope hazard, as defined below.

The Structure Hazard Rating considers the
combustibility of the exterior structure:     

• Underground—0
• Noncombustible exterior (windowless)—1 
• Noncombustible (window exposures)—2 
• Combustible exterior—3

Fuel Hazard.  This is the product of two
components, fuel loading and distance factor.
The fuel loading  is taken as zero for short grass
and asphalt, and for other conditions is
determined by the fuel model type, as described
in Aids to Determining Fuel Models For
Estimating Fire Behavior (NWCGP 1982).

The distance factor, DF, expresses the distance
of the fuel from the structure.  

• DF—0,  distance  is greater than 4 times the 
height of the fuel.

• DF—1,  distance  is greater than 2 times the 
height of the fuel.

• DF—2,  distance  is the height of the fuel. 
• DF—3,  distance  is less than 1/2 the height 

of the fuel.

Slope Hazard.  Exposing slopes are rated as
follows:     

Slope Hazard                 Slope

5              Mild (0 to 5%)

10               Moderate (6 to 20%)

15               Steep (21 to 40%)

20               Extreme (41% and greater)

The total vulnerability is then calculated as th
product of the structure hazard times the sum
the fuel hazard and slope hazard.  This num
is converted to a word description as follows:

Numerical rating Vulnerability     

0 to 5 None

6 to 49                   Very Low

50 to 79               Low

80 to 149               Moderate

150 to 259               High

260 and above             Extreme

Note that this LANL system does not provide
probability that a wildfire will approach the
building, or that any particular building will
burn in a fire.  Rather, it sorts which building
are more likely to be damaged or destroy
should a wildfire approach.  Table G.5.4.4–
lists the buildings that have a moderate or high
risk, have also been assigned a hazard categ
in the publication LANL 1998a, and were
subsequently evaluated for public exposu
from wildfire.  Other buildings have no
significant amounts of MAR and were no
evaluated for this accident analysis.  

For each building that has a moderate or high
vulnerability and appears in LANL 1998a, 
determination was next made as to wheth
further analysis of public exposure was neede
Table G.5.4.4–4 provides the results. Som
buildings were eliminated based on updat
inventories, as having no significan
inventories, or an inventory that was prese
only for brief periods.  These determination
appear in the columns headed “Comments a
EIS Assessment.”  The comments colum
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TABLE   G.5.4.4–3—Evaluation of Vulnerability of LANL Buildings to Wildfire

TECHNICAL 
AREA

BUILDING
WILDLAND 

RISK
NUCLEAR 
FACILITY

HAZARDS
CONST. 
TYPE 

COMMENTS, AND 
TENTATIVE 
INVENTORY 

PENDING 
VERIFICATION

TA–02 44 Moderate No Rad 1

TA–02 49 Extreme No Rad 3 Cooling Tower

TA–03 130 Moderate Yes Rad 2

TA–03 16/208 High No Rad 2

TA–03 494 Moderate No Rad 2

TA–03 66/451 High Yes Rad, Chem 2 Nitric acid, fuming 
(6,484 lbs.), 

hydrochloric acid 
(3,130 lbs.), 

hydrofluoric acid 48 to 
51% (490 lbs.)

TA–08 65 Moderate No Rad 1

TA–08 70 Moderate Yes 2

TA–15 183 Moderate No Rad 2

TA–16 205 Moderate Yes Rad 2

TA–16 248 Moderate No 2

TA–16 255 High No 3 Exposes 16 to 205

TA–16 414 Moderate No Rad 2

TA–16 459 High No 3 Exposes 16 to 205

TA–18 32 Moderate Yes Rad 2

TA–21 155 Moderate Yes Rad 2

TA–21 209 Extreme Yes Rad, Chem 2

TA–21 61 Moderate No 2

TA–35 110 High No Rad 3

TA–35 213 High No Rad, Chem 2 Nitric acid (406 lbs.)

TA–41 2 Moderate No 2

TA–41 30 Moderate No 2 Outside rad storage

TA–41 4 Moderate No 2

TA–43 1 Extreme No Rad, Chem 2 Hydrochloric acid 
(483 lbs.)

TA–46 208 Moderate No Rad 3

TA–46 217/218 Moderate No 3 Exposes 46 to 75

TA–48 1 Moderate No Rad, Chem 2 Sulfuric acid 14% 
(2,400 lbs.), hydrogen 

fluoride solution 
(663 lbs.), chlorine 

(223 lbs.)
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TA–48 45 Moderate No Rad, Chem 2 Nitric acid (1,812 lbs.),
hydrochloric acid 

(545 lbs.), hydrofluoric 
acid (23 lbs.).  Bldg. not 

in LANL 1998a 

TA–51 11 Moderate No Rad 2

TA–51 12 Moderate No Rad 2

TA–53 1 Moderate No Rad 2

TA–53 3 Moderate No Rad, Chem 2

TA–53 Rad Waste 
Lagoon

Moderate No Rad 2

TA–54 153 Moderate No Rad 3

TA–54 215 Moderate No Rad 3

TA–54 224 Moderate No Rad 3

TA–54 226 Moderate No Rad 3

TA–54 229 High No Rad 3

TA–54 230 High No Rad 3

TA–54 231 Moderate No Rad 3

TA–54 232 Moderate No Rad 3

TA–54 283 Moderate No Rad 3

TA–54 33 High No Rad 3

TA–54 48 Moderate No Rad 3

TA–54 49 Moderate No Rad 3

TA–54 Area G, 
Pad 2

Moderate No Rad 3

TA–55 107 Moderate No 3

TA–59 118 High No 3

TA–59 119 High No 3

TA–59 32/33/34 Moderate No 3

TA–59 35/36/37 Moderate No 3

Notes: For construction type, 0 = Underground, 1 = Noncombustible/Windowless, 2 = Noncombustible, 3 = Combustible.

TABLE   G.5.4.4–3—Evaluation of Vulnerability of LANL Buildings to Wildfire-Continued

TECHNICAL 
AREA

BUILDING
WILDLAND 

RISK
NUCLEAR 
FACILITY

HAZARDS
CONST. 
TYPE 

COMMENTS, AND 
TENTATIVE 
INVENTORY 

PENDING 
VERIFICATION
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contains suspected inventories, pending
verification.

Public Exposures from Burning Buildings.
Those building fires with integrated population
and MEI inhalation exposure from burning
buildings are also presented in summary
Table G.5.4.4–5.  Analyses already existed for
some buildings in SARs and elsewhere in this
SWEIS, such as the case for the aircraft crashes
and fires in TA–21 and TA–54, identified as
RAD–05 and RAD–08.  The exposures assume
no sheltering inside buildings or vehicles and
that no protective actions are taken by the
individual at those locations. Although Area G
is not in the direct path of the fire, it borders a
canyon and could be victim to a canyon fire
even in the absence of a site-wide fire.
Therefore, it also has been included in the
wildfire analysis.  The reader may evaluate
the consequences of a partial site-wide wildfire
and/or canyon fires by selecting individual
canyons from summary Table G.5.4.4–2 and
individual facilities from Table G.5.4.4–4 for
summation.

Vulnerable buildings and the outdoors in the
fire path were screened for their chemical
inventories.  No new inventories were found
that were not available for the analysis of the
site-wide earthquake (sections G.5.4.1 and
G.5.4.2).  For fire-vulnerable facilities, the
earthquake chemical results were accepted for
the site-wide fire, and entered into
Table G.5.4.4–4.  Note that, whereas the
chemical releases in the earthquake were at
ground level, the chemicals in the plume from
the fire would be at higher elevations, and the
concentrations at ground level would be much
less.

Note that the meteorology used for dispersion in
the different SARs and for the radiological
accidents RAD–05 and RAD–08 in this SWEIS
are not the same as that posed for this wildfire.
The SARs use more conservative dispersion
with low wind speed and stable conditions and
will have a higher dose than if they had used

wildfire meteorology.  The wildfire has
significantly stronger wind and a neutral o
unstable atmosphere, strongly affected by t
fire itself.  The SWEIS uses representativ
meteorology for an entire year and presents
mean MEI (section G.2.4).  The representati
meteorology includes winds blowing away from
any receptor, and the full range of stabilitie
weighted by frequency of occurrence.  Th
wildfire meteorology would possibly result in
the same dose to the MEI and population as d
the mean meteorology because it may be clo
to the annually typical stability and wind spee
It was concluded that, due to the magnitude 
the doses  and the conservative assumption
the wildfire scenario, and the uncertainty of th
population distribution during the fire, new
calculations were not warranted for RAD–0
and RAD–08.

There are no differences in wildfire frequenc
among the alternatives.  The consequences
not vary with alternatives, except that th
inventory and consequences are reduced 
25 percent in RAD–05 under the Reduce
Operations Alternative.

Population Exposures

The following information on the expose
population is based upon the Los Alamo
County Emergency Plan and the LANL Closu
Plan (PC 1998f).  In the event of a wildfir
approaching from the south, LANL would begi
evacuation of the southern area of LANL a
soon as it was determined that the fire pose
threat, and proceed north with the evacuatio
Personnel deemed essential to shutdo
operations would remain until such actions we
completed.  Some emergency respon
personnel and security personnel would rema
at all times in some areas. There are 10,2
LANL employees (including contractors), o
which approximately 4,000 live outside of Lo
Alamos County and 6,200 within Los Alamo
County.  The main hill Road 502 will evacuat
800 cars per hour, and the combination of t
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East Jemez and Pajarito roads will evacuate
another 800 cars per hour.

In a realistic scenario, evacuation of the town
begins when the fire is well into the LANL site,
but is impeded because of panic, accidents, and
the very limited road system, including the
closure of Pajarito Road.  Some fraction of the
population refuses to leave, and a significant
number are relocated to the eastern edge of the
town where there is less fuel load.  Los Alamos
has 11,500 residents, and White Rock has 8,000
residents.  Los Alamos County estimates there
are 2.4 people per family, and that 25 percent of
the families will take two vehicles instead of
one.  It is accepted that the 6,200 LANL
employees will all go home before evacuating
the mesas.  The 4,000 people living off the hill
will take 1.25 hours to evacuate at two people
per car in the absence of  accidents.  If all the
employees go home first, the people living off
of the hill may have cleared before the townsite
begins.  There would be 6,832 cars to leave the
hill, which would take 4.3 hours.  This is based
on 2.4 people and the 25 percent extra vehicles.
It should also be noted that up to 10 percent of
the people might refuse to evacuate.

Because the differing population density as a
function of time cannot be predicted, the results
of the MACCS calculations must be presented
as exposures to the same populations and
receptors as used in the other accident analyses.
Under the conservative assumptions applied in
this analysis, the collective population dose
from the wildfire consuming buildings is
estimated to be about 625 person-rem.  To this
there may be added another 50 person-rem to
capture the minor exposures from burning
vegetation and from unidentified residual
contamination in other buildings and
vegetation.  Most of this dose, about 75 percent,
would come from the TA–54 Waste
Management Complex.  A population exposure
of 675 person-rem would be expected to result
in 0.34 excess LCFs.

Effects on Workers

All threatened workers would be evacuate
prior to arrival of the fire front.  Aircraft crashe
with fatalities have occurred while droppin
slurry on wildfires.  Firefighters on the groun
are at risk if they enter an area without a
alternate escape route, and there have b
historical fatalities from such events.  Howeve
because life safety is given first priority ove
protection of property at LANL, it is not likely
that there will be worker fatalities.  Som
firefighters and other emergency personnel a
likely to have significant but transient effect
from smoke inhalation.

Ancillary Environmental Effects

Firewater.  Firewater (water used in fighting
building fires) at nonnuclear facilities is
captured by outdoor containment and tempora
dikes erected for fire fighting.  Firewater a
nuclear facilities is captured by the drain syste
and is sent to TA–50 for processing
Conceivably,  some radioactively contaminate
water could reach the outdoor environment, b
would be of such small volume that it would no
leave the building environs.  Resultan
contaminated soil would be eroded, pending t
return of vegetative cover.  As with othe
contaminated soils, the environmental an
human health threat from the new
contamination would be assessed and mitigat

Loss of Protective Cover.  The charred plant
remains following a severe wildfire are the on
immediate visual consequences. Th
consequences of a wildfire are divers
continuing through time and space, an
frequently having significant changes i
geomorphology and biological communitie
and processes.  LANL is perhaps unique 
potential consequences, because in addition 
rich presence of biological communities an
cultural remains and resources, there exists s
bearing legacy contaminants from historic
operations.
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Trees, grass and herbaceous cover, and forest
litter are important features in stabilizing soils
by:  (1) reducing the velocity and impact of
falling raindrops; (2) reducing the velocity of
runoff, thereby encouraging infiltration and
discouraging its transport by water and wind;
and (3) reducing runoff quantities.  Loss of
vegetative cover will create a setting that can
have pronounced effects on flow dynamics, soil
erosion, and sediment deposition.  These
changes also can have significant ramifications
for plant and animal communities and cultural
resources.

Runoff, Soil Erosion, and Sedimentation.
Without a protective ground cover, runoff
quantities and velocities will be magnified, and
soil erosion by water and wind will begin
immediately.  Contributing to this condition will
be the likely formation of an ash layer that will
inhibit the infiltration of runoff.  Decreased
infiltration will increase the quantity and
velocity of surface runoff, promoting higher
channel volumes and watershed discharges.
These higher runoff quantities will be
discharged into the Rio Grande where they will
contribute to the overall floodwater storage of
Cochiti Lake. Modified hydrologic conditions
likely will cause some watercourses that have
only rarely had sufficient flows to reach the Rio
Grande to increase their  frequency of discharge.

Commensurate with higher runoff quantities
and velocities will be an increase in soil erosion.
Sheetflow will begin transporting soil
suspended by rainfall droplet impact.  Both rill
and gullying will begin on sloping ground
surfaces with the first significant rainfall event.
Higher channel volumes and velocities will
promote both downward and lateral scouring of
channels in the steeper portions of the watershed
and sediment deposition in the lower portions.
(These conditions depend on quantity of runoff
discharges and resulting changes in channel
hydraulics.)  Headcutting will increase
throughout the channel system.  Delta formation
will increase at the confluence of watercourses
tributary to the Rio Grande, and added sediment

will contribute to the depletion of the sedimen
reserve of Cochiti Lake.

The gradual establishment of ground cover w
correspondingly retard soil erosion and a mo
stabilized hydrologic regime will return.

Effects on Legacy Contaminants.  Active
erosion processes have moved som
contaminants bound to sediment from th
watershed into the Rio Grande, mainly a
suspended sediment and bedload sedime
Conversely, many of the remaining legac
contaminants at LANL are present in situ o
have not been transported far from their orig
or remain on site. Water transport is a maj
mechanism for the transport of contaminan
both in the dissolved and suspended sedim
phases. Because vegetation acts to hold soil 
reduce erosion, its loss (however short ter
may significantly increase the potential fo
erosion and the transportation of contaminan
Some water courses have only rarely h
sufficient flow to reach the Rio Grande, an
because of this they have become “dischar
sinks” for some contaminants.  Increases 
runoff amounts and frequency will increase th
potential to remove and transport contaminan
from the ground surface and subsurface a
stream channels on LANL into the Rio Grand
and downstream to Cochiti Lake.

Effects on Biological Systems.  Although fire
is a natural part of biological systems
anthropogenic influences such as grazin
logging, and fire suppression have produc
conditions that have pronounced adverse effe
on forest ecosystems.  Natural high-frequenc
low intensity fire regimes have been replace
with low-frequency, high-intensity fires tha
consume a higher percentage of vegetation. 
reflected in other nearby areas that ha
experienced severe wildfires in the past (e.
Water Canyon, La Mesa, Dome, and O
Complex fires), a wildfire at LANL will result
in a period of disequilibrium with a reversion t
early seral development and a correspond
change in animal use (Allen 1996).  Fire debr
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fallen trees, and needle cast will gradually begin
to check erosion and develop soil conditions
that will promote the establishment of grasses
and herbaceous vegetation that will in turn
further reduce erosion.  This gradual re-
establishment of ground cover will begin the
dynamic process of seral progression toward a
wooded or forested plant community.  

A loss of forest or woodland habitat will result
in a temporary loss of habitat for a broad
spectrum of animals.  As vegetation is re-
established an altered community of animal
species will follow, its composition changing
with the evolution of the plant community.  The
pattern of burned vegetation will play a
significant role in renewed wildlife use.  Early
plant communities of grasses and herbaceous
growth can have a high biomass and species
diversity as exhibited by nearby areas affected
by recent wildfires.  This expansion of grass and
herbaceous growth could provide additional
forage for the large elk population in and around
LANL and contribute to existing management
concerns.  

Impacts on threatened and endangered species
(e.g., the Mexican spotted owl) will depend on
several factors such as the burn pattern, the time
of day that the burn occurs, the type of fire,
topography, and if nesting is occurring.
Threatened and endangered species have
remained or returned to nearby areas that have
experienced recent burns.  Some species, such
as the peregrine falcon, could benefit through
improved foraging habitat.  Individual response
to fire also will vary.  Perhaps the most
significant impact to threatened and endangered
species precipitated by a wildfire could be the
general disturbance caused by the fire fighting
effort itself (e.g., fire fighting crews, aircraft,
and vehicular traffic).  

As discussed previously, increased runoff
discharges will result in a commensurate
increase in channel scouring, enlargement, and
headcutting.  This process and any
accompanying sedimentation will have the

potential to degrade or remove the limite
riparian vegetation on LANL.  Wetlands
associated with water courses also would 
affected, and perhaps several would be remov
for a period of time because of changes 
channel morphology.  With the degradation 
riparian vegetation and wetlands would be 
associated reduction or loss of habitat for
variety of invertebrates, small and larg
mammals, amphibians, reptiles, and a divers
of birds.

Any impacts of contaminants transported 
downstream riverine and lacustrine ecosyste
is unknown, but there could potentially be a
increase in ecological risk.

Effects on Cultural Resources.  LANL is
located in a region of abundant and cultura
significant prehistoric and historic resource
including traditional cultural properties.  As
stated, fire is a normal feature of the landsca
and has played and continues to play a natu
role in the culture of regional communities
Because of anthropogenic influences, t
character of recent fires will be different from
historic fires and will affect resource
differently.  Also, the need to protect proper
and life from wildfire will necessitate measure
that can affect cultural resources.

As discussed, high intensity fires can burn 
appreciable amount of ground cover an
accelerate erosion. Surface erosion c
physically disturb surface features and confu
and distort the contextual integrity of the sit
More pronounced erosion in the form of gull
formation and lateral bank cutting ca
permanently remove site features. Also, a hi
intensity fire can scorch organic remains locat
near the ground surface, decreasing th
interpretive value.  Historical structures ca
suffer through direct incineration. Damage 
these resources also can occur as a consequ
of vehicular traffic and mechanical disturbanc
(e.g., bulldozers and fire trucks) and other s
disturbing activities connected with th
firefighting effort.
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Traditional cultural properties present on and
adjacent to LANL include ceremonial and
archaeological sites, natural features, ethno-
botanical sites, artisan material sites, and
subsistence features.  These resources are an
integral part of the landscape and almost
certainly are and have been affected by natural
fires.  Because of the altered character of fires,
these resources may be affected to a greater
extent.  Depending on the characteristics of
these properties, they could either be
permanently or temporarily affected by a
wildfire and its subsequent ancillary effects
(e.g., erosion).

Mitigation

The next fire season begins in April 1999.  As a
result of the process of this accident analysis,
actions were initiated to reduce the wildfire risk
to major facilities with significant radiological
inventories.  Specifically, considerations were
given to reducing the risk to low or very low for
the following facilities:  

• TA–3 Building 66/451, Sigma 
• TA–54 (Area G) Pads
• TA–21 Building 209, Tritium Science and 

Fabrication Facility (TSFF)
• TA–21 Building 155, Tritium Storage and 

Test Assembly (TSTA)
• TA–16 Building 205/205A, Weapons 

Engineering Tritium Facility (WETF).

Nevertheless, the public exposure from these
specific facilities has been included in this
wildfire analysis.  With the completion of these
actions, the population dose from site-wide
wildfire would be reduced from an estimated
675 person-rem to 50 person-rem, with
associated 0.25 excess LCF.  In addition,
although no credit is taken for it in this analysis,
the long-term environmental restoration of
contaminated sites will reduce airborne nuclides
suspended by vegetation fires over those sites.

There also is an ongoing, interagency,
collaborative program to reduce the threat of

catastrophic wildfire from occurring at LANL
and the townsite by thinning and removin
vegetation at the perimeter and in th
surrounding Santa Fe National Forest a
Bandelier National Monument.  This wil
reduce the frequency and intensity of wildfire
that could impinge on LANL.

Uncertainties

The frequency of wildfire impinging on LANL
was estimated as 0.1 per year under the curr
fuel conditions in the surrounding forest an
perimeter.  This frequency includes wildfire
approaching from the north through west an
south.  When fire enters LANL or originate
from within LANL, there are numerous credibl
scenarios, most of which consume less of t
LANL area than is covered in this analysi
Specifically, this analysis presumes that the f
jumps the Pajarito Road or any other establish
control line, spots or otherwise burns into a
contaminated canyons, and successfully clim
canyon walls to ignite combustible building
with moderate and higher wildfire vulnerability
The frequency of such a site-wide fire is sure
less than 0.1 per year.  The consequences 
complete burning of the western portion o
LANL are presented in accord with th
conservative nature of this SWEIS as a whole

The plume rise calculated by OBODM in th
canyon fires is likely to be much less than th
which would actually occur resulting in lowe
doses at a distance of 330 and 3,300 feet (1
and 1,000 meters).  This analysis used only 
heat content of the fuel over the contaminat
area; whereas, there is much fuel to the sides
the fire, and the combined heat would loft th
plume thousands of feet.  The observ
convection columns in the past major fore
fires would carry most contaminants far abov
the breathing zone of downwind individuals.

The wind speed used for dispersion of airbor
material from the contaminated site fires wa
only 2 meters per second, which is probably le
than would occur during a wildfire.  The dose
G–123
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are inversely proportional to the wind speed,
such that if the observed wind were 6 meters per
second, the dose would be 1/3 that calculated.

The fraction of the suspended contaminant that
is respirable (less than 10 micrometers
equivalent aerodynamic diameter) is unknown.
According to Section D.5 of the DARHT EIS,
the uranium in the soil is not all respirable.  The
particle size of the airborne soil contamination
is likely to be large because the contaminants
will be attached to soil particles preceeding the
fire and to soil and smoke particles in the plume.
Because the airborne contaminant particle size
is unknown, an RF of 1.0 is assumed.  This is
very conservative.

The White Rock and Santa Fe population is
included in the MACCS calculations.  The
additional MACCS calculations for WETF and
Sigma made for this wildfire analysis used the
winds observed June 7 to 10, 1998, which are
toward the Los Alamos townsite; whereas, the
previous calculations for the other facilities
used representative annual meteorology from
1995 (as described in section G.2.4).  Because
population is not evenly distributed about these
sources, there would be a difference in the
integrated population dose (i.e., in the person-
rem) depending upon the meteorology used.
Because the source inventories at the buildings
vulnerable to wildfire do not vary significantly
among alternatives, this does not affect the
decision.  (The inventory at TSTA is reduced by
25 percent under the Reduced Operations
Alternative.)

The model calculations for dispersion of the
plumes, for canyon sources several and more
kilometers long, are most uncertain.  The source
was input as a volume having the dimensions of
the width and length of the contaminated area,
oriented along the axis of the wind direction.
Differences in concentrations downwind are
noted if the source is entered as a volume source
versus a line source.  The model also objects to
a burning time longer than 60 minutes, and was
manipulated into accepting these extensively

long volumes and longer burn times.  Th
60-minute limitation in the model is likely
intended to prevent the user from exceeding 
bounds of experimental data, most of which 
for 10 to 30 minute releases.  There are no fie
experiment data to which the canyon results c
be compared.  However uncertain, th
radiological exposures predicted for the cany
fires are orders of magnitude less than t
100 mrem annual limit for public exposure from
routine releases.

It has been estimated that there would 
50 person-rem from burning of buildings wit
residual contamination and from identified an
unidentified contaminated soil/vegetation area
This is a number not supported or disputed 
hard data, and is believed to be ve
conservative.

There are no release fractions available f
radionuclides other than plutonium an
uranium.  For consistency only, the ARF x R
of 4 x 10-4 for uranium was also used
for plutonium, americium, and cesium in
contaminated soils, which is conservative f
plutonium by a factor of 7, and therefore
overestimates the bounding doses for mix
nuclides and TRU in Table G.5.4.4–2 by th
factor.

There is no ready evidence that burning of t
vegetation over the firing sites would produc
detectable airborne DU.  The U.S. Army teste
DU projectiles at the Jefferson Proving Groun
releasing 50 metric tonnes of uranium in 
4 year period, of which 45.5 metric tonnes we
not recovered from the area.  Special samp
showed that most of the DU was on or near t
surface.  The vegetative undergrowth w
regularly controlled through burning, at whic
time high volume particulate air samples we
collected.  Analyses of the air samples did n
detect any DU (Abbott 1988).  For DU
munitions in an intense wood-fuel oil fire
burning for 2 hours, no airborne DU wa
collected in the air samplers at various distanc
out to 328 yards (100 meters), and 0.01 
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residual oxides was in the respirable size range
(DOE 1994d).

The MEI and population doses do not take credit
for sheltering in vehicles or buildings, which
will easily reduce doses to 1/2 to 1/20 of that
outdoors (Engelmann 1990, Engelmann et al.
1991).  It should be noted that airborne
contamination will be in the smoke, which
people are inclined to avoid.

About 400 person-rem, or 75 percent of the total
population exposure of 675 person-rem, results
from a wildfire at TA–54.  The results from
RAD–08, an aircraft crash-initiated fire at
TA–54, were used for the wildfire.  The two
fires would be quire different, one entailing
aircraft fuel that will challenge waste
containers.  At present, the combustible loading
within the dome structures is small, so that
RAD–08 results very conservatively bound the
consequences of a wildfire at TA–54.

Another 189 person-rem results from total
release of the tritium inventory at WETF,
including 1,260 grams in storage, which is
assumed to bound an increased administrative
limit that may be established.  The storage
containers are resistant to fire, but have been
assumed to release their entire content in
tritiated water form, in accord with the highly
conservative nature of this analysis.

G.5.5 Chemical Accidents

G.5.5.1 CHEM–01, Single Cylinder 
Release of Chlorine from 
Potable Water Chlorinator

General Scenario Description

Accident scenario CHEM–01 postulates a
chlorine gas leak from a single cylinder at a
potable water chlorination station. The accident
is initiated by equipment failure or human error
during chlorine cylinder replacement or
maintenance activities at the chlorinator station.

Two, 150-pound chlorine cylinders ar
connected to the injector system, which adds
small amount of chlorine to the potable wat
system for purification purposes.

The scenario is modeled as occurring 
TA–00–1109, which is a site in the town of Lo
Alamos north of the high school.  This locatio
is one of nine chlorinator sites located arou
LANL and the town; the other locations ar
TA–00–1110, TA–00–1113, TA–00–1114
TA–16–560, TA–33–200, TA–54–1008
TA–72–3, and TA–73–9.  TA–00–1109 wa
selected as the modeling location based on
proximity to residential housing and speci
populations, and provides an upper bou
estimate of the potential impacts to the publ
(It should be noted that a study is bein
conducted by LANL to evaluate the conversio
of the chlorinator systems from a gaseo
chlorine system to a less hazardous MIO
system that hydrolyzes brine to produc
chlorine on site.  In addition, negotiations are 
progress that could lead to the chlorinat
system being turned over to Los Alamo
County.)

CHEM–01 Release Mechanisms

Chlorine usage has been estimated for the f
SWEIS alternatives, with an average of seven
nine cylinders used per year at each of t
potable water chlorinator stations.  Th
chlorinator system at TA–00–1109 is 
sweetener station that actually uses only two
three cylinders per year.  Hence, it 
conservative to model the station use rate
seven to nine cylinders per year, depending 
the alternative.

Three leakage rates were defined for this eve
The smallest leak is essentially a pin-hole le
that would result from random equipmen
failures or human errors.  The next lea
considered as a valve failure, which would op
a 0.25-inch (0.64-centimeter) diameter hole 
the cylinder pressure boundary.  Finally, 
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random cylinder rupture was defined that would
instantaneously depressurize the cylinder.

No Action Alternative Frequency Analysis

The frequency of these endpoints was
calculated separately for hardware and human
error initiating events.  Random cylinder failure
(leak or rupture), as well as failures of the
packing, the pressure gage, or the vacuum
regulator can result in a chlorine release.  The
equipment failure contribution to this scenario
is quantified as follows:

FEQP = (FRAND-LEAK) + (FRAND-RUPT)

where:

FEQP = Annual frequency of the scenario due to
equipment failure

FRAND-LEAK = Frequency of random failure
resulting in cylinder leakage

FRAND-RUPT = Frequency of random failure
resulting in cylinder rupture

These terms are all random events with a
general equation as follows:

F = (rate/hr) x (8,760 hr/yr) x (number of items)

These values are as follows:

FRAN-LEAK = (2 x 10-8/hr) x (8,760 hr/yr) x (4)
= 7 x 10-4/yr (LARGE LEAK); for factor of 20
difference from rupture (Mahn et al. 1995 and
LANL 1995c)

FRAND-RUPT = (1 x 10-9/hr) x (8,760 hr/yr) x (4)
= 3.5 x 10-5/yr (RUPTURE) (Mahn et al. 1995)

The total equipment failure contribution to
CHEM–01 can be evaluated as follows:

FEQP = FRAND-LEAK + FRAND-RUPT

FEQP = (7 x 10-4) + (3.5 x 10-5)

FEQP = 7 x 10-4/yr (LARGE LEAK)

FEQP = 3.5 x 10-5/yr (RUPTURE)

The human error contribution to this scenario
quantified as follows:

FHEP = HVALVE  + HLEAK

where:

FHEP = Annual frequency of human error
induced chlorine release

HVALVE  = Human error leading to chlorine tan
valve failure (LARGE LEAK)

HLEAK = Human error leading to chlorine lea
(SMALL LEAK)

A large leak due to valve failure would requir
human error in cylinder handling such that 
chlorine cylinder with the valve cap removed 
dropped, striking the valve and causing th
valve to shear off.  Small leaks could be due
a variety of causes, such as failure to follo
cylinder changeout procedures resulting in
leak at the cylinder valve packing, the injecto
connection, tubing, or the V-notch assembly.

HVALVE  is related to the number of times pe
year that a full chlorine cylinder is remove
from storage, has its valve cap removed, a
then is placed into operation or into standb
Estimates of chlorine consumption i
150-pound cylinders have been made for 
four alternatives (Barr 1997).

It is assumed that chlorine cylinder usage 
averaged out over the nine potable wat
chlorinators.  The number of chlorine cylinde
changed out annually is eight for the No Actio
and Greener Alternatives, nine for the Expand
Operations Alternative, and seven for th
Reduced Operations Alternative.

The basic human error rate is estimated as 0.
per demand (Swain and Guttmann 1983
Considering that  personnel performing chlorin
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Accident Analysis

cylinder operations are aware of the hazards
involved, that the hazard is very direct, and it is
therefore reasonable to assume that extra
caution is employed in the operation, and that
the changeout process is governed by a written
procedure that is required to be used, this value
was reduced by a factor of 50 to 6 x 10-5 per
demand.  (The derivation of the factor of 50 is
based on the human error probability for
checking the status of equipment under normal
conditions and the probability for checking the
status of equipment when the status affects
one’s safety [Swain and Guttmann 1983].)  No
recovery probability is assessed because once
the cylinder is dropped there is no opportunity to
recover the situation.  For the No Action
Alternative, the frequency of human error
leading to a large leak as a result of valve failure
is 8 x (6 x 10-5), or 4.8 x 10-4 per year.

The human error leading to a leak is assessed
based on recent experience with cylinder
changeout.  One leak has occurred in the past
5 years.  With nine chlorinators changing out an
average of eight cylinders per year, this is one
leak in the change out of 9 x 8 x 5, or 360
cylinders, or a conditional probability of a leak
of once per 360 changeouts, or 2.8 x 10-3 per
changeout.  With eight changeouts per year, this
is a frequency of 2.2 x 10-2 per year.

Based on the above evaluation, the following
frequencies are identified for the No Action
Alternative:

• Rupture (large leak rate, complete release in 
less than 60 seconds; to be calculated) 3.5 x 
10-5 per year (random rupture)

• Large Leak (1/4-inch hole corresponding to 
valve size) 1.2 x 10-3 per year = 4.8 x 10-4 
per year (human error, dropped cylinder) + 
7 x 10-4 per year (random leak)

• Small Leak (pin-hole type leak, rate to be 
calculated) 2.2 x 10-2 per year (human 
error, cylinder changeout/maintenance)

Expanded Operations Alternative 
Frequency Analysis

The Expanded Operations Alternative does n
alter the configuration of the chlorinator system
The rupture frequency and the small lea
frequencies will remain the same.  The larg
leak frequency increases somewhat because
number of cylinders changed out annual
increases from eight to nine.  This results in
human error contribution of 9 x (6 x 10-5) = 5.4
x 10-4, plus the random leak rate of 7 x 10-4 per
year, yielding a large leak rate of (5.4 x 10-4) +
(7 x 10-4) = 1.2 x 10-3 per year.  

Reduced Operations Alternative Frequency 
Analysis

The Reduced Operations Alternative does n
alter the configuration of the chlorinator system
The rupture frequency and the small lea
frequencies will remain the same.  The larg
leak frequency decreases somewhat because
number of cylinders changed out annual
decreases from eight to seven.  This results i
human error contribution of 7 x (6 x 10-5) = 4.2
x 10-4, plus the random leak rate of 7 x 10-4 per
year, yielding a large leak rate of (4.2 x 10-4) +
(7 x 10-4) = 1.1 x 10-3 per year.  

Greener Alternative Frequency Analysis

The Greener Alternative does not alter th
configuration of the chlorinator system; a
release frequencies are the same because
cylinder changeout rate is the same.  T
frequencies of occurrence for CHEM–01 a
considered to be bounding and conservative
take no credit for the frequency of time tha
some of the chlorine cylinders stored in th
building may be empty. 

Source Term Calculations

The initial source term for the postulate
accident equals the contents of one fille
chlorine cylinder (150 pounds).  Due to th
physical form of the hazardous material (ga
there is no suspension source term contribut
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to the release.  Because the cylinder size and
system configuration do not vary across the
alternatives, the source terms are the same
across the alternatives.  In all three cases
(rupture, large leak, and small leak), the release
is modeled as a ground level release.  This is
conservative because the release, especially in
the case of smaller leak rates, could be released
via the building exhaust system, which would
result in an elevated release.

The smallest size hole with which the
ALOHA™ code can perform release
calculations is 0.0394 inch (0.1 centimeter) in
diameter.  Because this release occurs from a
building, in accordance with EPA guidance the
release rates are multiplied by 0.55 to correct for
mixing within the building.  For winter and
summer conditions, this results in release rates
from the building of 0.122 pound per minute
and 0.181 pound per minute, respectively.  Total
releases within an hour total only 4 and
6 pounds of chlorine for winter and summer
conditions, respectively.  

For the large leak scenario, a release rate was
estimated by conservatively assuming a direct
release of the cylinder contents, and the same
0.55 in-building factor was applied, yielding a
release rate of 8.25 pounds per minute
for18.2 minutes.

Uncertainties and Sensitivities Affecting the 
Source Term for CHEM–01

Not all chlorine cylinders that are dropped and
result in valve failure would release 150 pounds
of chlorine (some would be empty or nearly so).
Random failure (rupture) of a chlorine cylinder
could potentially cause failure of one or more
adjacent cylinders.  The source term estimates
above do not consider such factors.  To bound
the possible consequences of a process-related
chlorine release from the potable water
chlorination system, the assumption is made
that the cylinder is full and that the release
cannot be terminated once it starts.  Although
this is a conservative assumption, it is consistent

with the approach taken in the TA–55–4 SA
(LANL 1996k) for a process-related releas
from a chlorine system that also uses 150-pou
cylinders.

Consequences of CHEM–01 for Facility 
Workers and the Public

The consequences of CHEM–01 are presen
separately for workers and the public.  F
workers, the following consequences a
identified.

For the cylinder rupture accident, the likelihoo
of a worker being present is very low (the failu
happens at random, rather than as a resul
worker activity).  Accordingly, no worker
consequences would be expected under m
conditions for cylinder rupture because worke
would be present at the facility for a limite
number of hours per month.  Any worker
present in the building would likely be killed
due to the very high concentrations of chlorin
that would result from cylinder rupture, as we
as from the lack of time to escape from th
immediate area before potentially letha
exposures would occur.  Death to workers insi
the building could also occur as a consequen
of missiles (flying debris) generated when th
cylinder ruptures.

For the large leak scenario, the workers pres
in the building (for the nonrandom failure pa
of the term) could be killed due to the hig
chlorine concentration in the building and/or th
possibility of being struck by a missile (eithe
the cylinder or the valve).

For the small leak scenario, injury seems to b
more likely outcome than fatality for facility
workers.  This is borne out by operatin
experience.

The public consequences for the small le
scenario are negligible (no ERPG–2 or ERPG
concentrations beyond 100 yards [92 meter
regardless of the time of day, time of year, a
even considering very adverse dispersi
leading to a very stable, nonmeandering plum
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If the direction of the plume were to remain
constant for the small leak scenario, nearby
residents might detect the chlorine release by
odor; however, even the ERPG–1 value of
1 parts per million would not be reached outside
100 yards (92 meters) from the facility under a
conservative daytime dispersion condition
(2.8 meters per second wind, Stability Class C).
Under adverse (stable atmosphere) dispersion,
the ERPG–1 distance could extend as far as
236 yards (216 meters).  Given these results, no
detailed quantification of the small leak
scenario is carried forward.

For the large leak rupture scenarios, the release
rate is of course much greater.  For the large leak
scenario, equivalent to a ruptured cylinder
valve, the release rate is 2.2 to 3.8 pounds per
minute (variable depending on time of year).
Under adverse (stable atmosphere) dispersion,
the ERPG–2 distance is 0.6 mile (1 kilometer),
while the ERPG–3 distance is 0.2 mile
(0.3 kilometer).  Under conservative daytime
dispersion, the ERPG–2 distance varies from
0.16 to 0.26 mile (0.26 to 0.42 kilometer), while
the ERPG–3 distance varies from 0.06 to
0.09 mile (0.1 to 0.14 kilometer).  The average
number of people exposed at concentrations
greater than ERPG–2 and ERPG–3 under
adverse dispersion is 81 and 30, respectively,
and for ERPG–2 and ERPG–3 under
conservative daytime dispersion about 43 and
12, respectively.

For the rupture scenario, ERPG–2
concentrations reach a distance of about 1,600
yards (1,464 meters) under adverse dispersion
(stable atmosphere) and a distance of about 500
to 700 yards (458 to 641 meters) under
conservative daytime dispersion.  ERPG–3
distances are about 450 yards (412 meters)
under adverse dispersion and about 200 to
250 yards (183 to 229 meters) under
conservative daytime dispersion.  The average
number of exposed people exposed to
concentrations greater than ERPG–2 and
ERPG–3 under adverse dispersion is 226 and
180, respectively, and about 53 and 12,

respectively, under conservative daytim
dispersion.  A summary of CHEM–01 results 
presented in Table G.5.5.1–1.

G.5.5.2 CHEM–02, Multiple 
Cylinder Release of 
Chlorine from Gas Plant

General Scenario Description

Scenario CHEM–02 involves a multiple
cylinder release of chlorine from TA–3–476
This building is an all-weather, prefabricate
“Apache” all-metal storage shed that is used
store chlorine cylinders (and other hazardo
gas cylinders) prior to distribution to end use
at LANL.  TA–3–476 is located at the northwe
corner of the Gas Plant (the main facility at th
Gas Plant is TA–3–170), which is located alon
Eniwetok Road near the Sigma Facilit
(TA–3–66).  The storage shed, which has 
open metal grate at the bottom, rests on asph

In addition to chlorine, other extremely toxi
gases that have in the past been tempora
stored at TA–3–476 include phosgene, arsin
phosphine, and fluorine.  Such gases a
typically present 1 day or less per year per g
Some quantity of chlorine is present essentia
all the time.  The release of the largest sing
container of these gases has been modeled in
Safety Assessment under adverse dispers
conditions (Class F stability, wind speed o
3.3 feet [1 meter] per second) and compar
with a 150-pound chlorine cylinder release.  Th
distances to which ERPG–2 and ERPG
exposures could be experienced were the larg
for the chlorine cylinder release.

The frequency of release of gases other th
chlorine would be directly proportional to th
conditional probability of their presence at th
facility.  Accordingly, it has been determine
that the risk of  a release of chlorine from
TA–3–476 bounds the risks of release of oth
toxic gases both in frequency of occurrence a
in the consequences of the release.
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The CHEM–02 accident scenario involves a
release of chlorine gas, which is conservatively
assumed (with respect to exposure at short
distances) to occur at ground level, followed by
dispersal of the gas downwind.  The release is
also conservatively modeled as involving
simultaneous release from multiple cylinders.
In fact, the cylinders may not all release at the
same time, in which case the downwind
concentrations would be less, and there would
be less chance of exceeding the thresholds for
health effects.

Properties of Chlorine Gas

Chlorine is a greenish-yellow gas or liquid.
Chlorine is extremely irritating to the mucous
membranes of the eyes and respiratory tract at a
concentration of 3 parts per million.  A
concentration of 3.5 parts per million is
detectable by odor.  A concentration of 15 parts
per million causes immediate irritation of the
throat.  Concentrations of 50 parts per million
are dangerous for even short exposures, and
concentrations of 1,000 parts per million may be
fatal even when the exposure is brief
(Lewis 1993).  The ERPG–1, –2, and –3
concentrations are 1, 3, and 20 parts per million,
respectively (Craig 1996).  The pressure in a
150-pound chlorine cylinder is 0.588 MPa
(85.3 psig) at a temperature of 70°F (21°C)
(MGP  1997).  Cylinders containing chlorine
are equipped with a fusible metal plug with a
melting temperature of 165°F (73.9°C) (Braker
and Mossman 1980).  In the event of a fire that
exceeds this temperature, the fusible plug will
melt, permitting the chlorine to escape but
preventing the cylinder from catastrophically
failing due to overpressure.  Chemical reactions
of chlorine of potential interest to this scenario
include the reaction with carbon monoxide to
form phosgene (carbonyl chloride, CCl2O, a
colorless poison gas) (Braker and Mossman
1980), and the reaction with ammonia causing
an explosion (Lewis 1993). 

Properties of a Heavy Gas

The release of chlorine from a pressurize
cylinder will consist of a combination of
droplets and vapor constituting a heavy, co
cloud full of small droplets that remain airborn
and travel significant distances.  The continuin
evaporation of these droplets along the plum
path virtually renews the strength of the cloud 
it travels and keeps it cool and heavier than t
ambient air.  This has significant effects on th
dispersion, and the standard Gaussian plu
models are inappropriate; “heavy gas” mode
such as DEGADIS and SLAB must be use
instead.  The cloud can persist for substantia
longer times than the spill duration, and plum
travel time can be substantially longer tha
would be expected from the wind speed.  Wh
the concentration of the chlorine falls to a valu
such that the cloud density is similar to that 
the air, it no longer acts independently of the a
as a heavy gas, but behaves as a passive tra
The concentration at which this occurs depen
upon the wind speed and height of the clo
(which in turn depends upon the size of th
release).  When the wind is 3.3 feet per seco
(1 meter per second) and the chlorine cloud is
feet (10 meters) high, the change from hea
gas to passive behavior occurs at about 280 p
per million.  This is substantially greater tha
the ERPG–3 of 20 parts per million an
produces serious health effects.  For this reas
protection from a chlorine release is not assur
by intervening canyons.

CHEM–02 Release Mechanisms

Three potential release mechanisms we
identified and subjected to detailed analys
Release by direct impact of a vehicle on th
stored cylinders was screened out based on
presence of vehicle barriers in front of and to t
sides of the storage shed, the inability of 
vehicle to approach the shed from behind (
arroyo is located behind the shed), and t
administrative controls on speed limits at th
Gas Plant (along with the DOT training an
LANL-specific training of truck drivers at the
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plant).  Two other release mechanisms were
considered for their contribution to the
frequency of CHEM–02:  (1) a truck fuel fire,
resulting in failure of the chlorine cylinders; and
(2) the impact of an aircraft on nearby hydrogen
tube trailers, resulting in failure of multiple
chlorine cylinders due to overpressure, impact
by missiles (shrapnel created by the detonation
of hydrogen tubes upon impact by the aircraft),
or fire. 

This accident was not analyzed in the Gas Plant
Safety Assessment (LANL 1994b).  The safety
assessment (SA) screened all multiple cylinder
release scenarios as being incredible (i.e.,
having frequencies less than 10-6 per year).  The
most severe scenario analyzed in the SA was a
single cylinder release of chlorine (see
CHEM–03, section G.5.1.6).  The SA
concluded that the installation of the vehicle
barrier around TA–3–476 eliminated the
possibility of a multiple cylinder release.  While
this appears to be a valid conclusion insofar as
direct vehicular impact with the chlorine
cylinders is concerned, it is not clear that the SA
considered a fuel fire for which the vehicle
barriers would be ineffective.

No Action Alternative Frequency Analysis

The fuel fire and aircraft crash contributors are
analyzed separately.  In the case of a fuel fire, a
truck accident near TA–3–476, or one
impacting the vehicle barrier around
TA–3–476, could result in a failure of the truck
fuel system or the fuel tank(s), resulting in a
spill of diesel fuel.  Second, a truck parked near
TA–3–476 could experience a fuel system leak
or fuel tank leak due to causes unrelated to a
vehicle accident.  In either case, once a fuel leak
occurs, ignition of the spilled fuel would lead to
a fire that, if it is close enough to TA–3–476 and
it is not suppressed, would result in damage to
the chlorine cylinders and a release of chlorine
to the environment.  

There are no automatic means of fire detection
or fire suppression installed at TA–3–476,

although there is a fire hydrant located with
164 feet (50 meters) of TA–3–476 where fir
hoses could obtain water for fighting the fire
Manual fire fighting equipment (extinguishers
is provided at TA–3–170.  The response time
a fire brigade to TA–3–476 is estimated at 2 
3 minutes; the fire station at TA–3–41 is withi
a kilometer of TA–3–476.  

There are no physical barriers present that 
capable of precluding a fire from reachin
TA–3–476.  There are concrete-filled met
tubes installed at the front of TA–3–476 t
prevent the impact of a vehicle on the stora
shed.  While the barriers will essentiall
preclude direct vehicular impact with th
cylinders, the barriers will have no affect on th
propagation of a fuel fire (which could resu
from a ruptured fuel line/fuel tank as 
consequence of impact of a vehicle with th
vehicle barriers).

The frequency of the fuel leak and fir
contributor accident can be estimated using 
following equation:

FFIRE = NSHIPMENTS x L x F

where:

FFIRE = Frequency of a fire at TA–3–476

NSHIPMENTS = Number of shipments to or from
TA–3–476 per year

L = Fuel leak rate per shipment

F = Conditional probability of fire given a fue
leak and subsequent release of chlorine

The frequency of a fuel system leak or fuel ta
leak and a resulting fire is assessed f
TA–3–476 based on methods and da
contained in the TA–54, Area G Hazar
Analysis (LANL 1995g) and the evaluation o
TRU waste transportation by H&R Technica
Associates (Rhyne 1994).  The annu
frequency of a fuel leak was assessed at 0.1 
year in the TA–54 hazard analysi
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(LANL 1995g).  Embedded in this estimate is
78 trips per year of trucks to the facility.  Thus,
on a per trip basis, the likelihood of a fuel leak
is 0.1/78, or 1.3 x 10-3 per trip.  

The TA–54 hazard analysis (LANL 1995
through 1997) cites data from Rhyne 1994 to the
effect that the conditional probability of a fire
given a fuel leak is 4.7 x 10-3 per fuel leak.
Although the direct applicability of this value is
open to interpretation, the value is used in
CHEM–02, RAD–01, and RAD–07 because no
other comparable value could be identified and
because DOE believes the value to be
conservative. 

The TA–54 hazard analysis recommended an
additional frequency reduction by a factor of ten
compared with the H&R evaluation due to the
fuel being diesel (LANL 1995g).  However, the
H&R evaluation already takes into account the
fact that the transport vehicle is a flatbed truck,
which is a diesel fuel vehicle (Rhyne 1994).
Accordingly, this additional factor of ten
reduction in conditional probability was not
employed here.

Site-wide usage of chlorine has been estimated
across the alternatives in Table G.5.5.2–1.  The
number of shipments to or from TA–3–476 per
year for the No Action Alternative is estimated
based on the sum of shipments from the chlorine
supplier to TA–3–476 and shipments from
TA–3–476 to the potable water chlorination
stations in and around LANL.  During the
walkdown of TA–3–476, it was stated that there
were two shipments per year from the chlorine
supplier.  However, this information is
inconsistent with the number of 150-pound
chlorine cylinders estimated to be used
annually.

The data in Table G.5.5.2–1 was interpreted by
dividing the 150-pound cylinder usage by
150 pounds to obtain the approximate number
of cylinders used annually.  This value is shown
in the last row of Table G.5.5.2–1.  Because
only ten full chlorine cylinders are permitted to

be in TA–3–476 at any one time (LANL 1997b
the number of trips was approximated b
dividing the number of cylinders used annual
by ten (the number of cylinders allowed to be 
TA–3–476).  The number of supplier shipmen
is thus seven per year for all alternatives exce
Expanded Operations, where the number 
supplier shipments is eight.

The number of shipments from TA–3–476 t
potable water chlorinators is 14 per year (bas
on shipments of no more than 5 cylinders a
time and a total of 70 cylinders needed per yea
The total number of shipments is therefore
plus 14, or 21.

The frequency equation can be solved 
follows for the No Action Alternative:

FFIRE = NSHIPMENTS x L x F

FFIRE = 21 x (1.3 x 10-3) x (4.7 x 10-3)

FFIRE = 1.3 x 10-4/yr

As noted above, fuel fires also can occur as
result of a truck accident near TA–3–476 or as
result of an impact of a vehicle with the vehic
barrier immediately in front of TA–3–476.  The
general accident rate for highway traffic i
1 x 10-6 per mile (Fenner 1996).  Data on whic
the RADTRAN transportation accident code 
based show that only 29 percent of all accide
occur at speeds of 20 miles per hour or le
(Clarke 1976), which is what would be expecte
at the Gas Plant because the speed limit
15 miles per hour (allowing for some margi
over this value, 20 miles per hour was select
as a quantification basis).  Thus, the accide
rate should be (1 x 10-6) x 0.29 = 2.9 x 10-7 per
mile.  Even if the distance from the Gas Pla
security gate to TA–3–476 is used fo
quantification, this is a distance o
approximately 220 feet (67 meters) o
0.042 miles.  The accident rate per trip is th
21 trips/yr x 0.042 miles/trip x (2.9 x 10-7

accidents/mile) = 2.6 x 10-7 accidents per year.
Even allowing that there are trips nea
G–132
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TA–3–476 not involving chlorine shipments,
there would have to be thousands of such
shipments before this contributor would begin
to compete probabilistically with the fuel leak/
fire scenario quantified above.  Moreover, each
shipment would have to pass sufficiently near
TA–3–476 such that the fire, if it occurred,
actually reached the chlorine cylinders stored in
that building.  Accordingly, this potential
accident contributor was screened out.

Evaluation of Hydrogen Tube Trailer 
Failure

During the physical inspection (walkdown) of
the Gas Plant and during subsequent visual spot
checks, there have been four or five hydrogen
tube trailers parked within 164 feet (50 meters)
of TA–3–476.  Gas Plant management states
that typically half of the trailers are empty and
half are full (Lovato and Nielsen 1997).  The
trailers are typically located within less than 164
feet (50 meters) of TA–3–476.

In the event of a catastrophic tube trailer failure
(rupture of tube or tubes, detonation of
hydrogen), there are no physical barriers that
could preclude overpressure or missile impact
from reaching TA–3–476.  The outer shell of
TA–3–476 is simply sheet metal, which would
offer very little resistance.

A tube on a hydrogen tube trailer failed
catastrophically at TA–3–170 in June 1981.
There was no effect on TA–3–476 as a result of
that accident, and the tube failure did not
propagate to the entire tube trailer.  While the
specific scenario that occurred in June 1981 is
no longer considered to be credible (the process
that caused the accident is no longer performed
at the facility), the hydrogen tubes could fail due
to other causes.

The tube trailers are DOT Type 3AA trailers
with 38 tubes per trailer.  The trailers are 22 feet
(6.7 meters) long.  Each tube trailer holds
50,000 standard cubic feet of hydrogen gas
(261.37 pounds of hydrogen).  In order to

evaluate the consequences of the catastrop
failure of an entire tube trailer, a simple TN
equivalent calculation was performed.  I
accordance with standard practice involvin
calculations of explosive yield for design
purposes, a 20 percent safety factor was app
to the calculation.  Assuming 100 perce
explosive yield is grossly conservative.  I
accordance with recommendations by th
American Institute of Chemical Engineers, 
15 percent conversion factor was use
(AICE 1994).  The estimated explosive yield (i
TNT equivalent) was calculated to be abo
965 pounds.  This amount of TNT was found 
be insufficient for a 10-psi overpressure to rea
TA–3–476, and it was concluded that rando
failure of a single tube trailer could not cause
chlorine release.

Calculations of aircraft crash frequency hav
been performed according to the methodolo
in DOE Standard 3014-96 (DOE 1996c).  Th
width of the “target” was increased to accou
for the chlorine storage shed itself (TA–3–47
as well as the hydrogen tube trailers.  This w
done to account for the possibility that th
aircraft would impact the tube trailers, causing
detonation of one or more tube trailers.  Th
resulting crash frequency was calculated to 
2.0 x 10-7 per year.

The frequency of occurrence for CHEM–02 
the sum of the frequency of the contributin
means of occurrence:

FTOTAL = FFIRE + FAIR

where:

FTOTAL = Total scenario frequency

FFIRE = Frequency from vehicle fires

FAIR = Frequency from aircraft crash

This equation can be evaluated as follows:

FTOTAL = FFIRE + FAIR
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= (1.3 x 10-4) + (2.0 x 10-7)

= 1.3 x10-4 per year

Expanded Operations Alternative 
Frequency Estimate  

The only change in circumstances affecting the
frequency of CHEM–02 compared with the No
Action Alternative is the frequency of
shipments to or from TA–3–476 for the vehicle
fuel fire scenario.  For the Expanded Operations
Alternative, the number of shipments increases
from 14 to 16 per year due to a higher rate of
chlorine consumption for potable water use.  In
addition, the number of shipments from the
chlorine supplier increases from seven to eight
per year.  The total number of shipments is thus
24, and the frequency of the vehicle fuel fire
contributor can be estimated as follows:

FFIRE = NSHIPMENTS x L x F

FFIRE = 24 x (1.3 x 10-3) x (4.7 x 10-3)

FFIRE = 1.5 x 10-4

The summed frequency for all contributors
becomes:

FTOTAL = FFIRE + FAIR

FTOTAL = (1.5 x 10-4) + (1.3 x 10-6)

FTOTAL = 1.5 x 10-4 per year

Reduced Operations Alternative Frequency 
Calculation

The only change in circumstances affecting the
frequency of CHEM–02 compared with the No
Action Alternative is the frequency of
shipments to or from TA–3–476 for the vehicle
fuel fire scenario.  For the Reduced Operations
Alternative, the number of shipments decreases
from 16 to 13 per year due to a higher rate of
chlorine consumption or potable water use.  The
number of shipments inbound from the chlorine
supplier remains at seven.  Thus, the frequency

of the vehicle fuel fire contributor can b
estimated as follows:

FFIRE = NSHIPMENTS x L x F

= 20 x (1.3 x 10-3) x (4.7 x 10-3)

= 1.2 x 10-4

The summed frequency for all contributor
becomes:

FTOTAL = FFIRE + FAIR

 = (1.2 x 10-4) + (2.0 x 10-7)

= 1.2 x 10-4 per year

Greener Alternative Frequency Calculation

The frequency of shipments to or from
TA–3–476 is the same for the Green
Alternative as it is for the No Action
Alternative.  Thus, the summed frequency of a
contributors of 1.3 x 10-4 per year applies to the
Greener Alternative as well.

Uncertainties and Sensitivities Affecting the 
Frequency of CHEM–02 

The accident frequency calculations report
above do not account for the possib
suppression of the fire by Gas Plant personne
the fire department (TA–3–41) prior to th
failure of the chlorine cylinders.  Thus, th
frequencies calculated above for the fuel fi
contributor to the accident frequency represe
overestimates, but given the reporting time f
the fire brigade (2 to 3 minutes) and the lo
melting temperature of the fusible plugs on th
chlorine cylinders (165°F [73.9°C]), this
conservatism is not considered to be substant

The frequency calculations for the fuel fir
contributor are sensitive to the inferred rate 
fuel failures per shipment (to or from th
facility) and to the conditional probability of a
fire given a fuel leak.  The likelihood of a fire
given a fuel leak is based on vehicle accide
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data that include vehicle speeds of up to
highway speeds.  In contrast, the speed of
vehicles around the Gas Plant is limited to much
lower speeds.  Because it would seem
reasonable to assume that the likelihood of a
fuel leak given an accident bears some
relationship to the speed of impact (or
overturning), the conditional probability of a
fire given a fuel leak may be unduly pessimistic.
Because an alternative value could not be
identified, this admittedly pessimistic value was
used in the calculations.

Source Term Calculations

The administrative limit on the number of full
chlorine cylinders that can be located at
TA–3–476 is eight cylinders.  This limit can be
exceeded for a maximum of three days by
procedure on a temporary basis (LANL 1997b
and Lovato and Nielsen 1997).  Note that a
number of cylinders in excess of ten would
bring the total chlorine inventory in TA–3–476
to over 1,500 pounds.  Under OSHA Standard
1910.119, Appendix A, 1,500 pounds or more
of chlorine are considered to present a potential
for a catastrophic event.  Therefore,
consequence estimates have been prepared
using 1,500 pounds of chlorine.  This quantity
will be conservative by at least 300 pounds
under most conditions.  This source term is used
across all alternatives.  

The release was modeled as a direct release,
with a constant release rate for 10 minutes based
on sensitivity calculations and discussions with
the code authors.  The release is modeled as
originating with a single cylinder that
numerically represents the effective release rate
of ten, 150-pound cylinders.  The release is
assumed to occur as a result of the melting of
fusible plugs on the cylinder, which melt at
165°F (73.9°C).

Uncertainties and Sensitivities Affecting the 
Source Term for CHEM–02

The assumption of a ground level release is
conservative with respect to chlorine gas

concentrations close to TA–3–476 (such as
the TA–3 administrative complex).  Indeed, th
assumption of a ground level release is n
realistic because the release is caused by a 
whose heat would elevate the plume abo
ground level.  A ground level release wi
produce higher concentrations at breathing le
than the expected elevated release. 

Consequences of CHEM–02 for Facility 
Workers and the Public

Workers at TA–3–170 could be exposed 
concentrations greater than ERPG–2 a
ERPG–3 if they are downwind.  Because G
Plant workers will be closest to the accident si
the plume will be dense and will probably b
visible during the period of the greatest releas
The workers could escape from the plume 
foot provided they do not become immersed 
the plume (in which case they would encount
very high chlorine concentrations).  Worker
attempting to fight the fire without an air suppl
could be overcome by chlorine gas.  (Worke
are directed not to fight fires but instead to  ca
the fire department and evacuate the area.)

Under adverse dispersion conditions (lig
wind, stable plume), ERPG–2 concentratio
are exceeded out to distances ranging from 
to 2.7 miles (4.2 to 4.3 kilometers), whil
ERPG–3 concentrations are exceeded out
distances of 1.1 to 1.2 miles (1.8 t
1.9 kilometers).  Under conservative daytim
dispersion, ERPG–2 concentrations a
exceeded out to distances ranging from 1.2
1.4 miles (1.9 to 2.3 kilometers), while ERPG–
concentrations are exceeded to distanc
ranging from 0.57 to 0.66 mile (0.92 to
1.1 kilometer).  Average numbers of peop
affected by these concentrations are shown
Table G.5.5.2–2, which summarizes th
modeling results for CHEM–02.  Note that th
release occurs within the LANL boundary.  Th
town of Los Alamos is separated from th
release point by wide, deep canyons that wou
trap and steer the highest concentrations of 
plume away from the town site.  The avera
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number of people exposed is governed by
numerous directions of release where no or few
members of the public are located.  If, however,
the plume blows toward the most heavily
populated area of TA–3 (which occurs less than
10 percent of the time), the number of people
exposed to concentrations greater than ERPG–2
and ERPG–3 could number in the many
hundreds to low thousands.

G.5.5.3 CHEM–03, Single Cylinder 
Chlorine Release from Gas 
Plant

General Scenario Description

Like CHEM–02, CHEM–03 occurs at
TA–3–476.  However, CHEM–03 involves the
release of chlorine from a single 150-pound
cylinder.  This scenario was evaluated in the
Gas Plant Safety Assessment (LANL 1994b).
Three contributors were identified:  (1) release
without fire due to an on-site transportation
accident at the toxic gas storage shed
(Scenario 5), frequency from 10-4 to 10-3 per
year; (2) release due to drop of toxic gas
cylinder (Scenario 11), frequency from 10-4 to
10-3 per year; and (3) release due to
deterioration of cylinders from weather
(Scenario 23), frequency from 10-4 to 10-3 per
year.  The properties of chlorine gas and heavy
gases were addressed in section G.5.1.5.

CHEM–03 Release Mechanisms

As noted above, three release mechanisms were
postulated in the Gas Plant SA (LANL 1994b).
Release due to impact of a cylinder by a truck is
discounted here because of the installation of
bumpers in front of the toxic gas storage shed,
which was accomplished as a corrective action
after the SA was performed.  Chlorine releases
from a single cylinder due to a dropped cylinder
and due to long-term exposure to weather are
addressed separately below.

No Action Frequency Analysis

Because all cylinders are stored with their val
covers installed (Lovato and Nielsen 1997), t
scenario would have to involve a second hum
error in failing to install the valve cove
correctly at the supplier facility.  A third erro
would also be required because rece
inspections are performed and the status of 
valve cover would normally be checked at th
time.  

On the basis of these considerations, t
frequency of this contributor can be calculate
using the following equation:

FDROP = NHANDLED x HDROP x HCOVER x 
HCHK x CFAIL

where:

FDROP = Frequency of dropped cylinde
resulting in chlorine release

NHANDLED = Number of cylinders handled pe
year

HDROP = Human error, dropping cylinde
during handling

HCOVER = Human error, failure to install valve
cover properly

HCHK = Human error, failing to check valve
cover installation during receipt inspection

CFAIL = Conditional probability of valve failure
when cylinder is dropped

The number of cylinders handled annual
under the No Action Alternative is 70 based o
the information presented above i
section G.5.5.1.  Each cylinder is handled twi
(once during placement into TA–3–476 fo
storage and again during retrieval from storag
Thus, the total number of handling events 
140.
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We estimate the basic human error rate as 0.003
per demand.  Although perhaps not directly
applicable to DOE facilities, a study of human
reliability with emphasis on nuclear power plant
applications supports this number (Swain and
Guttmann 1983).  Considering that the
personnel handling the cylinder expect the valve
cover to be installed, no additional credit is
taken here for extra precautions that might be
observed if the workers believed that their life
would be endangered by mistakes.  No recovery
probability is assessed because once the
cylinder is dropped there is no opportunity to
recover the situation.  The human error
probability (HEP) for failing to install the valve
cover properly is 0.003 (failure to properly mate
a connector; Swain and Guttmann 1983).
Failure to check the valve cover installation
during receipt inspection is 0.1 (Swain and
Guttmann 1983).  The conditional probability of
valve failure given that the cylinder is dropped
with an improperly installed valve cover is
judged to be no more than 0.25 because the
cylinder can be dropped on the top, the bottom,
or either side, and only dropping the cylinder on
the top is judged to be associated with valve
failure.

On the basis of these considerations, the above
equation can be quantified as follows:

FDROP = NHANDLED x HDROP x HCOVER x 
HCHK x CFAIL

= 140 x 0.003 x 0.003 x 0.1 x 0.25

= 3.2 x 10-5 per year

The Gas Plant SA identified failure of a cylinder
due to deterioration from weather.  This failure
mode is essentially a random cylinder failure,
especially considering that the cylinders are
designed to be exposed to weather but are stored
inside the toxic gas storage shed until they are
picked up for shipment to the potable water
chlorinator stations. 

The frequency of random cylinder failure can b
assessed as follows:

FRANDOM = RHOUR x (8,760 hr/yr) x NCYL

where:

FRANDOM = Frequency of random cylinde
failure

RHOUR = Random failure rate per hour of 
pressurized cylinder

8,760 hr/yr = The number of hours in a year

NCYL = The number of cylinders in storage

The random failure rate for a pressurize
cylinder is 1 x 10-9  per hour (Mahn et al. 1995)
The number of cylinders in storage is ten fu
cylinders at any one time (Lovato and Nielse
1997).  Thus, the above equation can 
quantified as follows:

FRANDOM = RHOUR x (8,760 hr/yr) x NCYL

= (1 x 10-9/hr) x (8,760 hr/yr) x 10

= 8.8 x 10-5 per year

The combined frequency of occurrence of 
single cylinder toxic gas release is obtain
from the following equation:

FTOTAL = FDROP + FRANDOM

= (3.2 x 10-5) + (8.8 x 10-5)

= 1.2 x 10-4 per year

Expanded Operations Alternative 
Frequency Analysis

There is only one difference for the Expande
Operations Alternative that affects sequen
frequency.  In the Expanded Operation
Alternative there are 79 cylinders handled p
year, with a total of 158 handling events.  Th
equation above for the cylinder drop scenar
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can be reevaluated for the Expanded Operations
Alternative as follows:

FDROP = NHANDLED x HDROP x HCOVER x 
HCHK x CFAIL

= 158 x 0.003 x 0.003 x 0.1 x 0.25

= 3.6 x 10-5 per year

Because the frequency of random failure does
not change, the combined frequency of
occurrence of a single cylinder toxic gas release
for the Expanded Operations Alternative is
obtained as follows:

FTOTAL = FDROP + FRANDOM

= (3.6 x 10-5) + (8.8 x 10-5)

= 1.2 x 10-4 per year

Reduced Operations Alternative Frequency 
Analysis

There is only one difference for the Reduced
Operations Alternative that affects sequence
frequency.  Based on the analysis of scenario
CHEM–02 (Rev. 0, 04/08/97), there are
66 cylinders handled per year, with a total of
132 handling events.  The equation for cylinder
drop can be reevaluated as follows:

FDROP = NHANDLED x HDROP x HCOVER x 
HCHK x CFAIL

FDROP = 132 x 0.003 x 0.003 x 0.1 x 0.25

FDROP = 3.0 x 10-5 per year

Because the frequency of random failure does
not change, the combined frequency of
occurrence of a single cylinder toxic gas release
for the Expanded Operations Alternative is
obtained as follows:

FTOTAL = FDROP + FRANDOM

= (3 x 10-5) + (8.8 x 10-5)

= 1.2 x 10-4 per year

Greener Alternative Frequency Analysis

The number of cylinders handled per year und
the Greener Alternative is the same as the 
Action Alternative.  Thus, the frequency of 
release of a single cylinder of chlorine gas is t
same, or a frequency of 1.2 x 10-4 per year.

Uncertainties and Sensitivities Affecting the 
Frequency of CHEM–03 

Because the number of cylinders handled p
year and the number of trips per year a
relatively well known, the principal
uncertainties in the frequency of a sing
cylinder release of chlorine relate to the err
factors for the human errors modeled.  The
error factors range from three to five (Swain an
Guttman 1983).  Even if an error factor of fiv
were considered, the contribution to frequen
of CHEM–03 would be about evenly spli
between the low-frequency human error leadi
to valve failure and the random failure of 
cylinder.

Source Term Calculations

The available material for release in th
CHEM–03 source term is limited to the
complete contents of one chlorine cylinder, 
150 pounds.  However, the release through 
valve orifice is such that 68 to 75 pounds 
chlorine release quickly; but, in the process t
cylinder is cooled below the boiling point of th
chlorine liquid remaining in the cylinder and th
release is essentially terminated.  If no recove
actions are taken, the cylinder would ultimate
heat up above the boiling temperature 
chlorine and a release would resume, but a
very low rate, which is unlikely to result in an
health consequences downwind of the cylinde

Uncertainties and Sensitivities Affecting the 
Source Term for CHEM–03

EPA Risk Management Program off-sit
consequence analysis guidance issued in 1
indicates that when a toxic gas is released ins
a building that has direct contact with th
outside environment (such as a shed), t
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release rate is ameliorated somewhat due to
mixing within the shed.  The guidance suggests
multiplying the release rate by 0.55 (EPA 1996).
The same quantity of gas is released, but the
release duration is extended beyond what would
be predicted by the ALOHA™ code.  This
reduction factor is not applied here because the
release could also occur outdoors (human error
dropping a cylinder).

Consequences of CHEM–03 for Facility 
Workers and the Public

Consequences of the CHEM–03 accident are
reported separately for facility workers and the
public.  Gas Plant personnel who are directly
involved in handling the cylinders of chlorine
could quickly be exposed to high concentrations
for the human error (cylinder dropping)
contributor to the scenario frequency.  In the
case of the random cylinder failure contributor,
however, it is more likely that no one will be
near the toxic gas storage shed when the leakage
begins.  Other Gas Plant personnel located
outdoors at the time of the accident could be
exposed to concentrations greater than ERPG–2
and ERPG–3.  However, these personnel would
be in a position to evacuate the affected area
very quickly (due to being outdoors), which
would reduce the potential for serious health
effects.

Under adverse dispersion conditions (stable
atmosphere), the ERPG–2 distance ranges from
0.76 to 0.79 mile (1.2 to 1.3 kilometer), and the
ERPG–3 distance ranges from 0.32 to 0.33 mile
(0.52 to 0.53 kilometer).  Under conservative
daytime dispersion conditions, the ERPG–2
distance ranges from 0.62 to 0.71 miles, and the
ERPG–3 distance ranges from 0.27 to 0.31 mile.
The average number of people exposed under
conservative daytime dispersion conditions is
shown in Table G.5.5.3–1.

G.5.5.4 CHEM–04, Single 
Container Release of Toxic 
Gas from Waste Gas 
Cylinder Storage

General Scenario Description

TA–54–216 is located at TA–54 Area L, whic
provides permitted storage for hazardous wa
and liquid- or volatile-organic-containing wast
that is contaminated with both hazardous a
radioactive components.  The TA–54–21
storage canopy is used to store waste g
cylinders pending final determination o
disposal options.  The storage canopy is a fab
dome structure that is open on three sides (e
north, and west) to provide ventilation. 

From 1983 to November 1996, TA–54–21
has received a total of 4,144 waste cylinde
Currently, approximately 200 cylinders ar
stored at the facility and are representati
of what TA–54–216 is anticipated to hav
in inventory in the future.  Occasionally, 
large influx of gas cylinders may occur du
to decontamination and decommissionin
activities at LANL.

Activities at TA–54–216 are generally limited
to the receipt, storage, staging, and shipmen
gas cylinders.  Gas cylinders are stored a
moved in gas cylinder racks by forklift (gasolin
or electric).  At some time in the future, it wil
be necessary to repackage some of the gases
DOT-qualified packages so that they may b
shipped off site for disposal.  Facility activitie
generally do not involve the removal of cylinde
valve covers (some do not have covers but 
cylinder design protects the valve).  Th
exception to this is when the valve covers a
briefly removed for verification that the valve
are secure and leak-tight prior to off-sit
shipment for disposal. 

Based on the type of activities conducted 
TA–54–216, potential accident initiator
leading to an individual cylinder release includ
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random failure of a cylinder, failure of a
cylinder due to a forklift accident, or human
error during cylinder handling.  

This accident was not evaluated in LANL safety
analysis documentation reviewed in the
preparation of the SWEIS.

Properties of Selenium Hexafluoride Gas

Selenium hexafluoride is a colorless toxic gas
(TWA is 0.05 parts per million) that irritates the
skin and eyes; may cause severe pulmonary
irritation with coughing, choking, and shortness
of breath; and also may cause pulmonary
edema.  It is stable at normal temperatures but
has hazardous decomposition products.  There
is no evidence of carcinogenicity.

No Action Alternative Frequency Analysis  

The frequency of a single cylinder release of any
gas was calculated at TA–54–216 using the
inventory of gas cylinders at the facility and
associated movements.  This provides a
bounding estimate of risk associated with a
single cylinder release and gives a broader
representation of risk for site-wide activities
potentially leading to a single container release
of a toxic gas (postulated chlorine releases are
evaluated separately).

Human error contributions (dropping a cylinder
during handling with valve cover removed or
improperly installed) are considered negligible
for off-site shipments.  This is based on
verification of valve leak tightness while the
cylinder is in the cylinder rack (precluding a
drop accident), the low probability of the valve
cover being improperly reinstalled (this would
be self evident), and the hazards training and
awareness of involved personnel.  The
combined frequency (FTOTAL) of a single
cylinder release may be quantified as:

FTOTAL =  FRANDOM  +  FFORKLIFT

where:

FRANDOM = Frequency of a toxic gas releas
due to a random cylinder failure

FFORKLIFT = Frequency of a toxic gas releas
due to a forklift accident

Random cylinder failure can occur due to 
variety of causes (including cylinder defect
weathering, corrosive attack, damage 
valving).  For random failure, the frequency ca
be estimated as follows:

FRANDOM =  8,760 x RHOUR x NCYL

where:

FRANDOM = Frequency of a toxic gas releas
due to a random cylinder failure

8,760 = Number of hours in a year (24 hours
365 days)

RHOUR = Random failure rate of pressurize
cylinder (10-9 per hour; Mahn et al.1995)

NCYL = Number of toxic gas cylinders at ris
(200 representative inventory)

Thus, the above equation can be quantified
follows:

FRANDOM =  8,760 x RHOUR x NCYL

=  8,760 hr x (1 x 10-9/hr) x 200

= 1.8 x 10-3 per year

The frequency of a forklift accident leading to
release of a toxic gas from a single cylinder  m
be analyzed using the following equation:

FFORKLIFT =  NFMOVE x CPFACC x CPCFAIL

where:

FFORKLIFT = Frequency of a toxic gas releas
due to a forklift accident
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NFMOVE = Number of forklift movements per
year

CPFACC = Conditional probability of a forklift
accident per movement

CPCFAIL = Conditional probability of toxic gas
cylinder failure per forklift accident

Between 1983 and November 1996,
TA–54–216 received 4,144 toxic waste
cylinders.  Thus, annual throughput is
approximated as 300 (4,144/14) toxic gas
cylinders per year.  Forklift movements at
TA–54–216 occur at the time of receipt and for
off-site shipment.  Additionally, it is assumed
that at least one forklift movement is made for
inventory control/staging while stored at
TA–54–216.  Multiple cylinders are stored in
racks.  It is conservatively assumed that only
two cylinders are stored per rack, resulting in an
estimated 450 (3 x 300/2) forklift movements
per year.  The conditional probability of a
forklift accident is estimated as 1 x 10-5 per
forklift movement (LANL 1995g).  Not all
forklift accidents will be of sufficient severity to
result in damage to a cylinder and a release of its
contents.  The conditional probability depends
on the nature of the accident and how the
individual cylinder is mechanically impacted by
drop, puncture, and crush forces.  There is a
potential that any forklift accident at
TA–54–216 would be aggravated by the uneven
grade at the facility.  There is an elevation grade
transition of approximately 3.3 feet (1 meter)
that runs through the center length of the
canopy.  To account for the foregoing, and
because some of the cylinders are not U.S.
Department of Transportation (DOT) certified,
it is conservatively assumed that the conditional
probability of a single cylinder failure per
forklift accident is 0.5.  Forklift accidents also
may also involve multiple cylinder failures,
such as a forklift fuel tank fire.  This component
of risk is quantified in accident Scenario
CHEM–05.

Thus, the above equation can be quantified
follows:

FFORKLIFT =  NFMOVE x CPFACC x CPCFAIL

=  450 moves x (1 x 10-5 per move) x 0.5

= 2.3 x 10-3 per year

From the above analyses, the combin
frequency of occurrence for a single cylinde
release of toxic gas is estimated as:

FTOTAL =  FRANDOM  +  FFORKLIFT

= (1.8 x 10-3) + (2.3 x 10-3)

=  4.1 x 10-3 per year

Expanded Operations Alternative, Reduced 
Operations Alternative, and Greener 
Alternative Frequency Analysis  

There are no differences in operations 
throughput across the alternatives for th
scenario.  Accordingly, the No Action
Alternative frequency value represents a
alternatives.

Uncertainties and Sensitivities Affecting the 
Frequency of CHEM–04

Several uncertainties are associated with 
selected accident scenario frequency a
conditional probability parameters.  In all case
realistically conservative values have been us
based on identified accident conditions an
facility-specific conditions.

Source Term Calculations

Accident screening of the historical chemic
inventory data identified selenium hexafluorid
as the dominant chemical-of-concern for 
single toxic gas cylinder (75 liters) release.  Th
chemical had the greatest ERPG–2 a
ERPG–3 distances for a single cylinder out 
the historical inventory, which should b
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broadly representative of future activities.  In
fact, it should be generally the case that future
gas cylinders passing through TA–54–216
would be less hazardous than in the past, due to
effort by LANL to reduce its inventory of
hazardous chemicals.

The release is modeled as a direct release of
7.5 liters of gas per minute for 10 minutes.  The
release is modeled in this manner because there
is insufficient information available regarding
cylinder size and pressure to perform a more
precise calculation.  There is no variation in the
MAR or postulated accident conditions from the
No Action Alternative across the remaining
alternatives.

Uncertainties and Sensitivities Affecting the 
Source Term for CHEM–04

The source term calculation is based on the
single cylinder’s size and chemical producing
the largest ERPG–2 and ERPG–3 distances for
the toxic gas cylinders processed through
TA–54–216 in the historical database.  Given
this, unless circumstances change significantly
(i.e., a much more toxic chemical is handled in
significant quantity), this release should be
bounding.  It should be noted that it is
conservative to assume that the cylinder is full;
it is likely that the inventory may have been
partially or largely depleted during use.

Consequences of CHEM–04 for Facility 
Workers and the Public

Typically four to five people actively work in
the Area L yard in which TA–54–216 is located.
An additional ten people may be present in the
yard in support of construction activities.
Depending on the nature of activity at
TA–54–216, zero to three people would be
expected to be present at the facility itself.

Traumatic injuries or fatalities could occur from
missiles for any individuals present at the time
of cylinder rupture or involved in the forklift
accident.  Health consequences from the toxic

nature of the released gas also may occ
Depending on exposure levels and duratio
four possible adverse health outcomes m
result:  (1) mild, transient adverse health effec
(2) reversible, but more serious adverse hea
effects; (3) irreversible, adverse health effec
and (4) life-threatening health effects.

For outdoor incidents, facility workers ar
trained (Emergency Action Plan) to stop a
activity and to leave the immediate area for a
release of an unknown substance or know
hazardous substance.  Personnel are traine
alert others and to activate applicable alarms
the way out and to proceed upwind (based 
direction of visible windsock, wind vane, o
other indicators) to the nearest muster station
not at immediate risk, the worker is trained 
shutdown equipment.  Emergency respon
planning also includes provisions fo
evacuation.  These actions will serve to mitiga
impacts to workers.

Under adverse dispersion conditions, th
ERPG–2 distance is about 230 yard
(210 meters). Under conservative daytim
dispersion conditions, the ERPG–3 an
ERPG–2 exposure distances are less th
100 yards.  The average number of peop
exposed to greater than ERPG–3 and ERPG
concentrations for conservative daytim
dispersion is provided in Table G.5.5.4–1.

G.5.5.5 CHEM–05, Multiple 
Cylinder Release of Toxic 
Gas from Waste Gas 
Cylinder Storage at 
TA–54–216

General Scenario Description

This scenario occurs at the same facility 
CHEM–04; however, it differs in that the
consequence results from the boundin
historical inventory of chemicals present i
multiple cylinders.  Accident screening of th
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historical chemical inventory data identified
sulfur dioxide as the dominant chemical-of-
concern for a multiple toxic gas cylinder release.  

Properties of Sulfur Dioxide Gas

Sulfur dioxide is a colorless, nonflammable gas
(or liquid under pressure).  Sulfur dioxide (SO2)
is listed on EPA’s Extremely Hazardous
Substances List.  It is a poisonous gas chiefly
affecting the upper respiratory tract and the
bronchi, and it is also a corrosive irritant to the
eyes, skin, and mucous membranes
(Lewis 1993).  

CHEM–05 Release Mechanisms

Based on the type of activities conducted at
TA–54–216, potential accident initiators
leading to a multiple cylinder release include
propagation of a random failure of a cylinder
(rupture) from missiles, a forklift fire or a
delivery/shipment truck fire incident, or rupture
and subsequent BLEVE (boiling liquid
expanding vapor explosion) of the adjacent
propane tank.  The resulting fireball and thermal
radiation would be the primary concern
associated with potential to impact multiple
cylinders.  Propane tank leak explosion hazards
include the potential for significant
overpressure and missiles.

No Action Alternative Frequency Analysis

While sulfur dioxide is the dominant chemical-
of-concern for a multiple cylinder release, the
frequency of a multiple cylinder release of any
gas was calculated at TA–54–216 using the
typical inventory of gas cylinders at the facility
and associated movements.  This provides a
bounding estimate of risk associated with a
multiple cylinder release of sulfur dioxide and
gives a broader representation of risk for site-
wide activities potentially leading to a multiple
cylinder release of a toxic gas (postulated
chlorine releases are evaluated separately).

Potential accident initiators leading to a
multiple cylinder release include propagation of

a random failure of a cylinder (rupture) from
missiles, a forklift fire or a delivery/shipmen
truck fire incident, or rupture and subseque
BLEVE/explosion of the adjacent propane tan
Thus, the combined frequency (FTOTAL) of a
multiple cylinder release may be quantified as

FTOTAL =  FRANDOM  +  FFLFTFIRE    +   
FTRKFIRE  +  FPROTANK

where:

FRANDOM = Frequency of a toxic gas releas
due to a random cylinder failure

FFLFTFIRE = Frequency of a toxic gas releas
due to a forklift fire

FTRKFIRE = Frequency of a toxic gas release d
to a truck fire

FPROTANK = Frequency of a toxic gas releas
due to detonation of the propane tank

Random failure can occur due to a variety 
causes (including cylinder defects, weatherin
corrosive attack, damage to valving).  Fo
propagation of a random failure resulting in 
multiple cylinder release, the frequenc
(FRANDOM) can be estimated as follows:

FRANDOM =  8,760 x RHOUR x NCYL x CPROP 

where:

8,760 = Number of hours in a year (24 hours
365 days)

RHOUR = Random failure rate of pressurize
cylinder (1 x 10-9/hr) (Mahn et al.1995)

NCYL = Number of toxic gas cylinders at ris
(200 representative inventory)

CPROP = Conditional probability of propagating
failure given one cylinder ruptures

The CMR Building SAR (LANL 1995c)
indicates based on historical experience tha
leak is 20 times more likely to occur than 
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rupture.  Leaks will not propagate unless the
leaked gas is flammable or pyrophoric; sulfur
dioxide is neither.  Consequently,
conservatively assuming that propagation
occurs given a rupture, the conditional
probability of propagation is 0.05 (1/20).  This
value is considered to be very conservative,
especially considering the separation of several
of the cylinder racks to accommodate forklift
movements.  The above equation can be
quantified as follows:

FRANDOM =  8,760 x RHOUR x NCYL x CPROP

= 8,760 x (1 x 10-9) x 200 x 0.05

=  8.8 x 10-5 per year

The frequency of a forklift fire (FFLFTFIRE)
leading to a release of  toxic gas from multiple
cylinders may be analyzed using the following
equation:

FFLFTFIRE =  NFMOVE x NHOUR x FFUEL x 
CPING

where:

NFMOVE = Number of forklift movements per
year

NHOUR = Number of hours per forklift
movement

FFUEL  =  Frequency of a fuel tank rupture per
hour

CPING = Conditional probability of ignition
given a fuel tank rupture and subsequent
propagation of failure

From 1983 to November 1996, TA–54–216
received 4,144 waste cylinders.  Thus,
annual throughput has been approximately 300
(4,144/14) cylinders per year.  Forklift
movements at TA–54–216 occur at the time of
receipt and for off-site shipment.  Additionally,
it is assumed that at least one forklift movement
is made for inventory control/staging while

stored at TA–54–216.  Multiple cylinders ar
stored in racks.  It is conservatively assum
that only two cylinders are stored per rac
resulting in an estimated 450 (3 x 300/2) forkli
movements per year.  It is conservative
assumed that each forklift movement has
duration of 0.5 hour.

The frequency of a forklift fuel tank rupture an
a resulting fire is assessed for TA–54–214 bas
on methods and data contained in the TA–5
Area G hazard analysis (LANL 1995g) and th
evaluation of ignition probabilities given a tan
rupture by the Reliability Analysis Center in
Rome, New York (RAC 1991).  The frequenc
of a fuel tank rupture was assessed as 2.3 x 1-5

per hour in the TA–54 hazard analysis (LAN
1995g).  For a nondiesel fuel (propane), t
conditional probability of ignition given a
rupture is assigned a value of 1 x 10-2.

Thus, the above equation can be quantified
follows:

FFLFTFIRE =  NFMOVE x NHOUR x FFUEL x 
CPING

=  450 x 0.5 x (2.3 x 10-5) x 0.01

=  5.2 x 10-5 per year

The frequency of a truck fuel leak and fir
contributor accident can be estimated using 
following equation:

FFIRE = NSHIPMENTS x CLEAK x CPFIRE

where:

FFIRE = Frequency of a fire at TA–54–216

NSHIPMENTS = Number of shipments to or from
TA–54–216 per year

CLEAK = Conditional probability of fuel leak
per shipment

CPFIRE = Conditional probability of a fire given
a fuel leak and subsequent propagation 
failure
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The frequency of a fuel system leak or fuel tank
leak and a resulting fire is assessed for
TA–54–216 based on methods and data
contained in the TA–54, Area G Hazard
Analysis (LANL 1995g) and the evaluation of
TRU waste transportation by H&R Technical
Associates, discussed in section G.5.5.1.  On
a per trip basis, the likelihood of a fuel leak is
0.1/78, or 1.3 x 10-3 per trip.  The conditional
probability of a fire given a fuel leak is 4.7 x
10-3 per fuel leak.  The number of shipments is
estimated at 60 shipments per year (300 cylinder
throughput per year x 2 shipments per cylinder/
10 cylinders per shipment).  Thus, the above
equation can be quantified as follows:

FFIRE = NSHIPMENTS x CLEAK x CPFIRE

= 60 x (1.3 x 10-3) x (4.7 x 10-3)

= 3.7 x 10-4 per year

For a random tank failure and subsequent
BLEVE/explosion (FRANDOM), the frequency
can be estimated as follows:

FRANDOM = 8,760 x RHOUR x CPEXP

where:

8,760 = Number of hours in a year (24 hours x
365 days)

RHOUR = Random tank failure rate per hour

CPEXP = Conditional probability of a BLEVE/
explosion and subsequent propagation of failure

The random failure rate of a pressurized tank,
accounting for in-service inspections is
10-10 per hour (Mahn et al. 1995).  The
conditional probability of a BLEVE/explosion
versus no ignition or jet flaming is
conservatively estimated to be 0.25 on the basis
that propane has a very narrow explosive range
(lower explosive limit of 2.1 and an upper
explosive limit of 9.5) (MGP 1997).

Thus, the above equation can be quantified
follows:

FRANDOM = 8,760 x RHOUR x CPEXP

= 8,760 x (1 x 10-10) x 0.25

= 2.2 x 10-7 per year

From the above analyses, the combin
frequency of occurrence for a multiple cylinde
release of toxic gas is estimated as:

FTOTAL =  FRANDOM  +  FFLFTFIRE    +   
FTRKFIRE  +  FPROTANK

FTOTAL =  (8.8 x 10-5) + (5.2 x 10-5) + (3.7 x   
10-4) + (2.2 x 10-7)

FTOTAL =  5.1 x 10-4 per year

Expanded Operations Alternative, Reduced 
Operations Alternative, and Greener 
Alternative Frequency Analysis 

No differences in operations across th
alternatives have been identified for th
accident scenario.  Accordingly, the abov
frequency calculations represent all alternative

Uncertainties and Sensitivities Affecting the 
Frequency of CHEM–05

Several uncertainties are associated with 
selected accident scenario frequency a
conditional probability parameters.  In all case
realistically conservative values have been us
based on identified accident conditions an
facility specifics.

Source Term Calculations

The source term for this accident scenario 
based on a release of the contents of multi
toxic gas cylinders. Accident screening of th
current chemical inventory data identified sulfu
dioxide as the dominant chemical-of-conce
for a multiple toxic gas cylinder (136 liters
release.  The release is modeled as tw
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150-pound cylinders releasing 30 pounds per
minute for 10 minutes.  The release is modeled
as a continuous release because insufficient
information is available concerning the cylinder
size and pressure.

Uncertainties and Sensitivities Affecting the 
Source Term for CHEM–05

Sulfur dioxide is the dominant chemical-of-
concern from a toxic standpoint.  Source term
uncertainties include the total number of
cylinders that may be affected by a specific
accident initiator, the release rate from the
cylinders, and  the possible influences of
building wakes and buoyancy considerations for
fire events. 

Consequences of  CHEM–05 for Facility 
Workers and the Public

Typically four to five operations personnel
actively work in the Area L yard where
TA–54–216 is located.  An additional ten
people may be present in the yard in support of
construction activities.  Depending on the nature
of activity at TA–54–216, zero to three people
would be expected to be present at the facility
itself.

Traumatic injuries or fatalities could occur from
missiles for any individuals present at the time
of the postulated cylinder ruptures or involved
in the forklift/truck fire incidents.  Health
consequences from the toxic nature of the
released gas also may occur.  Depending on the
exposure levels and durations, four possible
adverse health outcomes may result:  (1) mild,
transient adverse health effects; (2) reversible
but more serious adverse health effects;
(3) irreversible, adverse health effects; and
(4) life-threatening health effects.

For outdoor incidents, facility workers are
trained (Emergency Action Plan) to stop all
activity and to leave the immediate area for any
release of an unknown substance or known
hazardous substance.  Personnel are trained to

alert others and to actuate applicable alarms
the way out and to proceed upwind (based 
direction of visible windsock, wind vane, o
other indicators) to the nearest muster station
not at immediate risk, the worker is trained 
shutdown equipment.  Emergency respon
planning also includes provisions fo
evacuation.  These actions will serve to mitiga
impacts to the workers.

Under adverse dispersion conditions (stab
atmosphere), the ERPG–2 distance is 1.7 mi
(2.7 kilometers), while the ERPG–3 distance
0.75 mile (1.2 kilometer).  Under conservativ
daytime dispersion conditions, the ERPG–
distance ranges from 0.62 to 0.81 mile (1.0 
1.3 kilometers), while the ERPG–3 distanc
ranges from 0.28 to 0.34 mile (0.45 t
0.55 kilometer).  The average affecte
population at higher than ERPG–2 and ERPG
concentrations under conservative daytim
dispersion conditions is shown in
Table G.5.5.5–1.  There are only two direction
(west and northwest) where the off-sit
population can be exposed, due to t
remoteness of the site.  

G.5.5.6 CHEM–06, Chlorine Gas 
Release from Outside the 
Plutonium Facility

General Scenario Description

TA–55–4 is the LANL Plutonium Facility.  At
TA–55–4, gaseous chlorine is used for vario
processes.  The chlorine is supplied by pipi
from a 150-pound cylinder that is kept in 
storage room for corrosive and toxic gase
outside TA–55–4.  When the chlorine is not 
use, the piping is shut off at the chlorine tan
valve, and the line is purged and the
pressurized with argon to prevent leaks duri
off-duty hours (LANL 1996k).

In this scenario, a chlorine release occurs due
a failure of piping associated with a chlorine g
cylinder.  The piping failure is assumed to occ
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outside TA–55–4, leading to a release directly to
the atmosphere (LANL 1996k).  Chlorine is a
heavy gas, which will affect the downwind
dispersion of the gas following release.  The
properties of chlorine gas and heavy gases are
discussed in section G.5.5.1.  

Accident Scenario CHEM–06 was analyzed in
detail in the TA–55–4 SAR.  The SAR analysis
considered significant inventories of hazardous
chemicals with potential for release affecting
workers and the off-site population.  The hazard
analysis that underlies the SAR identified a spill
of nitric acid, a spill of hydrochloric acid, a
release of gaseous fluorine or hydrogen
fluoride, and a release of gaseous chlorine as
possible scenarios (LANL 1996k).  

The SAR evaluated the tests through which
DOT-approved storage cylinders are placed,
and concluded that catastrophic failures of gas
bottles are not expected.  Rather, the SAR found
that chronic releases from improper or failed
connectors at piping manifolds are the most
likely cause of a release.  Using a Gaussian
dispersion model, the SAR analyzed the
consequences of the bounding toxic gas releases
at a 2,952-foot (900-meter) distance where
public exposure is possible.  Chlorine was found
to produce the bounding consequence
(LANL 1996k).

The SAR analysis assumed a release of
150 pounds of chlorine gas over a 15-minute
period at a release height of 16 feet (5 meters).
The downwind concentration of chlorine was
calculated using the CHEM-MIDAS heavy gas
dispersion model, and evaluated for adverse
dispersion conditions (in this case, stability
Class F and 1.9 meters per second wind speed).
The code calculated a concentration at the Royal
Crest Trailer Court of 8 parts per million
(LANL 1996k).  The ERPG–3 concentration for
chlorine is 20 parts per million, while the
ERPG–2 level is 3 parts per million.

CHEM–06 Release Mechanisms

The TA–55 SAR assumed the chlorine relea
was due to a break in the line outside TA–55–4

No Action Alternative Frequency Analysis

During the facility walkdown, it was learned
that the TA–55 SAR frequency bin assignme
of 10-2 to 10-1 per year for this scenario wa
based on one event in 16 years (1978 to1996
which a cylinder of chlorine was partially
released as a result of mechanical damage to
gas line.  Because this was a partial failure, t
calculation of frequency based on one event
16 years (6.3 x 10-2 per year) is conservative.  

Expanded Operations Alternative, Reduced 
Operations Alternative, and Greener 
Alternative Frequency Analysis

There are no differences in operations across
alternatives affecting the chlorine system.  T
frequency estimated above for the No Actio
Alternative is considered to be applicable to t
remaining alternatives.

Uncertainties and Sensitivities Affecting the 
Frequency of CHEM–06

The TA–55 hazard analysis places the rupture
the gas manifold due to impact by heav
equipment in the frequency bin from 10-4 to 10-2

per year (LANL 1996l).  The hazard analys
also identifies a gas leak in Room 116 in th
same frequency bin, citing Unusual Occurren
Report 89832 (LANL 1996l).  Figure 2A–3 o
the TA–55 SAR identifies Room 116 o
TA–55–4 as a corridor between the 100 Ar
and 200 Area rooms on the first floor of th
building.  This release would affect TA–55–
workers in the first instance, but woul
ultimately be released to the environment.

Other failure modes for chlorine release a
possible, such as random cylinder or manifo
failure, or human error during cylinde
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changeout (see section G.5.5.1).  Given the
much lower level of activity at TA–55–4 for
chlorine cylinder changeout, the experience-
based frequency cited above is selected.

Source Term Calculations

The release is assumed to be a ground level
release of a full, 150-pound cylinder.  There are
no differences in source term across the SWEIS
alternatives.  The release is modeled as a
15-pound per minute release into the building
for 10 minutes, in accordance with the
description of the release in the TA–55 SAR.

The EPA RMP off-site consequence analysis
guidance issued in 1996 indicates that when a
toxic gas is released inside a building that has
direct contact with the outside environment
(such as a shed), the release rate is ameliorated
somewhat due to mixing within the shed.  The
guidance suggests multiplying the release rate
by 0.55 (EPA 1996).  In order to obtain the
release duration, it is then necessary to divide
the total quantity released by the effective
release rate.  When this method is applied to the
TA–55 chlorine gas leak, the release duration is
increased to 18.2 minutes and the outdoor
concentrations proportionately reduced.

Uncertainties and Sensitivities Affecting the 
Source Term for CHEM–06

The release rate from the cylinder itself is
modeled as a continuous rate; whereas, releases
from cylinders vary with time.  The 10-minute
period is regarded as conservative.  The factor
of 0.55 accounting for the retention time prior to
release to the outdoors is uncertain for this
storage shed.

Consequences of CHEM–06 for Facility 
Workers and the Public

Facility worker and public consequences a
addressed separately.  Because the air inta
for TA–55–4 are on the west end of the buildin
at a point centered 18 feet (5.5 meters) above
ground, and the chlorine release point is on t
north side of the building (LANL 1996k), it is
unlikely that chlorine released into the air wou
be drawn into the building by the ventilatio
system.  Moreover, there is a 30-inc
(76-centimeter) diameter butterfly valve in th
intake ductwork that can be closed manually 
act as a shut-off valve (LANL 1996k).  TA–55
personnel located outdoors at the time of t
accident could be exposed to hig
concentrations of chlorine.  However, thes
personnel would be in a position to evacua
from the affected area very quickly (bein
outdoors), which should reduce the potential f
health effects. 

Under adverse dispersion conditions (stab
atmosphere), the ERPG–2 distance ranges fr
0.58 to 0.66 mile (0.93 to 1.1 kilometer), whil
the ERPG–3 distance is 0.2 mil
(0.32 kilometer).  Under conservative daytim
dispersion conditions, the ERPG–2 distance
about 0.27 mile (0.43 kilometer), while th
ERPG–3 distance is about 0.10 mi
(0.16 kilometer).  The average number 
members of the public exposed above ERPG
and ERPG–3 concentrations under conservat
daytime dispersion conditions is shown 
Table G.5.5.6–1. 
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TABLE  G.5.5.6–1.—Summary Results for Scenario CHEM–06

ALTERNATIVE
ACCIDENT 

FREQUENCY
SOURCE TERM AND CONSEQUENCES

No Action 6.3 x 10-2 150 pounds of chlorine released in 18.2 minutes; average number of 
people exposed above ERPG–2 and ERPG–3 concentrations is 102 

and 7, under conservative daytime dispersion conditions.

Expanded Operations 6.3 x 10-2 Same as No Action Alternative.

Reduced Operations 6.3 x 10-2 Same as No Action Alternative.

Greener 6.3 x 10-2 Same as No Action Alternative.



LANL SWEIS

 of
d
d
g

y
a
d

me
t

st
 a
e

 be
s
e

f

hat
nk
cle
of
s
nd

le
for
did
er

d
ing

at
G.5.6 Radiological Accidents

G.5.6.1 RAD–01, TRU Waste 
Container Storage Area Fire 
at NDA/NDE Facility 
(TA–54–38)

General Scenario Description

The Nondestructive Assay/Nondestructive
Examination (NDA/NDE) Facility conducts
verification assay and radiographic examination
of unopened waste containers to confirm
compliance with waste acceptance criteria
(WAC).  An outdoor container storage area
(40 feet by 40 feet [12 meters by 12 meters]) is
designated to stage waste processed through the
facility.  The outdoor Container Storage Area
has a RCRA Part B permitted capacity of
7,920 gallons of mixed waste, which is
equivalent to 144, 55-gallon drums.  However,
the capacity of the Container Storage Area is
administratively controlled to 23 DOT Type A
drums (of the type used for TRU waste).
Scenario RAD–01  involves an airborne release
of radioactive material due to a fire that
develops at the outdoor Container Storage Area.  

Properties of TRU Waste.  Transuranic waste
contains at least 100 nanocuries per gram of
transuranium isotopes (primarily plutonium and
americium).  It is present in a wide variety of
forms at LANL, some of which are combustible
(e.g., paper, plastic, etc.)  and some of which are
not combustible  (e.g., concrete).

RAD–01 Release Mechanisms.  Potential
accident initiators include:  (1) truck fires,
(2) forklift fires, (3) external fires (wild fires),
(4) lightning strikes, and (5) aircraft accidents.
Aircraft crash was evaluated in section G.4 and
is not considered further here.  Lightning may
strike the Container Storage Area or pose an
indirect hazard by initiating a wildfire.  The
Container Storage Area does not have lightning
protection; however, a lightning strike would, at

most, pose a localized hazard due to ignition
combustible waste.  It would have a very limite
opportunity to propagate with waste containe
in metal drums and the low combustible loadin
of the storage array.  Wild fires, initiated b
lightning strikes or otherwise, do not pose 
significant hazard considering the develope
nature of the area (e.g., pavement) and the ti
available to take mitigative actions.  A forklif
fire would be credible but would be
significantly bounded by the MAR for a truck
fire accident.

Two truck fire scenarios could occur.  The fir
is an accident involving a truck that causes
fuel leak and subsequent fire involving th
Container Storage Area.  This is judged not to
credible considering the low truck speed
involved in the confined yard area and th
limited vehicle traffic, with the exception o
forklift activity.  The second involves a truck
parked near the Container Storage Area t
could experience a fuel system leak or fuel ta
leak due to causes unrelated to a vehi
accident.  Once a fuel leak occurs, ignition 
the spilled fuel would lead to a fire that, if it i
close enough to the Container Storage Area a
if it is not suppressed, would envelop multip
waste containers.  This scenario is retained 
analysis.  The TA–54–38 safety assessment 
not evaluate the potential for a Contain
Storage Area fire (LANL 1996j).

No Action Alternative Frequency Analysis

The frequency of a truck fuel leak an
subsequent fire accident can be estimated us
the following equation:

FFIRE = NSHIPMENTS x CLEAK x CPFIRE

where:

FFIRE = Frequency of truck fuel leak and fire

NSHIPMENTS = Number of shipments to or from
the outdoor Container Storage Area 
TA–54–38 per year
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CLEAK = Conditional probability of fuel leak
per shipment

CPFIRE = Conditional probability of a fire given
a fuel leak

The frequency of a fuel system leak or fuel tank
leak and a resulting fire is assessed for the
outdoor Container Storage Area based on
methods and data contained in the TA–54,
Area G Hazard Analysis (LANL 1995g) and the
evaluation of TRU waste transportation by
H&R Technical Associates (Rhyne 1994).  As
described in section G.5.5, on a per trip basis,
the likelihood of a fuel leak is 0.1/78, or 1.3 x
10-3 per trip.  Similarly, as described in
section G.5.5, the conditional probability of a
fire given a fuel leak is 4.7 x 10-3 per fuel leak.

Facility truck movements may be associated
with the loading dock, the truck bay (primarily
in support of Waste Isolation Pilot Plant [WIPP]
shipments), and the outdoor Container Storage
Area.   LANL intra-site shipments of TRU
waste average approximately 16 drums per
shipment, with a maximum of 40 drums.
Because the Container Storage Area capacity is
administratively controlled to a limit of 23
drums, it will be assumed that all shipments are
23-drum shipments.  It is assumed that
shipments associated with the outdoor
Container Storage Area would primarily be
conducted to receive waste from TA–54 Area G
for staging just prior to shipment to WIPP and
are insensitive to the facility throughput for
assay verification. Each WIPP shipment
consists of three Transuranic Packaging
Transporter (TRUPACT)-IIs, each with a cargo
capacity of 14 drums, for a total of 42 drums per
WIPP shipment.  Under the proposed action for
WIPP, a total of 5,009 shipments to WIPP are
projected over 35 years (DOE 1996d).  This
gives an average WIPP shipment rate of 143 per
year.  Thus, it is estimated that there are 261
(143 x 42/23) shipments per year from TA–54
Area G to the outdoor Container Storage Area.

Thus, the above equation can be quantified
follows:

FFIRE = NSHIPMENTS x CLEAK x CPFIRE

FFIRE = 261 x (1.3 x 10-3) x (4.7 x 10-3)

FFIRE = 1.6 x 10-3 per year

Expanded Operations, Reduced Operations, 
and Greener Alternatives Frequency 
Analysis

Because the above frequency analysis is ba
on an average WIPP shipment schedule tha
unaffected by the SWEIS alternatives, th
frequency calculated above is considered to 
applicable to all alternatives.

Uncertainties and Sensitivities Affecting the 
Frequency of RAD–01

Uncertainties in the frequency point estimat
include the frequency of a fuel leak pe
shipment, the conditional probability of a fue
fire given a fuel leak, and the number o
shipments per year.

Source Term Calculations

The MAR for the postulated accident is limite
by the fraction of waste inventory immediatel
involved in the truck fuel pool fire.  The MAR
is estimated based on a 100-gallon (379-lite
fuel spill, yielding a burn area of 500 square fe
(46 square meters).  This is based on a burn a
relationship of 250 square feet (23 squa
meters) for 50 gallons of fuel  (RFETS 1994
Even allowing for aisle spacing as required b
the Resource Conservation and Recovery A
(RCRA), the entire Container Storage Are
inventory of 23 drums could be consumed in
fire of 500 square feet (46 square meters).

Potential waste forms present include solidifie
liquids (aggregate); surface contaminate
packaged combustible solids; and surfa
contaminated, noncombustible solids.  Th
bounding ARF and RF products for these thr
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waste forms in a thermal stress environment
(fire) are 6 x 10-5, 5 x 10-4, and 6 x 10-5,
respectively (DOE 1994a).  (Recall, ARF =
airborne release fraction [the fraction of the
material suspended in the air as an aerosol and
thus available for transport due to the physical
stresses from a specific accident of due to
operation of HVAC systems], and RF =
respirable fraction [the fraction of the aerosols
that can be transported through the air and
inhaled into the human respiratory system,
commonly assumed to include particles of 10
microns aerodynamic equivalent diameter or
less].)

Consequently, it can be concluded that releases
will be dominated by combustible waste and the
analysis will be limited to this waste form.  It is
conservatively assumed that 35 percent of the
radiological inventory is present in combustible
waste forms (combustible waste comprises
approximately 10.3 percent of TRU waste by
volume) (LANL 1996o, estimated from
Table 4–1); however, the higher value is meant
to account for the presence of decontamination
trash, HEPA filters, and the relatively high
surface contamination area to volume ratio for
combustible materials.  Separate calculations
are performed for combustible and
noncombustible forms.  Thus, for the MAR (23
drums), the damage ratio is set equal to 0.35 for
combustible material and at 0.65 for
noncombustible forms.  The Container Storage
Area is located outdoors; consequently, the LPF
is 1.0.

Currently, the average TRU radioactive
material content per waste container is 8.9
plutonium-239 equivalent curies (PE-Ci)
(LANL 1995f).  Less than 1 percent of all TRU
waste containers in the existing Area G
inventory exceed 75 PE-Ci in radioactive
material content (LANL 1995c).  The
predominant TRU waste generated at LANL is
weapons-grade plutonium.  The LANL fissile
gram equivalent limit for this material type is 25
PE-Ci per drum (LANL 1995c).  Revision 5 of
the WIPP WAC limits the maximum

plutonium-239 equivalent activity for untreate
contact-handled TRU waste to be received 
the facility to 80 PE-Ci per drum (if not
overpacked).  Considering that the postulat
accident scenario involves multiple drums (23
that the drums represent a small fraction of t
total TRU waste inventory managed at LANL
and their radioactive content could be skewed
the high end (depending on the waste genera
source); and the above TRU limits; it i
conservatively assumed that one drum conta
the WIPP WAC limit for untreated waste o
80 PE-Ci (if not overpacked) and the other 2
drums involved in the fire have an average TR
content of 25 PE-Ci.

With the above information, the initial sourc
term equation can be quantified as follows:

Initial Combustible Source Term = MAR x DR
x ARF x RF x LPF

= [(22 x 25 PE-Ci) + (80 PE-Ci)] x 0.35 x (5 x
10-4) x 1 x 1

= 0.11 PE-Ci

Initial Noncombustible Source Term = MAR x
DR x ARF x RF x LPF

= [(22 x 25 PE-Ci) + (80 PE-Ci)] x 0.65 x (6 x
10-5) x 1 x 1

= 0.02 PE-Ci

Total Initial Source Term = Initial Combustible
+ Initial Noncombustible

= 0.11 PE-Ci + 0.02 PE-Ci

= 0.13 PE-Ci

The  MAR equals the initial MAR, minus the
initial source term.  The DR and LPF are set
1.  The ARR and RF are assigned values of 
10-5 and 1.0, respectively, based on boundi
resuspension factors for surface contamina
combustible solids exposed to ambie
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conditions (DOE 1994a).  Thus, the suspension
source term can be quantified as:

Suspension Source Term = MAR x DR x ARR 
x 24 hrs x RF x LPF

= (630 - 0.13 PE-Ci) x 1 x (4 x 10-5) x 24 hrs x 
1 x 1

= 0.60 PE-Ci

The suspension source term is conservative,
considering that fire protection actions (e.g.,
foam, water spray) and contamination control
measures would likely limit airborne releases
significantly.  This would reduce the suspension
period from the 24 hours assumed above to a
much smaller number, which could in principle
be zero.  The 24-hour calculation is retained as
a conservative measure for impact estimation.
There are no variations in source terms across
the alternatives.

Uncertainties and Sensitivities Affecting the 
Source Term for RAD–01

A significant uncertainty for this postulated
accident is quantification of the MAR in terms
of the number of drums involved in the fire and
their associated radioactive material content.
Accepted methodologies and reasonably
conservative radiological estimates have been
made to provide an upper estimate of the source
term.

It could be postulated that the truck fire would
lead to an explosion of the truck’s fuel.  This
accident would have a lower frequency, perhaps
being incredible, but would not involve more
than the 23 drums.  The explosion could
disperse the drums, perhaps beyond the range of
the fire, but the release and airborne fraction
would likely not increase.  Section 5.1 of DOE
Handbook 3010 (DOE 1994d) gives a median
ARF of  8 x 10-5 and a bounding ARF of 5 x 10-4

for thermal stress on packaged combustible
solids.  The ARF used in this analysis was also
5 x 10-4.

Consequences of RAD–01 for Facility 
Workers and the Public

Consequences for facility workers and th
public are considered separately.  On a day sh
a total of 12 facility workers (including truck
bay activities) would typically be involved with
facility operations and would be at risk fo
exposure to airborne radioactive material.

No acute fatalities are predicted to result fro
the postulated accident.  The mean collecti
population dose is projected to total 72 perso
rem (TEDE), resulting in 0.036 excess LCF
Mean projected doses for MEIs (and the
associated locations) and ground contaminat
levels are presented in Tables G.5.6.1–2 a
G.5.6.1–3, respectively.  Table G.5.6.1–
summarizes the modeling results for RAD–01

G.5.6.2 RAD–02, Natural Gas 
Pipeline Failure, Ingestion, 
and Explosion/Fire at CMR 

General Scenario Description  

This accident scenario involves the rupture o
3-inch (8-centimeter) natural gas pipeline ne
the CMR Building (TA–3–29), no immediate
ignition of the gas, transport of the gas to th
CMR intake structure, and subseque
explosion and fire in Wing 7 of the CMR
Building.  Rupture of the natural gas pipeline 
assumed to be due to construction work in t
vicinity of the pipeline (the pipeline also could
fail randomly, but this is a lower frequenc
failure mode).

Although the CMR Building itself is not served
by natural gas, a buried natural gas pipeline ru
along its eastern boundary.  At this location, t
pipeline is a 3-inch (8-centimeter) diamete
100 psia natural gas pipeline.  The speci
scenario identified in the CMR SAR involves 
failure of the section immediately in front of th
CMR Building, which is located abou
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TABLE  G.5.6.1–1.—Summary Results for Scenario RAD–01

ALTERNATIVE
ACCIDENT 

FREQUENCY
SOURCE TERM AND CONSEQUENCES

No Action 1.6 x 10-3 per year Initial source term: 0.13 PE-Ci, elevated thermal release; 
suspension source term: 0.60 PE-Ci, ground-level release; mean 

population dose of 72 person-rem excess LCF of 0.036.

Expanded Operations 1.6 x 10-3 per year Same as No Action Alternative.

Reduced Operations 1.6 x 10-3 per year Same as No Action Alternative.

Greener 1.6 x 10-3 per year Same as No Action Alternative.

TABLE  G.5.6.1–2.—Predicted Mean Doses to MEIs for Scenario RAD–01

MAXIMUM EXPOSED INDIVIDUAL (MEI) DOSE (REM, TEDE)

MEI LOCATION DOSE

Closest public access (SA):  Pajarito Road (100 m) 4.6 x 101

Special population distance:  San Ildefonso Pueblo boundary (400 m) 3.5 x 100

Special population distance:  Mortandad Cave (2,400 m) 1.4 x 10-1

Closest residence:  Royal Crest Trailer Park (4,300 m) 5.1 x 10-2

Special population distance:  San Ildefonso Pueblo (11,600 m) 1.3 x 10-2

TABLE  G.5.6.1–3.—Predicted Mean Ground Contamination Levels for Scenario RAD–01

RADIAL 
DISTANCE

PLUTONIUM-239 GROUND 
CONCENTRATION

(BQ/m2)

0.0 to 1.0 km 1.1 x 104

1.0 to 2.0 km 1.2 x 103

2.0 to 3.0 km 4.7 x 102

3.0 to 4.0 km 2.6 x 102

4.0 to 8.0 km 1.3 x 102

8.0 to 12.0 km 7.6 x 101

12.0 to 20.0 km 3.5 x 101

20.0 to 30.0 km 1.7 x 101

30.0 to 40.0 km 8.4 x 100

40.0 to 60.0 km 4.2 x 100

60.0 to 80.0 km 2.4 x 100

BQ/m2 = Becquerel per square meter
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120 meters from the CMR ventilation intakes
located near the spinal corridor of the facility. 

This accident scenario is analyzed in the CMR
SAR (LANL 1995c).  The SAR states that
construction potentially leading to this event
occurs about every 3 years, and that the
conditional probability of damaging the line
with construction equipment is 1 x 10-3 per
construction event (LANL 1995c).  This results
in an initiating event frequency of 3.3 x 10-4 per
year.

The SAR includes an event tree for evaluating
the frequency of the accident scenario.  The
event tree accounts for the conditional
probability of no external explosion, whether
the gas drifts toward or away from the CMR
Building, whether the concentration at the
intake is above the lower explosive limit (LEL)
for natural gas, whether an explosion occurs at
the intake, and whether an explosion and/or a
fire occur interior to the CMR Building (LANL
1995c).  The event tree identifies five separate
outcomes leading to an accident:

• External explosion, 1.7 x 10-4 per year
• Internal explosion without a fire, 1.6 x 10-7 

per year
• Explosion at the CMR HVAC intake 

structure, 1.6 x 10-6 per year
• Explosion and fire at the CMR HVAC 

intake structure, 1.8 x 10-7 per year
• Internal explosion with a fire, 1.5 x 10-6 per 

year

Because the internal explosion with a fire is the
most likely event having radiological
consequences, this is the outcome that is
modeled in the SAR and in the SWEIS.  The
SAR states that an internal explosion is likely to
involve only one half of the laboratories in a
wing because ventilation in each half of each
wing is supplied by a separate supply fan.
However, the remainder of the wing could be
damaged by fires ignited by the explosion.  The
explosion also may damage the fire suppression

sprinkler system, so no credit is given fo
containing any fires subsequent to an explosi
in a wing.  Finally, if the explosion involves a
significant portion of a wing, damage to th
building structure may occur (such as blowin
out the glass block windows and doors
creating an open leak path to the environme
(LANL 1995c).  

The most vulnerable sections of the CM
Building for this accident are Wings 2, 3, and
(and the Administrative Wing) because the
wings are located on the east side of the CM
Building nearest the natural gas pipeline.  T
source term analysis is based on Wing 7 beca
that wing has the highest administrative limit o
dispersible MAR of these three wings (LANL
1995c).

Wing 7 has an administrative limit of 6
kilograms of plutonium-239 equivalent in
dispersible form.1  Of this amount, one kilogram
was assumed to be located outside 
gloveboxes or sealed metal containers a
unprotected from direct blast effects.  Th
release is assumed to be a ground level rele
(LANL 1995c).

RAD–02 Release Mechanisms

This accident involves consideration o
explosion and fire effects on the MAR in th
CMR Building.  There is a wide variety o
radioactive material stored and used in the CM
Building.  In the SAR and safety limits
documentation, the MAR at the CMR Buildin
is converted to equivalent grams of pu
plutonium-239.  Although this is an abstractio
of what is actually present in the facility, i
captures the radiological effects of the diver
MAR.  Plutonium-239 in both powder and
solution form is considered in this accident.

1. The CMR SAR expresses most radiological releas
as equivalent releases of pure plutonium-239.  The CM
Building has a variety of different types of MAR, 
including various plutonium mixtures.  Wing limits are 
expressed in terms of plutonium-249 equivalents, and t
SAR accident analysis is largely in the same units.
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No Action Alternative Frequency Analysis

The annual frequency for this scenario is
quantified as follows:

F = FPIPE x PEXTEXP x PDRIFT x PLEL x 
PINTAKE x PINTEXP x PINTFIRE

where:

F = Annual frequency of the scenario

FPIPE = Annual frequency of pipe rupture due to
construction

PEXTEXP = Conditional probability of no
external explosion at pipe rupture

PDRIFT = Conditional probability of natural gas
drifting to HVAC intake

PLEL = Conditional probability of concentration
above the LEL at HVAC intake

PINTAKE = Conditional probability of natural
gas not exploding at HVAC intake

PINTEXP = Conditional probability of internal
explosion of natural gas

PINTFIRE = Conditional probability of internal
fire subsequent to explosion

The above equation is evaluated in accordance
with the analysis in the SAR.  As noted, the
frequency of pipe rupture due to construction is
3.3 x 10-4 per year.  (This value is consistent
with generic industry data, which indicate a
pipeline rupture rate of 1.25 per 1,000 miles of
pipeline per year [AICE 1994].  Applied to the
CMR Building, and taking into account 660 feet
[201 meters] of piping in front of CMR [this is
the overall width of CMR], this data yields a
value of 1.6 x 10-4 per year.)  The conditional
probability of no external explosion was set at
0.5 (i.e., as likely as not).  The conditional
probability that the gas drifts toward the CMR
Building is based on historical meteorological
data for LANL, and is set at 0.285 (a

conservative value).  The conditiona
probability that the gas concentration is abo
the LEL at the intake is evaluated at 0.076
(based on a calculation from a Gaussian plu
dispersion model).  The conditional probabilit
of no explosion at the intake is set at 0.5 (i.e.,
likely as not).  The conditional probability of a
internal explosion and the conditiona
probability of a fire given an explosion, are bo
set at 0.9 (i.e., very likely).  

The frequency equation above is evaluated
follows:

F = FPIPE x PEXTEXP x PDRIFT x PLEL x 
PINTAKE x PINTEXP x PINTFIRE

= (3.3 x 10-4) x 0.5 x 0.285 x 0.0769 x 0.5 x 0.9
x 0.9

= 1.5 x 10-6

Expanded Operations, Reduced Operations, 
and Greener Alternatives Frequency 
Analysis

There is no difference in construction frequen
across the alternatives.  No other fact
potentially affecting the conditional probability
of any of the other terms of the No Actio
Alternative frequency equation has bee
identified.  Accordingly, the frequency o
1.5 x 10-6 per year is applicable to the Expande
Operations, Reduced Operations, and Gree
Alternatives.

Uncertainties and Sensitivities Affecting the 
Frequency of RAD–02

The SAR accident scenario progressio
incorporates several inherent uncertainties th
are resolved with the assignment o
conservative or representative condition
probabilities using engineering/expert opinio
historical meteorological data, and supportin
calculations.  The terms of the frequenc
equation that seem to be the most subject
G–156
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uncertainty are the two conditional probabilities
of explosion:  PEXTEXP and PINTAKE.  

The conditional probability of no external
explosion at the time of the pipeline rupture
(PEXTEXP) is probably conservative because the
rupture occurs as a result of mechanical damage
to the pipeline, which damage (or the engine on
the equipment performing the excavation)
would be likely to result in ignition of the
escaping gas.  To illustrate, if this term has a
value of 0.1 instead of 0.5, the frequency of the
accident would drop to 3 x 10-7 per year.

Embedded in the analysis details of this scenario
are a number of other assumptions that, if
relaxed from their current conservative values,
could render the scenario less likely or result in
conditions under which the scenario could not
progress due to insufficient gas reaching the
wing to support an explosion and fire.  Among
these assumptions are:  (1) it is assumed that the
supply system can maintain a 100-psia pressure
through the 3-inch pipe for the required period
of time, even though the system is
depressurizing through the break; (2) it is
assumed that the flow rate from the broken pipe
is equal to the critical flow at the initial system
pressure (no credit is taken for pipe segments
depressurizing as a result of the break); and (3)
the fire suppression sprinkler system within the
CMR Building fails 100 percent of the time
given an explosion and fire (this is a
conservative assumption) (LANL 1995c).

More significantly, however, DOE authorized
funding for installation of a flow restriction
orifice in the natural gas pipeline, which is the
source of the above-described accident.  This
orifice will limit gas flow in the event of a
pipeline break to a value that will preclude the
accident from taking place.  Thus, upon
completion of orifice installation this accident
will no longer be credible.  The installation was
scheduled for Fall 1997 at the time the
calculations were made for this accident
appendix.

Other Potential Gas Pipeline Accidents at 
LANL

As a result of the identification of this pipelin
failure accident in the CMR SAR, consideratio
was given to other possible natural gas pipeli
accidents at LANL.  Four examples have be
identified.  The TA–18 SAR identified a natura
gas explosion for the Hillside Vaul
(TA–18–26).  During the walkdown of this
facility, this contributor was screened on th
basis of physical implausibility (e.g., the natur
gas pipeline is shielded from the Hillside Vaul
and there is no active ventilation system n
natural flow process that would result i
ingestion of the gas into the Hillside Vault)
Similarly, natural gas pipelines are located ne
TA–55–4.  In this case, the construction 
TA–55–4 is much more robust than the CM
Building (TA–55–4 has 14-inch-thick
reinforced concrete walls), and the ventilatio
system would remain intact in the event of a
explosion (the HVAC system filters are locate
remotely from the possible site of any explosio
inside TA–55–4).  In the case of both TSTA an
WETF, the natural gas lines are too far from t
facilities to present a credible threa
Accordingly, the CMR scenario is considered 
be the bounding accident of this type.

Source Term Calculations

The initial source term equation is evaluate
four times for four separate source ter
contributors identified in discussions with CMR
facility representatives, and is based on the dr
1996 SAR update for the CMR facility.  Th
four sources of release are MAR in containe
and enclosures affected by the explosion, MA
in solution outside an enclosure affected by t
explosion, MAR in powder form affected by th
fire, and MAR in solution affected by the fire
The initial source term equation is evaluated 
follows for these sources:
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STPOWEXP = MAR x DR x ARF x RF x LPF

STPOWEXP = 2,500 x 1 x 0.005 x 0.3 x 1 = 
3.8 grams

STSOLEXP = MAR x DR x ARF x RF x LPF

STSOLEXP = 500 x 1 x 1 x 1 x 1 = 500 grams

STPOWFIRE = MAR x DR x ARF x RF x LPF

STPOWFIRE = 2,487 x 1 x 0.006 x 0.01 x 1 = 
0.1 grams

STSOLFIRE = MAR x DR x ARF x RF x LPF

STSOLFIRE = 3,000 x 1 x 0.002 x 1 x 1 = 
6.0 grams

Total Initial Source Term = STPOWEXP + 
STSOLEXP + STPOWFIRE + STSOLFIRE

= 3.8 + 500 + 0.1 + 6.0 = 510 grams

where:

ST = Source Term

STPOWEXP = Source term from powder in
containers affected by the explosion

STSOLEXP = Source term for solution affected
by the explosion

STPOWFIRE = Source term for powder affected
by the fire

STSOLFIRE = Source term for the solution
affected by the fire

The CMR SAR did not account for source term
contribution from suspension subsequent to the
explosion and fire.  The suspension source term
calculation would come from three sources (the
fourth possible source, the solution affected by
the explosion, has no suspension source term
contribution because it was 100 percent released
in the initial source term):  (1) MAR in
containers and enclosures affected by the
explosion, (2) MAR in powder form affected by

the fire, and (3) MAR in solution affected by th
fire.  The suspension source term equation
evaluated three times for these sources:

RSTPOWEXP = MAR x DR x ARR x 24 hrs x RF 
x LPF

RSTPOWEXP = 2,496 x 1 x (4 x 10-6/hr) x 24 hrs 
x 1 x 1

RSTPOWEXP = 0.24 grams

RSTPOWFIRE = MAR x DR x ARR x 24 hrs x 
RF x LPF

RSTPOWFIRE = 2,487 x 1 x (4 x 10-6/hr) x 24 hrs 
x 1 x 1

RSTPOWFIRE = 0.24 grams

RSTSOLFIRE = MAR x DR x ARR x 24 hrs x RF 
x LPF

RSTSOLFIRE = 2,994 x 1 x (4 x 10-8/hr) x 24 hrs 
x 1 x 1

RSTSOLFIRE = 0.003 grams

The total suspension source term  is the sum
the above contributors, or 0.48 grams.

Suspension source term parameters w
selected as follows:  (1) based on 
homogeneous bed of powder buried und
structural debris exposed to ambient conditio
or under static conditions within a structur
(DOE 1994d); (2) based on the sam
considerations as (1); and (3) based on
solution indoors, on heterogeneous surfac
covered with debris or under static condition
(DOE 1994d).

No variations are identified in the progression 
the accident or the MAR; thus, the calculate
source terms above are considered to repres
the accident for all alternatives. 
G–158



Accident Analysis

of
cs
d

n.
s

n
e

ed
e
g
 of

ion
e
e
se

 is

to
e
e
0
s
d
d
in
ly.
g

al
ic
is

at
in
 is
Uncertainties and Sensitivities Affecting the 
Source Term for RAD–02

The source term for this postulated accident
scenario is dominated by the very conservative
SAR assumption of an ARF of 1.0 for the
solution affected by the explosion.  The
explosive yield of the explosion inside the wing
is not identified in the CMR SAR.  DOE
Handbook 3010-94 recommends that for
detonations in or immediately contiguous to a
pool of liquid, a bounding release is assessed to
be the mass of inert material equal to the
calculated TNT equivalent (DOE 1994d).
However, it is not evident that the explosion
necessarily occurs in or contiguous to the
solution in the case of the CMR event.  If the
explosion occurs at some distance from the
solution and merely spills the solution or
shatters the container holding the solution, the
source term would be reduced by at least two
orders of magnitude, resulting in a release of 5
grams or less, instead of 500 grams.

Because the source term for this accident is
completely driven by the assumption of a
100 percent release of the 500 grams of
plutonium-239 equivalent in the solution, it is
clear that any reduction in this term will directly
reduce the overall source term.  

Uncertainties in the source term calculation
include the extent that the entire wing may be
affected by the initial explosion (the SAR
assumes only half of wing is involved); the
fraction of material that is outside the
gloveboxes/enclosures; the fraction of material
in powder, solution, or less dispersible forms;
and the integrity of the building confinement
(e.g., glass block windows).  (Building integrity
affects the LPF.)  

Consequences of RAD–02 for Facility 
Workers and the Public

The consequences of RAD–02 for facility
workers and the public are discussed separately.
All workers in Wing 7 at the time of the accident

could be severely injured or killed as a result 
the dynamics of the explosion, the dynami
and combustion products of the fire, an
exposure to plutonium-239 oxide via inhalatio
Supply air for the remainder of the building i
unfiltered outside air (LANL 1995c).
Depending on the dynamics of the explosio
release and the direction of the wind at the tim
of release, it is possible that air contaminat
with material released from Wing 7 could b
drawn into the remainder of the CMR Buildin
and distributed to the workers in other areas
the building.  This would result in inhalation
exposures to those workers and contaminat
of other areas of the CMR Building.  Due to th
complications of evaluating the impact of th
explosion and the resulting emergency respon
activities, an estimation of the worker doses
not possible with any reliability.

No acute fatalities from radiation exposure 
the public are predicted to result from th
postulated accident.  The mean collectiv
population dose is projected to total 120,00
person-rem (TEDE), resulting in 57 exces
LCFs.  Mean projected doses for MEIs (an
their associated locations) and groun
contamination levels are presented 
Tables G.5.6.2–2 and G.5.6.2–3, respective
Table G.5.6.2–1 summarizes the modelin
results for RAD–02. 

Based on re-evaluation of the meteorologic
conditions and the frequency of catastroph
brakes, DOE estimates the frequency for th
accident now to be less than 10-6 (i.e., not
credible) (CMR BIO, Appendix J).

G.5.6.3 RAD–03, Power Excursion 
Accident with Fast Burst 
Assembly Outside Kiva #3  

General Scenario Description  

The Godiva-IV fast-burst reactor, housed 
Kiva #3 at Pajarito Site (TA–18–116), is used 
a variety of experiments.  This type of reactor
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TABLE  G.5.6.2–1.—Summary of Results for Scenario RAD–02

ALTERNATIVE
ACCIDENT 

FREQUENCY
SOURCE TERM AND CONSEQUENCES

No Action 1.5 x 10-6 504 grams plutonium-239 explosion release (60-second), 6 grams 
plutonium-239 fire release (2-hour), 0.48 gram plutonium-239 
suspension release (24-hour); 120,000 person-rem collective 

exposure, resulting in 57 excess LCFs.

Expanded Operations 1.5 x 10-6 Same as No Action Alternative.

Reduced Operations 1.5 x 10-6 Same as No Action Alternative.

Greener 1.5 x 10-6 Same as No Action Alternative.

aNote:  Based on re-evaluation of the meteorological conditions and the frequency of catastrophic brakes, DOE 
estimates the frequency for this accident now to be <10-6 (i.e., not credible) (CMR BIO, Appendix J).

TABLE  G.5.6.2–2.—Predicted Mean Doses to MEIs for Scenario RAD–02

MAXIMUM EXPOSED INDIVIDUAL (MEI) DOSE (REM, TEDE)

MEI LOCATION DOSE

Closest public access (SA):  Diamond Road (40 m)a 4.0 x 103

Nearest residence (CMR SAR):  Los Alamos Townsite (1,000 m) 1.7 x 102

Nearest special population distance:  Los Alamos Medical Center (1,100 m) 1.5 x 102

Other nearest residences (CMR SAR):  Royal Crest Trailer Park (1,200 m) 1.3 x 102

Special population distance:  San Ildefonso Pueblo  (4,500 m) 1.3 x 101

Special population distance:  San Ildefonso Pueblo (18,600 m) 8.4 x 10-1

a Approximated as 50 m.



Accident Analysis

is
d.
s

s a
rs

be
n
he
ng
n
nd

In
  In
e

y
e
 a
l
e.)
cks

l-
 or
al
ent
al
t
f
to

n
nt

tor
nt

t
er

nt
he
he
and
ly
h
nt
a research tool designed to provide a pulse (or
burst) of neutrons for experimental purposes.
Accident scenario RAD–03 involves a
reactivity excursion that vaporizes a portion of
the core and melts the remainder.

Godiva-IV has three 93 percent HEU control
rods.  One of the rods is used to adjust the burst
yield, one is used for achieving a critical state,
and the third is rapidly inserted in order to
initiate the pulse.  A fourth control element,
called the safety block, provides a large
reactivity shutdown for the assembly.   

The assembly is operated by inserting the safety
block and adjusting two of the control rods to
bring the assembly to a low power steady-state
condition called delayed critical.  Following the
achievement of delayed criticality, the control
rod used for yield adjustment is set to an
appropriate position for the desired pulse size.
The safety block is then partially withdrawn in
order to let delayed neutrons decay away for

about 15 minutes.  The safety block 
reinserted, and the pulse rod is rapidly inserte
The control system is designed with interlock
so that each step cannot be taken unles
precise sequence of events occu
(LANL 1996f).  

Three principal potential sources of error can 
identified in this process:  (1) a miscalculatio
of the desired control-element position and t
subsequent element insertion to the wro
position, (2) an incorrect position insertio
based on a correct adjustment calculation, a
(3) an error due to a faulty position indicator.  
the first two cases, two errors are necessary.
the first case, two operators  perform th
calculation independently, making it unlikel
that the same incorrect position could b
calculated.  (In addition, the  operators have
logbook available to consult for past contro
element settings to produce the required puls
In the second case, the senior operator  che
the final adjustment (LANL 1996f).

The effect of an operator error in the contro
element adjustment could be either a larger-
smaller-than-planned superprompt critic
pulse.  The magnitude of the pulse is depend
on the magnitude of the error.  A condition
probability factor is applied to recognize tha
only a small fraction of the wide range o
potential pulse sizes would actually lead 
reactor damage.

Another potential scenario for initiating a
over-sized pulse is based upon inadverte
movement of an experiment near the reac
during the pulse operations.  All equipme
installed in the immediate vicinity of Godiva-IV
is required to be structurally stable withou
support by guy wires, unattached props, or oth
means.  However, the possibility of moveme
cannot be completely eliminated because t
cause of movement is as varied as t
experiments themselves.  Because movable 
remotely controllable experiments are careful
controlled and executed to avoid suc
movement, the most likely cause of moveme

TABLE  G.5.6.2–3.—Predicted Mean Ground 
Contamination Levels for Scenario RAD–02

RADIAL 
DISTANCE

PLUTONIUM-239 
GROUND 

CONCENTRATION 
(BQ/m2)

0.0 to 1.0 km 1.3 x 106

1.0 to 2.0 km 2.5 x 105

2.0 to 3.0 km 1.0 x 105

3.0 to 4.0 km 5.7 x 104

4.0 to 8.0 km 2.1 x 104

8.0 to 12.0 km 7.6 x 103

12.0 to 20.0 km 3.0 x 103

20.0 to 30.0 km 1.4 x 103

30.0 to 40.0 km 7.4 x 102

40.0 to 60.0 km 4.0 x 102

60.0 to 80.0 km 2.2 x 102

BQ/m2 = Becquerel per square meter
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is a gravity fall of the experiment (LANL
1996f).  Experiment movement during the pre-
pulse waiting period is not apparent through
observable system parameters (LANL 1996f).

The inadvertent movement of an experiment
during the waiting period could change the
reactivity of the system, which establishes the
rate at which the chain reaction would occur.
Depending on the magnitude of the change in
the experimental setup, the additional reactivity
could produce a substantial increase in the
energy released during the pulse.  The additional
energy could be sufficient to vaporize material
in the reactor.  The amount of energy introduced
to the system is estimated at 40.3 megajoules,
which is large enough to cause fracturing,
melting, or boiling of the fissile material. The
vaporized material has an estimated energy of
10 percent of the total energy, or 4.0
megajoules.  Thus, the vaporized material has
the potential to damage the core and release an
abnormal amount of fission products to the kiva
building.

This accident scenario was analyzed in the
TA–18 SAR.  No accident sequence frequency
was estimated or calculated in the SAR, nor was
a frequency bin assignment made.  Rather, the
SAR stated that all of the accidents analyzed
were incredible, implying a frequency of less
than 10-6 per year.

The SAR source term was estimated based on
the assumption that 10 percent of the
66 kilograms of uranium metal is volatilized
into transportable aerosol.  The release of fission
products due to the pulse operation also was
taken into consideration (LANL 1996f).  The
release fractions for fission products are
specified as 100 percent for noble gases,
25 percent for halogens (e.g., iodine), and
1 percent for “semi-volatiles” (LANL 1996f).
(The SAR does not describe what happens to the
90 percent of the core that does not vaporize.
Analysis of a similar scenario involving the
SPR-III fast-burst reactor at SNL suggests that
the remainder of the core melts.  Whether this

assessment is fully applicable to Godiva-IV 
unclear; however, the analysis below errs on t
side of conservatism, and the source te
reflects the melting of the remainder of the fue

No Action Alternative Frequency Analysis 

This accident requires an unanticipate
reactivity insertion being introduced during th
time between the shutdown of the delaye
critical setup operation and the insertion of th
burst reactivity.  This could occur in one of tw
ways:  (1) by operator error or a malfunction 
the control systems in adding the burst reactiv
increment or (2) by addition of reactivity from
movement or reconfiguration of the experime
between shutdown of the delayed-critical set
operation and the insertion of the bur
reactivity (LANL 1996f).

Operator error or malfunction of the contro
systems leading to addition to the planned bu
increment can happen in three ways:  (1)
miscalculation of the desired control-eleme
position and the subsequent element insertion
the wrong position, (2) an incorrect positio
insertion based on a correct adjustme
calculation, and (3) an error due to a faul
position indicator.  

Miscalculation of Control-Element Position.
Miscalculation of the control element positio
requires two independent errors.  In additio
the errors have to be sufficiently severe to res
in an extreme power excursion.  The frequen
of this contributor to RAD–03 can be calculate
as follows:

FHEPCALC = FEXP x HMISCALC x HMISCALC x 
CEXTREME

where:

FHEPCALC = Frequency of the human error i
calculation contribution to RAD–03

FEXP = Annual number of Godiva-IV
experiments performed
G–162



Accident Analysis

3
n:

n

r

f

of

 a
er

P
t

 on
n
nn
e
ts,
e

ce
re
.  

a
ll
h
t

e
e
is

is,
HMISCALC = Human error probability for
calculational error

CEXTREME = Conditional probability of a large
calculational error

The annual number of Godiva-IV runs for the
No Action Alternative is reported to be a
maximum of 80 (PC 1997).

The HEP for a miscalculation is generally in the
range of 10-4 to 10-2 (Mahn et al. 1995 and
Swain and Guttmann 1983).  A value in the
middle of that range is judged to be appropriate,
considering that the most likely cause of the
calculational error is entering an incorrect
datum into a calculator/computer.  

In addition, it should be noted that not all
calculational errors are of equal severity in
terms of their ability to result in scenario
RAD–03.  The conditional probability of such a
severe calculational error, especially
considering that the results can be checked with
the logbook of previous burst calculations, is
judged to be less than 0.01 (1 percent).
(Considering the conduct of experiments under
specially prepared test plans and experiment
plans, an even lower value could be
appropriate.)

The above equation can be solved as follows:

FHEPCALC = FEXP x HMISCALC x HMISCALC x 
CEXTREME

= 80 x 0.001 x 0.001 x 0.01

= 8 x 10-7 per year

Incorrect Position Insertion.  This contributor
to power excursions requires two human errors:
the incorrect positioning action, as well as the
failure of the crew chief to detect this incorrect
positioning.  In addition, the error must be
sufficiently extreme such that the large power
excursion for RAD–03 occurs.

The frequency of this contributor to RAD–0
can be calculated using the following equatio

FHEPPOS = FEXP x HPOS x HCHK x CEXTREME

where:

FHEPPOS = Frequency of the human error i
mispositioning the controller

FEXP = Annual number of Godiva-IV
experiments performed

HPOS = HEP for calculational error

HCHK1 = HEP, check of position by superviso

HCHK2 = HEP, check of position against log o
previous experiments

CEXTREME = Conditional probability of a large
calculational error

As indicated above, the annual number 
Godiva-IV runs for the No Action Alternative is
a maximum of 80.  The mean HEP for setting
rotary control to the wrong position is 0.001 p
demand (Swain and Guttmann 1983).  The HE
for the crew chief failing to detect the incorrec
position indication is 0.05 per demand, based
checking that involves active participation i
special measurements (Swain and Guttma
1983).  Finally, the position indication would b
checked against previous experimen
providing one last opportunity to correct th
error.  The likelihood that this check will fail to
correct the error is taken as 0.05 as well.  On
the position is incorrectly set and verified, the
is no additional opportunity to correct the error

The most likely incorrect position insertion is 
small deviation from normal.  Such a sma
deviation would not yield a large enoug
reactivity insertion to result in acciden
RAD–03.  Only a very large deviation would
produce this accident.  It is judged that th
conditional probability of the error being larg
enough to produce the accident scenario 
likely to be in the range of 0.01 per error (that 
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given an error is made, there is a 1 percent
chance that the error will be of a sufficiently
large magnitude to result in the accident).  

The above equation can be solved as follows:

FHEPPOS = FEXP x HPOS x HCHK1 x HCHK2 x 
CEXTREME

= 80 x 0.001 x 0.05 x 0.05 x 0.01

= 2 x 10-6 per year

Faulty Position Indication.  The frequency of
this contributor to RAD–03 can be calculated by
the following equation:

FIND = FEXP x FRATE x DEXP x HDETECT

where:

FIND = Annual frequency of faulty indicator
contributor to RAD–03

FEXP = Annual number of Godiva-IV
experiments performed

FRATE = Failure rate of the indicator per hour

DEXP = Duration of experiment in hours (time
in which indicator must function)

HDETECT = HEP for failure of operations staff
to detect the failed indicator

The annual number of Godiva-IV runs for the
No Action Alternative is a maximum of 80.  The
type of position indicator used for the Godiva-
IV machine is not specified in the SAR.  Typical
nuclear industry failure rates for indicator
devices are in the range of 2 x 10-7 to 2 x 10-6

per hour (INEL 1990); a value in the middle of
this range is assumed (7 x 10-7 per hour).  It is
assumed that the position indicator must read
accurately for 1 hour.  

The HEP for failure of the operations staff to
detect the failed indicator is estimated at 0.01
per demand (based on an analogy to detecting a

failed valve that has neither position indicatio
nor a rising stem to identify the failed state
(Swain and Guttmann1983).

The above equation can now be solved 
follows:

FIND = FEXP x FRATE x DEXP x HDETECT

FIND = 80 x (7 x 10-7) x 1 x 0.01

FIND = 6 x 10-7 per year

Sum Total Frequency for RAD–03

The sum total frequency of RAD–03 is obtaine
by adding the frequency of the thre
contributing events as follows:

FTOTAL = FHEPCALC + FHEPPOS + FIND

= (8 x 10-7) + (2 x 10-6) + (6 x 10-7)

= 3.4 x 10-6 per year

Expanded Operations Alternative 
Frequency Analysis

The total number of pulse operations at Godiv
IV and Skua will increase for the Expande
Operations Alternative to 120 to 150 per yea
We have assumed that the relative proportion
Godiva-IV versus Skua bursts will remai
constant, and accordingly, have increased 
frequency of RAD–03 by a factor of 1.25, t
4.3 x 10-6 per year.

Reduced Operations and Greener 
Alternatives Frequency Analysis

The frequency of Godiva-IV runs for the
Reduced Operations and Greener Alternative
the same as for the No Action Alternative
Thus, the frequency of accidents is the same 
the Reduced Operations and Green
Alternatives as it is for the No Action
Alternative.
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Uncertainties and Sensitivities Affecting the 
Frequency of RAD–03 

The frequency of RAD–03 is sensitive to the
assumptions made above regarding the
likelihood of various types of human errors and
equipment failures.

Source Term Calculations

The accident being considered here assumes
that the Godiva-IV assembly is being operated
outside the confines of Kiva #3, which is
occasionally done for direct radiation dose
measurements to remove the effects of reflected
and backscattered radiation (LANL 1996f).  The
SAR assumes that 10 percent of the core
(6.6 kilograms of highly enriched uranium
[HEU]) is vaporized, and also models the fission
product release as a result of core damage and
vaporization.  The release fractions assumed are
consistent with melting of the nonvaporized
portion of the core.

The general initial source term equation will be
used to evaluate the additional contribution to
the source term arising from melting of the
remaining 59.4 kilograms of the core
(66 kilograms less 6.6 kilograms vaporized).
The MAR is 66 kilograms.  The damage ratio is
0.9 (the fraction of the core not vaporized).  The
ARF and RF values are selected based on free-
fall of molten metal drops, with ARF = 0.01 and
RF = 1.0 (DOE 1994d).  The LPF is 1 because
the release occurs outdoors.  This results in an
additional airborne release of HEU of:

Initial Source Term = MAR x DR x ARF x RF 
x LPF

= 66,000 x 0.9 x 0.01 x 1 x 1

= 594 grams

The total initial source term for HEU is thus
6,600 grams + 594 grams, or a total of
7,194 grams.

The suspension source term was not calcula
in the TA–18 SAR.  Most of the HEU no
participating in the initial release would b
expected to “freeze” and not be available f
release.  However, this is not addressed in DO
Handbook 3010-94 (DOE 1994d)
Accordingly, a conservative suspension relea
will be calculated by assuming that the HEU n
initially released is deposited on the ground a
powder.

The suspension source term is calculated 
follows:

Suspension Source Term = MAR x DR x 
ARR/hr x 24 hrs x RF x LPF

= (66,000 - 7,194) x 1 x 0.00004 x 24 hrs x 1 x

= 56 grams

The release of fission products also occurs
this accident.  A screening analysis wa
conducted of the released fission produc
identified by the SAR.  For a release of th
nature, occurring during a short fission puls
the large majority of fission products have ve
short half-lives (on the order of 0.21 seconds
3.15 minutes), and decay primarily by beta a
gamma emission.  The SAR analysis assign
an average dose-rate conversion factor for 
immersion (cloudshine) of 4,000 millirem-cubi
meters per microcurie-year.  Based on the SA
radionuclide release quantities and the dose-r
conversion factor values, the domina
radionuclides were identified.  Decay of th
risk-dominant radionuclides to more stab
progeny was evaluated.  Comparison of t
decay product quantities and dose convers
factors with the highly enriched uranium sourc
term values indicated that the fission produc
provide a negligible contribution to the tota
dose from internal exposure pathway
Consequently, doses resulting from intern
exposure pathways for fission products were n
modeled.  Doses resulting from the extern
exposure pathway (air immersion) for fissio
products (4.68 x 105 curies) were estimated
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using the SAR determined average dose-rate
conversion factor of 4,000 millirem-cubic
meters per microcurie-year.  There are no
differences in source terms across the
alternatives.

Uncertainties and Sensitivities Affecting the 
Source Term for RAD–03

The major uncertainties in the source term
calculation are the 10 percent assumed
vaporization of HEU as a result of the power
excursion and the conservative modeling of
suspension based on HEU as a powder.

Consequences of RAD–03 for Facility 
Workers and the Public

The consequences for facility workers and the
public are discussed separately.  Operations
with Godiva-IV located outside Kiva #3 would
be conducted during off hours with road closure
controls in effect.  Staffing at TA–18 would be
expected to be less than during normal workday
operations.  The Kiva #3 control room is located
669 feet (204 meters) from the kiva
(LANL 1996f).  The walls of the control room
are such that 40 percent attenuation of gamma
doses from the outside is accomplished
(LANL 1996f).  In the event of an accident,
ventilation systems for the control building
(TA–18–30) would be secured.  Air exchange
with the outside would be a function of wind
loading and diffusion in and around wall and
ceiling penetrations (LANL 1996f).  However,
the ventilation system for the control building is
not protected by HEPA filters (LANL 1996f).

No acute fatalities are predicted to result from
the postulated accident.  The mean collective
population dose is projected to total 110 person-
rem (TEDE), resulting in 0.06 excess fatal
cancers.  Mean projected doses for MEIs (and
their associated locations) and ground
contamination levels are presented in
Tables G.5.6.3–2 and G.5.6.3–3, respectively.
Table G.5.6.3–1 summarizes the modeling
results for RAD–03.  

G.5.6.4 RAD–04, Inadvertent 
Detonation of Plutonium-
Containing Assembly at 
DARHT 

General Scenario Description 

The DARHT Facility is under construction a
R site in TA–15.  When completed, the facilit
will provide dual-axis radiographic images a
the highest penetration and resolution availab
for the study of materials and devices und
hydrodynamic conditions.  DARHT was th
subject of a DOE Environmental Impac
Statement (DOE 1995a) and subsequent Rec
of Decision.  The DARHT EIS included
analysis of potential accidents, includin
bounding accidents that were selected a
evaluated on a what-if basis (DOE 1995a) bas
on potential consequences, with little or n
consideration of the frequency of occurrenc
though the likelihood of occurrence would b
small; in related safety analyses these accide
have been evaluated to be not credib
(probability less than 10-6 per year) and they
have been similarly identified in this SWEIS
Scenario RAD–04 represents the inadverte
uncontained detonation of plutonium
containing assembly that was evaluated as 
bounding accident for all alternatives in th
DARHT EIS, and is included on a similar wha
if basis.  Scenario RAD–11 represents the oth
such plutonium accident evaluated in th
DARHT EIS on a what-if basis, the breach of
double-walled containment vessel. 

As explained in greater detail in the DARH
EIS, the accident scenario RAD–04 involves t
inadvertent detonation of high explosives an
subsequent dispersal of plutonium from 
plutonium-containing assembly intended for 
dynamic experiment to be radiographed 
DARHT (or its existing predecessor facility
located a short distance away, Pulsed Hig
Energy Radiation Machine Emitting X-Ray
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TABLE  G.5.6.3–1.—Summary Results for Scenario RAD–03

ALTERNATIVE
ACCIDENT 

FREQUENCY
SOURCE TERM AND CONSEQUENCES

No Action 3.4 x 10-6 7,194 grams of HEU initially, along with 4.68 x 105 Ci fission 
products; three, 8-hour suspension releases of 18.7 grams each; all 

ground level releases; results in 110 person-rem  integrated 
population exposure and 0.06 excess LCFs.

Expanded Operations 4.3 x 10-6 Same as No Action Alternative.

Reduced Operations 3.4 x 10-6 Same as No Action Alternative.

Greener 3.4 x 10-6 Same as No Action Alternative.

TABLE  G.5.6.3–2.—Predicted Mean Doses to MEIs for Scenario RAD–03

MAXIMUM EXPOSED INDIVIDUAL (MEI) DOSE (REM, TEDE)

MEI LOCATION DOSE

Closest public access:  Pajarito Road (30 m)a 1.5 x 102

Operations boundary (TA–18 SAR):  (200 m) 1.4 x 101

Site Boundary (TA–18 SAR):  San Ildefonso Pueblo boundary (1,000 m) 1.6 x 100

Special population distance:  Mortandad Cave (2,900 m) 4.6 x 10-1

Receptor distance (TA–18 SAR):  Population center (4,400 m) 2.7 x 10-1

Special population distance:  San Ildefonso Pueblo  (14,600 m) 5.0 x 10-2

a This MEI dose is provided even though for outdoor operations Pajarito Road would be closed to the public.  Distance 
approximated as 50 m.
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(PHERMEX); continued operation of
PHERMEX was considered under the No
Action Alternative in the DARHT EIS).
PHERMEX has performed, and when
completed DARHT will perform, radiography
of both hydrodynamic tests and dynamic
experiments (DOE 1995a). 

A hydrodynamic test is a dynamic, integrated
systems test of a mockup nuclear package, in
which simulant materials are used to replace the
fissile materials.  Dynamic experiments provide
information on the basic physics of materials or
characterize the physical changes or motions of
materials under the influence of high explosive
detonations.  Some dynamic experiments
contain plutonium in order to obtain needed
information and understanding associated with
nuclear weapons aging and continued assurance
of weapon safety and performance
(DOE 1995a).  As a matter of policy, these
experiments will always be conducted inside a
double-walled steel containment system
consisting of an inner confinement vessel and an

outer safety vessel to prevent plutonium relea
furthermore, the experiments will always b
arranged and conducted in such a manner th
nuclear explosion could not result (DO
1995a).  Though some hundreds of dynam
experiments may be conducted per year, onl
small number will contain plutonium (LANL
1996m).

For the RAD–04 scenario, in addition t
immediate worker deaths due to the hig
explosive blast, human health impacts to t
public are dominated by the explosiv
aerosolization and atmospheric dispersal 
plutonium and the subsequent public exposu
Impact analysis for this SWEIS is taken direct
from the DARHT EIS analysis, upon which
DOE has received comment from the publi
other agencies; and state, local, and trib
governments.  Up to tens of excess LCFs ba
on a 50-year committed dose could result fro
this hypothetical scenario, depending on t
population sector assumed to be exposed du
extant winds.  For the convenience of the pub
and the decision maker, some of th
information is also directly reproduced here an
referenced to the DARHT EIS.  The
methodology and all impacts associated w
this hypothetical, uncontained detonatio
scenario are principally contained in Chapter
and Appendixes H, I, and J of that EIS
additional information is contained in a
classified appendix.  

No Action Alternative Frequency Analysis 

As discussed above, this accident analysis w
presented in the DARHT EIS on a “what-if
basis.  What-if means that regardless of t
actual ability for an initiating event or acciden
progression to occur, the consequences of 
assumed event shall be considered.  For t
case, the event is an uncontained detonation 
plutonium-containing assembly at the DARH
facility.  

The accident was estimated to be incredible, b
several related safety studies were underw

TABLE  G.5.6.3–3.—Predicted Mean Ground 
Contamination Levels for Scenario RAD–03

RADIAL 
DISTANCE

HEU GROUND 
CONCENTRATION 

(BQ/m2)

0.0 to 1.0 km 1.5 x 104

1.0 to 2.0 km 1.5 x 103

2.0 to 3.0 km 5.7 x 102

3.0 to 4.0 km 3.0 x 102

4.0 to 8.0 km 1.0 x 102

8.0 to 12.0 km 3.8 x 101

12.0 to 20.0 km 1.6 x 101

20.0 to 30.0 km 7.1 x 100

30.0 to 40.0 km 3.2 x 100

40.0 to 60.0 km 1.5 x 100

60.0 to 80.0 km 8.1 x 10-1

BQ/m2 = Becquerel per square meter
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when the DARHT EIS was being completed.
These studies have since been completed.  The
studies also support the initial estimation that
the accident would be incredible (probability
less than 10-6 per year).  RAD–11 is the
mitigated accident where the container is
breached, and its probability is also  less than
10-6 per year.  These probabilities mean that, for
these accidents, neither is expected to occur.

Nevertheless, this scenario is presented along
with several other incredible accidents.  These
scenarios tend to demonstrate the importance
and effectiveness of controls and engineering
standards.  The what-if scenario generally
corresponds to the case where controls are
assumed to have failed, and an initiating event
that could cause such a consequence is assumed
to be possible.  When estimates are made about
the probability of an initiating event occurring
or the failure of multiple control barriers, then
the frequencies of an inadvertent detonation
become very small.  The expected outcome for
these experiments is a contained detonation,
with a very limited probability that an
inadvertent detonation will occur.

Expanded Operations, Reduced Operations, 
and Greener Alternatives Frequency 
Analysis

Because the activities at DARHT do not charge
across alternatives, the frequency of this
scenario remains  less than 10-6 per year.

Source Term Calculations

Detonation of an experimental assembly results
in the aerosolization and potential atmospheric
dispersion of a portion of the materials
contained within the assembly.  As described in
the DARHT EIS (DOE 1995a), analysis of this
hypothetical accident is documented in a
classified appendix to that EIS.  While the
resulting impacts, as well as unclassified
calculations, assumption, and modeling
methods are contained in the unclassified
sections of the EIS, some details of such

experiments, including some associated w
the source terms for this accident scenario, 
classified.

Consequences of RAD–04 for Facility 
Workers and the Public

Impacts to workers, noninvolved workers
public populations, and MEIs were described 
the DARHT EIS.  For involved workers at an
around the firing site, the number of worke
(and observers) when explosives are presen
limited to 15; under an inadvertent detonatio
scenario, all of these individuals could be kille
(DOE 1995a).  

Predominant human health impacts 
noninvolved workers or the public would stem
from exposure to aerosolized and dispers
material.  Impacts to noninvolved workers 
distances of 2,500 and 1,300 feet (750 a
400 meters) were evaluated (DOE 1995a
Doses to noninvolved workers were estimat
to be 90 rem and 160 rem for a worker at 2,5
and 1,300 feet (750 and 400 meters
respectively; corresponding probability of a
excess LCF would be 0.06 and 0.0
respectively, for those individuals.  LANL
administratively controls access to explosiv
areas by noninvolved individuals and has a s
of established hazard radii for protection o
personnel from fragment injury from explosive
experiments, based on DOE principles.  It w
estimated that a  noninvolved worker wou
likely be no closer than 2,500 feet (750 meter
The public MEI located at State Road 4 wa
calculated to receive 76 rem, with a resultin
probability of an excess LCF of 0.04
(DOE 1995a).  The impacts to workers and t
public MEI were summarized in Table G–10 o
the DARHT EIS, which is reproduced here a
Table G.5.6.4–1 for the convenience of th
public.  This table also includes informatio
pertinent to the containment breach scena
RAD–11.
G–169



LANL SWEIS

ess
c
11

nd
c.
n
rio

d

as

d
,
ts
nt
lic
,

ve
s
ent
r

se
he
S
re
so
to
The population exposure for the most populated
sector (which includes White Rock and Santa
Fe) was estimated to be between 9,000 and
24,000 person-rem for 50th and 95th percentile
meteorological conditions, respectively,
resulting in 5 to 12 excess LCFs (DOE 1995a).
While diffusion of material across an entire
directional sector was taken into account, it was
assumed that all of the community populations
were located at or near to the plume center line,
a conservative assumption that results in an
overestimate of exposures (DOE 1995a).  

Population dose and impacts to other
communities also were calculated using the
conservative assumption that the plume passed
directly over and through each hypothetically
affected community (though they are generally
in different directions).  Because of its closeness
to LANL, Los Alamos could be one of the most
affected communities if the plume passed its
way, calculated to receive up to 45,100 person-
rem resulting in up to 22 excess LCFs (for
95th percentile meteorology).  (This value could
be overestimated because the airborne plume
would be relatively narrow at this distance and
may miss much of the population.)  Other
communities, including Española and the Jemez
and Santa Clara Pueblos, could receive
sufficient population doses under the specific

exposure conditions assumed that some exc
LCFs could occur.  The impacts to publi
populations were summarized in tables G-
and G-12 of the DARHT EIS, which are
reproduced here as Tables G.5.6.4–2 a
G.5.6.4–3 for the convenience of the publi
(Table G.5.6.4–2 also includes informatio
pertinent to the containment breach scena
RAD–11.)  In addition, Figure 5–1 from the
DARHT EIS, which shows the most populate
sector and the distribution of minority
population, also is reproduced here (
Figure G.5.6.4–1).

The DARHT analysis (DOE 1995a) evaluate
all significant impacts from this accident
including dispersal and human health impac
from other materials in the dynamic experime
assembly; it evaluated impacts to the pub
MEI, to the population, noninvolved workers
and involved workers.  It used a conservati
95th percentile meteorology to variou
geographic population sectors, based on rec
historical wind data, in calculating impacts.  Fo
atmospheric dispersion and resulting do
consequences, the DARHT EIS employed t
GENII code, while other analyses in this SWEI
uses the MACCS 2 code; both codes a
established for such use.  The DARHT EIS al
considered some different approaches 

TABLE  G.5.6.4–1.—DARHT EIS Hypothetical Impacts to Workers and the Public from 
Postulated Accidents Involving Plutonium

AFFECTED CATEGORY

INADVERTENT DETONATION CONTAINMENT BREACH

DOSE
(REM)

MAXIMUM 
PROBABILITY 

OF EXCESS 
LCFS

DOSE
(REM)

MAXIMUM 
PROBABILITY 

OF EXCESS 
LCFS

Workers — ___a NA no impact no impact

Noninvolved Workers
   750 m
   400 m

90
160

0.04
0.06 

20
60 

0.009
0.02

Public MEI 76 0.04 14 0.007

a No radiological impact estimated; up to 15 fatalities could result from explosion blast effects.
b NA = Not applicable
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TABLE  G.5.6.4–2.—DARHT EIS Hypothetical Impacts to the Most Populated Sector from 
Postulated Accidents Involving Plutonium

ATMOSPHERIC 
DISPERSION  

ASSUMPTION

INADVERTENT DETONATION CONTAINMENT BREACH

POPULATION 
DOSE

(PERSON-REM)

NUMBER OF 
EXCESS LCFS

POPULATION 
DOSE 

(PERSON-REM)

NUMBER OF 
EXCESS LCFS

50th percentile 9,000 5 210 0 (0.1)

95th percentile 24,000 12 560 0 (0.3)

Note:  The communities of Santa Fe and White Rock are included within the population of this sector.

TABLE  G.5.6.4–3.—DARHT EIS Hypothetical Impacts to Nearby Communities from a Postulated 
Inadvertent Detonation Accident Involving Plutonium

COMMUNITY

50TH PERCENTILE 
METEOROLOGY a

95TH PERCENTILE 
METEOROLOGY b

POPULATION 
DOSE

(PERSON-REM)

NUMBER OF 
EXCESS LCFS

POPULATION 
DOSE

(PERSON-REM)

NUMBER OF 
EXCESS LCFS

Cochiti Pueblo 300 0 800 0

Santa Clara Pueblo 1,000 0 2,900 1

San Ildefonso Pueblo 400 0 900 0

Jemez Pueblo 600 0 4,400 2

Española 4,400 2 12,100 6

Pojoaque Pueblo 50 0 100 0

Los Alamos 5,900 3 45,100 22

White Rock 500 0 2,400 1

Santa Fe 7,500 3 18,700 9

a 50th percentile of atmospheric dispersion conditions. 
b 95th percentile of atmospheric dispersion conditions. 
Note:  Values for communities in different compass directions are not additive (see Table G–6). 
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FIGURE G.5.6.4–1.—DARHT EIS Most Populated Sector and the Distribution of 
Minority Populations.



Accident Analysis

s.
he
e
hat
on
red
he

to
as
.
at
h
to
to
ce
for

f

er
6
lf
are
).

he
t a

d.
ty
dispersion modeling, the results of which varied
by less than a factor of 10 uncertainty in
atmospheric dispersion model results that the
EIS acknowledged to be ordinarily assumed for
such models (DOE 1995a).  As does this
SWEIS, the DARHT EIS incorporated various
factors and approximations to assure impact
analyses are conservative, though not unduly so.
Therefore, differences in models and
methodology from the DARHT EIS do not
affect the evaluation of the alternatives in this
SWEIS. 

G.5.6.5 RAD–05, Aircraft Crash and 
Tritium Release at TSTA/
TSFF

General Scenario Description

The Tritium Science and Fabrication Facility
(TSFF, TA–21–209) and the Tritium Systems
Test Assembly (TSTA, TA–21–155) are two
DOE Hazard Category 2 nonreactor nuclear
facilities that handle tritium.  The buildings are
located in TA–21, 0.4 mile (0.6 kilometer) from
and parallel to the runway of Los Alamos
Airport.  The buildings are about 75 feet
(23 meters) apart with an intervening building
(TA–21–152) separating the two facilities.

The accident scenario for RAD–05 involves an
aircraft crash into TSFF and/or TSTA.  Initially,
it was thought that these two facilities could be
modeled as a single target.  However,
refinement of the modeling indicated that
tritium was actually likely to be present only in
a small fraction of the total floor area of these
two facilities.  Accordingly, and in conformance
with DOE Standard 3014-96 (DOE 1996c), the
targets were modeled separately.  Perforation/
explosion was not considered to be possible at
these facilities due to the lack of explosive
materials.  Accordingly, the scenario was
limited to perforation/fire considerations.
Further refinement of the crash scenarios is
possible to take into account shielding of the
two buildings with respect to one another,

which would reduce the crash frequencie
However, even conservatively assuming t
entire facility inventory is released in oxid
form, the dose consequences are somew
modest (24 person-rem integrated populati
exposure and 0.0093 excess LCFs) compa
with other accident scenarios evaluated in t
LANL SWEIS, and further refinement was
deemed to be unnecessary.

No Action Alternative Frequency Analysis 

The air space above LANL is restricted up 
14,000 feet (4,270 meters), designated 
Restricted Airspace R-5101 (LANL 1996c)
However, DOE Standard 3014-96 states th
once an in-flight mishap does occur, wit
eventual loss of control, there is nothing 
prevent a disabled aircraft from crashing in
any location, even within a restricted airspa
area (DOE 1996c).  The estimated frequency 
perforation/fire for TSTA and TSFF is
estimated at 3.8 x 10-6 and 5.3 x 10-6 per year,
respectively.  

Expanded Operations, Reduced Operations, 
and Greener Alternatives Frequency 
Analysis

Aircraft crash rates in the vicinity of LANL are
not significantly associated with the level o
activity at LANL.  Accordingly, the frequency
of aircraft crash does not vary by alternative.

Uncertainties and Sensitivities Affecting the 
Frequency of RAD–05

There is a large number of data required in ord
to perform the DOE Standard 3014-9
calculations.  In addition, the standard itse
requires the use of numerous equations that 
recognized to be approximations (DOE 1996c

Perhaps the most important uncertainty is t
assumption (embedded in the standard) tha
skidding aircraft will impact a facility with the
same velocity it had when it began the ski
This results in a conservative impact veloci
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because no credit is taken for drag, friction,
impact with objects between the impact point
and the facility, and so on.  Other conservatisms
include the assumption that the entire aircraft
engine is the penetrating missile of concern.
This is conservative because most of the fan
shroud would tear away when striking the
facility, leaving the engine shaft as the
secondary penetrator.

Source Term Calculations

It was conservatively assumed that the entire
inventory of the facility of interest (either TSTA
or TSFF) would be released in oxide form in the
event of an aircraft crash, due to fire.  The MAR
value for TSFF is 100 grams of tritium in
process and 100 grams of tritium in storage in
containers in vaults (Valentine and Pendergrass
1997).  The MAR for TSTA is 200 grams
(except for the Reduced Operations Alternative,
for which the MAR is 150 grams).  Only one
building is assumed to be destroyed in a crash
due to the presence of the intervening structure
(TA–21–152) between TSFF and TSTA.  It is
assumed that in all cases the inventory of the
building that is destroyed is 200 grams of
tritium, released in oxide form.  With the
exception of TSTA in the Reduced Operations
Alternative, the inventory of the destroyed
building will be 200 grams.  Because in the
Reduced Operations Alternative there is as good
a chance of hitting a 200 gram inventory
building as there is hitting a 150 gram inventory
building, modeling the release as 200 grams is
reasonable.  The standard DOE Handbook
3010-94 source term equation was employed in
the source term calculation.  The DR is 1
(building destruction due to explosion and fire).
The ARF and RF are 1 for tritium.  The LPF is
also 1 due to the breach of the building by the
aircraft penetration and explosion.  As a result,
the source term equation reduces to the MAR.

Uncertainties and Sensitivities Affecting the 
Source Term for RAD–05

It is assumed that there is 100 perce
conversion of tritium gas to tritium oxide.  Thi
is conservative but feasible. 

Consequences of RAD–05 for Facility 
Workers and the Public

Worker consequences and public consequen
are discussed separately.  A detailed work
consequence analysis was not performe
however, the following observations are ma
regarding the aircraft crash scenario:

• An aircraft crash that destroys the facility i
assumed to result in the death of all worke
in the building.

• Workers in adjacent facilities (such as the
noninvolved tritium building and the 
intervening structure) may be injured due t
flying debris from the explosion or aircraft 
crash, and could also be exposed to tritium
oxide.

No radiation-related acute fatalities ar
predicted to result from the accident.  The me
collective population dose is projected to tot
24 person-rem (TEDE), resulting in 0.01
excess LCFs.  Mean projected doses for ME
(and their associated locations) are presented
Table G.5.6.5–2.  The tritium oxide source ter
does not result in ground contaminatio
Table G.5.6.5–1 summarizes the modelin
results for RAD–05.  

G.5.6.6 RAD–06, Aircraft Crash and 
Plutonium Release from 
RAMROD

General Scenario Description

The Radioactive Materials Researc
Operations, and Demonstration (RAMROD
Facility is located at TA–50–37, the site of th
former treatment demonstration incineratio
facility.  Although the RAMROD Facility has
G–174
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TABLE  G.5.6.5–1.—Summary Results for Scenario RAD–05

ALTERNATIVE ACCIDENT FREQUENCY SOURCE TERM AND CONSEQUENCES

No Action 3.8 x 10-6 (TSTA)

5.3 x 10-6 (TSFF)

200 grams of tritium as oxide; integrated population 
exposure of 24 person-rem, 0.012 excess LCFs.

Expanded Operations 3.8 x 10-6 (TSTA)

5.3 x 10-6 (TSFF)

Same as No Action Alternative.

Reduced Operations 3.8 x 10-6 (TSTA)

5.3 x 10-6 (TSFF)

Same as No Action Alternative.a

Greener 3.8 x 10-6 (TSTA)

5.3 x 10-6 (TSFF)

Same as No Action Alternative.

aFor the Reduced Operations Alternative, the inventory at TSTA is reduced by 25 percent.  The bounding 
consequence of 24 person-rem from a 200 gram release at TSFF is assumed. 

TABLE  G.5.6.5–2.—Predicted Mean Doses to MEIs for Scenario RAD–05

MAXIMUM EXPOSED INDIVIDUAL (MEI) DOSE (REM, TEDE)

MEI LOCATION DOSE

Closest public access:  Access road to facility (10 m) (see note)

Closest routine public access:  Route 502 (360 m) 1.2 x 10-2

Closest special population:  Los Alamos Airport (780 m) 2.0 x 10-2

Closest residence (TSFF SAR MEI location):  Los Alamos (970 m) 1.8 x 10-2

Special population distance:  San Ildefonso Pueblo boundary (2,300 m) 3.3 x 10-2

Special population distance:  San Ildefonso Pueblo (14,000 m) 1.2 x 10-2

Note:  For the given modeling conditions, the postulated elevated release would pass over this location before touching the 
ground.  However, in reality this location would probably be directly impacted by the aircraft crash, and an estimation of dose 
would be impractical and of limited usefulness.
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several uses, the most significant from the
standpoint of health and safety consequences in
the event of an accident is the visual
characterization of TRU waste.  SWEIS
accident scenario RAD–06 involves an aircraft
crash at RAMROD, resulting in a fire that
causes the release of plutonium from TRU
waste.  Most of the release results from the
combustible portion of the waste, which is
stored in DOT Type A 55-gallon drum
containers when it is not being visually
examined in glovebox lines in RAMROD. 

This accident is presented to provide
comparisons of the aircraft crash results across
LANL.  The accident would have screened out
based on the frequency of occurrence for such
events.

Source Term Calculations

The source term calculation assumed a fire
following the aircraft crash.  Two aircraft types
account for about 98.5 percent of the total
aircraft crash frequency at RAMROD:
multiple-engine piston aircraft and small
military  aircraft.  In order to evaluate the fire
potential of these aircraft, the bounding fuel
load (LLNL 1996) was based on a review of the
characteristics of the aircraft in these classes as
identified in the supporting documentation for
DOE Standard 3014-96.  The aircraft selected
for these classes are:  (1) the Cessna Titan line,
with a fuel load of 413 gallons (1,564 liters), for
the multiple-engine piston aircraft; and (2)  the
F-16C, with a fuel load of 1,801 gallons (6,819
liters) for the small military aircraft (LLNL
1996).

In order to quantify the burn area resulting from
a spill of aircraft fuel and its subsequent
combustion, guidance from the Rocky Flats
Risk Assessment Guide was followed that
provides an estimate of a 250 square-foot
(23 square-meter) burn area per 50 gallons of
fuel burned (RFETS 1994).  Burn areas were
calculated as follows for the three significant
classes of aircraft:

ABURN = (FLOAD/50) x 250 ft2

where:

ABURN = Burn area in square feet

FLOAD = Aircraft fuel load in gallons

The estimated burn area for each of t
significant aircraft types can now be calculate

Multiple-Engine Piston Aircraft:

ABURN = (FLOAD/50) x 250 ft2

ABURN = (413/50) x 250 ft2

ABURN = 2,065 ft2

Small Military Aircraft:

ABURN = (FLOAD/50) x 250 ft2

ABURN = (1,801/50) x 250 ft2

ABURN = 9,005 ft2

For RAMROD, the overall area of the facility
(first floor) is 15,690 square feet (1,458 squa
meters).  The burn areas identified abo
represent the following percentages of th
RAMROD building:

• Multiple-engine piston aircraft = 13.2 
percent

• Small military aircraft = 57.4 percent

The MAR for RAMROD consists of 479
containers.  These consist of 48 containe
containing 75 PE-Ci each (according to th
TA–54 SAR, 1 percent of LANL TRU waste
containers have an inventory of 75 PE-C
(LANL 1995i), and 431 containers containin
an average of 12 PE-Ci each (LANL 1996n
Thus, the total inventory is (48 x 75) +
(431 x 12) = 3,600 + 5,172 = 8,772 PE-C
Given the units used in the RAMROD SAR
releases to the environment will be expressed
G–176



Accident Analysis

for
te

 

 

 

 

grams of pure plutonium-239, rather than in
grams of weapons-grade or heat-source
plutonium.  (The low-level mixed waste
inventory is not included because the
contribution to the PE-Ci inventory is trivial.)

The initial source term equation must be
quantified separately for each type of aircraft
contributing significantly to the crash frequency
due to the difference in the impacted area of the
facility.  Due to the random nature of aircraft
crashes, no specific directionality is associated
with the crashes.  The damage ratio will be
expressed as the product of the percentage of the
facility floor area burned in a fire (which will be
assumed to equate to the fraction of the
inventory affected by fire) and the fraction of
the TRU waste inventory that is typically
present in combustible form (0.35).  This
approach is equivalent to “smearing” the
inventory evenly across the floor area of the
building.  

It is recognized that some crashes could result in
a fire without affecting MAR; whereas, other
crashes could burn a quantity of waste that is in
excess of the fraction the floor area affected by
the burn.  However, the approach adopted above
is believed to yield a reasonable result that is
considered to be representative of the average
that would result from a large number of
crashes.

The ARF and RF values are selected from DOE
Handbook 3010-94 and are based on the
bounding values for packaged mixed
combustible waste.  The recommended ARF
and RF values are 0.0005 and 1.0 (DOE 1994d).
For the noncombustible waste, the ARF and RF
values are 0.006 and 0.01 (DOE 1994d).  Due to
the penetration of the building by the aircraft-
related missiles and/or due to external or
internal explosion of fuel, the LPF is taken to be
1.0.  

The general initial source term equation is
quantified below for the two aircraft types that

contribute to the crash frequency, as well as 
both combustible and noncombustible was
forms:

Multiple-Engine Piston Aircraft:

Initial Combustible Source Term = MAR x DR
x ARF x RF x LPF

= 8,772 x (0.132 x 0.35) x 0.0005 x 1 x 1

= 0.2 PE-Ci

Initial Noncombustible Source Term = MAR x
DR x ARF x RF x LPF

= 8,772 x (0.132 x 0.65) x 0.006 x 0.01 x 1

= 0.05 PE-Ci

Multiple-Engine Piston Initial Source Term 
Total = Initial Combustible + Initial 

Noncombustible

= 0.2 + 0.05

= 0.25 PE-Ci

Small Military Aircraft:

Initial Combustible Source Term =  MAR x DR
x ARF x RF x LPF 

= 8,772 x (0.574 x 0.35) x 0.0005 x 1 x 1

= 0.88 PE-Ci

Initial Noncombustible Source Term = MAR x
DR x ARF x RF x LPF

= 8,772 x (0.574 x 0.65) x 0.006 x 0.01 x 1

= 0.20 PE-Ci

Air Taxi Aircraft Initial Source Term Total =  
Initial Combustible + Initial Noncombustible

= 0.88 + 0.20

= 1.08 PE-Ci
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Following the initial source term release,
resuspension releases are possible due to
dispersal of material by the wind.  For an aircraft
crash, a 24-hour suspension release is
reasonable due to the significant damage
resulting from the aircraft crash and subsequent
explosion and fire. 

The general suspension source term equation is
used.  The DR is simply the fraction of the area
burned because the ARR/hr and RF values are
the same for both combustible and
noncombustible waste.  The ARF and RF values
are selected from DOE Handbook 3010-94 and
are based on the bounding values for packaged
mixed waste.  The recommended ARR and RF
values are 4 x 10-5 per hour and 1.0 (DOE
1994d).  Due to the penetration of the building
by the aircraft-related missiles and/or due to
external or internal explosion of fuel, the LPF is
taken to be 1.0.  It is assumed that temporary
confinement cannot be erected or otherwise
established for 24 hours to control suspension
releases.

The suspension source term equation also must
be quantified individually for each of the two
crash frequency contributors:

Multiple-Engine Piston Aircraft:

Suspension Source Term = MAR x DR x 
ARR/hr x 24 hrs x RF x LPF

=  8,772 x 0.132 x 0.00004 x 24 x 1 x 1 

= 1.1 PE-Ci

Small Military Aircraft:

Suspension Source Term = MAR x DR x 
ARR/hr x 24 hrs x RF x LPF

=  8,772 x 0.574 x 0.00004 x 24 x 1 x 1 

= 4.8 PE-Ci

In order to specify a single source term for the
RAMROD aircraft crash accident, the initial

source terms and suspension source terms
frequency-weighted according to the
contributions to the overall risk, as shown 
Tables G.5.6.6–1 and G.5.6.6–2. 

Based on these calculations, the source term
RAD–06 for the No Action Alternative is
represented with an initial source term of 0.6
PE-Ci released in 30 minutes, and a suspens
source term of 2.8 PE-Ci released over 24 hou

There are no differences in source term acro
the alternatives because the No Actio
Alternative source terms are based on t
RCRA-permitted capacity of the building.

Uncertainties and Sensitivities Affecting the 
Source Term for RAD–06

The source terms (initial and suspension) a
maximum values, based on the RCRA
permitted capacity of the building.  At any give
time, there may be less TRU waste in th
building than the permitted capacity.  Th
average amount of TRU waste in combustib
form may vary (an average value was used).

The suspension source term calculation exten
for 24 hours.  This may be very conservative 
that it is likely that fire fighting and hazardou
material (HAZMAT) response to the cras
scene would be accompanied by extensive u
of water and foam-based suppression syste
This application of suppressants would like
continue for some time to preclude flareup 
the fire once it is extinguished, as well as to lim
further spread of airborne plutonium
contamination.  Thus, the suspension sou
term may be very conservatively estimated f
this scenario.  

Consequences of RAD–06 for Facility 
Workers and the Public

Consequences for facility workers and th
public are reported separately.  An aircraft cra
into the facility that destroys part of the facilit
is assumed to result in the death of all worke
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in the part destroyed.  Workers elsewhere in the
structure may be injured or killed due to flying
debris or secondary effects from the fire (e.g.,
smoke inhalation).  Workers in the building who
are not directly affected by the crash and
explosion or fire may be exposed to radiation as
a result of plutonium inhalation.  If the building
collapses as a result of the impact of the aircraft,
additional injuries or fatalities could result.

No acute fatalities are predicted to result from
the postulated accident.  The mean collective
population dose is projected to total
approximately 7,900 person-rem (TEDE),
resulting in 4.2 excess LCFs.  No ground
contamination results or MEI doses are
presented because the accident is incredible.
Table G.5.6.6–3 summarizes the modeling
results for RAD–06. 

G.5.6.7 RAD–07, TRU Waste 
Container Storage Area Fire 
at WCRR Facility

General Scenario Description

The Waste Characterization, Reduction, a
Repackaging (WCRR) Facility performs 
variety of activities related to characterizatio
volume reduction, and repackaging, primari
for TRU waste.  In order to support thes
activities, an outdoor Container Storage Area
provided just to the south of the WCRR Facilit
main building.  Accident scenario RAD–07
involves a fire at the Container Storage Are
resulting in the release of plutonium from th
TRU waste (which is contained in DOT Type A
55-gallon drums).  The Container Storage Ar
has a RCRA Part B permitted capacity of 30,0
gallons of mixed waste, which is equivalent 
545, 55-gallon drums.  WCRR Facility also ha
a RCRA Part B permitted capacity o
1,500 gallons of mixed waste (equivalent to 2
55-gallon drums). 

TABLE  G.5.6.6–1.—Frequency Weighted Source Term Calculation for Initial Source Term

AIRCRAFT TYPE

PERCENTAGE 
CONTRIBUTION TO 
AIRCRAFT CRASH 

FREQUENCY

INITIAL SOURCE 
TERM

(PLUTONIUM-239
PE-Ci)

WEIGHTED INITIAL 
SOURCE TERM

(PLUTONIUM-239
PE-Ci)

Multiple-Engine Piston 52.3% 0.25 0.13

Small Military 46.2% 1.08 0.50

TOTAL 98.5% 0.63

TABLE  G.5.6.6–2.—Frequency Weighted Source Term Calculation for Suspension Source Ter

AIRCRAFT TYPE

PERCENTAGE 
CONTRIBUTION TO 
AIRCRAFT CRASH 

FREQUENCY

SUSPENSION SOURCE
TERM

(PLUTONIUM-239
PE-Ci)

WEIGHTED 
SUSPENSION

SOURCE TERM
(PLUTONIUM-239

PE-Ci)

Multiple-Engine Piston 52.3% 1.1 0.58

Small Military 46.2% 4.8 2.22

TOTAL 98.5% 2.80
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RAD–07 Release Mechanisms 

The postulated RAD–07 accident scenario
involves an airborne release of radioactive
material due to a fire that develops at the
outdoor container storage area.  Potential
accident initiators include:  (1) truck fires,
(2) forklift fires, (3) external fires (wild fires),
(4) lightning strikes, and (5) aircraft accidents.
Lightning may strike the Container Storage
Area or pose an indirect hazard by initiating a
wildfire.  The Container Storage Area does not
have lightning protection; however, a lightning
strike would, at most, pose a localized hazard
due to ignition of combustible waste.  It would
have a very limited opportunity to propagate
with waste contained in metal drums and the
low combustible loading of the storage array.
Wild fires, initiated by lightning strikes or
otherwise, do not pose a significant hazard
considering the developed nature of the area
(e.g., pavement), the low vegetation loading of
the immediate surrounding area, and the time
available to take mitigative actions.  A forklift
fire would be credible, but would be
significantly bounded by the MAR for a truck
fire accident.

Two truck fire scenarios could occur.  The first
is an accident involving a truck that causes a
fuel leak and subsequent fire involving the
Container Storage Area.  This is judged not to be
credible considering the low truck speeds
involved in the confined yard area and the

limited vehicle traffic, with the exception o
forklift activity.  The second involves a truck
parked near the Container Storage Area t
could experience a fuel system leak or fuel ta
leak due to causes unrelated to a vehi
accident.  Once a fuel leak occurs, ignition 
the spilled fuel would lead to a fire that, if it i
close enough to the Container Storage Area a
if it is not suppressed, would envelope multip
waste containers.  This scenario is retained 
analysis.

While not required by the RCRA Part B permi
waste drums are currently stored 
transportables for weather protection.  Th
analysis takes no credit for the separati
provided by the transportables because 
RCRA Part B permit does not require their us
This accident was not evaluated in the WCR
Facility SAR (LANL 1995e).

No Action Alternative Frequency Analysis  

The frequency (FFIRE) of a truck fuel leak and
subsequent fire accident can be estimated us
the following equation:

FFIRE = NSHIPMENTS x CLEAK x CPFIRE

where:

NSHIPMENTS = Number of shipments to or from
the Container Storage Area at TA–50–69 p
year

TABLE  G.5.6.6–3.—Summary Results for RAD–06

ALTERNATIVE ACCIDENT FREQUENCY SOURCE TERM AND CONSEQUENCES

No Action 6.5 x 10-8 Initial release of 0.63 PE-Ci, released in 30 minutes; 
Suspension source term of 2.8 PE-Ci, released over 24
hours; integrated population exposure of 7,900 person-

rem and 4.2 excess LCFs.

Expanded Operations 6.5 x 10-8 Same as No Action Alternative.

Reduced Operations 6.5 x 10-8 Same as No Action Alternative.

Greener 6.5 x 10-8 Same as No Action Alternative.
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CLEAK = Conditional probability of fuel leak
per shipment

CPFIRE = Conditional probability of a fire given
a fuel leak

The frequency of a fuel system leak or fuel tank
leak and a resulting fire is assessed for the
Container Storage Area at TA–50–69 based on
methods and data described in section G.5.10,
RAD–01.  The per trip fuel leak rate is 1.3 x 10-3

per trip, with 24 shipments per year assumed for
the purposes of analysis (2 shipments per
month).  Thus, the above equation can be
quantified as follows:

FFIRE = NSHIPMENTS x CLEAK x CPFIRE

FFIRE = 24 x (1.3 x 10-3) x (4.7 x 10-3)

FFIRE = 1.5 x 10-4 per year

In order to assure that the frequency of a fire due
to forklift activity was dominated by the truck
fire scenario, the frequency of a forklift fire was
estimated.  The frequency of a forklift fire
(FFLFTFIRE) leading to a release of TRU
material at the Container Storage Area may be
analyzed using the following equation:

FFLFTFIRE =  NFMOVE x NHOUR x FFUEL x 
CPING

where:

NFMOVE = Number of forklift movements per 
year

NHOUR = Number of hours per forklift
movement adjacent to Container Storage Area

FFUEL  =  Frequency of a fuel tank rupture per
hour

CPING = Conditional probability of ignition
given a fuel tank rupture

Forklift movements at TA–50–69 occur on an
individual drum basis and on a palletized basis

at the time of receipt and shipment.  The WCR
Facility SAR (LANL 1995e) estimates 200
movements of palletized drums per yea
Individual drum movements are not evaluate
in the SAR.   However, based on four drums p
pallet, two palletized movements per set of fo
drums (for unloading and loading), and th
individual drum movements would occur whe
waste drums are brought to and returned fro
the WCRR Facility, it is estimated that there a
800 ([200/2] x 2 x 4) individual drum
movements per year. 

The frequency of a forklift fuel tank rupture an
a resulting fire is assessed based on methods
data contained in the TA–54, Area G Haza
Analysis (LANL 1995g), which references th
evaluation of ignition probabilities given a tan
rupture by the Reliability Analysis Cente
(RAC 1991).  The frequency of a fuel tan
rupture was assessed as 2.3 x 10-5 per hour in
the TA–54 hazard analysis (LANL 1995g).  Fo
a nondiesel fuel (propane), the condition
probability of ignition given a rupture is
assigned a value of 1 x 10-2.  It is conservatively
assumed that each forklift movement las
0.5 hour.  For individual drum movements, it 
assumed the forklift movement time is equal
divided at the Container Storage Area, in tran
to the facility, and at the facility.  For the
palletized movements, it is assumed that t
forklift time is equally spent immediately nea
the Container Storage Area and at the truc
Because of the small fuel capacity of the forkl
as compared with the truck, it is assumed th
any forklift incidents at the truck would no
involve the Container Storage Area
Additionally, it is noted that forklift activities
would be in the vicinity of the truck bed and
thus, would not involve the truck/tractor fue
tanks. 

Thus, the above equation for forklift movemen
near the Container Storage Area can 
quantified as follows:
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FFLFTFIRE =  NFMOVE x NHOUR x FFUEL x 
CPING

= [800 moves x (0.5/3 hr/move) + 200 moves x 
(0.5/2 hr/move)] x (2.3 x 10-5 /hr) x (1 x 10-2)

= 4.2 x 10-5 per year

The calculated frequency for a forklift fire
involving the Container Storage Area is less
than that for a truck fire.  Additionally, the MAR
for a postulated forklift fire would be much less
than that for a truck fire.  Consequently,  truck
fires dominate potential risks and forklift fire
contributions are not considered further.

Expanded Operations Alternative 
Frequency Analysis

The Expanded Operations Alternative waste
management practices and the low-level
radioactive mixed waste (LLMW) generation
rate will be comparable to the No Action
Alternative.  However, TRU waste volumes are
expected to double (5,100 versus 2,500 cubic
meters) from those in the No Action Alternative
(LANL 1997c).  On this basis, it is expected that
waste throughput at WCRR Facility and the
associated frequency of a potential truck fire at
the Container Storage Area will be greater than
in the No Action Alternative.   Historically,
WCRR Facility activities have primarily
involved TRU waste characterization and
volume reduction.  Consequently, it is assumed
that the change in throughput at WCRR Facility
will be directly proportional to the change in
TRU waste volume, resulting in 49 shipments
per year (24 x 5,100/2,500).

With a revised number of truck shipments for
the Expanded Operations Alternative, the
frequency (FFIRE) of a truck fuel leak and
subsequent fire accident can be estimated as:

FFIRE = NSHIPMENTS x CLEAK x CPFIRE

FFIRE = 49 x (1.3 x 10-3) x (4.7 x 10-3)

FFIRE = 3.0 x 10-4  per year

Reduced Operations Alternative Frequency 
Analysis

For the Reduced Operations Alternative, was
management practices and the LLMW was
generation rate will be comparable to the N
Action Alternative.  However, TRU waste
volumes are expected to be almost 25 perc
less (1,900 versus 2,500 cubic meters) th
those for the No Action Alternative
(LANL 1997c).  On this basis, it is expected th
waste throughput at WCRR Facility and th
associated frequency of a potential truck fire 
the Container Storage Area will be less than
the No Action Alternative.   Historically,
WCRR Facility activities have primarily
involved TRU waste characterization an
volume reduction.  Consequently, it is assum
that the change in throughput at WCRR Facili
will be directly proportional to the change i
TRU waste volume, resulting in 18 shipmen
per year (24 x 1,900/2,500).

With a revised number of truck shipments fo
the Reduced Operations Alternative, th
frequency (FFIRE) of a truck fuel leak and
subsequent fire accident can be estimated as

FFIRE = NSHIPMENTS x CLEAK x CPFIRE

FFIRE = 18 x (1.3 x 10-3) x (4.7 x 10-3)

FFIRE = 1.1 x 10-4  per year

Greener Alternative Frequency Analysis 

For the Greener Alternative, waste managem
practices and waste generation rates for LLM
and TRU waste will be comparable to those f
the No Action Alternative.  On this basis, it i
expected that waste throughput at WCR
Facility and the associated frequency of 
potential truck fire at the Container Storag
Area will be the same as in the No Actio
Alternative.
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Uncertainties and Sensitivities Affecting the 
Frequency of RAD–07 

Insofar as the fire modeling is concerned, the
uncertainties affecting the frequency of
RAD–07 are identical to those affecting
CHEM–02.  The frequency results are also
sensitive to the assumed number of shipments
per year for the Container Storage Area. 

Source Term Calculations 

The initial source term equation is used for this
case.  The MAR for the postulated accident is
limited to the Container Storage Area waste
inventory immediately involved in the truck
fuel pool fire.  Propagation of the fire to the
entire inventory is not expected, as discussed in
section G.5.16.1.  The MAR is estimated for a
100-gallon (379-liter) fuel spill, yielding a burn
area of 500 square feet (46 square meters).  This
is based on a burn area relationship of
250 square feet for 50 gallons of fuel (23 square
meters for 189 liters of fuel) (RFETS 1994).
Assuming that half the burn area is off center
from the Container Storage Area and that half
the remaining area involves waste (allows for
aisle/access space), approximately 62 drums
(stacked two high) would be involved
(125 square feet x 2 drums/4 square feet).

Potential waste forms present include solidified
liquids (aggregate); surface contaminated,
packaged combustible solids; and surface
contaminated, noncombustible solids.  The
bounding ARF and RF products for these three
waste forms in a thermal stress environment
(fire) are 6 x 10-5, 5 x 10-4, and 6 x 10-5,
respectively (DOE 1994d).  Consequently, it
can be concluded that releases will be
dominated by combustible waste and the
analysis will be limited to this waste form.  It is
conservatively assumed that the combustible
waste fraction at the Container Storage Area is
the same as that for the TRU waste inventory at
Area G.  The Container Storage Area
combustible waste fraction is likely to be much
lower due to the facility’s primary mission of

size reduction of metal objects, such 
gloveboxes; however, combustible waste form
would be expected to be present due 
characterization activities.  Additionally, it is
conservatively assumed that 35 percent of t
radiological inventory is present in combustib
waste forms.  Thus, for the MAR (62 drums
the DR is set equal to the fraction o
combustible material (0.35).  The Contain
Storage Area is located outdoors; consequen
any postulated accident involving a release 
the environment would have an LPF of 1.0.

Proposed administrative limits for the
radionuclide content of each individual was
container are presented in Table 9-2 of t
WCRR Facility SAR (LANL 1995e) and are
based on DOE Standard 1027-92 (DOE 199
Hazard Category 3 threshold limits or a fissi
gram equivalent limit based on the WIPP WAC
Currently, the  average TRU radioactiv
material content per waste container 
8.9 PE-Ci (LANL 1995f).  Less than 1 percen
of all TRU waste containers in the existin
Area G inventory exceed 75 PE-Ci i
radioactive material content (LANL 1995f)
The predominant TRU waste generated 
LANL is weapons-grade plutonium (MT52)
The LANL fissile gram equivalent limit for this
material type is 25 PE-Ci per drum
(LANL 1995f).  Revision 5 of the WIPP WAC
limits the maximum plutonium-239 equivalen
activity for untreated, contact-handled TR
waste to be received by the facility to 80 PE-
per drum.  Considering that the postulate
accident scenario involves multiple drums (62
that the drums represent a small fraction of t
total TRU waste inventory managed at LANL
and their radioactive content could be skewed
the high end (depending on the waste genera
source); and the TRU limits described above;
is conservatively assumed that one dru
contains the WIPP WAC limit for untreated
waste of 80 PE-Ci and the other 61 drum
involved in the fire have an average TR
content of 25 PE-Ci.
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With the above information, the initial source
term equation can be quantified as follows:

Initial Source Term = MAR x DR x ARF x RF 
x LPF

= ([61 x 25 PE-Ci] + 80 PE-Ci) x 0.35 x 
(5 x 10-4) x 1 x 1

= 0.28 PE-Ci

The suspension source term calculation is
performed using the general equation.  The
suspension MAR equals the initial MAR, minus
the initial source term.  The suspension DR and
LPF have the same values (1.0) as in the initial
source term calculation.  The ARR and RF are
assigned values of 4 x 10-5 and 1.0, respectively,
based on bounding resuspension factors for a
homogeneous bed of powder exposed to
ambient conditions (DOE 1994d).  Thus, the
suspension source term can be quantified as:

Suspension Source Term = MAR x DR x ARR 
x 24 hrs x RF x LPF

= (1,550 - 0.28 PE-Ci) x 0.35 x (4 x 10-5) x 
24 hrs x 1 x 1

= 0.52 PE-Ci

The suspension source term is highly
conservative, considering that fire protection
actions (e.g., foam, water spray) and
contamination control measures would likely
limit airborne releases significantly.

No variation by alternative is projected because
waste management practices are expected to be
comparable (LANL 1997c), with the MAR and
postulated accident conditions the same.

Uncertainties and Sensitivities Affecting the 
Source Term for RAD–07

A significant  uncertainty for this postulated
accident is quantification of the MAR in terms
of the number of drums involved in the fire and
their associated radioactive material content.

Accepted methodologies and reasonab
conservative radiological estimates have be
made to provide an upper estimate of the sou
term.

Consequences of RAD–07 for Facility 
Workers and the Public

Typically, five facility workers are associate
with TA–50–69 operations and would be at ris
for exposure to airborne radioactive materia
The postulated accident would not result in 
immediate release, providing time for personn
to vacate the immediate area.  Personnel in 
facility may not have time to vacate before 
release occurs; however, CAM alarms and t
availability of personal protective equipmen
could serve to mitigate potential exposures.

No acute fatalities are predicted to result fro
the postulated accident.  The mean collecti
population dose is projected to total 1,30
person-rem (TEDE), resulting in 0.69 exce
LCFs.  Mean projected doses for MEIs (an
their associated locations) and groun
contamination levels are presented 
Tables G.5.6.7–2 and G.5.6.7–3, respective
Table G.5.6.7–1 summarizes the modelin
results for RAD–07. 

G.5.6.8 RAD–08, Aircraft Crash and 
Plutonium Release from 
TA–54 TWISP Storage 
Domes    

General Scenario Description   

Accident Scenario RAD–08 involves the cras
of an aircraft, accompanied by explosion and/
fire, at the TRU waste management area 
TA–54, Area G.  The largest target, whic
dominates the aircraft crash frequency resu
and also has a very large potential MAR
consists of the storage domes for th
Transuranic Waste Inspectable Storage Proj
(TWISP).
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TABLE  G.5.6.7–1.—Summary Results for Scenario RAD–07

ALTERNATIVE ACCIDENT FREQUENCY SOURCE TERM AND CONSEQUENCES

No Action 1.5 x 10-4 Initial release of 0.28 PE-Ci; Suspension release of 0.52 
PE-Ci; integrated population exposure of 1,300 person-

rem, 0.69 excess LCFs.

Expanded Operations 3.0 x 10-4 Same as No Action Alternative.

Reduced Operations 1.1 x 10-4 Same as No Action Alternative.

Greener 1.5 x 10-4 Same as No Action Alternative.

TABLE  G.5.6.7–2.—Predicted Mean Doses to MEIs for Scenario RAD–07

MAXIMUM EXPOSED INDIVIDUAL (MEI) DOSE (REM, TEDE)

MEI LOCATION DOSE

Closest public access:  Pajarito Road (100 m) 7.4 x 101

Special population distance:  San Ildefonso Pueblo boundary (500 m) 3.5 x 100

Closest public residence:  Royal Crest Trailer Park (1,200 m) 7.4 x 10-1

Closest special population distance:  Ashley Pond (2,100 m) 2.6 x 10-1

Special population distance:  San Ildefonso Pueblo (13,600 m) 1.4 x 10-2

TABLE  G.5.6.7–3.—Predicted Mean Ground Contamination Levels 
for Scenario RAD–07

RADIAL DISTANCE
PLUTONIUM-239 GROUND 
CONCENTRATION (BQ/m 2)

0.0 to 1.0 km 1.7 x 104

1.0 to 2.0 km 1.7 x 103

2.0 to 3.0 km 6.7 x 102

3.0 to 4.0 km 3.8 x 102

4.0 to 8.0 km 1.8 x 102

8.0 to 12.0 km 9.3 x 101

12.0 to 20.0 km 5.5 x 101

20.0 to 30.0 km 2.9 x 101

30.0 to 40.0 km 1.6 x 100

40.0 to 60.0 km 9.3 x 100

60.0 to 80.0 km 4.9 x 100

BQ/m2 = Becquerel per square meter
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TRU waste is stored in aluminum arch-frame
supported, membrane-covered domes that rest
on asphalt pads.  Four domes are in use as
storage for TRU waste generated since the early
part of 1991, designated as TA–54–48,
TA–54–153, TA–54–224, and TA–54–283.
The storage capacity is 11,000 drums, and there
were 3,600 drums in storage as of the end of
1995.

Previously, from 1979 to 1991, TRU waste was
stored in retrievable arrays under several feet of
earth on three pads (Pads 1, 2, and 4).  This
retrievable TRU waste is being removed from
this configuration and temporarily placed into
storage dome structures.  The retrieved waste is
characterized, repackaged, and certified to
WIPP WAC.  (All of the retrievable TRU waste
is planned to be shipped to WIPP after 1998.)
Once the retrieved waste is characterized,
repackaged, and WIPP WAC-certified, it will
be stored in one of six dome structures,
designated as TA–54–229, TA–54–230,
TA–54–231, and TA–54–232 (plus two domes
yet to be constructed).  The four domes are
located adjacent to one another at the far eastern
extent of the TA–54 operating area; the other
two domes will be located at a distance from the
four TWISP domes so as to constitute a separate
target area, the contribution to risk of which will
be bounded by the four existing TWISP storage
domes. 

The characteristics of the TRU waste to be
retrieved from Pads 1, 2, and 4 are generally
known as detailed in Table G.5.6.8–1  (LANL
1996n).  There are a total of 16,641 drums:
5,487 drums of combustible waste containing an
average of 4.34 PE-Ci of plutonium-239 each,
and 11,154 drums of noncombustible waste
containing an average of 4.11 PE-Ci of
plutonium-239 each.  There are also 187
fiberglass-reinforced plastic-coated plywood
(FRP) crates: 33 FRP crates of combustible
waste containing an average of 12.5 PE-Ci of
plutonium-239 each, and 154 FRP crates of
noncombustible waste containing an average of
8.6 PE-Ci of plutonium-239 each.  The total

inventories of the three pads are:  7,812 PE-C
plutonium-239 for Pad 1; 24,052 PE-Ci o
plutonium-239 for Pad 2; and 39,502 PE-Ci 
plutonium-239 for Pad 4.  In total, the FR
crates represent 1,736 PE-Ci of plutonium-23
or about 2.4 percent of the total TRU was
inventory.   

TABLE  G.5.6.8–1.—Characterization of TRU 
Waste in Pads 1, 2, and 4 at TA–54 Area G

TRU PAD #1, USED FROM 5/29/79 TO 12/29/81

4,816 Drums

1,276 drums of combustible waste containing 2,240
PE-Ci of plutonium-239

3,540 drums of noncombustible waste containing 
4,400 PE-Ci of plutonium-239

88 FRP Crates

8 FRP crates of combustible waste containing 2.03
PE-Ci of plutonium-239

80 FRP crates of noncombustible waste containing
1,170 PE-Ci of plutonium-239

TRU PAD #2, USED FROM 12/8/81 TO 8/20/85

7,280 Drums

2,475 drums of combustible waste containing 6,890
PE-Ci of plutonium-239

4,805 drums of noncombustible waste containing 
17,100 PE-Ci of plutonium-239

48 FRP Crates

22 crates of combustible waste containing 1.47 PE-C
of plutonium-239

26 crates of noncombustible waste containing 60.3
PE-Ci of plutonium-239

TRU PAD #4, USED FROM 3/18/85 TO 1/3/91

4,545 Drums

1,736 drums of combustible waste containing 14,70
PE-Ci of plutonium-239

2,809 drums of noncombustible waste containing 
24,300 PE-Ci of plutonium-239

51 FRP Crates

3 FRP crates of combustible waste containing 410
PE-Ci of plutonium-239

48 FRP crates of noncombustible waste containing
91.9 PE-Ci of plutonium-239
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No detailed apportionment of the TRU waste
recovered from Pads 1, 2, and 4 among the four
domes (TA–54–229, TA–54–230, TA–54–231,
and TA–54–232) have been identified.  For the
purposes of this analysis, it is assumed that the
TWISP TRU inventory, in terms of PE-Ci, is
split evenly among the six domes.  Thus, each
dome is assumed to contain 4,041 PE-Ci of
Plutonium-239 as combustible TRU waste and
7,854 PE-Ci of noncombustible TRU waste.  

At the average content values identified above,
this would represent about 931 drums of
combustible TRU waste and 1,911 drums of
noncombustible TRU waste.  (This is a slight
over-estimate, but considered to be reasonable
considering possible repackaging.)

In the storage domes, TRU waste drums are
palletized (four drums to a pallet) and stored in
inspectable arrays.  The arrays consist of
palletized drums stacked three high, separated
by a minimum aisle space of 26 inches (66
centimeters).  FRP crates and standard waste
boxes (SWBs) are also stored in these
structures.  FRP crates and SWBs are stored in
rows and stacked one to three boxes high
(LANL 1995f).  LANL is in the process of
exchanging plywood pallets for metal pallets to
reduce fire hazards in the TRU waste domes.

Fire-fighting water for Area G is provided by a
10-inch main from a water distribution system
supplied by two water tanks near TA–54.  The
primary tank is a gravity feed with a 1.5 million
gallon domestic booster pump (booster
station 2).  The secondary tank is a pressure feed
with a 1.5 million gallon domestic booster pump
(booster station 1).  Water mains are designed to
provide 1,170 gallons per minute at the fire
hydrants with a residual pressure of 20 psi
(LANL 1996n).  Fire-fighting equipment can
arrive at TWISP operations in 8 to 12 minutes.
The initial response is two pumpers capable of
dispensing 1,250 gallons per minute with a 500-
gallon onboard storage capacity each, one light
rescue vehicle, and one staff vehicle.  An

additional pumper is available on the seco
alarm (LANL 1996n).

In addition to fire-fighting response, LANL
ESH-10 maintains a HAZMAT team at TA–64
The HAZMAT team would respond to an
accident such as an aircraft crash at TA–
Area G.

The TA–54 Area G SAR did not evaluat
aircraft crash accidents.  Aircraft crash at a TR
waste dome was identified in the TA–54 Area 
Hazard Analysis with a frequency assigned 
below 1 x 10-6 per year based on expe
judgment (LANL 1995g).

A separate LANL study evaluated aircraft cras
frequency at TA–54 by calculating the cras
frequency for the largest building at the sit
which is one of the TWISP fabric domes a
320 feet (98 meters) long, 246 feet (75 mete
wide, and 38 feet (12 meters) high.  The stu
calculated the aircraft crash at 1.02 x 10-8 per
year (LANL 1996c).

No Action Alternative Frequency Analysis 

The air space above LANL is restricted up 
14,000 feet, designated as Restricted Airspa
R-5101 (LANL 1996c).  However, DOE
Standard 3014-96 states that once an in-flig
mishap does occur, with eventual loss 
control, there is nothing to prevent a disable
aircraft from crashing into any location, eve
within a restricted airspace area (DOE 1996c

The TRU waste storage domes at TA–54 Area
were reviewed.  As a result of their location
TA–54–153 and TA–54–283 are essentially
single target (they are separated by less th
100 feet [31 meters]); TA–54–283 is 
temporary structure.

TA–54–224 represents another target (separa
from TA–54–283 and TA–54–153 by ove
100 feet (31 meters).  TA–54–48 is still anoth
stand-alone target, being more than 100 fe
(31 meters) from the TA–54–229 throug
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TA–54–232 group of domes.  TA–54–229
through TA–54–232 represent a single target as
they are adjacent to one another separated by
less than 50 feet (15 meters) between the domes.

The TWISP retrieval dome, as well as the two
temporary domes used to house TWISP waste
after retrieval but before repackaging
(TA–54–224 and TA–54–283), are all
temporary structures.  The only permanent
structures will be the two existing domes used to
store TRU waste from ongoing operations
(TA–54–48 and TA–54–153), as well as the
four TWISP storage domes (TA–54–229
through TA–54–232).  Because TA–54–283 is a
temporary structure, essentially there are two
single dome targets (TA–54–48 and
TA–54–153) and the four-dome target
(TA–54–229 through TA–54–232).  The single
dome targets will represent a small fraction of
the total effective aircraft target area for TA–54.
Accordingly, aircraft crash analytical efforts
were focused on the four-dome TWISP storage
dome target.

Based on the TWISP SAR, the four TWISP
domes were analyzed as one target with
dimensions of 414 feet (126 meters) long,
286 feet (87 meters) wide, and 38 feet
(12 meters)  high.  Skid distance is limited due
to the Finger Mesa location, but has been
established at 50 feet (15 meters) for
conservatism.  Based on physical inspection,
this is reasonable for all directions except north,
for which a longer skid distance can  be
justified.  Considering the configuration of the
mesa, a 50-foot (15 meter) skid distance is
judged to adequately represent the site.

The estimated perforation/fire frequency for the
TWISP domes is 4.3 x 10-6 per year.  The crash
frequency is dominated by single-engine piston
aircraft, multiple-engine piston aircraft, and
small military aircraft (the air taxi frequency
contribution is conservatively binned with small
military in this case), representing 98.2 percent
of the total perforation/fire frequency.

Expanded Operations, Reduced Operations, 
and Greener Alternatives Frequency 
Analysis 

Aircraft crash rates in the vicinity of LANL are
not significantly associated with the level o
activity at LANL.  Accordingly, the frequency
of aircraft crash does not vary by alternative.

Uncertainties and Sensitivities Affecting the 
Frequency of RAD–08

There is a large amount of data required 
perform the DOE Standard 3014-9
calculations.  In addition, the standard itse
requires the use of numerous equations that 
recognized to be approximations.  Perhaps 
most important uncertainty is the assumptio
(embedded in the standard) that a skiddi
aircraft will impact a facility with the same
velocity it had when it began the skid.  Th
results in a conservative impact velocit
because no credit is taken for drag, frictio
impact with objects between the impact poi
and the facility, and so on. 

Another conservatism for the TA–54 Area G
analysis is the assumption of a 38-fo
(12-meter) height for the target.  This is th
actual height of the membrane domes, but the
structures would not offer much resistance 
aircraft.  Aircraft could in principle strike the
dome itself and pass through without impactin
the TRU waste stored inside (at least this wou
be possible with aircraft approaching from th
east or west).  

As a sensitivity calculation, the height wa
lowered to 12 feet (4 meters), representing tw
drum heights.  The resulting frequency o
perforation/fire crashes was 2.8 x 10-6 per year.
The overall reduction in impact frequency fo
modeling the domes as 12 feet (4 meters) h
instead of 38 feet (12 meters) high is less tha
factor of two.  It is concluded that the impac
frequency results are not strongly sensitive 
this parameter.
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Source Term Calculations

Fires were evaluated for their source term
contribution.  Three aircraft types account for
about 98.2 percent of the total aircraft crash
frequency at the TWISP storage domes:  (1)
single-engine piston aircraft; (2) multiple-
engine piston aircraft; and (3) small military
aircraft.  In order to evaluate the fire and
explosion potential of these aircraft, the
characteristics of the aircraft in these classes as
identified in the supporting documentation for
DOE Standard 3014-96 were used to select the
bounding fuel load (LLNL 1996).  The aircraft
selected for these classes are:  (1) the Piper
Turbo line, with a fuel load of 128 gallons
(486 liters), for the single-engine piston aircraft;
(2) the Cessna Titan line, with a fuel load of
413 gallons (1,564 liters), for the multiple-
engine piston aircraft; and (3) the F-16C, with a
fuel load of 1,801 gallons (6,819 liters) for the
small military aircraft (LLNL 1996).  (The F-16
is typical of local military operations out of
Kirtland Air Force Base in Albuquerque, for
example.)

In order to quantify the burn area resulting from
a spill of aircraft fuel and its subsequent
combustion, guidance from the Rocky Flats
Risk Assessment Guide was followed that
provides an estimate of a 250 square-foot
(23 square-meter) burn area per 50 gallons
(189 liters) of fuel burned (RFETS 1994).  Burn
areas were calculated as follows for the three
significant classes of aircraft:

ABURN = (FLOAD/50) x 250 ft2

where:

ABURN = Burn area in square feet

FLOAD = Aircraft fuel load in gallons

The estimated burn area for each of the three
significant aircraft types can now be calculated:

Single-Engine Piston Aircraft:

ABURN = (FLOAD/50) x 250 ft2

ABURN = (128/50) x 250 ft2

ABURN = 640 ft2

Multiple-Engine Piston Aircraft:

ABURN = (FLOAD/50) x 250 ft2

ABURN = (413/50) x 250 ft2

ABURN = 2,065 ft2

Small Military Aircraft:

ABURN = (FLOAD/50) x 250 ft2

ABURN = (1801/50) x 250 ft2

ABURN = 9,005 ft2

The area of one of the TWISP storage domes
16,000 square feet (1,486 square meters).  T
burn areas identified above represent t
following percentages of a single storage dom

• Single-Engine Piston Aircraft = 4.0 percen
• Multiple-Engine Piston Aircraft = 12.9 

percent
• Small Military Aircraft = 56.3 percent

As discussed above, each of the four TWIS
storage domes is assumed to conta
4,041 PE-Ci of plutonium-239 as combustib
TRU waste and 7,854 PE-Ci of noncombustib
TRU waste.  The source term contribution w
be assumed to be “smeared” evenly across 
floor area of the dome (16,000 square fe
[1,486 square meters]); calculations will have 
be performed separately for combustible a
noncombustible fractions because the ARF a
RF values are very different.

The DOE Handbook 3010-94 initial source ter
equation is used, and must be quantifi
separately for each type of aircraft contributin
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significantly to the crash frequency due to the
difference in the impacted area of the facility; it
is also quantified separately for combustible and
noncombustible waste forms.  Due to the
random nature of aircraft crashes, no specific
directionality is associated with the crashes.
The damage ratio will be expressed as the
percentage of the facility floor area burned in a
fire (which will be assumed to equate to the
fraction of the inventory affected by fire).  

It is recognized that some crashes could result in
a fire without affecting MAR; whereas, other
crashes could burn a quantity of waste that is in
excess of the fraction the floor area affected by
the burn.  However, the approach adopted above
is believed to yield a reasonable result that is
considered to be representative of the average
that would result from a large number of
crashes.

The ARF and RF values are selected from DOE
Handbook 3010-94 and are based on the
bounding values for packaged mixed waste.
The recommended ARF and RF values for
combustible waste are 0.0005 and 1.0
(DOE 1994d).  The recommended ARF and RF
values for noncombustible waste are 0.006 and
0.01 (DOE 1994d).  The LPF is taken to be 1
because the TRU waste fabric domes do not
represent a confinement structure and because
the fabric membranes are assumed to be
penetrated by aircraft or aircraft missiles, or
breached due to extreme fire conditions.  

The general initial source term equation is
quantified below for the three aircraft types that
contribute to the crash frequency:

Single-Engine Piston Aircraft:

Initial Combustible Source Term = MAR x DR 
x ARF x RF x LPF

= 4,041 x 0.04 x 0.0005 x 1 x 1

= 0.08E-Ci

Initial Noncombustible Source Term = MAR x
DR x ARF x RF x LPF

= 7,854 x 0.04 x 0.006 x 0.01 x 1

= 0.02 PE-Ci

Total Initial Source Term = 0.08 + 0.02 = 0.10
PE-Ci

Multiple-Engine Piston Aircraft:

Initial Combustible Source Term = MAR x DR
x ARF x RF x LPF

= 4,041 x 0.129 x 0.0005 x 1 x 1

= 0.26 PE-Ci

Initial Noncombustible Source Term = MAR x
DR x ARF x RF x LPF

= 7,854 x 0.129 x 0.006 x 0.01 x 1

= 0.06 PE-Ci

Total Initial Source Term = 0.26 + 0.06 = 0.32
PE-Ci

Small Military Aircraft:

Initial Combustible Source Term = MAR x DR
x ARF x RF x LPF

= 4,041 x 0.563 x 0.0005 x 1 x 1

= 1.14 PE-Ci

Initial Noncombustible Source Term = MAR x
DR x ARF x RF x LPF

= 7,854 x 0.563 x 0.006 x 0.01 x 1

= 0.27 PE-Ci
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Total Initial Source Term = 1.14 + 0.27 = 1.41 
PE-Ci

Following the initial source term release,
resuspension releases are possible due to
dispersal of material by the wind.  For an aircraft
crash, a 24-hour suspension release is
considered to be reasonable due to the
significant damage resulting from the aircraft
crash and subsequent explosion and fire.  The
general suspension source term equation is used
to calculate the suspension source term.  The
DR is defined in the same manner as with the
initial source term.  The ARF and RF values are
selected from DOE Handbook 3010-94 and are
based on the bounding values for packaged
mixed waste.  The recommended ARR and RF
values are 4 x 10-5 per hour and 1.0
(DOE 1994d).  Due to the penetration of the
building by the aircraft-related missiles and/or
due to external or internal explosion of fuel, the
LPF is taken to be 1.0.  This is assumed to be
applicable because it is considered unlikely that
a temporary structure would be erected as soon
as 24 hours to mitigate releases.

The suspension source term equation also must
be quantified individually for each of the three
crash frequency contributors (quantification is
based on the total PE-Ci content because the
ARR and RF values are the same regardless of
whether the source MAR is combustible or not):

Single-Engine Piston Aircraft:

Suspension Source Term = MAR x DR x 
ARR/hr x 24 hrs x RF x LPF

= 11,895 x 0.04 x 0.00004 x 24 x 1 x 1

= 0.46 PE-Ci

Multiple-Engine Piston Aircraft:

Suspension Source Term = MAR x DR x 
ARR/hr x 24 hrs x RF x LPF

= 11,895 x 0.129 x 0.00004 x 24 x 1 x 1

= 1.47 PE-Ci

Small Military Aircraft:

Suspension Source Term = MAR x DR x 
ARR/hr x 24 hrs x RF x LPF

= 11,895 x 0.563 x 0.00004 x 24 x 1 x 1

= 6.43 PE-Ci

In order to specify a single source term for th
TA–54 Area G aircraft crash accident, the initi
source terms and suspension source terms
frequency-weighted below according to the
contributions to the overall risk, as shown 
Tables G.5.6.8–2 and G.5.6.8–3.   

TABLE  G.5.6.8–2.—Frequency Weighted Source Term Calculation for Initial Source Term

AIRCRAFT TYPE

PERCENTAGE 
CONTRIBUTION TO 
AIRCRAFT CRASH 

FREQUENCY

INITIAL SOURCE 
TERM

(PLUTONIUM-239
PE-Ci)

WEIGHTED INITIAL 
SOURCE TERM

(PLUTONIUM-239
PE-Ci)

Single-Engine Piston 0.884 0.10 0.088

Multiple-Engine Piston 0.060 0.32 0.019

Small Military 0.037 1.41 0.052

TOTAL 0.981 0.16
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Based on these calculations the source term for
RAD–08 for the No Action Alternative will be
represented with an initial source term of
0.16 PE-Ci released in 30 minutes, and a
suspension source term of  0.74 PE-Ci released
over 24 hours.  There are no differences in
source term across the alternatives (because the
No Action Alternative source terms are based
on the average maximum quantity of TRU
waste in the four TWISP storage domes).  The
TWISP source term is identical across the
alternatives.  

Uncertainties and Sensitivities Affecting the 
Source Term for RAD–08 

The source terms (initial and suspension) are the
average maximum values expected for the
TWISP storage domes once they are fully
loaded.  Of course, it is possible that an aircraft
crash would occur in a dome that is not fully
loaded (or even empty, depending on timing).
Clearly, the values calculated above are
bounding, assuming the average maximum
quantities are correct.

The number of TWISP storage domes occupied
with TRU waste will depend on the processing
rate during TWISP recovery and repackaging
and also on the WIPP shipment rate.  Neither of
these rates is known with precision, particularly
the latter.  Thus, a bounding calculation was
performed.

The suspension source term calculation exten
for 24 hours.  This may be very conservative 
that it is likely that fire fighting and HAZMAT
response to the crash scene would 
accompanied by extensive use of water a
foam-based suppression systems.  T
application of suppressants would likel
continue for some time to preclude flareup 
the fire once it is extinguished, as well as to lim
further spread of plutonium contamination.

Consequences of RAD–08 for Facility 
Workers and the Public

The consequences of RAD–08 for facilit
workers and the public are discussed separat
Typically, only a small number of facility
workers would be expected to be present at 
TWISP domes, and would be at risk for possib
exposure to airborne radioactive material 
well as exposure to the dynamics of the aircr
crash. An aircraft crash into the dome th
destroys part of the facility is assumed to res
in the death of all workers in the part that 
destroyed.  Workers elsewhere in the structu
may be injured or killed due to flying debris o
secondary effects from the fire (e.g., smo
inhalation).  Workers in the dome who are n
directly affected by the crash and explosion 
fire may be exposed to radiation as a result
plutonium inhalation.  If the dome collapses a
a result of the impact of the aircraft (which is t
be expected), additional injuries or fatalitie
could result.

TABLE  G.5.6.8–3.—Frequency Weighted Source Term Calculation for Suspension Source Ter

AIRCRAFT TYPE

PERCENTAGE 
CONTRIBUTION TO 
AIRCRAFT CRASH 

FREQUENCY

SUSPENSION SOURCE 
TERM

(PLUTONIUM-239
PE-Ci)

WEIGHTED SUSPENSION 
SOURCE TERM

(PLUTONIUM-239 PE-Ci)

Single-Engine Piston 0.884 0.46 0.41

Multiple-Engine Piston 0.060 1.47 0.09

Small Military 0.037 6.43 0.24

TOTAL 0.981 0.74
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No acute fatalities are predicted to result from
the postulated accident.  The mean collective
population dose is projected to total 400 person-
rem (TEDE), resulting in 0.2 excess LCFs.
Mean projected doses for MEIs (and their
associated locations) and ground contamination
levels are presented in Tables G.5.6.8–5 and
G.5.6.8–6, respectively.  Table G.5.6.8–4
summarizes the modeling results for RAD–08. 

G.5.6.9 RAD–09, Plutonium Release 
from TRU Waste Drum 
Failure or Puncture

General Scenario Description 

A contact-handled TRU waste drum failure/
puncture is postulated to occur during drum
handling operations (all subsequent discussions
refer to the waste as TRU waste).  Either a
complete or a partial drum spill may occur.  A
complete spill of drum contents is more likely to
occur during retrieval of TRU waste from
Pads 1, 2, and 4 at TA–54, Area G (considering
the potential for degraded drums and the
number of drums to be retrieved, 16,641).  A
partial spill of drum contents would result from
drum puncture accidents or from the majority of
drop related accidents.  This scenario assumes a
complete spill occurs to represent failure of a
degraded drum and to conservatively bound an
individual or multiple drum puncture accident.
A large majority of drum handling operations
occur outdoors or within structures that do not
have HEPA filtration.  Consequently, the
accident scenario postulates that the incident
occurs outdoors.   The drum failure/puncture
scenario could occur at multiple facilities at
TA–3, TA–16, TA–50, TA–54, or TA–55.  The
accident is postulated to occur at TA–54,
Area G because the large majority of TRU
waste drum handlings occur there.   

Drum handling operations are primarily
conducted with forklifts/lift trucks.  Exceptions
include the use of drum dollies for movements
within facilities or dock areas, drum lift fixtures

for glovebox entry/egress, manual metho
(such as individual drum retrieval activities a
Pads 1, 2, and 4), and crane/hoist activities (su
as WCRR Facility enclosure movements 
RANT transportation bay loading activities)
Drum handling may be conducted on a
individual drum basis, on a palletized bas
(four drums banded together), or on a 7-pa
basis (seven drums banded together by me
banding or plastic stretch wrap for shipment 
WIPP in a TRUPACT-II container).  Drum drop
tests at Hanford (WHC 1995) hav
demonstrated that dropping a pallet of fo
banded drums results in damage to a sin
drum.  Consequently, the MAR (one drum) fo
this postulated accident scenario would 
representative of an accident involving th
handling of multiple drums.

Because waste management activities invo
the movement of a large number of TRU was
containers, with the large majority having a lo
radioactive material content, risks associat
with a drum failure/puncture will be evaluate
for both an average and a high radioacti
content drum.      

Note that this accident scenario does not inclu
TRU waste drum handling operation
associated with possible retrieval of buried TR
waste located on Pads 9 and 29 and in Trenc
A, B, C, and D.  Possible retrieval of this was
was mentioned briefly as being conducte
during the 10-year period covered by th
SWEIS in the draft November 1996 Was
Management Strategies document issued 
LANL (LANL 1996o), but insufficient specific
information was available upon which to base
quantification of possible impacts.

A similar accident scenario is analyzed in th
Safety Analysis Report for TA–54, Area G
(LANL 1995f), with the exception that it
assumes that intact drums are involved in t
accident.  The postulated accident scena
evaluated for the SWEIS is intended to cov
potential accidents involving retrieval o
degraded drums from earthen-covered stora
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TABLE  G.5.6.8–4.—Summary of Results for Scenario RAD–08

ALTERNATIVE ACCIDENT FREQUENCY SOURCE TERM AND CONSEQUENCES

No Action 4.3 x 10-6 Initial source term of 0.16 PE-Ci released in 30 minutes; 
suspension source term of 0.74 PE-Ci, released over 24 

hours; integrated population exposure of  400 person-rem, 
0.2 excess LCFs.

Expanded Operations 4.3 x 10-6 Same as No Action Alternative.

Reduced Operations 4.3 x 10-6 Same as No Action Alternative.

Greener 4.3 x 10-6 Same as No Action Alternative.

TABLE  G.5.6.8–5.—Predicted Mean Doses to MEIs for Scenario RAD–08

MAXIMUM EXPOSED INDIVIDUAL (MEI) DOSE (REM, TEDE)

MEI LOCATION DOSE

Closest public access from TA–54–229:  Pajarito Road (210 m)a 2.2 x 101

Closest site boundary from Pads 1, 2 and 3 White Rock (245 m) (see note) (TWISP SAR; 
TA–54 Area G SAR)

2.2 x 101

Special population distance from TA–54–229:  San Ildefonso boundary (500 m) 7.2 x 100

Closest White Rock residence from TA–54–229 (1,500 m) 1.1 x 100

Closest population center from Pads 1, 2 and 3: White Rock (1,680 m) (TWISP SAR; TA–54 
Area G SAR)

9.6 x 10-1

Special population distance from TA–54–229:  Piñon Elementary School/Park (2100 m) 6.6 x 10-1

Special population distance from TA–54–229:  San Ildefonso Pueblo (14,300 m) 2.5 x 10-2

a Estimated using radial distance of 230 m.
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at Pads 1, 2, and 4.  The SAR accident scenario
results from forklift handling of a waste
container.  The accident frequency in the SAR is
based on 5,000 waste container handling events
per year at Area G, a waste handling accident
frequency of 1 x 10-5 per container handling
event, and a conditional probability of 1 x 10-2

of involving a maximum drum (1,000 PE-Ci).
(The WIPP WAC previously allowed up to
1,000 PE-Ci per waste container.)  

Selected parameter values that were used for
this source term analysis were:  (1) MAR—
bounding value of 1,000 PE-Ci (previous WIPP
WAC limit); (2) damage ratio—0.1, based on
engineering judgement and cited drum drop test
results for DOT Type A containers; (3) airborne
release fraction—0.0001, bounding value for
solid contaminated material from an early draft
of  DOE Handbook 3010-94; (4) respirable
fraction—0.05, based on a draft of  DOE
Handbook 3010-94; and (5) leakpath
factor—1.0 (bounding).

The Final Safety Analysis Report (FSAR) fo
the Retrieval for Transuranic Waste from
Pads 1, 2, and 4 at TA–54, Area G evaluate
degraded TRU waste container failure durin
retrieval (LANL 1996n) in support of the
TWISP.  While all waste containers ar
examined for signs of degradation and a
stabilized as necessary before retrieval, it 
assumed that the bottom of a degraded wa
drum could fail.  The FSAR retrieval acciden
scenario frequency  is based on 20,000 wa
handling events per year, a waste handli
accident frequency of 1 x 10-5 per container
handling event, and a conditional probability o
1 x 10-2  of involving a drum with greater than
100 PE-Ci.  For this analysis the source ter
was based on: (1) the current maximum TR
waste container of 658 PE-Ci (LANL 1996n)
(2) a damage ratio of 0.5, based on engineer
judgement for a degraded drum and cited dru
drop tests; (3) an airborne release fraction 
0.001; (4) a respirable fraction of 0.1; and (5)
leakpath factor of 1.0.

The SAR for the WCRR Facility analyzes 
postulated waste drum puncture accident in 
outdoor staging area (LANL 1995e).  It i
assumed that a forklift tine punctures a was
drum being loaded on or off the bed of a truc
Because a drum grapple will be used to han
drums at all times when the drums are n
palletized, the SAR concludes a scenario of t
type is not credible for other drum handlin
operations.  The SAR puncture accide
scenario frequency is based on 200 moveme
of palletized drums per year and  a was
handling accident frequency of 1 x 10-5 per
container handling event.  The source term w
based on:  (1) the proposed WCRR Facili
limits for plutonium mixes or individual
radionuclides (DOE Standard 1027-92 Haza
Category 3 threshold limits, WIPP WAC fissil
gram equivalent limit of 325 grams), (2) 
damage ratio of 0.05 (puncture of 
nondegraded drum), (3) an airborne relea
fraction of 0.001, (4) a respirable fraction o
0.05, and (5) a leakpath factor of 1.0.

TABLE  G.5.6.8–6.—Predicted Mean Ground 
Contamination Levels for Scenario RAD–08

RADIAL DISTANCE

PLUTONIUM-239  
GROUND 

CONCENTRATION 
(BQ/m2)

0.0 to 1.0 km 3.9 x 104

1.0 to 2.0 km 5.1 x 103

2.0 to 3.0 km 2.1 x 103

3.0 to 4.0 km 1.2 x 103

4.0 to 8.0 km 4.8 x 102

8.0 to 12.0 km 1.9 x 102

12.0 to 20.0 km 6.6 x 101

20.0 to 30.0 km 2.8 x 101

30.0 to 40.0 km 1.5 x 101

40.0 to 60.0 km 7.2 x 100

60.0 to 80.0 km 3.5 x 100

BQ/m2 = Becquerel per square meter
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The SAR for the Radioactive Materials
Research, Operations, and Demonstration
Facility evaluates a postulated accident
involving a forklift dropping a single TRU
waste container (outside) from greater than four
feet (which is the qualification limit for DOT
Type A containers) (LANL 1996i).  The SAR
drum drop accident scenario frequency is based
on 5,000 waste movements per year,  a waste
handling accident frequency of 1 x 10-5 per
movement, and a conditional probability of
1 x 10-1 of involving a maximally loaded drum
(1,000 PE-Ci).  The source term was based on:
(1) the previous WIPP WAC container limit of
1,000 PE-Ci, (2) a damage ratio of 0.1 (drop of
a nondegraded drum), (3) an airborne release
fraction of 0.001, (4) a respirable fraction of
0.05, and (5) a leakpath factor of 1.0.

The SA for the NDA/NDE Facility analyzes a
design basis accident involving the puncture of
a TRU waste drum by a forklift tine
(LANL 1996j).  A supplemental analysis is
presented in the SA appendix for a smaller
breach due to a drum grappler accident.  The
postulated accident frequency is based on a
throughput of 5,000 drums per year (interim
operation limit) and a forklift tine or grappler
puncture conditional frequency of 1 x 10-5 or
1 x 10-6 per movement, respectively.  The
source term was based on the maximum
radionuclide inventory for a drum (200 grams of
plutonium-239, or 40 grams of plutonium-238,
or 19 grams of americium-241).

No Action Alternative Frequency Analysis

Legacy waste (current dome storage) requiring
characterization is estimated to involve six
forklift handling operations:  (1) loading onto a
truck for transfer to an on-site location for assay
verification, (2) unloading of the transfer truck
for assay verification, (3) waste drum loading
onto a transfer truck for movement to interim
storage (Area G),  (4) unloading of the transfer
truck for interim storage, (5) waste drum
movement to a staging area for shipment to

WIPP, and (6) waste drum movement fo
loading a TRUPACT-II for shipment to WIPP.

Legacy waste (earthen-covered storag
requiring characterization/treatment i
estimated to involve seven forklift handlin
operations:  (1) retrieval of drum to laydow
area, (2) drum movement for gas ventin
(3) loading onto a truck for transfer to an on-si
treatment location (such as the drum preparat
facility), (4) unloading of the transfer truck fo
waste treatment, (5) waste drum movement 
final NDA/NDE, (6) waste drum loading and
unloading for interim storage  (dome), an
(7) waste drum loading and unloading of 
transfer truck and subsequent movement 
loading a TRUPACT-II for shipment to WIPP.

Legacy waste (earthen-covered storag
requiring overpacking/repackaging is estimat
to require the same number of forklift handlin
operations as legacy waste that requir
characterization.

The pre-decisional draft of the SWEIS
Alternatives Document, Waste Manageme
Key Facility (LANL 1997c), indicates that the
newly generated waste volume for the N
Action Alternative over the ten-year SWEIS
time frame will total an estimated 6.61 x 105

gallons (2,500 cubic meters).  This is equivale
to 12,018, 55-gallon drums.  The entire lega
waste (dome and earthen covered) volume
approximately 2.38 x 106 gallons (9,000 cubic
meters) is assumed shipped to WIPP during 
SWEIS period.  The legacy waste volume 
equivalent to 43,273, 55-gallon drums, of whic
21,136, 55-gallon drums (4,400 cubic meter
are in earthen covered storage (LANL 1997c)

It is estimated that there will be approximate
8,413 (12,018 x 7/10) waste drum handlings p
year for newly generated TRU waste.  Similarl
for dome legacy waste, it is estimated that the
will be approximately 11,069 ([43,273 - 21,136
x 5/10) waste drum handlings per yea
Earthen-covered legacy waste movements 
estimated to total  21,137 (21,137 x 10/10) p
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year.  Thus, the No Action Alternative is
estimated to total 40,619 TRU waste handling
(forklift) events per year.  This is consistent with
the 30,000-plus waste handling events
identified in the cited LANL safety
documentation.

Based on DOE system operating experience, the
waste handling accident frequency is estimated
as 1 x 10-5 per container handling event.  This
conditional accident frequency is cited in
multiple LANL safety documents, including the
TA–54 TWISP FSAR (LANL 1996n), the
TA–54 Area G SAR (LANL 1995f), and the
WCRR Facility FSAR (LANL 1995e).
Additionally, the TA–54 Area G SAR indicates
that less than 1 percent of all TRU waste
containers in the existing Area G inventory
exceed 75 PE-Ci in radioactive material content
(LANL 1995f).  Thus, it can be concluded that
the conditional probability of a handling
accident involving a high radioactive content
drum is less than 1 percent.  With the foregoing
information, the frequency of a drum failure/
puncture due to a forklift accident can be
calculated as:

FFAILURE = NFEVENTS x CPFACC x CPHI/AVG

where:

NFEVENTS = Number of forklift handling events
per year

CPFACC = Conditional probability of a forklift
accident resulting in a container failure

CPHI/AVG = Conditional probability of accident
involving an average or high radioactive content
container

Substituting the above values, the annual
frequency for a drum failure/puncture at LANL
is:

High Radioactive Content Container:

FFAILURE = NFEVENTS x CPFACC x CPHI/AVG

FFAILURE = 40,619 x (1 x 10-5) x 0.01

FFAILURE = 0.0041 per year

Average Radioactive Content Container:

FFAILURE = NFEVENTS x CPFACC x CPHI/AVG

FFAILURE = 40,619 x (1 x 10-5) x 0.99

FFAILURE = 0.4 per year

Expanded Operations Alternative 
Frequency Analysis 

The pre-decisional draft of the SWEIS
Alternatives Document, Waste Manageme
Key Facility (LANL 1997c), indicates that
Expanded Operations Alternative was
management practices and the mixed LL
waste generation rate will be comparable to t
No Action Alternative.  However, newly
generated TRU waste volumes are expected
double to 1.35 x 106 gallons (5,100 cubic
meters) from those in the No Action Alternative
This is equivalent to 24,545, 55-gallon drums

It is estimated that there will be approximate
17,182 (24,545 x 7/10) waste drum handlin
per year for newly generated TRU waste.  TR
waste drum handlings for legacy TRU was
will be the same as the No Action Alternativ
because waste management practices will be
same for both alternatives.  Thus, the Expand
Operations Alternative is projected to tota
49,388 (17,182 + 11,069 + 21,137) TRU was
handling (forklift) events per year.

With a revised number of TRU waste handlin
events for the Expanded Operations Alternativ
the frequency (FFAILURE) of a postulated drum
failure/puncture can be estimated as:

High Radioactive Content Container:

FFAILURE = NFEVENTS x CPFACC x CPHI/AVG

FFAILURE = 49,388 x (1 x 10-5) x 0.01
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FFAILURE = 0.0049 per year

Average Radioactive Content Container:

FFAILURE = NFEVENTS x CPFACC x CPHI/AVG

FFAILURE = 49,388 x (1 x 10-5) x 0.99

FFAILURE = 0.49 per year

Reduced Operations Alternative Frequency 
Analysis

The pre-decisional draft of the SWEIS
Alternatives Document, Waste Management
Key Facility (LANL 1997c), indicates that
Reduced Operations Alternative waste
management practices and the mixed LLW
waste generation rate will be comparable to the
No Action Alternative.  However, TRU waste
volumes are expected to total 5.02 x 105 gallons
(1,900 cubic meters), almost 25 percent less
than those for the No Action Alternative.  This
is equivalent to 9,127, 55-gallon drums.

It is estimated that there will be approximately
6,389 (9,127 x 7/10) waste drum handlings per
year for newly generated TRU waste.  TRU
waste drum handlings for legacy TRU waste
will be the same as the No Action Alternative
because waste management practices will be the
same for both alternatives.  Thus, the Reduced
Operations Alternative is projected to total
38,595 (6,389 + 11,069 + 21,137) TRU waste
handling (forklift) events per year.

With a revised number of TRU waste handling
events for the Expanded Operations Alternative,
the frequency (FFAILURE) of a postulated drum
failure/puncture can be estimated as:

High Radioactive Content Container:

FFAILURE = NFEVENTS x CPFACC x CPHI/AVG

FFAILURE = 38,595 x (1 x 10-5) x 0.01

FFAILURE = 0.0039 per year

Average Radioactive Content Container:

FFAILURE = NFEVENTS x CPFACC x CPHI/AVG

FFAILURE = 38,595 x (1 x 10-5) x 0.99

FFAILURE = 0.38 per year

Greener Alternative Frequency Analysis

The pre-decisional draft of the SWEIS
Alternatives Document, Waste Manageme
Key Facility (LANL 1997c), indicates that the
Greener Alternative waste manageme
practices and waste generation rates for mix
LLW and TRU waste will be comparable t
those for the No Action Alternative.  On thi
basis, it is expected that TRU waste handli
and the associated frequency of a potent
container failure will be the same as in the N
Action Alternative.

Uncertainties and Sensitivities Affecting the 
Frequency of RAD–09  

Uncertainties include broad characterization 
drum handling events by waste category typ
the extent that particular drum movemen
involve multiple drums (thus reducing th
number of drum handlings), and the likelihoo
that all legacy TRU waste is shipped to WIP
(and the associated handlings at LANL) durin
the LANL SWEIS time frame.  Drum
movement characterization assumptions we
chosen to provide an upper estimate of t
frequency of occurrence for the postulate
accident and are reasonably conservative  wh
compared with the number of drum movemen
identified in LANL safety documentation.

Source Term Calculations

Currently, the  average TRU radioactiv
material content per waste container 
8.9 PE-Ci (LANL 1995f).  Revision 5 of the
WIPP WAC limits the maximum plutonium-
239 equivalent activity for untreated CH-TRU
waste to be received by the facility to 80 PE-
per drum, if not overpacked.  The WIPP WA
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previously allowed up to 1,000 PE-Ci per waste
container.  Based on the existing inventory, the
maximum container of TRU waste has
658 PE-Ci of radioactive material
(LANL 1996n).

Source Term for High Radioactive Content
Container.  The source term for a postulated
accident involving a high radioactive content
TRU container is based on the identified
maximum drum of TRU waste (658 PE-Ci) to
be managed at LANL.  From the above
discussion, it is clear that this will provide a
bounding source term value.  As noted in
section 3, the frequency of occurrence
calculation accounts for the likelihood (or lack
thereof) that the postulated accident would
involve a drum with a high radioactive material
content.  (Note that RAD–07 was a fire
involving 62 drums, with their expected PE-Ci
content; whereas, this accident involves a single
drum of the maximum PE-Ci content.)

A damage ratio of 1.0 is conservatively assumed
for the postulated accident to account for a
degraded drum failure during retrieval handling
activities.  The TWISP SAR (LANL 1996n)
accounted for the potential of a degraded drum,
but interpreted drum drop tests for nondegraded
drums on an unyielding surface to justify a
somewhat less conservative value for the
damage ratio (0.5).  Bounding values for the
airborne release fraction and respirable release
fraction of 0.001 and 0.1, respectively, are
assigned and are representative of the situation
where surface contaminated material is
packaged in a robust container (e.g., drum) that
fails due to impact with the floor.  The accident
is assumed to occur outdoors such that the
leakpath factor has a value of 1.0.  With the
above information, the initial source term
equation can be quantified as follows:

Initial Source Term = MAR x DR x ARF x RF 
x LPF

= 658 PE-Ci x 1.0 x 0.001 x 0.1 x 1.0

= 0.066 PE-Ci

The suspension MAR equals the initial MAR
minus the initial source term (0.066), which fo
this case effectively equals the initial MAR
The suspension DR and LPF have the sa
values (1.0) as in the initial source term
calculation.  The ARR and RF are assign
values of 4 x 10-5 and 1.0, respectively, based o
bounding resuspension factors for surfa
contaminated material exposed to ambie
conditions (DOE 1994d).  Thus, the suspensi
source term can be quantified as:

Suspension Source Term = MAR x DR x ARR
x 24 hrs x RF x LPF

= 658 PE-Ci x 1.0 x (4 x 10-5) x 24 hrs x 1.0 x 
1.0

= 0.63 PE-Ci

It can be seen that the suspension source ter
an order of magnitude greater than the init
source term.  The calculated suspension sou
term is highly conservative considering th
DOE Handbook 3010-94 assigns the sam
suspension value for surface contaminat
materials as for powders and the assumpt
that the spill is not controlled for 24 hours.  Th
is conservative since the HAZMAT team woul
be expected to clean up the spill much soon
than 24 hours.

Source Term Analysis for Average
Radioactive Content Container.  The source
term for this postulated accident is based on
conservative estimate of the average radioact
content (12 PE-Ci) of a TRU waste container, 
noted above.  Other initial source term
parameters for the high radioactive conte
container would be applicable and are retain
for the analysis of an average radioactiv
content container.  Thus, the initial source ter
is quantified as:
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Initial Source Term = MAR x DR x ARF x RF 
x LPF

= 12 PE-Ci x 1.0 x 0.001 x 0.1 x 1.0

= 0.0012 PE-Ci

The suspension MAR equals the initial MAR,
minus the initial source term (0.0012), which for
this case effectively equals the initial MAR.
The suspension DR and LPF have the same
values (1.0) as in the initial source term
calculation.  The ARR and RF are assigned
values of 4 x 10-5 and 1.0, respectively, based on
bounding resuspension factors for surface
contaminated material exposed to ambient
conditions (DOE 1994d).  Thus, the suspension
source term can be quantified as:

Suspension Source Term = MAR x DR x ARR 
x 24 hrs x RF x LPF

= 12 PE-Ci x 1.0 x (4 x 10-5) x 24 hrs x 1.0 x 1.0

= 0.0115 PE-Ci

As with the high radioactive content container
analysis, it can be seen that the suspension
source term is an order of magnitude greater
than the initial source term and is conservative.

Because the source terms are based on average
and maximum content containers, there are no
variations across the alternatives.

Uncertainties and Sensitivities for RAD–09  

This accident assumes that all of the material in
a drum is spilled.  This assumption is very
conservative because a drum puncture due to a
drop or a puncture with a forklift is not likely to
spill the entire contents of a TRU waste
container.  The conservative assumption,
however, would bound this instance or the
consequences of an event where more than one
drum would be punctured.  The ARF, ARR, and
RF values also bound the type of material that
could be involved in the accident.  Thus, the
accident represents a bound on the variations

that could occur with a drum puncture and 
still considered conservative. 

The suspension term is the dominate contribu
to the doses for this event.  Because of the nat
of the drum puncture event, the cleanup can
easily controlled and evaluated.  If cleanup 
assumed to take 1-hour as opposed to 24 ho
the suspension terms would then change 
shown in Table G.5.6.9–1.     

If the results are scaled by the source a
suspension terms consistent with a 1-ho
cleanup period, the consequences would be
given in Table G.5.6.9–2.   

The results for the 24-hour cleanup are ve
conservative.  Because of the limited nature 
the accident, the expectation is for cleanup 

TABLE  G.5.6.9–1.—Suspension Terms for 
RAD–09

SCENARIO

SUSPENSION 
TERM

1-HOUR 
CLEANUP

SUSPENSION 
TERM

24-HOUR 
CLEANUP

Average 
Activity 
Container

0.00048 PE-Ci 0.012 PE-Ci

High Activity 
Container

0.026 PE-Ci 0.63 PE-Ci

TABLE  G.5.6.9–2.—Consequences for 
RAD–09, 1-Hour Cleanup

SCENARIO

INTEGRATED 
POPULATION 

DOSE 
(PERSON-REM,

TEDE)

EXCESS 
LCFS

Average 
Activity 
Container

0.55 2.7 x 10-4

High Activity 
Container

30 0.015
G–200
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begin immediately after the accident and to be
completed within 1 hour.

Consequences of RAD–09 for Facility 
Workers and the Public 

The consequences for facility workers and the
public are discussed separately.  All facility
operations personnel receive emergency
preparedness training specific to the facility and
for  procedures applicable to all of LANL.  The
Emergency Action Plan directs personnel to
move as quickly as possible in an upwind
direction away from any hazardous situation
and to make appropriate notifications to the
Emergency Management and Response
(EM&R) Group Office as soon as they are
safely away from the hazard.  Once notified, the
EM&R Office assumes all elements of
emergency response and coordination.

The postulated accident would result in an
immediate release to the surrounding area.  The
primary hazard would be airborne suspension of
respirable radioactive material.  The dose to the
involved worker would be dependent on the
ambient conditions of the accident and how they
affect dilution of the radioactive material in the

air (e.g., outdoors, wind speed, confined are
indoors or outdoors), the time  for the worker 
identify a release and to vacate the immedia
area, and any impediments (accident related
the worker’s movement away from the releas
The number of workers potentially expose
would depend on the location of the accide
and the nature of the activity being conducted
the time of the accident (e.g., retrieval vers
waste staging versus truck loading/unloading

No acute fatalities are predicted to result from
postulated accident involving an average or
high radioactive content drum.  The mea
collective population dose is projected to tot
4.4 person-rem (TEDE) for an acciden
involving an average radioactive content drum
resulting in 0.0022 excess LCF.  For a hig
radioactive content drum, accident impacts a
projected to total 230 person-rem (TEDE
resulting in 0.12 excess LCF.  Mean projecte
doses for MEIs (and their associated location
and ground contamination levels are presen
in Tables G.5.6.9–4 and G.5.6.9–5
respectively.  Table G.5.6.9–3 summarizes t
modeling results for RAD–09. 
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TABLE  G.5.6.9–3.—Summary Results for Scenario RAD–09

ALTERNATIVE
ACCIDENT 

FREQUENCY
SOURCE TERM AND CONSEQUENCES

No Action 0.0041 per year 
(High Activity)

0.4 per year
(Avg. Activity)

High Activity Container:  Initial source term is 0.066 plutonium-239 
PE-Ci, ground-level release; suspension source term is 0.63 

plutonium-239 PE-Ci, ground-level release; integrated population 
exposure of 230 person-rem (TEDE), 0.12 excess LCF.

Average Activity Container:  Initial source term is 0.0012 plutonium-
239 PE-Ci, ground-level release; suspension source term is 0.012 
plutonium-239 PE-Ci, ground-level release; integrated population 

exposure of 4.4 person-rem, 0.0022 excess LCF.

Expanded Operations 0.0049 per year 
(High Activity)

0.49 per year
(Avg. Activity)

Same as No Action Alternative.

Reduced Operations 0.0039 per year 
(High Activity)

0.38 per year
(Avg. Activity)

Same as No Action Alternative.

Greener 0.0041 per year
(High Activity)

0.4 per year
(Avg. Activity)

Same as No Action Alternative.
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TABLE  G.5.6.9–4.—Predicted Mean Doses to MEIs for Scenario RAD–09

MAXIMUM EXPOSED INDIVIDUAL (MEI) DOSE (REM, TEDE)

MEI LOCATION
AVERAGE RAD 

CONTENT DRUM
HIGH RAD 

CONTENT DRUM

Closest public access from TA–54–229:  Pajarito Road (210 m)a 4.1 x 10-1 2.3 x 101

Closest site boundary from Pads 1, 2 and  3:   White Rock 
(245 m)a (TWISP SAR; TA–54 Area G SAR)

4.1 x 10-1 2.3 x 101

Special population distance from TA–54–229:  San Ildefonso 
boundary (500 m)

1.1 x 10-1 6.1 x 100

Closest White Rock residence from TA–54–229 (1500 m) 1.6 x 10-2 8.6 x 10-1

Closest population center from Pads 1, 2 and 3:  White Rock 
(1,680 m) (TWISP SAR; TA–54 Area G SAR)

1.3 x 10-2 7.0 x 10-1

Special population distance from TA–54–229:   Piñon Elementary 
School/Park (2,100 m)

8.4 x 10-3 4.6 x 10-1

Special population distance from TA–54–229:   San Ildefonso 
Pueblo (14,300 m)

2.2 x 10-4 1.2 x 10-2

a Estimated using radial distance of 230 m.

TABLE  G.5.6.9–5.—Predicted Mean Ground Contamination Levels for Scenario RAD–09

RADIAL DISTANCE
PLUTONIUM-239 GROUND CONCENTRATION (BQ/m 2)

AVERAGE CONTENT HIGH CONTENT

0.0 to 1.0 km 6.2 x 102 3.4 x 104

1.0 to 2.0 km 6.1 x 101 3.4 x 103

2.0 to 3.0 km 2.4 x 101 1.3 x 103

3.0 to 4.0 km 1.3 x 101 6.9 x 102

4.0 to 8.0 km 4.7 x 100 2.6 x 102

8.0 to 12.0 km 1.9 x 100 1.0 x 102

12.0 to 20.0 km 7.1 x 10-1 3.9 x 101

20.0 to 30.0 km 2.8 x 10-1 1.6 x 101

30.0 to 40.0 km 1.5 x 10-1 8.3 x 100

40.0 to 60.0 km 7.4 x 10-2 4.1 x 100

60.0 to 80.0 km 4.4 x 10-2 2.4 x 100

BQ/m2 = Becquerel per square meter
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G.5.6.10 RAD–10, Plutonium Release 
from Degraded Vault 
Storage Container at 
TA–55–4 

General Scenario Description

TA–55–4 is the Plutonium Facility at LANL.
Among the activities at TA–55–4 is the storage
of a large quantity of plutonium in vault rooms
in the basement of the building.  Accident
scenario RAD–10 involves dropping a
plutonium container during retrieval from the
vault.  The container is a degraded container that
fails and disperses plutonium into the
atmosphere of the vault.  If this sequence of
events occurs during normal operations with
both the HVAC and HEPA systems in
operation, the release will be filtered by several
stages of HEPA filters, and the release to the
environment will be less than 10-8 grams.
Under the SWEIS screening criteria, this
scenario would screen.  In order to have a
release to the environment, the HEPA filters
would have to be failed or the facility would
have to lose power, placing the facility into a
breathing mode.  The breathing mode results in
an LPF of 0.011 (LANL 1996k), while the LPF
with the HEPA filters failed and the HVAC
system in operation is assumed to be 1.0 (LANL
1996k).  The LPF under normal conditions with
both HVAC and HEPA filters in operation is
8 x 10-13 for a multi-stage HEPA filter system
(LANL 1996k).

As a result of implementation of the Defense
Nuclear Facilities Safety Board (DNFSB)
Recommendation 94-01 by DOE, LANL will be
retrieving from storage,  stabilizing, and
repackaging a large amount of plutonium
(DNFSB 1994).  LANL began its program with
8,670 containers of plutonium, and had
completed about 17 percent of the program as of
early 1996.  There are approximately 7,200
remaining containers to be retrieved and
repackaged by the year 2002.  This represents a

rate of about 1,200 per year over the 6-ye
period from 1996 to 2002.

LANL has already completed a 100 perce
visual inventory inspection of the packages 
far retrieved, and found 361 containers wi
some defect.  Of these, 82 appeared to have 
outer containment.  

LANL has approached the degraded contain
issue from a systems reliability standpoin
There is a total of 7,200 plutonium containe
remaining in the vault.  Of these, 5.5 percent a
projected to have a failed outer container (i.e.
total of 396).  Of these, an estimated 2 perce
also have failed inner containers (i.e., a total 
8) (LANL 1996p). DOE Standard 3013-96
(DOE 1996e) addresses the requirements 
containers for long-term (at least 50 year
storage of plutonium.  To meet the standa
plutonium-bearing materials must be in stab
forms and packaged in containers designed
maintain their integrity under both norma
storage conditions and anticipated handlin
accidents for at least 50 years (DOE 1996
The standard applies to metal, oxide, and allo
containing at least 50 percent plutonium b
mass, and containing less than 3 perce
plutonium-238 by mass (DOE 1996e).  Th
quantity of metal per container should be 
close as practical to, but not excee
9.68 pounds (4.40 kilograms).  Stored met
pieces are required to have thicknesses gre
than 0.04 inch (1.0 millimeter) and have specif
surface areas less than 71 square inches 
pound (1.0 square centimeters per gram) 
reduce potential pyrophoric tendencie
(DOE 1996e).  The quantity of oxide b
container should be as close as practical to, 
not exceed, 10.97 pounds (5.00 kilogram
representing the plutonium dioxide equivale
of 9.68 pounds (4.40 kilograms) of plutonium
metal.  The oxides are required to be therma
stabilized with less than 0.5 percent mass lo
on-ignition (DOE 1996e).  The containers a
required to include a minimum of two neste
sealed containers and have at least one conta
that remains leak-tight after a free drop from
G–204
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30-foot (9-meter) height into a flat, essentially
unyielding, horizontal surface (DOE 1996e).
The containers are required to have a cylindrical
geometry not exceeding 4.9 inches
(12.5 centimeters) outside diameter or
10 inches (25.4 centimeters) external height
(DOE 1996e).  Once the plutonium is
repackaged in DOE Standard 3013-96-
compliant containers, the likelihood of RAD–10
will be significantly reduced.

The TA–55 SAR (LANL 1996k) analyzes this
scenario in detail.  The SAR places the
unmitigated scenario (i.e., with HVAC
operating and HEPA filters failed) into the
frequency bin from 10-4 to 10-2 per year.  The
SAR quantified the source term as follows
(LANL 1996k):

Initial Source Term
= MAR x DR x ARF x RF x LPF

= 4,500 x 1 x 0.002 x 0.3 x 1

= 2.7 grams of plutonium

The SAR evaluated the dose to the off-site MEI,
located at the Royal Crest Trailer Court,
2,952 feet (900 meters) from TA–55–4, using
95th percentile meteorology.  The calculated
exposure was 8.1 rem TEDE (LANL 1996k).

No Action Alternative Frequency Analysis

There are two types of containers for which
analyses must be made.  Most containers in the
vault are closed such that some pre-existing
failure would be necessary in order to get a
release from dropping the container.  This
applies to 7,200 total containers, less those that
do not meet this criterion (1,370), or a total of
5,830 containers.  The frequency of this
scenario can be evaluated using the following
equation:

FDROP = NCONT x HDROP x CINNER x COUTER
x CHEPA x HHVAC

where:

FDROP = Frequency of dropped containe
resulting in unfiltered release o
plutonium

NCONT = Number of containers handled pe
year

HDROP = Human error probability (HEP),
dropping a container

CINNER  = Conditional probability of a degrade
inner container

COUTER = Conditional probability of a
degraded outer container

CHEPA = Conditional probability of HEPA
failure

HHVAC = Human error probability, failure to
terminate HVAC system with
HEPA filters failed and stack
monitor alarming

The number of containers handled per ye
based on the DNFSB 94-1 program bein
completed in the year 2002, is 1,200 containe
per year.  Of these, 5,830 have seals that wo
require a pre-existing failure, or a rate of 972 p
year.  It is assumed that containers are hand
only once before being placed into DO
Standard 3013-96 containers.

The HEP in dropping a plutonium container 
estimated at 0.001 per demand.  This value
applicable to a checker failing to check th
status of equipment if the status of th
equipment affects one’s safety when performi
the task (Swain and Guttmann 1983).  This er
rate is judged to most closely represent t
circumstances involved in retrieving a contain
of plutonium from the vault at TA–55–4.

The conditional probabilities of failed outer an
inner containers are estimated at 0.055 and 0.
respectively, based on LANL-specific dat
(LANL 1996p).  The conditional probability of
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the HEPA system being failed is evaluated
based on LANL-specific data from 1990 to1994
(LANL 1990b, LANL 1991b, LANL 1994c,
LANL 1994d, and LANL 1995h), and
considered a two-stage HEPA filter system
(LANL 1996k).  The 1990 to 1994 data indicate
a 5 percent failure rate for HEPA filters.
However, there is differential pressure
measuring instrumentation installed between
the HEPA filters in series, which alarms when it
detects failure of a filter.  In order for HEPA
filters in series to fail, both the HEPA filters and
the differential pressure instrumentation
indicating failure of filters must fail.
Considering two filters in series, this yields a
HEPA failure rate of 0.05 x 0.05, or 2.5 x 10-3

for the HEPA filters, and an additional
conditional probability of 5 x 10-3 for failure of
a single instrument channel covered by a
preventive maintenance program and related
administrative procedures (Mahn et al. 1995).
Thus, the overall HEPA filter failure probability
is (2.5 x 10-3) x (5 x 10-3), or 1.3 x 10-5 per
demand.

HHVAC is a proceduralized action.  The Human
Reliability Handbook identifies a basic HEP for
these circumstances of 0.025 per demand
(Swain and Guttmann 1983).  A shift
supervisory function also would be staffed and
would be expected to respond if the operator
does not.  The HEP for this function is 0.1
(Swain and Guttmann 1983).  The total HEP for
HHVAC is 0.025 x 0.1, or 2.5 x 10-3 per demand.

Based on these considerations, the above
equation can be quantified as follows:

FDROP = NCONT x HDROP x CINNER x COUTER
x CHEPA x HHVAC

= 972 x 0.001 x 0.055 x 0.02 x (1.3 x 10-5) x
(2.5 x 10-3)

= 3.5 x 10-11 per year

The frequency of such a scenario affecting only
facility workers is much higher because the

CHEPA and HHVAC terms disappear from the
frequency equation (it is not necessary to ha
HEPA or HVAC failures to affect workers
inside the facility).  Quantified for workers, th
frequency becomes 1.1 x 10-3 per year. 

The remaining 1,370 containers are food pa
cans, dressing jars, or other similar containe
These containers were used to pack plutoniu
metal (LANL 1996k).  In addition, these
containers lack a hermetic seal, which can le
to oxidation of the metal and failure of the inne
containers.  Corrosion of the metal by organ
compounds caused by alpha-particle-induc
decomposition of the plastic also can occu
Finally, degradation of taped seals on contain
and plastic bags around the inner containe
makes the containers susceptible to ruptu
during handling or if dropped (LANL 1996k)
For these reasons, the conditional probability
a degraded container is taken as 1.0.

The following equation applies:

FDROP = NCONT x HDROP x CHEPA x HHVAC

where:

FDROP = Frequency of dropped containe
resulting in release of plutonium

NCONT = Number of containers handled pe
year

HDROP = Human error probability, dropping a
container

CHEPA = Conditional probability of HEPA
failure

HHVAC = Human error probability, failure to
terminate HVAC system with
HEPA filters failed and stack
monitor alarming

The number of containers is 1,370, divided b
the 6-year period of the 94-1 program, or a ra
of 228 per year.
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Based on the information presented above, the
equation can be quantified as follows: 

FDROP = NCONT x HDROP x CHEPA x HHVAC

= 228 x 0.001 x (1.3 x 10-5) x (2.5 x 10-3)

= 7.5 x 10-9 per year

Clearly, these containers dominate the overall
frequency.  However, the overall frequency is
extremely low.  Based on detailed frequency
quantification, it was determined that the
qualitative binning of this sequence into the
10-6 to 10-4 per year frequency bin in the TA–55
SAR is excessively conservative, and that this
scenario screens on low frequency.  On a
deterministic basis, so many failures and/or
human errors are required for a release to the
environment to occur from this scenario that the
scenario is not credible.

The frequency of such a scenario affecting a
worker is different because the CHEPA and
HHVAC terms disappear from the frequency
equation (it is not necessary to have HEPA or
HVAC failures to affect workers inside the
facility).  Quantified for workers, the frequency
becomes 0.228 per year, or about one every
5 years.  This would place this scenario into an
expected occurrence.  The quantification is
conservative in that it assumes every time a
container is dropped a spill  results.  This
scenario has been included as a strictly worker
accident in section G.5.7.5.

Uncertainties and Sensitivities Affecting the 
Frequency of RAD–10

Regardless of the sensitivities and uncertainties
in the frequency of this scenario, the absolute
frequency is extremely small and would not
result in a credible scenario frequency even if
more conservative values were used in
quantification.  The scenario is screened from
further analysis.

Source Term Calculations

Source term calculations followed the gener
DOE Handbook 3010-94 process, with th
ARF and RF selected therefrom (DOE 1994
page 4-9) and are also those used for this sp
The DR is 1 (the entire contents of the contain
are spilled), and the LPF = 1 with the HEP
filters failed (this is very conservative).  Thus
the source term equation can be quantified 
follows:

Initial Source Term = MAR x DR x ARF x 
RF x LPF

= 4,500 x 1 x 0.002 x 0.3 x 1

= 2.7 grams weapons-grade plutonium

The suspension source term calculation also
performed according to DOE Handboo
3010-94.  The ARR and RF values for a powd
spill are 0.00004 and 1.0, respectively, for 
homogeneous bed of powder exposed to norm
process ventilation flow (it is conservative t
assume that the ventilation system is not turn
off).  Quantification is for 24 hours (this is
potentially very conservative for a spill insid
the facility).  The suspension source ter
equation is quantified as follows:

Suspension Source Term = MAR x DR x
ARR/hr x 24 hrs x RF x LPF

= (4,500 - 2.7) x 1 x 0.00004 x 24 x 1 x 

= 4.3 grams of weapons-grade plutonium

There are no differences in source term acro
the alternatives.

Uncertainties and Sensitivities Affecting the 
Source Term for RAD–10

The assumption of an LPF of 1 with th
ventilation on and the HEPA filters failed i
extremely conservative.  It would be expecte
that, by procedure in response to stack radiat
alarms, the ventilation system would be sh
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down as soon as the HEPA filter failure was
discovered, which would take the LPF from 1 to
0.011.  The assumption of a 24-hour suspension
period for this process-oriented event is also
potentially very conservative because the spill
would be expected to be cleaned up well before
24 hours.  

Another significant uncertainty is the quantity
of plutonium in the container.  The analysis
assumes the maximum allowed (4,500 grams).
In reality, the amount could be smaller, resulting
in a smaller source term.

Consequences of RAD–10 for Facility 
Workers and the Public

Consequences are discussed separately for
facility workers and the public.  The workers
retrieving the container that is dropped and fails
could be exposed to plutonium inhalation, with
substantial doses possible depending upon the
usage of PPE and the speed with which the
worker(s) is able to exit the immediate area.

The public consequences are summarized in
Table G.5.6.10–1.  It must be understood that
the worker consequences occur at a much higher
frequency.  As indicated above, the likelihood
of public consequences from this scenario is
extremely small and considered to be incredible
under NEPA practice.  The likelihood of worker
consequences is much higher, ranging from
1.1 x 10-3 to 0.22 per year for the two
contributing scenarios.

No acute fatalities are predicted to result from
the postulated accident.  The mean collective
population dose is projected to total 560 person-
rem (TEDE), resulting in 0.28 excess LCFs.
Mean projected doses for MEIs (and their
associated locations) and ground contamination
levels are presented in Tables G.5.6.10–2 and
G.5.6.10–3, respectively.

G.5.6.11 RAD–11, Container Breach 
After Detonation of 
Plutonium-Containing 
Assembly at DARHT

General Scenario Description

General information on the DARHT Facility
and its function and mission is provided i
RAD–04.  As stated in RAD–04, the DARHT
EIS included analysis of potential accident
including bounding accidents that were select
and evaluated on a “what-if” basis (DOE 1995
based on potential consequences, with little 
no consideration of the frequency of occurrenc
though the likelihood of occurrence would b
small.  Scenario RAD–11 represents the failu
of a double-walled steel containment syste
following the detonation of a plutonium
containing assembly.  As noted earlier in th
DARHT EIS, in related safety analyses the
accidents have been evaluated to be not cred
(probability less than 10-6 per year).  Although
some hundreds of dynamic experiments may
conducted per year, only a small number w
contain plutonium (LANL 1996m), and thes
experiments would not reasonably be expec
to result in any release of plutonium to th
environment (DOE 1995a).

As explained in greater detail in the DARH
EIS, the accident scenario RAD–11 involves t
failure (breach) of a double-walled stee
containment system following the planne
detonation of a plutonium-containing assemb
to be radiographed at DARHT or at the existin
PHERMEX Facility located a short distanc
away.  Some dynamic experiments involv
plutonium in order to obtain needed informatio
and understanding associated with nucle
weapons aging and continued assurance 
weapon safety and performance (DOE 1995
As a matter of policy, these experiments w
always be conducted inside a double-wall
steel containment system consisting of an inn
confinement vessel and an outer safety vesse
prevent plutonium release; furthermore, th
G–208
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TABLE  G.5.6.10–1.—Summary Results for Scenario RAD–10

ALTERNATIVE
ACCIDENT 

FREQUENCY
SOURCE TERM AND CONSEQUENCES

No Action Incredible 2.7 grams of weapons-grade plutonium released initially from the 
stack, 4.3 grams subsequently released in 24 hours due to suspension; 
integrated population exposure of 560 person-rem, 0.28 excess LCFs.

Expanded Operations Incredible Same as No Action Alternative.

Reduced Operations Incredible Same as No Action Alternative.

Greener Incredible Same as No Action Alternative.

TABLE  G.5.6.10–2.—Predicted Mean Doses to MEIs for Scenario RAD–10

MAXIMUM EXPOSED INDIVIDUAL (MEI) DOSE (REM, TEDE)

MEI LOCATION DOSE

Closest Public Access:  Pajarito Road (50 m) 44

Closest Residence:  Royal Crest Trailer Park (900 m) 1.1 x 100

Special Population Distance:  Los Alamos Hospital (1,200 m) 3.2 x 10-1

Special Population Distance:  San Ildefonso Pueblo boundary (3,900 m) 1.5 x 10-1

Special Population Distance:  San Ildefonso Pueblo (17,000 m) 1.1 x 10-2

TABLE  G.5.6.10–3.—Predicted Mean Ground Contamination Levels for Scenario RAD–10

RADIAL DISTANCE
PLUTONIUM-239 GROUND 
CONCENTRATION (BQ/m 2)

0.0 to 1.0 km 5.7 x 103

1.0 to 2.0 km 2.3 x 103

2.0 to 3.0 km 1.2 x 103

3.0 to 4.0 km 7.1 x 102

4.0 to 8.0 km 3.1  x102

8.0 to 12.0 km 1.2 x 102

12.0 to 20.0 km 5.0 x 101

20.0 to 30.0 km 2.0 x 101

30.0 to 40.0 km 1.1 x 101

40.0 to 60.0 km 5.4 x 100

60.0 to 80.0 km 2.9 x 100
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experiments will always be arranged and
conducted in such a manner that a nuclear
explosion could not result (DOE 1995a).

The impacts of the hypothetical RAD–11
containment breach scenario are similar to but
less than those for the hypothetical uncontained
detonation scenario of RAD–04.  For the
RAD–11 scenario, no immediate worker deaths
would be anticipated due to the high-explosives
blast causing the containment breach because
involved workers would be sheltered at the time
of test execution.  The human health impacts to
the public and to noninvolved workers are
dominated by the explosive aerosolization of
plutonium, which is then released through a
breach in the double-walled containment and
atmospherically dispersed.  In the DARHT EIS,
DOE examined the environmental
consequences that could occur if the outer
vessel were breached with a 1-inch hole (DOE
1995a).  Up to tens of excess LCFs based on a
50-year committed dose would result from this
hypothetical scenario, depending on the
population sector assumed to be exposed due to
extant winds.  Impact analysis for this SWEIS is
taken directly from the analysis DOE has
already performed and received comment on
from the public; other agencies; and state, local,
and Tribal governments in the DARHT EIS.
For the convenience of the public and the
decision maker, some of that information also is
directly reproduced in this SWEIS
(section G.5.6.4).  The methodology and all
impacts associated with this hypothetical
containment failure are principally contained in
Chapter 5 and Appendixes H, I, and J of that
EIS; additional information is contained in a
classified appendix.

No Action Alternative Frequency Analysis.
The frequency of this scenario is evaluated as
incredible (i.e., less than 10-6 per year), as was
indicated the DARHT EIS (DOE 1995a).  This
frequency is corroborated by DOE safety
analyses.

Expanded Operations, Reduced Operations,
and Greener Alternatives Frequency
Analysis.  No differences in frequency acros
the SWEIS alternatives have been identifie
that would alter the designation of this scena
as having a frequency of less than 10-6 per year,
as discussed in the DARHT EIS.  The frequen
categorization for the No Action Alternative i
assumed to be applicable across the SWE
alternatives.

Source Term Calculations.  As described in
the DARHT EIS (DOE 1995a), analysis of thi
hypothetical accident is documented in 
classified appendix to that EIS.  While th
resulting impacts, as well as unclassifie
calculations, assumptions, and modelin
methods, are contained in the unclassifi
sections of the EIS, some details of su
experiments, including some associated w
the source terms for this accident scenario, 
classified.

Consequences of RAD–11 for Facility
Workers and the Public.  Impacts to involved
workers, noninvolved workers, public
populations and MEIs, were described in th
DARHT EIS.  Under this scenario, there wou
be no impact to workers, who would b
sheltered during the detonation and subsequ
breach of the vessel system.

Predominant human health impacts 
noninvolved workers or the public would stem
from exposure to aerosolized and dispers
material.  Impacts to noninvolved workers 
distances of 2,500 and 1,300 feet (750 met
and 400 meters) were evaluated (DOE 1995
Doses to noninvolved workers were estimat
to be 60 rem and 20 rem for a worker 
1,300 feet and 2,500 feet (400 meters a
750 meters), respectively; correspondin
probabilities of excess LCFs would be 0.02 a
0.009, respectively, for such individuals
LANL administratively controls access to
explosives areas by noninvolved individua
and has a set of established hazard radii 
protection of personnel from fragment injur
G–210
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from explosives experiments, based on DOE
principles.  It was estimated that a noninvolved
worker would likely be no closer than 2,500 feet
(750 meters).  The public MEI located at State
Road 4 was calculated to receive 14 rem, with a
resulting probability of an excess LCF of 0.007
(DOE 1995a).

The population exposure for the most populated
sector (which includes White Rock and Santa
Fe) was estimated to be between 210 and
560 person-rem for 50th and 95th percentile
meteorological conditions, respectively,
resulting in negligible excess LCFs
(DOE 1995a).  While diffusion of material
across an entire directional sector was taken into
account, it was assumed that all of the
community populations were located at or near
to the plume center line, a conservative
assumption that results in an overestimate of
impacts (DOE 1995a).  Impacts for both
workers and the public also can be found in
tabular form in Table I-10 and Table I-11 in the
DARHT EIS, which is reprinted for
convenience in this SWEIS in section G.5.6.4.
These tables show impacts from both the
uncontained detonation and containment breach
scenarios on a what-if basis.  Population dose
and impacts to other communities also were
calculated for the inadvertent detonation
accident, which is the bounding case, and can be
seen in RAD–04 (section G.5.6.4).
Table G.5.6.11–1 summarizes these results.   

G.5.6.12 RAD–12, Plutonium Release
from a Seismically Initiated 
Event

General Scenario Description

The accident scenario discussed here is 
explosively driven release of plutonium from
building TA–16–411.  This scenario is simila
to that of RAD–04, but would be specific to th
TA–16–411 facility because it supports existin
high explosives operations.  The explosiv
dispersal would be initiated by the collapse 
appropriate parts of this structure during a
earthquake, during one of the short perio
when an explosive assembly includin
plutonium would reside in this facility.  In this
scenario, the seismic collapse is postulated
cause high explosives to detonate and, in 
process, aerosolize a portion of the plutonium
respirable particles.  Although it could b
expected from the collapse of the building tha
portion of the material (including respirabl
particles) would be trapped by the debris a
unavailable for atmospheric transport.  For th
case it was conservatively assumed that th
was no trapping of material relative to a
uncontained, open-air explosives release.

The scenario is considered marginally credib
based on recent safety analyses, and may fa
or below the screening criteria cutoffs (t
“incredible”) as more detailed analysis i
developed.  New studies have demonstrated t
the frequency of such an accident wou

TABLE  G.5.6.11–1.—Summary Results for Scenario RAD–11

ALTERNATIVE
ACCIDENT 

FREQUENCY

INTEGRATED 
POPULATION DOSE 

(PERSON-REM, TEDE)
EXCESS LCFS

No Action < 10-6 210 .01

Expanded Operations < 10-6 210 01

Reduced Operations < 10-6 210 01

Greener < 10-6 210 01
G–211
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decrease based on more detailed and thorough
(yet still conservative) evaluation of the
structural robustness of the vault of building
TA–16–411 (the only part of the structure where
these materials would reside) to withstand
earthquakes.  These studies are currently under
review by LANL and DOE.  Similarly, other
factors of conservatism are included in the
current assessment of probability of this
scenario.

No Action Alternative Frequency Analysis

Because this accident scenario is a seismically
initiated event, the capacity of the building to
withstand an earthquake is a key factor in
determining the frequency of the accident.
TA–16–411 includes a vault structure attached
to an older main building.  Because high
explosives and plutonium material would only
be present within the vault structure, it is the
capacity of the vault to withstand earthquakes,
not that of the less-robust older part of the
structure, that relate to the probability or
frequency of this scenario.  

The vault and its major components in
TA–16–411 are known to have a significantly
greater capacity to resist damage from an
earthquake than the older main structure.
Highly conservative analyses based on simple
statistical modeling of the vault structure
showed the vault would withstand earthquakes
in the SITE–01 grouping of earthquake
magnitudes (0.04 to 0.1 g), but were consistent
with a low probability of failure from
earthquakes of about 0.3 g, in the SITE–03
range.  This means that we have a great deal of
confidence that the vault will not fail for higher
frequency earthquakes, and are therefore very
conservative in estimating a failure of the vault
at these stated values.

Note that in the SITE–01 estimates of the
HCLPF values, the building as a whole
corresponds to 0.05 g, which lies in the range
designated as the SITE–01 grouping of
earthquake magnitudes (0.04 to 0.10 g).  The

HCLPF value related to the structure as a wh
is limited by the older main structure; thi
magnitude earthquake would correspond to
frequency of 3.5 x 10-3.

The overall accident frequency is lower than t
estimated earthquake occurrence frequen
because of further conditional probabilities o
an earthquake occurring when the hig
explosives components are in the vault becau
they are not housed in the vault on a continuo
basis.   Finally, these explosives are not high
susceptible to detonation from low impac
mechanical shocks, such as falling debris.  

Because the vault is the only releva
component of the building, the overa
frequency based on this seismic analysis wo
be on the order of magnitude of 4 x 10-6, near
the screening threshold for credible accidents
this SWEIS.

More recently, a more thorough dynamic mod
analysis of this structure (still based o
conservative principles) performed unde
contract to LANL has indicated that th
structure would have a high confidence 
withstanding at least 0.31 g earthquakes.  This
would reduce the frequency associated with th
accident scenario to about 1.5 x 10-6 or lower.
More precise estimates of this frequency may
available by the time the Final SWEIS i
prepared.  At this frequency, the accident 
marginally credible when conservativel
analyzed.  More realistic, but still conservativ
assumptions could reduce this frequency 
below 10-6; however, to be conservative, thi
scenario is included in the Draft SWEIS a
marginally credible.

Expanded Operations, Reduced Operations, 
and Greener Alternatives

Because this building will be used under a
alternatives, the frequency values would rema
the same.
G–212
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No Action Source Term Calculations

Some details associated with the source terms
for this accident scenario are classified.  No
credit is taken for entrapment of the material by
building debris, so all of the respirable particles
are considered available for atmospheric
transport.

Consequences for Facility Workers

The workers in the facility would be killed by
the explosion or falling debris.  No doses were
evaluated because it would be highly unlikely
that anyone would survive such an event.

Consequences for the Public

As noted earlier, different methodologies may
be used to evaluate atmospheric dispersal and
human health impacts; it is understood in this
analysis that there is a range of uncertainty
associated such models.  Conservatism is
included through a variety of approximations
and assumptions.  For this accident scenario, the
equations used to define the initial plume
dimensions and plume centerline height are
those recommended in Plutonium Explosive
Dispersal Modeling Using the MACCS 2
Computer Code (Steele et al. 1997).  The Julick
System (Vogt 1997) derived for 164-foot
(50-meter) plumes is used for determining the
downwind expansion of the Σy and Σz terms.
The plume meander option was not activated.

The duration of the emergency phase was
defined as 1 day.  It was assumed that no
emergency phase mitigative actions (evacuation
or sheltering) were implemented to reduce
emergency phase exposures.  For doses from the
inhalation of resuspended particles, chronic
population exposures were to be mitigated by
decontamination, temporary interdiction, or
condemnation of contaminated property, if
doses exceeded 2 rem in the first year following
the accident.  This criterion is a generalization
of EPA guidance that recommends dose
mitigative actions if it is projected that

individuals will receive 2 rem in the first yea
following the accident (EPA 1991). 

The integrated population numbers are given 
both the public within a 50-mile (80-kilometer
radius and, separately, the LANL workforc
populations.  Note that adding these numbe
represents a conservative number.  LAN
employees who work at the site and live with
the area are counted twice for the integrat
population doses.

Table G.5.6.12–1 is a summary o
the consequences for this scenari
Table G.5.6.12–2 is a summary of the overa
risks for this scenario.  The MEI location
calculated for this scenario are given 
Table G.5.6.12–3.

G.5.6.13 RAD–13, Plutonium Release
from Flux Trap Irradiation 
Experiment

General Scenario Description

The Skua fast-burst reactor, housed at Kiva 
at Pajarito Site (TA–18–116) can be used f
irradiation of experiments within a cavity in th
reactor core, called a flux trap.  Thes
experiments would be carried out inside Kiva #
(LANL 1996f).  The bounding experimen
modeled here is a shock rod experiment; oth
experiments, involving less severe conditio
and far less MAR, may also be carried out in t
Skua flux trap.  The intent of a shock ro
experiment is to measure the stress generate
a sample of fissile material by the rapid heatin
caused by fissions induced by the neutron pul
The accident scenario involves a shock r
experiment in which the maximum design puls
of power is delivered to the experiment, rath
than the lower intended power.  The oversiz
pulse results in a very high energy deposition
the shock rod, resulting in melting (but no
vaporization) of 6,000 grams of plutonium. 
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TABLE  G.5.6.12–1.—Consequences for Accident Scenario RAD–12

LANL WORKFORCE 
POPULATION DOSES 
(TEDE, PERSON-REM)

EXCESS LATENT 
CANCER FATALITIES

OFF-SITE 
POPULATION DOSES
(TEDE, PERSON-REM)

EXCESS LATENT 
CANCER FATALITIES

7,800 3.9 28,000 14

TABLE  G.5.6.12–2.—Overall Risks for Accident Scenario RAD–12

ALTERNATIVE
ACCIDENT 

FREQUENCY
(EVENT/YR)

INTEGRATED 
POPULATION 
DOSE (TEDE, 

PERSON-REM)

EXCESS LATENT 
CANCER 

FATALITIES

No Action 1.5 x 10-6 35,800 18

Expanded Operationsa No change No change No change

Reduced Operationsa No change No change No change

Greenera No change No change No change

a No change is noted with regard to the No Action Alternative.

TABLE  G.5.6.12–3.—Predicted MEI Doses for Scenario RAD–12

MEI LOCATION DOSE

100 m   87

Closest Site Boundary:  550 m 138

Closest Residential Population:  5.2 km   18
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Note that no such experiments have been
conducted to date at TA–18.  Thus, the TA–18
SAR analysis concerns a capability to perform
such experiments, rather than an intention to do
so.  (Shock rod experiments have been
performed at SNL using the SPR-II fast-burst
reactor, and are discussed in the SARs of both
SPR-II and SPR-III.)

Shock rod experiments can be carried out using
highly enriched uranium (largely, uranium-235)
or plutonium (largely, plutonium-239)
(LANL 1996f).  However, because the expected
fuel failure and resultant hazards of uranium
experiments are much lower than for plutonium
rods, the TA–18 SAR analysis focused on the
plutonium shock-rod experiments
(LANL 1996f).   The SWEIS accident analysis
also concerns plutonium shock rod experiments
for the same reasons.

Plutonium experiments with the Skua fast-burst
assembly are required to incorporate two levels
of containment; but, the TA–18 SAR analysis
assumes no containment (LANL 1996f and
Paternoster et al. 1995).  However, even if
containment is used,  the SAR calculations
indicate that a final liquid temperature of about
3,600°F (2,000°C) is achieved.  Because the
melting temperature of a range of stainless
steels used as glory-hole liners is 2,552 to
2,732°F (1,400 to 1,500°C), rupturing of the
steel liner in the containment device would be
expected, which would allow the molten
plutonium to contact air.  Because the ignition
temperature of plutonium in air is about 930 to
1,100°F (500 to 600°C) (depending on the
surface area of the plutonium), a plutonium fire
would occur (LANL 1996f).

This accident scenario was analyzed in the
TA–18 SAR.  No accident sequence frequency
was estimated or calculated in the SAR, nor was
a frequency bin assignment made.  Rather, the
SAR stated that all of the accidents analyzed
were incredible, implying a frequency of less
than 10-6 per year.  The source term was
calculated assuming a release fraction of 0.001

from the melt (i.e., 6 grams of plutonium)
Release into the environment was model
based on exfiltration through the confineme
structure and dispersal downwind.  The sour
term also took into consideration the fissio
products generated during the burst of neutro
to the target material (LANL 1996f).

No Action Alternative Frequency Analysis

No shock rod experiments have been perform
at TA–18, nor are any such experiments plann
under any of the SWEIS alternatives.  Th
TA–18 SAR analysis is more by way o
providing SAR assessment space so that if 
need arises, the capability to conduct shock r
experiments can be realized without a lengt
administrative delay that could otherwise b
needed in order to amend the SAR
Accordingly, any frequency assignment for th
accident scenario will necessarily b
speculative.  

Nevertheless, some perspective on t
likelihood of the accident scenario can b
gained by considering what sorts of failure
would be necessary in order for the accident
take place.  Both the TA–18 SAR and the SA
for the SPR-III facility at SNL characterize th
accident as probable because it can occur at
design power level of the fast-burst reactor us
to conduct the experiment (LANL 1996f)
Based on DOE Standard 3009-94 (DOE 1994
this is interpreted to mean that the accident
credible, but very unlikely, representing 
design basis accident.  This would place t
accident scenario into the 10-6 to 10-4 per year
frequency bin. 

The most likely cause of the accident would b
a chain of human errors leading to an excess
power level (but still within Skua design levels
being used for the experiment, although it 
feasible that an undetected design or fabricat
error could also lead to the accident.  Typic
human error rates for tasks generally are in t
range of 10-4 to 10-2 (Mahn et al. 1995 and
Swain and Guttmann 1983).  Considering t
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fact that tests at TA–18 are performed under a
testing plan and an experiment plan, these
additional levels of administrative control
suggest that the lower end of this range of
human error rates is more reasonable as a basis
for quantification.  The probability of errors for
a checker of someone else’s work is expected to
be higher than the probability of the original
error because the checker does not normally
completely redo the calculations when
evaluating someone else’s work.  This
represents a special case of dependence in
human reliability analysis (Swain and Guttmann
1983).  The basic recommended error rate for a
checker is 0.1 when using written procedures;
for a one-of-a-kind check (nonroutine), the
recommended value is 0.05 because the checker
would be expected to approach this task with a
higher level of alertness for possible errors
(Swain and Guttmann 1983).

Also important for the particular accident under
evaluation here is that the opportunities for
recovery from the error during the pulse
operation are extremely limited once the
calculation checks have been completed.  This is
due to the nature of the event.  That is, once the
experiment has been set up and the operation
initiated, the neutron pulse happens in a tiny
fraction of a second, and there is no chance to
recover from the error or mitigate the
consequences of the event (apart from
emergency response).

Considering the above, the human error rate in
experiment operation might be of the order of
5 x 10-7 per experiment (0.0001 x 0.05 x 0.1),
assuming one initial error and two failed checks.
Even this estimate implicitly assumes that all
errors lead to the fuel melting outcome; this is
clearly incorrect because not all operational
errors are catastrophic.  Clearly, a plutonium
melting accident arising from a shock rod
experiment is not very likely.

It is also possible that an error in maintenance or
calibration could lead to a higher than intended
power level being delivered to a shock rod

experiment.  This would also require at least tw
errors (the initial error and the failure of th
checker to detect the error).  If independen
between these errors is assumed, a typical H
for test, maintenance, and calibration activiti
that leaves a component or system with 
unrevealed fault is 10-3 per demand, with a
range from 3 x 10-4 to 3 x 10-3 per demand
(Mahn et al. 1995), with the lower end of th
range being more reasonable, given t
administrative controls mentioned abov
Given the unique nature of a shock ro
experiment for LANL, the appropriate checke
failure rate would be 0.05.  This would yield 
value of about 1.5 x 10-5 (0.0003 x 0.05 =
1.5 x 10-5).  However, not all errors are equall
serious or would necessarily lead to a pow
level resulting in shock rod melting (e.g., som
errors would lead to the inability to conduct th
pulse, with an investigation into the cause bei
very likely to identify the error and lead to it
correction.)  Again, a plutonium melting
accident arising from a shock rod experiment
not very likely. 

Consistent with the sliding-scale approach 
DOE NEPA guidance (DOE 1993b), th
frequency of this accident is set to 1.6 x 10-5 per
experiment for all alternatives (the sum of th
conditional frequencies of the two contributin
error modes).  (This frequency is carrie
forward as one experiment per year.) 

Expanded Operations, Reduced Operations, 
and Greener Alternatives Frequency 
Analysis

This accident is independent of the alternative
The activity that could give rise to this accide
has not yet been performed at LANL and is n
scheduled to be performed.  The accide
models a capability to perform the activity
Therefore, there is no reason to assess
variation in frequency across the alternatives.
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Uncertainties and Sensitivities Affecting the 
Frequency of RAD–13

The accident frequency calculation documented
above is speculative.  However, given that the
experiment has not been performed at LANL
and that there are no current plans to perform the
experiment, the frequency estimate is
considered to be representative of what might be
expected for circumstances under which the
experiment is conducted infrequently (once per
year or less). 

Source Term Calculations

The TA–18 SAR employed a respirable release
fraction (ARF x RF) of 0.001.  This assessment
was based on assuming 6,000 grams of
plutonium melted and that this entire amount is
distributed for optimum dispersal
(LANL 1996f).  The SAR analysis does not
make reference to DOE Handbook 3010-94.
The SNL SPR-III SAR analysis predates the
LANL analysis, and mirrors it in most respects.
One notable difference, however, is that the
LANL release fraction is five times lower than
the SNL release fraction (0.001 versus 0.005).

The source term was quantified for the SWEIS
according to DOE Handbook 3010-94
guidance.  The MAR is 6,000 grams of
weapons-grade plutonium in molten (liquid)
form (LANL 1996f).  The DR is assessed as 1.0
(all 6,000 grams are molten).  

The LPF is not directly calculated or estimated
in the TA–18 SAR.  Because the SAR assessed
no driving force associated with the accident,
the release from the kiva was modeled as wind-
driven exfiltration.  Over a 2-hour period, the
release fraction (which is dependent on wind
speed) ranges from 0.05 to 0.25 for wind speeds
in the range from 1 to 10 miles per second (2.2
to 22.3 miles per hour) (LANL 1996f).  Because
typical upslope and downslope winds at Los
Alamos are in the range of 2.5 to 3 miles (4.0 to
4.8 kilometers) per second (LANL 1990a),
DOE has selected an LPF of 0.1 (which is

between the values for 2 and 3 miles [3.2 
4.8 kilometers] per second).

Selection of appropriate ARF and RF values
complicated by the limited description of th
accident scenario in the LACEF SAR.  The SA
acknowledges the possibility that rupturing th
containment vessel could allow molte
plutonium to slump to the assembly stand a
adjacent areas.  For airborne release 
particulates from disturbed molten meta
surfaces (i.e., flowing metal, actions resulting 
continuous surface renewal), DOE Handbo
3010-94 recommends the bounding ARF a
RF values of 0.01 and 1.0, respective
(DOE 1994d).  The handbook clarifies that th
bounding value applies to situations whe
ignited, molten plutonium is disturbed by direc
impact of high air velocities such as during fre
fall (DOE 1994d).

The handbook also addresses a circumsta
involving the airborne release of particulate
formed by self-sustained oxidation (molte
metal with oxide coat), self-induced convectio
The handbook clarifies that this applies to se
sustained oxidation in air of metal piece
(DOE 1994d).  The ARF and RF values for th
circumstance are 0.0005 and 0.5, respectivel

ARF and RF bounding values for these two se
of circumstances yield initial source terms a
follows:

Self-Sustained Oxidation

Source Term = MAR x DR x ARF x RF x 
LPF

= 6,000 x 1 x 0.0005 x 0.5 x 0.1 

= 0.15 grams

Disturbed Molten Metal Surfaces

Source Term = MAR x DR x ARF x RF x 
LPF
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= 6,000 x 1 x 0.01 x 1 x 0.1

= 6.0 grams

The suspension source-term calculation was
also performed according to DOE Handbook
3010-94 guidance:

Suspension Source Term = MAR x DR x 
ARR/hr x 24 hrs x RF x LPF

= 6,000 x 1 x 0.00004 x 24 hrs x 1 x 0.1 

= 0.6 grams

The ARR and RF values are based on powder
located inside a building with ambient
conditions (DOE 1994d).  This was considered
to be appropriate because the melted plutonium
released from the containment device will burn
on contact with air and change the physical state
of the plutonium.

In addition to the plutonium source term from
the melting event, a radiological release will
occur as a result of the generation of fission
products due to the neutron pulse.  The large
majority of fission products have very short
half-lives (on the order of 0.21 seconds to
3.15 minutes) and  their mode of decay is
primarily by beta and gamma emission.  The
SAR analysis assigned an average dose-rate
conversion factor for air immersion
(cloudshine) of 4,000 millirem-cubic meter per
microcurie per year to those beta-gamma
emitting radionuclides not having documented
values.  Comparison of the decay product
quantities and dose conversion factors with the
plutonium source term values indicated that the
fission products provide a negligible
contribution to the total dose from internal
exposure pathways.  Consequently, doses
resulting from internal exposure pathways for
fission products were not modeled.  Doses
resulting from the external exposure pathway
(air immersion) for fission products (6.02 x 103

curies) were estimated using the SAR-
determined average dose-rate conversion factor

of 4,000 millirem-cubic meter per microcurie
per year.

The accident does not change across 
alternatives.  The No Action Alternative sourc
term applies to all of the SWEIS alternatives.

Uncertainties and Sensitivities Affecting the 
Source Term for RAD–13

The source term for RAD–13 is very sensitive 
the accident progression, which ha
unfortunately not been evaluated in detail pa
the point where the plutonium melts.  If th
accident progression is relatively benig
(involving low pressure melting of the containe
and candling of the molten liquid down the side
of the Skua device), then the SAR source term
probably conservative.  If, however, a mo
energetic surface reaction occurs in the molt
material, then the SAR estimate of the sour
term is possibly too low.

One uncertainty in this case would be how mu
of the plutonium would actually be ejected
versus  the amount that would cool and freeze
the interior surface of the container.  Fine
divided liquid plutonium metal at high
temperature would be expected to b
energetically pyrophoric with the air inside th
kiva.  The rate of oxidation of plutonium is
dependent on:  (1) temperature, (2) the surfa
area of the reacting metal, (3) the oxyge
concentration, (4) the concentration of moistu
and other vapors in the air, (5) the type a
extent of alloying, and (6) the presence of
protective oxide layer on the metal surfac
(DOE 1994d).  Factors 1 and 2 are maximiz
under the conditions hypothesized; indeed, t
plutonium would initially be far above the
ignition temperature (i.e., 2,000°F [1,093°C] a
release versus the ignition temperature of 914
to 932°F [490 to 500°C]).  Factor 3 is essentia
unlimited because oxygen in the air would b
replenished from outside the kiva.  Factor 6 
not applicable because the plutonium is in
liquid form.  The source term from this
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configuration could be significantly higher than
calculated above.

Consequences of RAD–13 for Facility 
Workers and the Public

Consequences for facility workers and the
public are discussed separately.  The Kiva #3
control room is located 669 feet (204 meters)
from the kiva (LANL 1996f).  The walls of the
control room are such that 40 percent
attenuation of gamma doses from the outside is
accomplished (LANL 1996f).  In the event of an
accident, ventilation systems for the control
building (TA–18–30) would be secured.  Air
exchange with the outside would be a function
of wind loading and diffusion in and around
wall and ceiling penetrations (LANL 1996f).
However, the ventilation system for the control
building is not protected by HEPA filters
(LANL 1996f).

No acute fatalities are predicted to result from
the postulated accident.  The mean collective
population dose is projected to total 160 person-
rem (TEDE), resulting in 0.082 excess LCFs.
The public consequences for RAD–13 are
provided in Table G.5.6.13–1, which
summarizes the modeling results for RAD–13.
Mean projected doses for MEIs (and their
associated locations) and ground contamination
levels are presented in Tables G.5.6.13–2 and
G.5.6.13–3, respectively.  

G.5.6.14 RAD–14, Plutonium Release 
Due to Ion-Exchange 
Column Thermal Excursion

General Scenario Description  

This accident scenario involves the release of
plutonium through the building ventilation
systems during a process event.  In TA–55, ion
exchange columns, inside of gloveboxes, are
used to separate out different plutonium
compounds.  As plutonium nitrate solutions are
introduced into these columns, an abnormal

increase in temperature is possible.  Th
temperature rise could be due to degraded re
greater reactivity of the solution with th
column resin, or even a  limited glovebox fire.

For the accident to proceed, the column mu
rupture due to a pressure build up caused by 
temperature rise.  Aerosolized plutonium nitra
could then enter the glovebox and be drawn in
the glovebox ventilation system.  For an
release of material into the building ventilatio
systems, the glovebox HEPA filter system
would have to fail.   For the material to reach th
environment, the building HEPA filters would
also have to fail.  This scenario has a probabil
that is extremely low.  The probability is low
enough to be deemed incredible even though
initiating event is considered possible.

The accident would have to start from som
initiating event such as:  (1) inadverten
introduction of a high temperature solutio
causing the resins to decompose; (2) inadvert
introduction of impurities in the feed stock, suc
as strong oxidants; and (3) inadverte
introduction of high concentrations of nitric
acid.  Each of these situations, could set up
reaction in the column that quickly heats th
material in the column, possibly leading to a
ion-exchange column overpressurization.   

Because such situations have occurred, LAN
uses resins that are resistive to degradation.  
vinyl pyridine polymers used in the ion
exchange columns are significantly mor
resistant than resins incorporating a polymer
polystyrene and divinyl benzene.  These res
have a marked improvement in stability fo
conditions of high temperature, concentrat
nitric acid exposure and for conditions of hig
radiation.  Progressive resin deterioration can
detected by decreased resin exchange capa
and the appearance of bead fragments in 
effluent.  The resins generally are replac
before they become seriously degraded.  Ev
with these precautions, however, problems w
resins are known to occur. 
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TABLE  G.5.6.13–1.—Summary Results for Scenario RAD–13

ALTERNATIVE
ACCIDENT 

FREQUENCY
SOURCE TERM AND CONSEQUENCES

No Action 1.6 x 10-5 Bounding, 6 grams of weapons-grade plutonium initial release, 0.6 grams of 
weapons-grade plutonium in suspension release over 24 hours; integrated 

population exposure of 160 person-rem, 0.08 excess LCFs.

Expanded Operations 1.6 x 10-5 Same as No Action Alternative.

Reduced Operations 1.6 x 10-5 Same as No Action Alternative.

Greener 1.6 x 10-5 Same as No Action Alternative.

TABLE  G.5.6.13–2.—Predicted Mean Doses to MEIs for Scenario RAD–13

MAXIMUM EXPOSED INDIVIDUAL (MEI) DOSE (REM, TEDE)

MEI LOCATION DOSE

Closest Public Access:  Pajarito Road (30 m)a 1.2 x 102

Operations Boundary (TA–18 SAR):  (200 m) 2.3 x 101

Site Boundary (TA–18 SAR):  San Ildefonso Pueblo boundary (1,000 m) 1.8 x 100

Special Population Distance:  Mortandad Cave (2,900 m) 2.7 x 10-1

Receptor Distance (T–18 SAR):  Population center (4,400 m) 1.2 x 10-1

Special Population Distance:  San Ildefonso Pueblo  (14,600 m) 1.2 x 10-2

a Approximated at 50 m.

TABLE  G.5.6.13–3.—Predicted Mean Ground Contamination Levels for Scenario RAD–13

RADIAL DISTANCE PLUTONIUM-239 GROUND CONCENTRATION (BQ/m 2)

0.0 to 1.0 km 2.6 x 104

1.0 to 2.0 km 3.5 x 103

2.0 to 3.0 km 1.4 x 103

3.0 to 4.0 km 7.1 x 102

4.0 to 8.0 km 2.5 x 102

8.0 to 12.0 km 9.4 x 101

12.0 to 20.0 km 3.7 x 101

20.0 to 30.0 km 1.5 x 101

30.0 to 40.0 km 8.3 x 100

40.0 to 60.0 km 4.4 x 100

60.0 to 80.0 km 2.7 x 100

BQ/m2 = Becquerel per square meter
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For the accident to proceed, the pressure must
buildup and cause a column rupture.  Because
the pressure can be relieved by either the
pressure relief valve or through the output line
on the column, both of these components have
to fail.  In other words, the pressure relief valve
does not actuate and the output line on the
column is blocked.

At this point in the progression, an accident has
occurred; but the material is still contained in
the glovebox.  For the material to escape the
glovebox, the  HEPA filter system would have
to fail, allowing material into the building
ventilation system.  For this accident sequence,
the HEPA filter is assumed to be damaged by
the rupture of the ion-exchange column.
Material is then transported by the ventilation
system to the building HEPA filters.  Again, for
this material to escape the building, the multi-
staged HEPA filters on the building would have
to fail.  The material would now be available for
atmospheric transport from the south exhaust
stack.

This accident progression is used to estimate the
frequency of the event.  Because there are a
number of barriers that must fail, the calculated
accident frequency is below the screening
criteria cutoffs for  credible accidents.  The
accident has been retained, however, to
illustrate the nature of defense-in-depth and
how it is used to reduce the frequency and
consequences of possible plutonium releases at
TA–55.

Comparison of Accident Analysis in the Pit 
Disassembly and Conversion Demonstration 
Environmental Assessment and This SWEIS

DOE is preparing an EA (DOE 1998) to
examine the environmental impacts of the
proposed development and demonstration of an
integrated pit disassembly and conversion
process for fissile material disposition.  The
hazard analysis, used for this EA first
considered a baseline of public impacts given
the hypothetical case where no controls exist for

the operation.  This evaluation determined th
without controls the impacts to the MEI ar
below the DOE evaluation guidelines.  Th
hazard analysis further quantified the expect
consequences to the public, given that t
building is designed to provide containment 
hazardous material in the event of an accide
Given these controls, the dose to the MEI w
reduced to 3 x 10-8 rem and the frequency o
occurrence was reduced from 10-3 to 10-5.   

Although the consequence and frequen
numbers in the EA are slightly higher than tho
given for this accident, i.e., in the ion-exchang
column thermal excursion, the risks from the p
disassembly and conversion process a
considered to fall within the envelop a
established by this SWEIS.  Additional contro
barriers, other than those outlined in the E
exist to further reduce the frequency of a
initiating event and to reduce the frequency 
an event with public impacts to below the 10-6

screening criteria.  The consequences for 
unconfined release of plutonium are similar an
when taking credit for HEPA filtration, the
doses become very low.  Doses in this ran
(considering filtration) could not be
distinguished from background doses.  Overa
for process events, the risks from this operati
would be dominated by the risks of a fire for th
CMR Building.

The characterization of risk at LANL, a
presented by the set of accidents in th
appendix is appropriate, given consideration 
the EA analysis.  When considering the accide
risk associated with the pit disassembly a
conversion process for fissile materia
disposition, the risk profile for LANL (as
presented for each alternative) would n
change.  The SWEIS risk characterization 
more realistic because it includes oth
processes implemented through adherence
DOE safety programs, including the defense-
depth policy.
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No Action Alternative Frequency Analysis

Table G.5.6.14–1 associates the accident
progression, as discussed above, with either a
frequency of occurrence or a rate of failure.  The
terms in the table are explained in subsequent
sections.

Initiator

There are several types of events that could
cause a column overpressurization or rupture.
Unfortunately, it is difficult to quantify the
initiating event likelihood and therefore the
likelihood of the overall accident.  A search was
done for recorded cases of column
overpressurizations or ruptures.  This search did
not find any cited incidents.  To put a bound on
this initiator frequency, the ORPS database,
where such incidents are systematically
cataloged, was used.  The last 5 years of data
was considered representative of the likely
initiators at LANL.  No ion-exchange column
overpressurization or rupture were reported in
the last 5 years.  Given that LANL is operated
for approximately 260 days per year, the
frequency of occurrence is less than 1 event in
1,300 days, or a rate of  less than 8 x 10-4 per
day.  Because there are essentially 260 operating
days per year, the annual frequency for a
column rupture is 0.2 per year (260 operating
days per year x 8 x 10-4 per day).   This number,
although very conservative, was used as the
likelihood that precursors exist for these process
type accidents.  Precursors would include
having contaminants in the solutions, degraded
resins, etc.

Human Error Probability 

Missed Procedural Step.  Procedures are used
to ensure that the setups are correct and
materials introduced into the process meet the
specified criteria, such as concentrations for
solutions, etc.  If one of these steps is omitted,
then the initiating event can progress into an
accident (e.g., overpressurization of an ion-
exchange column).  Generally, it takes more

than one step to be missed or improperly done
order for an accident to progress; but, in th
case it is assumed that the omission of one s
such as a quality control step for measuring t
concentration of feed material, occurs and c
contribute to the overpressurization eve
occurring.  The probability for omitting a step i
a procedure is generally from 3 x 10-4 to
3 x 10-3 per demand (Mahn et al. 1995
Therefore, the midpoint of 1.7 x 10-3 per
demand is used in this analysis.

Missed Procedural Check.  Because the setup
and the processes are governed by procedu
checks are also made by operations staff 
ensure that each step has been followed.  T
failure of an operations staff member to dete
such an omission is 0.1 per demand (Swain a
Guttmann 1983).

Process Controls

Blocked Output Line.  Pressure can bleed ou
of the ion-exchange column through the outp
line.  However, it has been assumed that t
output line, under this condition, can easi
become blocked.  Therefore, the probability 
this line failing to relieve overpressurization i
assumed to be 1.0, a very conservati
assumption.

Relief Valve Failure.  Based on industry
experience, the failure rate for relief valves 
from 1.4 x 10-5 to 3.6 x 10-5 per demand
(NRC 1998, Table III 2-3).  Again, the midpoin
value of 2.5 x 10-5 was selected for this analysis

HEPA Filter (Glovebox).  The glovebox has a
HEPA filter to contain any material that coul
become aerosolized in the glovebox.  Althoug
the overpressurization and subsequent rupt
of a column is not expected to damage t
glovebox.  This analysis conservativel
assumes that the HEPA filter fails, and th
probability is set to 1.0
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Building Controls 

HEPA System.  For TA–55, filtration consists
of a three-stage HEPA filter system located on
the outside of the facility.   Any incident inside
of the facility, such as an ion-exchange column
rupture, would not damage the HEPA filters or
the ventilation system.  Therefore, for the HEPA
filters to fail, at the same time this accident
occurs, is an independent event.  

LANL data from 1990 to 1994 (LANL 1990b,
LANL 1991b, LANL 1994c, LANL 1994d, and
LANL 1995h) looked at the failure rates of
HEPA filters.  When the failure rate of a two-
stage HEPA filter system was considered
(LANL 1996k), the failure probability for a
single HEPA stage was 5 percent.   For three
stages of filters to fail, the failure probability is
1.3 x 10-4.

However, the HEPA filters on TA–55 are
monitored to make sure they are functioning
properly.  The difference in pressure across the
filter banks is monitored.  An alarm sounds if
the proper pressure drops are not being
maintained.  Also, the sensor is covered by a
preventive maintenance program and
administrative procedures.  Given these
conditions, the probability of the sensor failing
is 5 x 10-3 (Mahn et al. 1995).

HEPA System Human Error Probability.
Given that the HEPA systems are monitored a
action is required to make sure the HEPA filte
are operating properly, it is always possible f
operators to fail to respond.   The Huma
Reliability Handbook identifies a basic HEP fo
these circumstances as 0.025 per dema
(Swain and Guttmann 1983).  A shif
supervisory function would also be staffed an
would be expected to respond if the opera
does not.  The HEP for this function is 0.
(Swain and Guttmann 1983).  The total HEP f
HHVAC is 0.025 x 0.1, or 2.5 x 10-3 per demand.
If this probability is coupled with the probability
that the HEPA filters could fail, the probability
that the building would be operating withou
containment is 1.6 x 10-10. 

Facility Containment.  If the ventilation
system fails (i.e., the fans fail), during th
rupture of the ion-exchange column, th
negative pressure is not maintained between 
room and the glovebox and between th
laboratory and the environment.  Under the
conditions, the building is said to go into 
breathing mode and unfiltered air can b
exchanged between the building and the outs
air.  However, because there is nothing keep
the material airborne or drawing it outdoor
very little material can escape.

For the building to go into a breathing mode, th
power to the fans would have to fail and th
back-up diesel generator would have to fail als
The annual rate for loss of power is 0.04 p
year according to the Western System
Coordination Council (Oswald et al. 1982).  

HEPA System Summary

• 1st stage HEPA filter failure:  0.05 per 
demand

• 2nd stage HEPA filter failure:  0.05 per 
demand

• 3rd stage HEPA filter failure:  0.05 per 
demand

• Monitoring instrumentation failure:  
5 x 10-3 per demand

• Failure of three-stage HEPA filter system:  
6.3 x 10-7 per demand Facility Containment

• Probability of loss of power:  1.5 x 10-4

• Probability of diesel generator failure:  
0.03

• Common mode beta factor:  0.1
• Probability of ventilation system failure:  

4.5 x 10-7
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typical beta factor for common mode failures is
0.1 (Fleming et al. 1985). 

Expanded Operations, Reduced Operations, 
and Greener Alternatives Frequency 
Analysis

This accident covers the generic operation of
TA–55 for process type events.  No increase or
decrease in the level of activity associated with
the accident frequency is anticipated for any of
the other alternatives. 

No Action Alternative Source and  
Suspension Term Calculations

Source Term with Operational HEPA and
HVAC Systems.  Table G.5.6.14–2
summarizes the results of the source term
calculations.  The derivation of these numbers is
described in the following sections. 

When the accident occurs, plutonium is either in
the form of plutonium nitrate in solution or it
has adhered to the column resin.  When the
column ruptures, the plutonium can be
aerosolized either by the flashing of the solution
or by the burning of the resin bed.  Because
these represent two different mechanisms for
plutonium release from the ion-column rupture,
the two source terms are tracked separately. 

Material-at-Risk.  For the solution, MAR equals
246 grams in the form of plutonium nitrate.  The
maximum concentration of the solution is
100 grams per liter.  The volume of the column
is 2.46 liters; therefore, the MAR is 246 grams
of weapons-grade plutonium  in solution as
plutonium nitrate. 

For the column, the maximum capacity of th
resin is 1,000 grams of weapons-grad
plutonium (LANL 1996k).  Although the
plutonium on the resin is not in oxide form,  th
plutonium released during the accident 
assumed to be oxidized due to the hig
temperatures associated with the burning of t
column resins.  The oxide designation is us
here for tracking purposes only.

Damage Ratio.  For flashing of the solution, DR
is assumed to be 1.0.  All the material in th
solution is considered to be involved in th
accident.

Although the resins have remained stable un
high temperature and exposure to radiation, 
percent of the resin in the column is assumed
burn or degrade due to the high temperatur
This assumption is a conservative estimate
the material on the column that can be releas
during the accident. 

TABLE  G.5.6.14–2.—Source Term with Operational HEPA and HVAC Systems

MATERIAL SOURCE MAR DR ARF RF LPF SOURCE TERM

Plutonium Nitrate 246 g 1.0 0.01 0.6 8 x 10-9 1.2 x 10-8 g

Plutonium Oxide 1,000 g 0.1 0.01 1.0 8 x 10-9 7.2 x 10-9 g

Material-at-Risk

• Material Source:  Plutonium Nitrate
• MAR = 246 g
• Material Source:  Plutonium Oxide
• MAR = 1,000 g

Damage Ratio

• Material Source:  Plutonium Nitrate
• DR = 1.0
• Material Source:  Plutonium Oxide
• DR = 0.1
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Airborne Release Fraction and Respirable
Fraction.  For the solution, the bounding values
were for a flashing spray from relatively low
energy liquids.  The liquids had temperatures
greater than the boiling point but less than
122°F (50°C) superheat.  Therefore, the values
for the ARF and RF are 0.01 and 0.6,
respectively (DOE 1994d). 

In the TA–55 SAR (LANL 1996k), the product
of the ARF x RF is given as 0.009.  This product
is consistent with the highest measured ARF of
0.0078, with an RF of 0.9, for the burning of
contaminated polystyrene and ion-exchange
resin (DOE 1994d).  Therefore, an ARF x RF of
0.009 was used in this analysis.

Leak Path Factor.  For this case, the material
escapes into the ventilation system and is
filtered through a three-stage HEPA filter.  The
filteration factor is 8 x 10-9 (LANL1996k). 

Suspension Term with Operational HEPA
and HVAC Systems.  Table G.5.6.14–3
summarizes the results of the suspension term
calculations.  The amount of suspended material
is based on the type of accident and resulting
dispersal mechanisms after the accident.  For

this case, the HEPA filters and ventilatio
systems are assumed to be operational.  Eac
the terms is explained in the following section

Material-at-Risk.  Because very little materia
escapes to the environment, the amount 
material assumed to remain at the site for furth
dispersal is the same as the original MAR.  

Damage Ratio.  In both instances, the sam
fraction of material is considered available fo
further dispersal as was available for th
original accident.  All the material in solution i
considered available.  Plutonium that was n
released from the resin bed initially is still no
considered available; therefore, the DR 
10 percent, or 0.1.  

Airborne Release Rate, Release Period, a
Respirable Fraction.  For the solution, the
suspended material is assumed to come from
liquid on a heterogeneous surface (stainle
steel, concrete) exposed to low air speeds up

Airborne Release Fraction (ARF) and 
Respirable Fraction (RF)

• Material Source:  Plutonium Nitrate
— ARF = 0.01
— RF = 0.6

• Material Source:  Plutonium Oxide
— ARF = 0.01
— RF = 0.9

Leak Path Factor (LPF)

• Material Source:  Plutonium Nitrate
— LPF = 8 x 10-9

• Material Source:  Plutonium Oxide
— LPF = 8 x 10-9

TABLE  G.5.6.14–3.—Suspension Term with Operational HEPA and HVAC Systems

MATERIAL 
SOURCE

MAR DR ARR
RELEASE 
PERIOD

RF LPF
SUSPENSION 

TERM

Plutonium 
Nitrate

246 g 1.0 4 x 10-7/hr 24 hrs 1.0 4 x 10-9 1.9 x 10-11 g

Plutonium 
Oxide

1,000 g 0.1 4 x 10-5/hr 24 hrs 1.0 4 x 10-9 7.7 x 10-10 g

Material-at-Risk

• Material Source:  Plutonium Nitrate
— MAR = 246 g

• Material Source:  Plutonium Oxide
— MAR = 1,000 g
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normal facility ventilation flow (DOE 1994d).
These values are bounding values for the type of
suspension that could have been considered.
Thus, the ARR and RF selected were 4 x 10-7

and 1.0, respectively.  Although, the release
period is assumed to be 24 hours, this is
considered a very conservative value given the
limited extent of the accident.  

For the plutonium released from the resin bed, it
is assumed that the material was deposited out
on material in the glovebox.  The values
selected for the ARR and RF, 4 x 10-5 and 1.0,
were for surface contamination from
combustible solids under ambient conditions
(DOE 1994d).  Again these values along with
the release period of 24 hours were bounding
given this type of accident.

Leak Path Factor.  The HEPA filters and the
ventilation system is assumed to be operating
after the accident for this scenario.  Thus, the
filteration efficiency for the three-stage HEPA
filters is used in this case, and very little of the
material can escape.  

Source Term with Failed HEPA Filters and
Operational HVAC Systems.  Table
G.5.6.14–4 summarizes the results of the sou
term calculations.  The values are the same 
the accident with operational HEPA and HVAC
systems, except for LPF.  Therefore, only LPF
discussed below.

Leak Path Factor.  For this case the HEPA
filters are assumed to fail, but the ventilatio
system is operating.  Material is drawn into th
ventilation system and released out the sou
stack of the building.  No credit is assume
either for settling or deposition in the ductwork
etc.; therefore, the LPF is 1.0. 

Suspension Term with Failed HEPA Filters
and Operational HVAC System.  Table
G.5.6.14–5 summarizes the results of t
suspension term calculations.  The mater
suspended is based on the type of accident 
resulting dispersal mechanisms after th
accident.  For this case, the HEPA filters ha
failed but the fans are assumed to 
operational.  These terms are identical to t
case where the HEPA filters have not faile
except for MAR and LPF.  Therefore, onl
MAR and LPF are discussed below. 

Material-at-Risk.  The amount of material
remaining at the site is assumed to be the ini

Damage Ratio

• Material Source:  Plutonium Nitrate
— DR = 1.0

• Material Source:  Plutonium Oxide
— DR = 0.1

Airborne Release Rate, Release Period, and 
Respirable Fraction

• Material Source:  Plutonium Nitrate
— ARR = 4 x 10-7 per hour
— Release Period = 24 hours
— RF = 1.0

• Material Source:  Plutonium Oxide
— ARR = 4 x 10-5 per hour
— Release Period = 24 hours
— RF = 1.0

Leak Path Factor

• Material Source:  Plutonium Nitrate
— LPF = 8 x 10-9

• Material Source:  Plutonium Oxide
— LPF = 8 x 10-9

Leak Path Factor

• Material Source:  Plutonium Nitrate
— LPF = 1.0

• Material Source:  Plutonium Oxide
— LPF = 1.0
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TABLE  G.5.6.14–4.—Source Term with Failed HEPA Filters and Operational HVAC Systems

MATERIAL SOURCE MAR DR ARF RF LPF SOURCE TERM

Plutonium Nitrate 246 g 1.0 0.01 0.6 1.0 1.5 g

Plutonium Oxide 1,000 g 0.1 0.01 0.9 1.0 1.0 g

TABLE  G.5.6.14–5.—Suspension Term with Failed HEPA Filters and Operational HVAC Systems

MATERIAL 
SOURCE

MAR DR ARR
RELEASE 
PERIOD

RF LPF
SUSPENSION 

TERM

Plutonium 
Nitrate

244.5 g 1.0 4 x 10-7/hr 24 hrs 1.0 1.0 0.0023 g

Plutonium 
Oxide

999.2 g 0.1 4 x 10-5/hr 24 hrs 0.9 1.0 0.096 g
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MAR, minus the amount that was released for
atmospheric transport.  

Leak Path Factor.  For this case, the HEPA
filters are assumed to fail but the ventilation
system is operating.  Material is drawn into the
ventilation system and released out the south
stack of the building.  No credit is assumed
either for settling or deposition in the ductwork,
etc.  The LPF is taken as 1.0.  

Source Term with Failed HVAC Fans and
Operational HEPA Filters.  Table G.5.6.14–6
summarizes the results of the source term
calculations.  The accident progression is the
same except that, in this case, the HEPA filters
remain in tact but the fans, drawing material
through the ventilation systems, fail.  The only
way to get material out of the building is
through exchange of air with the atmosphere,
such as entering or exiting the building.  Thus,
the only term that is discussed below is LPF.

Leak Path Factor.  This LPF is for a building in
a breathing mode, but with a strong temperature
difference between the facility and the
environment.  This value is generally associated
with a fire.  Although a fire is not part of this

accident progression, the value will be used h
as a conservative number.   

Suspension Term with Failed HVAC Fans
and Operational HEPA Filters.
Table G.5.6.14–7 summarizes the results of t
suspension term calculations.  The mater
suspended is based on the type of accident 
resulting dispersal mechanisms after th
accident.  For this case, the HVAC fans ha
failed but the HEPA filters remain intact.  Thes
terms are identical to the case where the HE
filters failed, except for LPF.  Because so litt
material is released during the accident, MAR
considered the same as the source term MA
Therefore, only LPF is discussed below. 

Leak Path Factor.  The value will be used as 
conservative number and is the same LPF u
in the determination of the source term. 

Summary of Source and Suspension Terms.
Table G.5.6.14–8 summarizes the amount 
material that is available for atmospher
transport.  Each case represents a differ
failure mechanism for the building HEPA
filtration systems.  

Consequences for Facility Workers.  All
facility operations personnel receive emergen
preparedness training specific to the facility an
for procedures applicable to the entire LANL

Material-at-Risk

• Material Source:  Plutonium Nitrate
— MAR = 246 g
— Dispersed MAR = 1.5 g
— Suspension MAR = 244.5 g

• Material Source:  Plutonium Oxide
— MAR = 1,000 g
— Dispersed MAR = 0.81 g
— Suspension MAR = 999.2 g

Leak Path Factor

• Material Source:  Plutonium Nitrate
— LPF = 1.0

• Material Source:  Plutonium Oxide
— LPF = 1.0

Leak Path Factor

• Material Source:  Plutonium Nitrate
— LPF = 0.011

• Material Source:  Plutonium Oxide
— LPF = 0.011

Leak Path Factor

• Material Source:  Plutonium Nitrate
— LPF = 0.011

• Material Source:  Plutonium Oxide
— LPF = 0.011
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TABLE  G.5.6.14–6.—Source Term with Failed HVAC Fans and Operational HEPA Filters

MATERIAL SOURCE MAR DR ARF RF LPF SOURCE TERM

Plutonium Nitrate 246 g 1.0 .01 0.6 0.011 0.016

Plutonium Oxide 1,000 g 0.1 0.9 1.0 0.011 0.01

TABLE  G.5.6.14–7.—Suspension Term with Failed HVAC Fans and Operational HEPA Filters

MATERIAL 
SOURCE

MAR DR ARR
RELEASE 
PERIOD

RF LPF
SUSPENSION 

TERM

Plutonium 
Nitrate

246 g 1.0 4 x 10-7/hr 24 hrs 1.0 0.011 2.6 x 10-5

Plutonium 
Oxide

1,000 g 0.1 4 x 10-5/hr 24 hrs 1.0 0.011 1.1 x 10-3

TABLE  G.5.6.14–8.—Summary of Material Available for Atmospheric Transport

SCENARIO MATERIAL TYPE SOURCE TERM SUSPENSION TERM TOTAL

Filtration Systems 
Operating

Plutonium Nitrate 1.2 x 10-8 g 1.9 x 10-11 g 1.2 x 10-8 g

Plutonium Oxide 7.2 x 10-9 g 7.7 x 10-10 g 8.0 x 10-9 g

Total 2.0 x 10-8 g

HEPAs Failed Plutonium Nitrate 1.5 g 0.0023 g 1.5 g

Plutonium Oxide 0.81 g 0.096 g 0.9 g

Total 2.4 g

HVAC Failed Plutonium Nitrate 0.016 g 2.6 x 10-5 g 0.016 g

Plutonium Oxide 0.011 g 0.0011 g 0.12 g

Total 0.14 g
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The Emergency Action Plan directs personnel
to move as quickly as possible away from any
hazardous situation and to make appropriate
notifications to the EM&R Office as soon as
they are safely away from the hazard.  Once
notified, the EM&R Office assumes all
elements of emergency response and
coordination.

Breach of the ion-exchange column may
include breach of adjacent vessels, breach of the
glovebox exhaust filter, and damage to one or
more gloves and/or loss of a window in the
proximity of the affected column.  The
dissipation of the pressure surge through the
glovebox line and the glovebox ventilation
exhaust is such that no damage to the glovebox
exhaust filter plenums would occur.  If an
operations technician is involved in glovebox
work at the time of the postulated accident,
severe injury is possible.  The worker would be
exposed to some glass shrapnel (protected, for
the most part, by the shielding screen on the
column) and to the forcibly ejected nitric acid/
plutonium nitrate solution (LANL 1996k).

No fatalities have been associated with ion-
exchange resin explosions in nuclear
applications.  One medical disability resulted
from the Hanford cation exchange column
incident.

The airborne plutonium concentration in the
room will be a function of the volume of gas
generated by the column rupture, the degree of
mixing in the glovebox, the level of damage to
the glovebox, and the resultant volume of gas
released to the room.  Worker exposure is
dependent on worker proximity to a potential
glovebox breach and the residence time in the
aerosol cloud.  If glovebox confinement is
breached, the room’s continuous air monitor
would detect the release of radioactive material
to the room and provide both local and TA–55
Operation Center alarm of the incident.

Consequences for the Public.  MACCS was
used to determine the doses for the integrated

populations.  There is only one scenario whe
the HEPA filters failed and the fans continued 
draw material through the ventilation system
Therefore, the atmospheric transport w
modeled as an elevated release for both 
initial release and the suspension relea
Further discussions of atmospheric modelin
can be found in section G.2.4.

As a point of comparison, the results of th
MACCS runs were ratioed by the amount 
material released in the other cases.  Thus, 
dose of each scenario can be compar
(Table G.5.6.14–9). 

From these results, no additional excess fa
cancers are anticipated from this event.  Any
these results are well within the variations 
measuring cancer fatalities within a populatio
group.

The results of the analysis are summarized
Table G.5.6.14–10.  No acute fatalities a
predicted to result from the postulated accide
The mean collective population dose 
projected to total 130 person-rem (TEDE
resulting in 0.063 excess fatal cancers.  Me
projected doses for MEIs (and their associat
locations) and ground contamination levels a
presented in Tables G.5.6.14–11 an
G.5.6.14–12.  Note that the MEIs are given on
for the highest consequence result, but t
resultant doses would be lower than tho
presented.

Deposition Profile.  This result is given only for
the scenario with the highest consequences.  
the other cases the result is expected to be le

G.5.6.15 RAD–15, Plutonium Release
from Laboratory and Wing 
Fires at CMR

General Scenario Description

The accident scenario discussed in RAD–15
for a general process-initiated fire at the CM
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TABLE  G.5.6.14–9.—A Result Comparison of the MACCS Runs

TOTAL MATERIAL 
RELEASED

INTEGRATED 
POPULATION DOSE 

(PERSON-REM)

EXCESS FATAL 
CANCERS

Release with Filtration System Operating 2.0 x 10-8 g 1.0 x 10-6 5 x 10-10

Release with HEPA Failed 2.4 g 130 0.06

Release with HVAC Failed 0.14 g 7.0 0.0035

TABLE  G.5.6.14–10.—Summary Results for RAD–14

ALTERNATIVE SCENARIO
ACCIDENT 

FREQUENCY 
(EVENT/YR)

INTEGRATED 
POPULATION 

EXPOSURE 
(PERSON-REM)

EXCESS 
FATAL 

CANCERS

No Action Release with Operational 
Filtration System

8.5 x 10-10 1.0 x 10-6 5 x 10-10

Release with HEPAs Failed 5.6 x 10-16 130 0.06

Release with HVAC Failed 3.8 x 10-16 7.0 0.0035

Expanded Operations No Change No Change No Change No Change

Reduced Operations No Change No Change No Change No Change

Greener No Change No Change No Change No Change

TABLE  G.5.6.14–11.—Predicted Mean Doses to MEIs for Scenario RAD–14

MAXIMUM EXPOSED INDIVIDUAL (MEI) DOSE (REM, TEDE)

MEI LOCATION
OPERATIONAL 

HEPAs DOSE
DOSE FAILED 

HEPA
DOSE FAILED 

HVAC

Closest Public Access:  Pajarito Road (50 m) 3.4 x 10-9 4.1 x 10-1 0.024

Closest Residence:  Royal Crest Trailer Park (900 m) 2.4 x 10-9 2.9 x 10-1 0.017

Special Population Distance:  Los Alamos Hospital (1,200 m) 1.6 x 10-9 2.0 x 10-1 0.012

Special Population Distance:  San Ildefonso Pueblo boundary 
(3,900 m)

2.2 x 10-10 2.7 x 10-2 0.0015

Special Population Distance:  San Ildefonso Pueblo (17,000 m) 1.4 x 10-11 1.7 x 10-3 1.2 x 10-6
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Building.  The fire is postulated to start in a
laboratory that in the future may house a
plutonium hydride-dehydride process.  A
variation of the scenario in which the fire
develops into a wing-wide fire is also analyzed.  

The plutonium hydride-dehydride process was
developed from a small-scale experimental
setup located at TA–55–4.  This experiment was
used to determine the rates of reaction and other
physical parameters that were necessary for a
feasibility study as well as the design of the
hydride-dehydride process.  In the future, the
process may involve up to 4.5 kilograms of
plutonium, and so was selected for analysis.

The fire is assumed to start from any one of a
number of possible initiators.  The fire is not put
out either by personnel in the laboratory with
manual fire extinguishers or by the laboratory
automatic fire suppression systems.
Furthermore, doors to the laboratory are left
open allowing aerosolized plutonium to get into

the corridor of the wing.  Finally, emergenc
doors are used by personnel to exit the CM
Building, creating a pathway for aerosolize
plutonium to escape the building.

In the future, this hydride-dehydride proces
may be located at both TA–55–4 and at t
CMR Building.  This scenario at TA–55–4 i
not considered because the dehydride-hydr
process itself is not considered a potential fi
initiator due to current design features, whic
are listed in the preconceptual design rep
(LANL 1996q).  Secondly, the fire history a
TA–55–4 does not support a general fi
scenario, given the defense-in-depth buildin
features (such as fire barriers and HEPA filter
and the process designs (such as proc
monitoring and limited combustible material). 

No Action Alternative Frequency Analysis

The frequencies above are derived in t
subsequent subsections.

Fire Initiators

No specific initiator is used for this acciden
sequence.  Instead, fires are taken to occur 
rate of approximately one per year.  Th
frequency is based on a review of the number
CMR incident reports found in the ORP
database.  There were three reported f
incidents in the 5 years.

TABLE  G.5.6.14–12.—Predicted Mean Ground 
Contamination Levels for Scenario RAD–14

RADIAL DISTANCE

PLUTONIUM-239 
GROUND 

CONCENTRATION 
(BQ/m2)

0.0 to 1.0 km 2.1 x 103

1.0 to 2.0 km 5.8 x 102

2.0 to 3.0 km 2.5 x 102

3.0 to 4.0 km 1.4 x 102

4.0 to 8.0 km 5.7 x 101

8.0 to 12.0 km 2.1 x 101

12.0 to 20.0 km 8.4 x 100

20.0 to 30.0 km 2.9 x 100

30.0 to 40.0 km 1.4 x 100

40.0 to 60.0 km 7.1 x 10-1

60.0 to 80.0 km 3.8 x 10-1

BQ/m2 = Becquerel per square meter

No Action Alternative Frequency Analysis

• CMR Scenario:  Laboratory Fire
— Fire Frequency = 4.0 x 10-3

— Plutonium Release Frequency = 3.6 x 10-5

• CMR Scenario:  Wing-Wide Fire
— Fire Frequency = 3.5 x 10-5

— Plutonium Release Frequency = 3.2 x 10-5
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Fire Frequency 

Damage to the plutonium is possible only if fire
suppression fails.  Fire suppression includes
actions by personnel in the laboratory as well as
automatic fire suppression systems.  Therefore,
the frequency of a laboratory fire is the product
of the frequency of fire incidents and the
probability that successive fire suppression
systems will fail.  If either of these barriers
succeed, the result is a fire that does not release
radioactive material.  

Operating history for industry indicates that
about 90 percent of fires are manually
extinguished.  The same probability for the
manual suppression of  fires is used for accident
analysis at the CMR Building (LANL 1997a).
Thus, the second term is given as 0.1.  The third
term is taken from the probability of failure of
the fire suppression system at TA–55
(SNL 1990).  

For a wing-wide fire, there must first be a
laboratory fire, and then a failure of the
laboratory fire barriers.  The fire barriers are the
walls and doors of the laboratory.  The
frequency of a wing-wide fire is therefore
estimated to be 3.5 x 10-5 per year.  If the walls
and doors contain the fire, no wing-wide fire
occurs. 

The fire door is a Type 1 barrier with a failure
rate of 0.0074 per demand.  The walls are a Type
3 barrier with a failure rate of  0.0012.  Because
either the door or walls could fail and therefore
permit the fire to propagate into the wing, the

sum of these terms, 0.0086, is the probability
fire barrier will fail.

Failure of Containment and Release of  
Plutonium

Laboratory Fire.   For the laboratory fire, in
order for a substantial quantity of material to b
released to the environment, the material m
have a direct exit to the environment.  If th
material escape path is through the HEPA filte
that filter exhaust air from the laboratory, o
through those HEPA filters that separate
process exhaust air from the wing, the mater
will be essentially contained on the filters. Th
failure rate of HEPA filters is approximately
1.3 x 10-5.  Thus, the combination of a fire an
HEPA filter failure (3.5 x 10-5 per year x
1.3 x 10-5) is not a reasonably foreseeab
event.  

Other means of allowing material to escape 
the environment include creating openings in
the laboratory that allow material to escape.  F
the laboratory fire, this includes leaving doo
open or allowing material to escape throug
openings in the doors.  In addition, because 
laboratories are contained within the wing, 
second opening from the wing to the outsid
must be created, such as by leaving 
emergency exit open.  That is, the material mu
escape a laboratory into the wing, and th
escape the wing into the outdoors.  The joi
probability of a release is illustrated as follows

Fire Frequency

• Frequency of fire incidents at CMR 1 per 
year

• Probability of manual suppression failure:  
0.1 per event

• Probability of automatic suppression 
failure:  0.04 per event

• Frequency of laboratory fires at CMR 
4 x 10-3 per year

Fire Frequency (Wing Wide)

• Frequency of fire incidents at CMR 1 per 
year

• Probability of manual suppression 
failure:  0.1 per event

• Probability of laboratory automatic 
suppression failure:  0.04 per event

• Probability of laboratory fire barrier 
failure:  0.0086 per demand

• Estimated frequency of wing fires at 
CMR:  3.5 x 10-5 per year
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During a laboratory fire, it is considered quite
probable that doors would be left open to
accommodate personnel exiting the laboratory,
or be opened for fire fighting equipment.  Thus,
the second term is conservatively estimated to
be 0.9.

During a laboratory fire, personnel also may use
wing emergency exits.  The probability that
these doors will not close is only 0.01 (LANL
1997a).

Wing Fire.  For the wing fire, the frequency of
releasing material is the joint frequency of a
wing fire and the loss of confinement of material
by the wing.  This is illustrated as follows:  

During a wing-wide fire it is considered quit
probable that the confinement for the wing w
be lost.  Thus, the second term is determined
be 0.9. 

Expanded Operations, Reduced Operations,
and Greener Alternatives Frequency
Analysis.  The fire frequencies at the CMR
Building remain the same across th
alternatives.  Due to process design features,
introduction of the hydride-dehydride proces
does not change the fire frequency at the CM
Building.

Uncertainties and Sensitivities Affecting the 
Frequency of RAD–15  

The initiating fire frequency selected was that 
all fires.  The fact that these fires require 
significant combustible loading to enable sma
fires to spread to the point of involving an enti
laboratory and then a wing is not addressed.
is a recognized policy, enforced in practice a
procedures, and addressed in worker training
keep unnecessary combustibles out of are
where there is plutonium.

No Action Alternative—Initial Source and
Suspension Term.  Table G.5.6.15–1
summarizes the source term calculations.  T
derivation of these numbers is described in t
following subsections. 

The source terms are derived from
consideration of the total amount of materi
that can be involved in a fire.  Although fires ca
involve lesser amounts of material, th
risk-dominant scenarios are those that dama

Laboratory Fire

• Frequency of laboratory fires at CMR:  
0.0004 per year

• Probability of laboratory containment 
failure:  0.9 per event

• Probability of wing containment failure:  
0.1 per event

• Frequency of plutonium release:  
3.6 x 10-5 per year

Wing Fire

• Frequency of wing fires at CMR:  
3.5 x 10-5 per year

• Probability of wing containment failure  
0.9 per event

• Frequency of plutonium release:  
3.2 x 10-5 per year

TABLE  G.5.6.15–1.—Summary of the Source Term Calculations (No Action Alternative)

SCENARIO MAR DR ARF RF LPF SOURCE TERM

Laboratory Fire 1.0 kg 1.0 0.006 0.01 0.23 0.014 g

Wing Fire 6.0 kg 1.0 0.006 0.01 1.0 0.36 g
G–235
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the entire laboratory or wing, with its the entire
material inventory.

Material-at-Risk.  MAR is the administrative
limit for material in a laboratory (i.e.,
1.0 kilogram of plutonium-239 equivalent).  For
the wing, the administrative limit is
6.0 kilogram plutonium-239 equivalent.   

Damage Ratio.  The fire is assumed to damage
the entire inventory. Therefore, the DR is
assumed to be 1.0.  

Airborne Release Fraction and Respirable
Fraction.  The ARF and RF values are taken
from DOE Handbook 3010-94 and are based on
material type, its form, and the nature of the
challenge.  The inventory is considered to be in
a dispersible form.  The ARF and RF values are
selected for powder, even though not all of the
material in the CMR Building is in the form of a
powder.  Other material forms and release
mechanisms could be postulated, and some
combinations could lead to higher values of
ARF and RF.  However, there are no controls in
place at the facility that would control the
inventories of various forms and packaging to
be present.  Also, evaluations of the plutonium
facility fires at the Rocky Flats Plant
demonstrated that the major contributor to
environmental releases during those events was

the tracking of contamination out of the facilit
by the firefighters and other responder
Assuming the material to be in powder form
results in the maximum amount of materi
being  made available for this releas
mechanism.  For a fire, the recommended AR
and RF values are 0.006 and 0.01, respectiv
(DOE 1994d).   

Leak Path Factor.  The laboratory fire does no
establish a direct path to the environmen
Rather, a laboratory fire that does not propag
to involve the wing has an LPF of 0.23.  This 
the highest LPF found from complex modelin
studies for this facility (LANL 1998a).  For the
wing-wide fire, loss of containment for the
building equates to an LPF of 1.0.  

No Action Alternative—Suspension Term.
The suspension term is the amount of mater
subsequently dispersed from the location of t
accident by wind or other disturbances.  Th
amount of material available for suspension
highly dependent on accident response a
clean-up activities.

Table G.5.6.15–2 summarizes the suspens
term results.  It should be noted that if th

Material-at-Risk

• Scenario:  Laboratory Fire
— MAR = 1.0 kg 

• Scenario:  Wing Fire
— MAR = 6.0 kg

Damage Ratio

• Scenario:  Laboratory Fire
— DR = 1.0

• Scenario:  Wing Fire
— DR = 1.0

Airborne Release Fraction and Respirable 
Fraction

• Scenario:  Laboratory Fire
— ARF = 0.006
— RF = 0.01

• Scenario:  Wing Fire
— ARF = 0.006
— RF = 0.01

Leak Path Factor

• Scenario:  Laboratory Fire
— LPF = 0.23 

• Scenario:  Wing Fire
— LPF = 1.0
G–236
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building remains intact after a wing fire, or if
prompt clean-up activities are implemented, this
term will be much smaller and could be near
zero.

Material-at-Risk.  The material remaining at the
site is the initial source terms, minus the amount
that was initially dispersed in respirable form.
Because so little of the initial MAR is
transported away from the site by the fire, the
amount that is subject to suspension is the same
as the initial MAR.  

Damage Ratio.  For suspension, the amount of
material damaged was considered to be the
same as the fraction that was damaged in the
fire.  

Airborne Release Rate, Release Period, and
Respirable Fractions.  The ARR and RF

selected correspond to a bed of powder expo
to nominal atmospheric conditions, even thou
this material may remain indoors away from th
wind (DOE 1994d).  The release period 
conservatively assumed to be 24 hours, b
could be shorter depending on when clean-up
begun.   

Leak Path Factor.  For a laboratory fire, the
ventilation and HEPA filters are considered 
be functional. The LPF for HEPA filtration,
4 x 10-9, is therefore used for the laboratory fire
For a wing fire, the large damage assumed 
this event is assumed to produce an LPF of 1

Expanded Operations Alternative—Source
and Suspension Term Calculations.  For the
Expanded Operations Alternative, the hydrid
dehydride process could be located at either 

TABLE  G.5.6.15–2.—Summary of the Suspension Term Calculations (No Action Alternative)

SCENARIO MAR DR ARR
RELEASE 
PERIOD

RF LPF
SUSPENSION 

TERM

Laboratory Fire 1.0 kg 1 0.00004 24 1 4 x 10-9 3.84 x 10-9 g

Wing Fire 6.0 kg 1 0.00004 24 1 1 5.76 g

Material-at-Risk

• Scenario:  Laboratory Fire
— Initial MAR = 1.0 kg 
— Initial Source Term = 0.014 g PE-Ci
— Suspension MAR = 1.0 kg 

• Scenario:  Wing Fire
— Initial MAR = 6.0 kg
— Initial Source Term = 0.36 g PE-Ci
— Suspension MAR = 6.0 kg 

Damage Ratio

• Scenario:  Laboratory Fire
— DR = 1.0

• Scenario:  Wing Fire
— DR = 1.0

Airborne Release Rate, Release Period, and 
Respirable Fractions

• Scenario:  Laboratory Fire
— ARR = 0.00004
— Release Period = 24
— RF = 1

• Scenario:  Wing Fire
— ARR = 0.00004
— Release Period = 24
— RF =1

Leak Path Factor

• Scenario:  Laboratory Fire
— LPF = 4 x 10-9

• Scenario:  Wing Fire
— LPF = 1
G–237
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CMR Building or TA–55.  As noted earlier, the
general fire scenario is not reasonably
foreseeable for TA–55.  Therefore, the
laboratory fire is assumed to be located in the
CMR Building.  The material for the hydride-
dehydride process is considered to be in
addition to the material already present in a
CMR laboratory and wing.

Table G.5.6.15–3 summarizes the results of the
source term determination.  Each of the terms is
derived in the following sections.  

Material-at-Risk (Table G.5.6.15–4).  The
hydride-dehydride process is the continuous
processing of plutonium from a solid to a
plutonium hydride and then into a plutonium
powder.  The maximum amount of plutonium
hydride estimated to be in the process is
250 grams.   This material is represented
separately because of its pyrophoric nature.  The
remainder of the material in the laboratory is the
feedstock for the hydride-dehydride process,
4.25 kilograms of plutonium metal
(LANL 1997d).  Although the CMR Building
has an administrative wing limit of 6 kilograms
of plutonium-239 equivalent, for the Expanded
Operations Alternative, the amount of material
associated with the hydride-dehydride process
has been added to the amount currently in a
CMR wing. 

Damage Ratio (Table G.5.6.15–5).  Because the
fire is assumed to involve the entire laboratory,
the damage ratio is 1.0.  Because the wing fire is
assumed to damage the entire wing, the damage
ratio for the material is again assumed to be 1.0.  

Airborne Release Fraction and Respirable
Fraction (Table G.5.6.15–6).  The ARF and RF
values from DOE Handbook 3010-94 are 0.01
and 1.0, respectively, for finely divided
plutonium hydride (DOE 1994d). 

Leak Path Factor (Table G.5.6.15–7).  LPF is
taken as 0.23 for the laboratory fire and 1.0 for
the wing fire (LANL 1998b). 

Expanded Operations Alternative—
Suspension Term.  Table G.5.6.15–8
summarizes the results for the suspension ter

Material-at-Risk (Table G.5.6.15–9).  The
material available for suspension after the fire
considered the initial MAR, minus the
respirable quantity transported off site.  In mo
instances, except for the plutonium hydride, 
little is considered to have be transported aw
that the initial MAR was used for the suspensio
MAR. 

Damage Ratio (Table G.5.6.15–10).  Because o
the fire scenario, all material was considered
be vulnerable to further dispersal.  The dama
ratio is therefore 1.0. 

Airborne Release Rate, Release Period, a
Respirable Fraction (Table G.5.6.15–11).  The
ARF and RF values are 4 x 10-5 per hour and 1.0
(DOE 1994d).  The release period is consider
to be 24 hours.  Prompt clean-up can reduce 
amount considerably. 

Leak Path Factor (Table G.5.6.15–12).  For a
laboratory fire, the ventilation and HEPA filter
are considered to be functional. The LPF f
HEPA filtration is therefore used for the
laboratory fire.  For a wing fire, the large
damage assumed for this event corresponds
an LPF of 1.0. 

Uncertainties and Sensitivities affecting th
Source Term for RAD–15.  The values
calculated above are bounding.  The large
uncertainty in the source term is considered
be the assumption of an LPF of 1.0.  Such
large LPF may be applicable when the structu
has completely failed (i.e., collapsed) or whe
the structure is intact but the HVAC fans a
continuing to run with failed HEPA filters.  A
running ventilation system will pull air into the
building through opened doors.  In thi
conservative analysis, it is assumed that t
HVAC system is failed or bypassed, but th
structure remains intact.  
G–238
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TABLE  G.5.6.15–3.—Summary of the Source Term Calculations (Expanded Operations Alterative)

SCENARIO MATERIAL TYPE MAR DR ARF RF LPF
INITIAL 

SOURCE TERM

Laboratory Fire Plutonium Hydride 250 g 1.0 0.01 1.0 0.23 0.575 g

Plutonium (metal) 4.25 kg 1.0 0.0005 0.5 0.23 0.25 g

Wing Fire Plutonium Hydride 250 g 1.0 0.01 1.0 1.0 2.5 g

Plutonium (metal) 4.25 kg 1.0 0.0005 0.5 1.0 1.06 g

Plutonium-239 equivalent 
powders, solutions, solids

6.0 kg 1.0 0.006 0.01 1.0 0.36 g

TABLE  G.5.6.15–4.—Material-at-Risk (Expanded Operations Alternative)

SCENARIO MATERIAL TYPE MAR

Laboratory Fire Plutonium Hydride 250 g

Plutonium (metal) 4.25 kg

Wing Fire Plutonium Hydride 250 g

Plutonium (metal) 4.25 kg

Plutonium-239 equivalent powders, solutions, 
solids

6.0 kg

TABLE  G.5.6.15–5.—Damage Ratio (Expanded Operations Alternative)

SCENARIO MATERIAL TYPE DR

Laboratory Fire Plutonium Hydride 1.0

Plutonium (metal) 1.0

Wing Fire Plutonium Hydride 1.0

Plutonium (metal) 1.0

Plutonium-239 equivalent powders, solutions, 
solids

1.0
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TABLE  G.5.6.15–6.—Airborne Release  and Respirable Fraction
(Expanded Operations Alternative)

SCENARIO MATERIAL TYPE ARF RF

Laboratory Fire Plutonium Hydride 0.01 1.0

Plutonium (metal) 0.0005 0.5

Wing Fire Plutonium Hydride 0.01 1.0

Plutonium (metal) 0.0005 0.5

Plutonium-239 equivalent powders, solutions, 
solids

0.006 0.01

TABLE  G.5.6.15–7.—Leak Path Factor (Expanded Operations Alternative)

SCENARIO MATERIAL TYPE LPF

Laboratory Fire Plutonium Hydride 0.23

Plutonium (metal) 0.23

Wing Fire Plutonium Hydride 1.0

Plutonium (metal) 1.0

Plutonium-239 equivalent powders, solutions, 
solids

1.0

TABLE  G.5.6.15–8.—Summary of Suspension Term Calculations
(Expanded Operations Alternative)

SCENARIO
MATERIAL 

TYPE
MAR DR ARR

RELEASE 
PERIOD

RF LPF
SUSPENSION  

SOURCE TERM

Laboratory Fire Plutonium 
Hydride

249g 1.0 0.00004 24 hrs 1.0 4 x 10-9 9.5616e-10 g

Plutonium (metal) 4.25 kg 1.0 0.00004 24 1.0 4 x 10-9 1.632e-8 g

Wing Fire Plutonium 
Hydride

248 g 1.0 0.00004 24 1.0 1.0 0.24 g

Plutonium (metal) 4.25 kg 1.0 0.00004 24 1.0 1.0 4.1 g

Plutonium-239 
equivalent 
powders, 

solutions, solids

6.0 kg 1.0 0.00004 24 1.0 1.0 5.76 g
G–240
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TABLE  G.5.6.15–9.—Material-at-Risk (Expanded Operations Alternative)

SCENARIO MATERIAL TYPE LPF

Laboratory Fire Plutonium Hydride 249 g

Plutonium (metal) 4.25 kg

Wing Fire Plutonium Hydride 248 g

Plutonium (metal) 4.25 kg

Plutonium-239 equivalent powders, solutions, 
solids

6.0 g

TABLE  G.5.6.15–10.—Damage Ratio (Expanded Operations Alternative)

SCENARIO MATERIAL TYPE DR

Laboratory Fire Plutonium Hydride 1.0

Plutonium (metal) 1.0

Wing Fire Plutonium Hydride 1.0

Plutonium (metal) 1.0

Plutonium-239 equivalent powders, solutions, 
solids

1.0

TABLE  G.5.6.15–11.—Airborne Release Rate, Release Period, and Respirable Fraction
(Expanded Operations Alternative)

SCENARIO MATERIAL TYPE ARR
RELEASE 
PERIOD

RF

Laboratory Fire Plutonium Hydride 0.00004 24 hrs 1.0

Plutonium (metal) 0.00004 24 hrs. 1.0

Wing Fire Plutonium Hydride 0.00004 24 hrs. 1.0

Plutonium (metal) 0.00004 24 hrs. 1.0

Plutonium-239 equivalent powders, solutions, 
solids

0.00004 24 hrs. 1.0
G–241
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The assumption also was made that one or a few
doors would permit aerosolized material to
escape.  The area of the doors is small relative to
the volume of the building, and so there will be
a delay during which airborne material will be
depositing within the building during its transit
between the fire and the release points.  This
deposition is not accounted for in this analysis.
The amount of material available for release
also will be reduced by the foam and water used
by fire fighting crews who are supposedly
leaving doors open.  To assume that fire fighters
will have open doors requires the sensible
assumption that they also will be laying down
suppressants that reduce the initial release and
will stop all subsequent suspension. 

No Action, Expanded Operations, Reduced 
Operations, and Greener Alternatives 
Consequences for Facility Workers  

Consequences to Workers.  From one to three
workers may be present in the glovebox
operations.  These workers could be injured or
killed due to direct fire effects in a laboratory
fire, or they could be exposed to plutonium
oxide particulates by inhalation.

In the case of a wing fire, there may be several
dozen workers present in the wing.  These
workers could be injured or killed due to direct
fire effects, or could be exposed to plutonium
oxide particulates by inhalation.  Workers
elsewhere in the building could be exposed to
plutonium inhalation and skin contamination.  

Because of the long time (decades) for a
effects of plutonium inhalation to appear, the
would be no deaths from acute doses.

Consequences to the Public.  MACCS was
used to determine the doses for the integra
populations.  The source term was modeled a
30-minute elevated release.  The suspens
term was modeled as three, 8-hour, ground le
releases.  For a discussion of the MACCS co
and modeling results, please refer 
section G.2.4.

The results of this analysis for a laboratory fi
are summarized in Table G.5.6.15–13.  No ac
fatalities are predicted due to exposure 
plutonium.   If the fire remains within the
laboratory, no excess LCFs are expected fro
this accident. 

The results of this analysis for the wing fire a
summarized in Table G.5.6.15–14.  Th
consequences and risk are greater than with 
laboratory fire because of the greater invento
of material when the entire wing is considere
If the total wing material is held to 13 pound
(6.0 kilograms), the doses increase sligh
when the hydride-dehydride process 
introduced because of the pyrophoric nature
the plutonium hydride. 

The MEI doses for the Expanded Operatio
case are given in Table G.5.6.15–15.  The M
doses for the No Action Alternative would b
less because the amount of material involved
less.

TABLE  G.5.6.15–12.—Leak Path Factor (Expanded Operations Alternative)

SCENARIO MATERIAL TYPE LPF

Laboratory Fire Plutonium Hydride 4 x 10-9

Plutonium (metal) 4 x 10-9

Wing Fire Plutonium Hydride 1.0

Plutonium (metal) 1.0

Plutonium-239 equivalent powders, solutions, solids 1.0
G–242
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TABLE  G.5.6.15–13.—Summary Results for CMR Laboratory Fire, RAD–15

ALTERNATIVE
ACCIDENT 

FREQUENCY
(EVENT/YR)

INTEGRATED 
POPULATION DOSE

(PERSON-REM)

EXCESS LATENT 
FATAL CANCERS

No Action 3.6 x 10-5 4.5 0.0023

Expanded Operations No Changea 175 0.088

Reduced Operations No Changea No Changea No Changea

Greener No Changea No Changea No Changea

a No change is expected with regard to the No Action Alternative.

TABLE  G.5.6.15–14.—Summary Results for the CMR Wing Fire, RAD–15

ALTERNATIVE
ACCIDENT 

FREQUENCY
(EVENT/YR)

INTEGRATED 
POPULATION DOSE

(PERSON-REM)

EXCESS LATENT 
FATAL CANCERS

No Action 3.2 x 10-5 1,700  0.85

Expanded Operations No Changea 3,400 1.7

Reduced Operations No Changea No Changea No Changea

Greener No Changea No Changea No Changea

a No change is expected with regard to the No Action Alternative.

TABLE  G.5.6.15–15.—Predicted Mean Doses to MEIs for Scenario RAD–15
(Expanded  Operations Alternative)

MAXIMUM EXPOSED INDIVIDUAL (MEI) DOSE (REM, TEDE)

MEI LOCATION
LABORATORY 

FIRE
WING FIRE

Closest Public Access (SA):  Diamond Road (40 m) 0.41 9.1 x 101

Nearest Residence (CMR SAR):  Los Alamos Townsite (1,000 m) 0.48 9.2 x 100

Nearest Special Population Distance:  Los Alamos Medical Center (1,100 m) 0.18 3.4 x 100

Other Nearest Residences (CMR SAR):  Royal Crest Trailer Park (1,200 m) 0.16 3.0 x 100

Special Population Distance:  San Ildefonso Pueblo (4,500 m) 0.02 3.5  x 10-1

Special Population Distance:  San Ildefonso Pueblo (18,600 m) 0.001 2.6 x 10-2

Note:  Approximated as 50 m.
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Deposition Profile.  The ground contamination
levels for the Expanded Operations Alternative
are given in Table G.5.6.15–16.  The levels for
the No Action Alternative would decrease
correspondingly to the amount of material
released for the No Action Alternative. 

After publication of the Draft LANL SWEIS,
DOE approved the CMR Basis for Interim
Operations (BIO) (LANL 1998b) on August 31,
1998.  That document includes a detailed
analysis of a similar wing-wide fire.  The CMR
BIO takes a different approach to the accident,
due to its stated need to identify the facility
systems, processes, and controls necessary to
prevent or mitigate the postulated accidents.
The CMR BIO analysis results in a similar
frequency, and MEI doses ranging from
10.8 rem to 42.8 rem, depending on the release
mechanisms.  The CMR BIO also assumes
95 percent meteorological conditions; whereas,
the SWEIS uniformly assumed mean
conditions.  Given the differing assumptions in
the scenarios, the large underlying uncertainties
in such analyses, and the difference in
meteorological modeling, these results
demonstrate good agreement.  Therefore, both
analyses provide similar results to allow for the
appropriate decision making.

G.5.6.16 RAD–16, Plutonium Release 
Due to Aircraft Crash and 
Fire at CMR

General Scenario Description

Accident Scenario RAD–16 involves the crash
of an aircraft, accompanied by a fire, at the
CMR Building, TA–3–29.  

From the analysis of the aircraft operating in the
vicinity of the CMR Building (section G.4.1.3),
single- and multiple-engine general aviation
aircraft and small military aircraft are capable of
penetrating into a wing at the CMR Building.  A
fire then starts due to ignition of the planes fuel

load and damage to a portion of the plutoniu
inventory in a wing.  Because a range 
outcomes  is possible, the damage to t
inventory is assumed to be proportional to t
size of the burn area created by the fuel spill.

No Action Alternative Frequency Analysis 

The analysis for the frequency of aircraft hittin
the CMR Building and causing a release 
hazardous material is presented 
section G.4.1.3.  The frequency for an aircra
penetration and resulting fire for the CMR
Building is 3.5 x 10-6.  The aircraft that operate
in the vicinity of LANL are predominantly
general aviation, either single- or multiple
engine aircraft, with additional small military
aircraft that make overflights in the area.  The
aircraft make up approximately 96 percent 
the aircraft that have a greater than 10-6 chance
per year of hitting and releasing material fro
the CMR Building.

It should be noted that the area of  the CM
Building was reduced from the total buildin
square footage to the combined areas of Win
3, 5, 7, and 9.  Because most of the hazard
materials are located in these areas, 
reduction in area  was deemed  reasonable
account for the frequency of actually involvin
hazardous material in an aircraft crash induc
fire.  If the entire building is used for the
calculations, the results change modestly (
about a factor of 2). 

Expanded Operations, Reduced Operations, 
and Greener Alternatives Frequency 
Analysis 

The frequency of an aircraft crash does not va
across the alternatives.  Because no ma
changes in the location of hazardous material
their amounts are planned across alternativ
the probability of releasing  these materials fro
an aircraft crash does not change.
G–244
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TABLE  G.5.6.15–16.—Ground Contamination Levels (Expanded Operations Alternative)

RADIAL DISTANCE
PLUTONIUM-239 GROUND CONCENTRATION (BQ/m 2)

LABORATORY FIRE WING FIRE

0.0 to 1.0 km 2.0 x 103 4.0 x 104

1.0 to 2.0 km 3.8 x 102 7.5 x 103

2.0 to 3.0 km 1.9 x 102 3.7 x 103

3.0 to 4.0 km 1.2 x 102 2.2 x 103

4.0 to 8.0 km 4.7 x 101 9.2 x 102

8.0 to 12.0 km 1.9 x 101 3.7 x 102

12.0 to 20.0 km 7.5 1.5 x 102

20.0 to 30.0 km 3.0 5.8 x 101

30.0 to 40.0 km 1.7 3.3 x 101

40.0 to 60.0 km 8.2 x 10-1 1.6 x 101

60.0 to 80.0 km 4.3 x 10-1 8.5 x 100

BQ/m2 = Becquerel per square meter
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Uncertainties and Sensitivities Affecting the 
Frequency of RAD–16 

There is a large number of data required in order
to perform the DOE Standard 3014-96
calculations.  In addition, the standard itself
requires the use of numerous equations that are
recognized to be approximations.

No Action Alternative Source and 
Suspension Term Calculations 

Source Term.  The source term is derived from
consideration of the amount of material that can
be involved in a fire and the subsequent amount
that, through the dynamics of the accident and a
fire, can be made available for atmospheric
transport.  Because there are several types of
aircraft that contribute to the frequency term for
an aircraft crash event, the source terms for the
three most likely aircraft to impact  the CMR
Building, are listed in Table G.5.6.16–1.  

Determination of the source term follows the
standard format, as illustrated in Table
G.5.6.16–1.  The source term summary
presented in this table is explained in
subsequent sections.

The source terms are calculated by multiplying
together each of the factors in the standard
equation.  These results represent the magnitude
of the releases possible from different
categories of aircraft that operate in the vicinity
of LANL.

Material-at-Risk.  Each wing in the CMR
Building is limited to a maximum of

6.0 kilograms of equivalent plutonium-239
(LANL 1997a). The aircraft are assumed 
penetrate only one wing.  This scenario is bas
on the ability of aircraft to penetrate structure
This is assessed by determining whether or 
dense components (such as an engine shaft, 
can penetrate the building.  The fuel 
conservatively assumed to enter the buildi
through these penetrations.  Thus, this scena
is not likely  to involve more material than is i
one wing of the CMR Building.  MAR,
regardless of the aircraft category, is consider
to be the maximum inventory in a wing.  

Damage Ratio.  DR will be determined by
assessing how much of the inventory could 
affected by the fire.  To do this, a fire is assum
to start from a fuel spill that spreads across
portion of the CMR Building, and subsequent
involves the inventory of plutonium in this
portion.  The Rocky Flats Risk Assessme
Guide (RFETS 1994) was used to determine 
burn area for the amount of fuel spilled.  In th
case, the entire fuel load of the appropria
aircraft is assumed to burn.  Because t
inventories are being used in variou

TABLE  G.5.6.16–1.—Source Term for Aircraft Crash

AIRCRAFT 
CATEGORY

MAR a DR ARF RF LPF
SOURCE 
TERM a

Single-Engine 6.0 kg Pu-239 .021 0.006 0.01 1.0 0.008 g Pu-23

Multiple-Engine 6.0 kg Pu-239 .068 0.006 0.01 1.0 0.024 g Pu-239

Small Military 6.0 kg Pu-239 .298 0.006 0.01 1.0 0.11 g Pu-239

a Pu-239 refers to equivalent plutonium-239.

Material-at-Risk

Aircraft Category:
• Single-Engine

— MAR = 6.0 kg Pu-239 (equivalent)
• Multiple-Engine

— MAR = 6.0 kg Pu-239 (equivalent)
• Small Military

— MAR = 6.0 kg Pu-239 (equivalent)
G–246
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gloveboxes and laboratories throughout a wing,
the inventory is also assumed to be evenly
distributed throughout the CMR wing.  Thus,
the damage ratio for a given aircraft category
was determined to be the ratio of the burn area
to the total square footage of one wing in the
CMR Building. 

The characteristics of these aircraft categories,
as identified in the supporting documentation
for DOE Standard 3014-96, were reviewed and
the bounding fuel load was selected.  The
aircraft selected for these  categories are:  (1) the
Piper Turbo line, with a fuel load of 128 gallons
(486 liters) for the single-engine piston aircraft;
(2) the Cessna Titan line, with a fuel load of
413 gallons (1,564 liters) for the multiple-
engine piston aircraft; and (3) the F-16C, with a
fuel load of 1,801 gallons (6,819 liters) for the
small military aircraft (LLNL 1996).  (The
F-16C is typical of local military operations out
of Kirtland Air Force Base in Albuquerque,
New Mexico.)

According to the Rocky Flats Risk Assessment
Guide (RFETS 1994), the estimate for burn area
is a 250-square-foot (23-square-meter) burn
area per 50 gallons (189 liters) of fuel.   

The area of a wing, AWING, at the CMR
Building is approximately 30,250 square feet
(275 feet by 110 feet).  The burn areas identified
below represent the following percentages of
the total square footage for a wing at the CMR
Building and therefore represent an equivalent
DR for the plutonium inventory in a wing.   

Airborne Release Fraction and Respirab
Fraction.  The DOE Handbook on airborne
release fractions and respirable fractions, DO
Handbook 3010-94, presents values for AR
and RF based on the type of material, its for
and the nature of the event (e.g., fir
explosions, etc.).  The ARF and RF values a
selected for plutonium in powder form.  Thes
values represent the highest numbers for AR
and RF of the material in the CMR Building
even though not all of the material in the CM
Building is in the form of a powder.  For a fire
the recommended ARF and RF values are 0.0
and 0.01 (DOE 1994d). 

Damage Ratio

Aircraft Category:
• Single-Engine

— DR = 0.021
• Multiple-Engine

— DR = 0.068 
• Small Military

— DR = 0.298

Burn Areas

Aircraft Category:
• Single-Engine

— FLOAD = 128 gal.
— ABURN = 640 ft2

• Multiple-Engine
— FLOAD = 413 gal.
— ABURN = 2,065 ft2

• Small Military
— FLOAD = 2,802 gal.
— ABURN = 9,005 ft2

ABURN = Burn area in square feet
FLOAD = Aircraft fuel load in gallons

Burn Area Square Footage

Aircraft Category:
• Single-Engine

— % Total Footage (ABURN/AWING = 
2.1%)

— DR = 0.021
• Multiple-Engine

— % Total Footage (ABURN/AWING = 
6.8%)

— DR = 0.068
• Small Military

— % Total Footage (ABURN/AWING = 
29.8%)

— DR = 0.298
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Leak Path Factor.  Due to the nature of an
aircraft crash into a building and subsequent
fire, no credit is taken for confinement of the
material by either the structure or potential
accident debris.  The material that is in a
respirable form can then be transported through
the atmosphere.  LPF is therefore assumed to be
1.0.   

Suspension Term.  The suspension term is
derived from consideration of the amount of
material that can be further dispersed from the
site of the accident by the wind or other
disturbances.  The amount of material available
for suspension is highly dependent on accident

response and clean-up activities.  However, d
to the nature of  an aircraft accident, it 
assumed that the material at the site can 
released into the atmosphere for the ne
24 hours.

Determination of the suspension term follow
the standard format, as illustrated i
Table G.5.6.16–2.  The summary of th
suspension term, as presented in this table
explained in subsequent sections. 

The suspension terms are calculated 
multiplying each of the factors in the standa
equation together.  These results represent 
magnitude of the suspension releases poss
from  different categories of airplanes tha
operate in the vicinity of LANL. 

Material-at-Risk.  Because so little of the
material is released due to the fire, most of t
material remains at the site.  Therefor
6.0 kilograms equivalent plutonium-239 i
considered the MAR for suspension from th
release point.  

Airborne Release Fraction and Respirable 
Fraction

Aircraft Category:
• Single-Engine

— ARF = 0.006
— RF = 0.01

• Multiple-Engine
— ARF = 0.006
— RF = 0.01

• Small Military
— ARF = 0.006
— RF = 0.01

Leak Path Factor

Aircraft Category:
• Single-Engine

— LPF = 1.0
• Multiple-Engine

— LPF = 1.0

• Small Military
— LPF = 1.0

TABLE  G.5.6.16–2.—Suspension Term Calculations (No Action Alternative)

AIRCRAFT 
CATEGORY

MAR a DR ARR
RELEASE 
PERIOD

RF LPF
SUSPENSION 

TERM a

Single-Engine 6.0 kg Pu-239 0.021 4 x 10-6/hr 24 hrs 1.0 1.0 0.008 g Pu-239

Multiple-Engine 6.0 kg Pu-239 0.068 4 x 10-6/hr 24 hrs 1.0 1.0 0.024 g Pu-239

Small Military 6.0 kg Pu-239 0.298 4x10-6/hr 24 hrs 1.0 1.0 0.11 g Pu-239

a Pu-239 refers to equivalent plutonium-239.

Material-at-Risk

Aircraft Category:
• Single-Engine

— MAR = 6.0 kg Pu-239 (equivalent)
• Multiple-Engine

— MAR = 6.0 kg Pu-239 (equivalent)
• Small Military

— MAR = 6.0 kg Pu-239 (equivalent)
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Damage Ratio.  The DR is the same as the
source term release.  Material that was not
damaged by the initial event is not considered
available for suspension releases. 

Airborne Release Rate, Release Period, and
Respirable Fractions.  For the fire release, the
appropriate ARR and RF values are 4.0 x 10-6

per hour and 1.0, respectively, because it is
assumed that the source powder would be
buried under some structural debris
(DOE 1994d). The suspension is assumed to
occur for 24 hours after the initial accident.  

Leak Path Factor.  Because the material is
exposed to ambient conditions, LPF was
considered to be 1.0.  ARR accounts for any
protection of the material by the debris at the
site.  

Uncertainties and Sensitivities Affecting the 
Source Term for RAD–16  

The suspension source term calculation exten
for 24 hours.  This is very conservative in that
is likely that fire fighting and HAZMAT
response to the crash scene would 
accompanied by extensive use of water a
foam-based suppression systems.  T
application of suppressants would likel
continue for some time to preclude flareup 
the fire once it is extinguished, as well a
precisely to limit further spread of plutonium
contamination.

Expanded Operations, Reduced Operations, 
and Greener Alternatives Source and 
Suspension Term Analysis 

The source and suspension terms do not v
across the alternatives.  Because no ma
changes in the location of hazardous material
their amounts are planned across alternativ
the source and suspension terms do not chan
The amount of material that could be involve
in the accident varies and has bee
conservatively estimated based on the wi
limits for the facility.  These wing limits do no
change across alternatives.

Consequences  for Facility Workers 

An aircraft crash is capable of killing or injuring
a large fraction of the worker population in th
impacted wing due to generation of missile
structural damage, fire, etc.  Workers in th
CMR Building who are not directly affected b

Damage Ratio

Aircraft Category:
• Single-Engine

— DR = 0.021
• Multiple-Engine

— DR = 0.068

• Small Military
— DR = 0.298

Airborne Release Rate, Release Period, and 
Respirable Fraction

Aircraft Category:
• Single-Engine

— ARR = 4 x 10-6 per hour
— Release Period = 24 hours
— RF = 1.0

• Multiple-Engine
— ARR = 4 x 10-6 per hour
— Release Period = 24 hours
— RF = 1.0

• Small Military
— ARR = 4 x 10-6 per hour
— Release Period = 24 hours
— RF = 1.0

Leak Path Factor

Aircraft Category:
• Single-Engine

— LPF = 1.0
• Multiple-Engine

— LPF = 1.0

• Small Military
— LPF = 1.0
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the crash and explosion or fire may be exposed
to radiation as a result of plutonium inhalation.

Consequences for the Public

To determine the consequences, or dose, to the
public, an average value was used, based on
frequency weighting the source and suspension
terms for each aircraft category.  The total
source term used for dose and excess LCF
calculations is 0.69 equivalent plutonium-239
(Table G.5.6.16–3).   The total suspension term
is 0.21 PE-Ci (Table G.5.6.16–4). 

MACCS was used to determine the doses for the
integrated populations.  The source term was
modeled as a 30-minute elevated release.  The
suspension term was modeled as three, 8-hour,
ground level releases.  For a discussion of the
MACCS code and modeling results, please refer
to section G.2.4.

The results for this accident are summarized in
Table G.5.6.16–5. The accident may result in
fatalities to occupant(s) of the aircraft and to
people on the ground.  However, no acute
fatalities from the release of plutonium are
predicted to result from the postulated accident.
The mean collective population dose is
projected to total 56 person-rem (TEDE),
resulting in 0.03 excess LCFs.  Mean projected
doses for MEIs (and their associated locations)
and ground contamination levels are presented
in Tables G.5.6.16–6 and G.5.6.16–7,
respectively.  

G.5.7 Facility Hazard Accidents

G.5.7.1 WORK–01, Inadvertent 
High Explosives Detonation

General Description of High Explosives 
Operations

High explosives (HE) processing facilities are
located at LANL TA–8, TA–9, TA–11, TA–16,
TA–28, and TA–37.  HE processing activities

include storage, synthesis, formulation
pressing, machining, assembly, quali
assurance processes, shipping and receiving
HE and HE devices, and disposal.  Los Alam
HE facilities were designed in accordance wi
U.S. Department of Defense (DoD
Ammunition and Explosives Safety Standard
DoD 6055.9 (now referenced in the DO
Explosives Safety Manual [DOE 1994g])
Processing equipment has been continua
upgraded and modernized. 

HE processing facilities are generally separat
from other operations and are all withi
restricted areas that require DOE badges 
access through security check stations.  Acc
to all buildings is further controlled by locks o
building entrances that require special
controlled keys.  Additionally, all HE areas ar
patrolled by protective force guards.

Operational controls and the associated level
protection are based on the explosive haza
class.  There are four hazard classes.  Haz
Class I processes involve activities that a
considered to have a high accident potential a
are designed to be conducted remotely so tha
accidental detonation vents the high pressu
and fragments via a frangible wall away from
inhabited areas.  Examples of Class I activiti
include screening, blending, pressing, d
machining, and new explosives developme
Hazard Class II activities involve a modera
accident potential; examples include weighin
some wet machining, assembly an
disassembly, and environmental testin
Hazard Class III activities are designated 
having a low accident potential and includ
storage activities and operations incidental 
storage.  Hazard Class IV consists of activiti
involving insensitive HE.  This explosive type i
so insensitive that a negligible probability exis
for accidental initiation or transition from
burning to detonation.  Selected activities usi
insensitive HE, such as machining and pressi
are conservatively designated as Class 
Explosives and personnel limits and controls a
used to minimize the quantity of explosives an
G–250
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TABLE  G.5.6.16–3.—Frequency Weighted Source Term Calculation for Fire Source Term

AIRCRAFT TYPE

FRACTIONAL 
CONTRIBUTION TO 
PERFORATION/FIRE 

FREQUENCY

INITIAL SOURCE 
TERM (GRAMS 
EQUIVALENT 

PLUTONIUM-239)

WEIGHTED INITIAL 
SOURCE TERM 

GRAMS EQUIVALENT
PLUTONIUM-239

Single-Engine Piston 0.77 0.008 0.0616

Multiple-Engine Piston 0.16 0.024 0.0038

Small Military 0.031 0.11 0.0034

TOTAL 0.961 0.69

TABLE  G.5.6.16–4.—Frequency Weighted Source Term Calculation for Fire Suspension Term

AIRCRAFT TYPE

FRACTIONAL 
CONTRIBUTION TO 
PERFORATION/FIRE 

FREQUENCY

INITIAL SOURCE 
TERM (GRAMS 
EQUIVALENT 

PLUTONIUM-Ci)

WEIGHTED INITIAL 
SOURCE TERM 

GRAMS EQUIVALENT 
PLUTONIUM-239

Single-Engine Piston 0.77 0.012 0.00924

Multiple-Engine Piston 0.16 0.039 0.00624

Small Military 0.031 0.17 0.00527

TOTAL 0.961 0.21

TABLE  G.5.6.16–5.—Summary Results for Scenario RAD–16

ALTERNATIVE
ACCIDENT 

FREQUENCY 
(EVENT/YR)

INTEGRATED 
POPULATION 

EXPOSURE 
(PERSON-REM)

EXCESS FATAL 
CANCERS

No Action 3.5 x 10-6 56 0.03

Expanded Operations 3.5 x 10-6 No Change No Change

Reduced Operations 3.5 x 10-6 No Change No Change

Greener 3.5 x 10-6 No Change No Change

Note:  No change is expected with regard to the No Action Alternative.
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TABLE  G.5.6.16–6.—Predicted Mean Doses to MEIs for Scenario RAD–16

MAXIMALLY EXPOSED INDIVIDUAL (MEI) DOSE (REM, TEDE)

MEI LOCATION DOSE

Closest Public Access (SA):  Diamond Road (40 m) 3.0

Nearest Residence (CMR SAR):  Los Alamos Townsite (1,000 m) 3.4 x 10-2

Nearest Special Population Distance:  Los Alamos Medical Center (1,100 m) 2.8 x 10-2

Other Nearest Residences (CMR SAR):  Royal Crest Trailer Park (1,200 m) 2.4 x 10-2

Special Population Distance:  San Ildefonso Pueblo (4,500 m) 4.1 x 10-3

Special Population Distance:  San Ildefonso Pueblo (18,600 m) 8.4 x 10-4

TABLE  G.5.6.16–7.—Predicted Mean Ground Contamination Levels

RADIAL DISTANCE
PLUTONIUM-239 GROUND CONCENTRATION 

(BQ/m2)

0.0 to 1.0 km 5.0 x 102

1.0 to 2.0 km 5.8 x 101

2.0 to 3.0 km 2.6 x 101

3.0 to 4.0 km 1.9 x 101

4.0 to 8.0 km 1.5 x 101

8.0 to 12.0 km 1.1 x 101

12.0 to 20.0 km 6.1 x 100

20.0 to 30.0 km 2.6 x 100

30.0 to 40.0 km 1.3 x 100

40.0 to 60.0 km 7.3 x 10-1

60.0 to 80.0 km 4.1 x 10-1

BQ/m2 = Becquerel per square meter
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the number of personnel to carry out an
operation in a safe and efficient manner.
Personnel may not work alone performing
explosives activities that have a high risk of
serious injury.  Additionally,  quantity-
separation distance criteria are used to minimize
collateral damage in the event of an accident.

General Scenario Description

Accident scenario WORK–01 involves the
inadvertent detonation of HE material.
Potential accidents involving hazardous or
radioactive material are not considered, as their
impacts are bounded by the chemical and
radiological specific accidents, which have been
already analyzed.  Based on the foregoing
operations/controls discussion, it is very
unlikely that an accident would impact workers
other than those directly involved in the
explosives activity, and it would be extremely
unlikely that any credible postulated event
would  involve the public.  The number of
individuals that may be injured or fatally
harmed for a postulated event will vary
depending on the quantity of explosives
involved and the number of workers present.  As
discussed above, operational controls limit both
parameters.  Laboratory testing of small
samples may involve only one worker, while
assembly operations (e.g., TA–16–411) may
vary from three to ten workers.  Blast effects to
individuals are summarized in Table G.5.7.1–1
and are taken from the tri-service manual on
Structures to Resist the Effects of Accidental
Explosions (U.S. Army et al. 1990).  Generally,
human tolerance to the blast output of an
explosion is relatively high, with specific
impacts dependent on the orientation of the
individual to the blast front and the shape of the
pressure front (fast or slow rise, stepped
loading).  The lungs are considered the critical
target organ in blast pressure injuries.
Considering the high level of human tolerance
to blasts and fragment operational/design
controls, it is more likely that a postulated
explosive accident will result in worker injuries
rather than fatalities.  

No Action Alternative Frequency Analysis

Walkdowns of selected HE processing facilitie
and discussions with knowledgeable facilit
personnel did not identify the occurrence of a
explosive blast accidents at LANL resulting i
injuries or fatalities.  Additionally, a search o
5 years of LANL occurrence report data (199
through 1994 Type F Reports) did not identi
any explosive blast accidents.  Site-speci
experience at Pantex results in an explos
accident frequency of 10-2 per year
(DOE 1996a).  Based on this DOE syste
experience and scaling for the level of work
activities (2,000 weapons operations annually
Pantex), an accident frequency range of 10-3 to
10-2 is estimated for the LANL No Action
Alternative.  

Expanded Operations Alternative 
Frequency Analysis

The level of HE operations activity compared 
the No Action Alternative is projected to
increase:  (1) by 40 to 100 percent fo
fabrication activities, depending on the specif
program supported; (2) by 50 percent for H

TABLE  G.5.7.1–1.—Blast Effects to Humans 
Due to Fast-Rising Air Blasts 

(3 to 5 Minutes Duration)

CRITICAL ORGAN 
OR EVENT

MAXIMUM 
EFFECTIVE 

PRESSURE (PSI)

Eardrum Rupture:
Threshold
50 percent

5
15

Lung Damage:
Threshold
50 percent

30 to 40
80 and above

Lethality:
Threshold
50 percent
Near 100 percent

100 to 120
130 to 180
200 to 250

Note:  Maximum effective pressure is the highest of 
incident pressure, incident pressure plus dynamic 
pressure, or reflected pressure.
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waste treatment, QA efforts, and receiving,
transportation, and storage; (3) by 40 percent for
facility support functions; (4) by 25 percent for
safety and mechanical testing; and (5) by
undefined increases in the remaining capability
areas  (LANL 1996b).  As a first order estimate,
it is assumed that the overall increase in the
level of HE operations corresponds to the
projected increase in HE receiving,
transportation, and storage activities.  This is
based on the observation that receiving,
transportation, and storage operations would be
expected to reflect the site-wide level of
activities in support of HE operations.
Consequently, HE handling and processing
activities are projected to increase by 50 percent
over the No Action Alternative level of effort.
This level of change in operations is within the
range of past operational activity levels.
Consequently, it is concluded that past
operational experience and the projected
accident frequency for the No Action
Alternative would be applicable.

Reduced Operations Alternative Frequency 
Analysis

The level of HE operations activity is projected
to be decreased:  (1) to 80 percent of the
No Action Alternative level of effort for the
safety/mechanical testing and quality assurance
efforts; (2) to 75 percent of the No Action
Alternative level of effort for test device
assembly, stockpile surveillance, and above
ground testing; (3) to 60 percent of the No
Action Alternative level of effort for HE
synthesis and production, HE and plastics
development and characterization, HE
receiving, transportation and storage, and
facility support; (4) to 40 percent of the No
Action Alternative level of effort for HE waste
treatment; and (5) to a much reduced level of
effort for fabrication in support of
refurbishment and weapons research and
development (LANL 1996b).  As a first order
estimate, it is assumed that the overall decrease
in the level of HE operations corresponds to the
projected decrease in HE receiving,

transportation, and storage activities.  This 
based on the observation that receivin
transportation, and storage operations would
expected to reflect the site-wide level o
activities in support of HE operations
Consequently, HE handling and processi
activities are projected to decrease to 60 perc
of the No Action Alternative level of effort.
This level of variation is within the range of pa
operational activity levels.  Consequently, it 
concluded that past operational experien
would be applicable and that the projecte
accident frequency would be at the low end 
the range for the No Action Alternative.

Greener Alternative Frequency Analysis

The level of HE operations activity for each o
the capability categories is projected to b
comparable to the Reduced Operatio
Alternative (LANL 1996b).  Consequently, a
with the Reduced Operations Alternative, H
handling and processing activities are project
to decrease to 60 percent of the No Actio
Alternative level of effort, with a projected
accident frequency at the low end of the ran
for the No Action Alternative.

Source Term Calculations

The postulated accident does not relea
hazardous or radiological material to th
environment.  Potential HE incidents involvin
either hazardous or radiological materials a
bounded by accident scenarios CHEM–0
through CHEM–06 and RAD–01 through
RAD–16.

Uncertainties and Sensitivities Affecting the 
Source Term for WORK–01

The potential for blast impacts beyon
laboratory and operations personnel a
extremely low, based on both LANL and DO
system-wide experience and controls.
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Consequences of WORK–01 for Facility 
Workers and the Public

This accident is limited to facility workers.
Access controls and operational boundaries
preclude any significant impacts to members of
the public.  Table G.5.7.1–2 summarizes the
analysis results for WORK–01.   

G.5.7.2 WORK–02, Biohazard 
Contamination of a Single 
Worker

General Scenario Description

There are three scenarios in which a LANL
worker could be exposed to a biohazard:
(1) accidental exposure to a passive or active
bacterium, fungus, virus, etc, being used in the
HRL (TA–43) for research purposes; (2) contact
with fecal material or other infected avian or
mammalian bodily fluids during field research
or monitoring and surveillance activities; or
(3) exposure of health workers to infectious
agents carried by workers visiting the clinic.  Of
these three potential exposures, the one with the
highest probability is the accidental exposure
during research and development activities
involving biohazards in HRL. 

The accident scenario WORK–02 involves the
inadvertent biohazard contamination of a single
worker during activities at TA–43–1 (HRL).
Biohazards are present or will be present at
TA–43 in passive or active states in some
research and development activities.

Biohazards may include facultative pathoge
or obligate pathogens such as Clostridium
Pseudomonas, E. coli, saccharomyces, Bacill
and (in the Expanded Operations Alternativ
Hepatitis B.

Activities involving biohazards are conducted
monitored, and regulated by the LANL
Institutional Biosafety Committee using
guidelines from the National Institutes of Healt
(NIH) and the Centers for Disease Control a
Prevention (CDC).  This work is done accordin
to Biohazard Level 2 controls; all wast
materials from culture operations are treated
kill the infectious agents prior to disposal, usin
autoclave heating or viricides/bactericide
Biohazard Level 2 equipment and engineeri
controls include limited access to work area
protective laboratory coats and gloves, a
safety cabinets or isolation enclosures for a
operations that have a high potential for creati
aerosols containing microorganism
(LANL 1996b).

Due to the proximity of HRL to the Los Alamo
County Medical Center, stringen
administrative controls are used  to contr
organisms and potentially contaminate
biohazardous waste and research materi
Specific bacteria, such as spore formers, wh
can live in encysted state for periods of tim
without nourishment or water or air, can only b
used after LANL senior management  review
and special protocols are required.  Work wi
live viral agents is prohibited except fo
engineered viral agents used as vectors 
transferring genetic material which prese

TABLE  G.5.7.1–2.—Summary Results for Scenario WORK–01

ALTERNATIVE
ACCIDENT 

FREQUENCY
SOURCE TERM

No Action 0.001 to 0.01 Accidental injury or fatality from 1 to 15 operations personnel

Expanded Operations 0.001 to 0.01 Accidental injury or fatality from 1 to 15 operations personne

Reduced Operations 0.001 to 0.01 Accidental injury or fatality from 1 to 15 operations personne

Greener 0.001 to 0.01 Accidental injury or fatality from 1 to 15 operations personnel
G–255
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negligible risk of infection.  Research on HIV
and other human pathogens is limited to genome
mapping and other operations that do not
involve the original or active biological material
(LANL 1996b).

No Action Alternative Frequency Analysis

In contrast to the documented occurrence of
laboratory-acquired infections in laboratory
personnel, laboratories working with infectious
agents have not been shown to represent a threat
to the community (CDC 1993).  The primary
risks from microbiology laboratories are to
laboratory workers, and are specific to the
agent, for example (CDC 1993):

• Hepatitis B—accidental inoculation, 
exposure of broken skin or the mucous 
membranes of the eyes, nose, or mouth

• Clostridium botulinum—accidental 
inoculation; toxin may be absorbed after 
ingestion or following contact with the skin, 
eyes, or mucous membranes

• Pseudomonas—aerosol and skin exposure

The frequency of accidental infections from
biohazards is judged by DOE to be no greater
than 0.01 to 0.1 per year given the level of
research and development activities.  The
potential for nonworker exposure is at least
hundreds of times less than worker exposure
probability and is not credible within the scope
of this analysis at a probability of 10-6 per year.  

Expanded Operations, Reduced Operations, 
and Greener Alternatives Frequency 
Analysis

No significant differences in activity levels are
identified that would result in a greater risk of
accidental infection compared with the No
Action Alternative.  

Uncertainties and Sensitivities Affecting the 
Frequency of WORK–02

Hepatitis B is a new potential source of infectio
in the Expanded Operations Alternative
However, no cases of infection to laborato
workers from any agent were reported in th
review of laboratory accidents and incidents 
the 1990’s or in during several discussions w
LANL personnel at TA–43 and the institutiona
biosafety committee.  Accordingly, given th
period of time in which TA–43–1 has operate
and during which field operations have bee
conducted, the frequency estimate of 0.01 
0.1 per year is considered to bound the act
frequency.  This frequency is very conservati
based on National Cancer Institute (NCI) an
NIH statistics of research and developme
accidental biohazard infection and resultin
infection during the 1990’s, which would
estimate the frequency not to exceed 0.0
(NIH 1996).

Source Term Calculations

This accident does not release hazardo
material to the environment.  The potential f
infection of persons other than laborato
personnel is very low.  Because any su
infections would have to be first observed 
laboratory personnel, the risks are dominated
these original infections.  Infection of on
laboratory worker is the most likely outcome
multiple worker infections are less likely, an
the spread of an infection beyond laboratory 
field operations personnel is incredible (le
than 10-6).

Uncertainties and Sensitivities Affecting the 
Source Term for WORK–02

The potential for exposures beyond laborato
personnel are very low, based on both LAN
and industry-wide experience.
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Consequences of WORK–02 for Facility 
Workers and the Public

This accident affects only laboratory research
and development workers.  The potential for
public impact is judged to be nil.
Table G.5.7.2–1 summarizes the analysis
results for WORK–02.

G.5.7.3 WORK–03, Inadvertent 
Nuclear Criticality Event

General Scenario Description

WORK–03 involves an inadvertent criticality
event, the most significant impacts of which are
on workers in the immediate vicinity of the
event (due to neutron and gamma exposure).
Critical assemblies and experiments are
routinely performed at Pajarito Site (TA–18),
and were considered in RAD–03.  Outside of
TA–18, a criticality event, although unlikely in
the absolute sense, is most likely to occur at
TA–55–4 (Plutonium Facility).  At this facility,
the consideration would mainly be due to
operations with fissile material in liquid
solutions.  While fissile material is handled in
the solid form, it is considered to be much less
likely to be involved in a criticality event than a
solution (LANL 1996k). 

Criticality events are capable of producing
potentially lethal amounts of neutron and
gamma radiation in a localized area.  Depending

upon the physical form of the system, such a
solution, the event may be accompanied by t
release of plutonium through the aerosolizatio
of the solution and also may produce fissio
products that might be released to th
environment.

Historical Criticality Events

There have been several inadvertent critical
events with solutions since the 1940’s.  Some
these events are summarized 
Table G.5.7.3–1.  As demonstrated by th
table, these events occur infrequently, and ea
tends to be unique in nature, making 
quantitative frequency estimation difficult
Most recently, there were two criticality even
reported in Russia.  The first was reported to 
an excursion in a uranium solution in May 199
Later, in June of the same year, a fatality w
reported from a criticality event; however, th
one apparently involved a solid fueled critic
assembly.  Details on these two accidents 
not sufficient at this time to provide furthe
discussion of them and their potentia
implications here.

LANL SAR Evaluations of Inadvertent 
Criticality Event

The TA–55 SAR identifies a nuclear criticality
event in the uranium/plutonium separation
process as a bounding event.  The evaluatio
essentially generic, applying to all deep-we

TABLE  G.5.7.2–1.—Summary Results for Scenario WORK–02

ALTERNATIVE
ACCIDENT 

FREQUENCY
SOURCE TERM

No Action 0.01 to 0.1 Accidental exposure of one laboratory worker  resulting in 
diagnosed infection.  No public impact.

Expanded Operations 0.01 to 0.1 Accidental exposure of one laboratory worker  resulting 
diagnosed infection.  No public impact.

Reduced Operations 0.01 to 0.1 Accidental exposure of one laboratory worker  resulting i
diagnosed infection.  No public impact.

Greener 0.01 to 0.1 Accidental exposure of one laboratory worker  resulting in
diagnosed infection.  No public impact.
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TABLE  G.5.7.3–1.—Summary of Inadvertent Solution Criticality Events
(1945 to the Present)

DATE LOCATION
FISSIONABLE 

MATERIAL
PHYSICAL 

ARRANGEMENT

TOTAL 
FISSION 
YIELD

DESCRIPTION AND 
CONSEQUENCES

53/03/15 Mayak, Urals 
(Russia)

Plutonium 
solution (31 l)

Steel vessel 2.5 x 1017 Human error (chief operator 
transferred solutions from 
two vessels into a single 

vessel); chief received 1,000 
rad and another operator 

received 100 rad

54/05/26 Oak Ridge Uranium solution 
(18.3 kg 

Uranium-235, 
55.4 l of solution)

Cylindrical annulus, 
unreflected

1 x 1017 Shift of poison; no physical 
damage

56/02/01 Oak Ridge Uranium solution 
(27.7 kg 

Uranium-235, 
58.9 l of solution)

Cylinder, unreflected 1.6 x 1017 Geometry change; warping 
of bottom of cylinder

57/04/12 Mayak, Urals 
(Russia)

Uranium solution Cylinder 2 x 1017 Human error (leading to 
oxalate precipitation); lethal 

to operator, five others 
developed symptoms of 

radiation sickness

58/01/02 Mayak, Urals 
(Russia)

Uranium solution Tank with control 
rod

2.3 x 1017 Human error (staff decided to 
tip tank to speed up draining 
of solution, in violation of 

procedures), bodies acted as 
reflector; 3 deaths, fourth 

operator developed radiation 
sickness and lost sight

58/06/16 Oak Ridge Uranium solution 
(2.5 kg Uranium-

235, 56 l of 
solution)

Cylinder, concrete 
reflected below

1 x 1016 Valve leaked or left open; no 
physical damage; $1,000 loss

58/12/30 Los Alamos Plutonium 
solution (3.27 kg 
Plutonium, 168 l 

of solution)

Cylinder, water 
reflected below

1.5 x 1017 Human error (failure to 
follow procedure); lethal to 

operator; no physical damage

59/10/16 Idaho Falls Uranium solution 
(34.5 kg 

Uranium-235, 
800 l of solution)

Cylinder, concrete 
reflected below

1 x 1017 Sparge gage plugged; no 
physical damage; $62,000 

loss
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60/12/05 Mayak, Urals 
(Russia)

Plutonium 
solution

Cylinder, 
unfavorable 
geometry

1 x 1017 Human error (failure to check 
results after mass 

discrepancy discovered; 
transfer of solution to 

unfavorable geometry); 
several people exposed to up 

to 5 rad

61/01/25 Idaho Falls Uranium solution 
(8 kg Uranium-

235, 40 l of 
solution)

Cylinder 6 x 1017 Human error (instruction 
misinterpreted); no physical 

damage; $1,000 loss

61/08/14 Siberian 
Chemical 
Combine 
(Russia)

Uranium 
hexafluoride 

accumulated in 
oil

Cylinder 1 x 1016 Human error (assumed first 
criticality alarm was false, 
restarted facility); operator 

received 200 rad

62/09/07 Mayak, Urals 
(Russia)

Plutonium 
solution, 

dissolution of 
Plutonium scrap 

in nitric acid; 
1.2 kg Plutonium

Cylinder 2 x 1017 Settling of solution after 
stirrer turned off; doses low 
due to no one near dissolver 

and lead shielding on 
dissolver

63/01/30 Siberian 
Chemical 
Combine 
(Russia)

Uranium solution Cylinder 7.9 x 1017 Human error (poor record 
keeping, mislabeling of 

uranium concentration); four 
persons received 6 to 17 rad 
at a distance of 10 meters

63/12/13 Siberian 
Chemical 
Combine 
(Russia)

Uranium solution Cylinder, 
hemispherical 

bottom

2 x 1017 Accumulation of uranium 
solution in trap; no injuries

64/07/24 Wood River 
Junction

Uranium solution 
(2.64 kg 

Uranium-235)

Cylinder, unreflected 1.1 x 1017 Human error (failure to 
follow procedure); lethal to 

operator; no physical damage

65/12/16 Mayak, Urals 
(Russia)

Uranium solution Cylinder 7 x 1017 Human error (excess loading 
of uranium into solution, 

cessation of stirring); several 
staff exposed up to 30 mR

70/08/24 Windscale 
(U.K.)

Plutonium 
complex (2.5 kg 
Plutonium, 100 l 

of solution)

Cylinder 1 x 1015 Plutonium accumulated in 
organic; no physical damage

Source:  DOE 1994b unless otherwise noted.

TABLE  G.5.7.3–1.—Summary of Inadvertent Solution Criticality Events
(1945 to the Present)-Continued

DATE LOCATION
FISSIONABLE 

MATERIAL
PHYSICAL 

ARRANGEMENT

TOTAL 
FISSION 
YIELD

DESCRIPTION AND 
CONSEQUENCES
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wet chemistry operations.  The accident
assumes that as a result of multiple overbatching
errors, the fissile material inventory for a
glovebox substantially exceeds the allowable
limit.  A vessel overpressure or some other
mechanism results in the rupture of adjacent
vessels containing rich solution.  The solution
collects in a deep well, followed by a separate
influx of water (failure of a water line), resulting
in a single-pulse solution criticality event
yielding 5 x 1017 fissions.  The resulting fission
products and plutonium aerosol are processed
through the ventilation system and released
from the south exhaust stack (LANL 1996k).
Based on a PRA, the TA–55 SAR estimates the
frequency of a solution criticality event at
6 x 10-7 per year per operation (LANL 1996k).
Because there are hundreds of operations, the
cumulative frequency of a criticality accident in
TA–55–4 is estimated to be in the range from
10-6 to 10-4 per year (LANL 1996k). 

The TA–55–4 SAR includes exposure analyses
for the maximum off-site individual (MOI) at
Royal Crest Trailer Park, 2,952 feet
(900 meters) away, for an unmitigated scenario
(no HEPA filtration, LPF = 1) and for a realistic
scenario (with HEPA filtration).  The
unmitigated MOI dose is 1.6 rem; whereas, the
realistic MOI dose is 35 millirem.  Regarding
consequences to workers, the SAR states that
anyone within 16 feet (4.9 meters) of the
criticality location would receive more than
500 rem.  The dose at 33 feet (10 meters) drops
to 80 rem.  The number of people in the room
varies with the work being done, but is most
likely to be two or three people (LANL 1996k).  

No Action Alternative Frequency Analysis

Consistent with the TA–55 SAR analyses,
which account for LANL-specific design and
operational practices, the frequency of an
accidental critical excursion is estimated to be
no greater than 10-6 per operation; but,
considering that there are hundreds of
operations per year, the frequency of accidental

criticality is likely to be in the range of 10-6 to
10-4 per year.

Expanded Operations, Reduced Operations, 
and Greener Alternatives Frequency 
Analysis

Although there is an increase in activitie
involving fissile materials in the Expande
Operations Alternative (as a result of p
production), most of these activities involv
solid systems that do not contribut
significantly to criticality accident frequency
Other alternatives do not vary significantly i
the level of activities that are most likely to giv
rise to inadvertent criticality events
Accordingly, no difference in frequency is
identified across the alternatives.

Uncertainties and Sensitivities Affecting the 
Frequency of WORK–03

Historical experience has demonstrated th
criticality accidents are unpredictable, uniqu
events that do not lend themselves to 
straightforward frequency determination
Accordingly, this analysis only attempts t
establish a range, rather than an individu
value, for the frequency.

Source Term Calculations

Given the low MOI exposure estimates in th
TA–55–4 SAR (doses to the MOI of less tha
50 millirem), no public exposure estimates w
be performed for this accident because it wou
screen as insignificant based on the SWE
accident analysis screening methods (off-s
exposure of less than 500 millirem). 

Consequences of WORK–03 for Facility 
Workers and the Public

The consequences to the public fro
WORK–03 are insignificant. Workers locate
close to the site of the criticality event (i.e
within 30 feet [9.2 meters]) can receive doses
neutron and gamma radiation on the order 
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500 rem or higher.  Acute radiation injuries and
deaths are possible within this radius.  Workers
located elsewhere in the facility could be
exposed to volatile fission products (noble
gases, radioiodines, etc.) that evolve from the
solution criticality accidents.  This is the same
for all options.  Table G.5.7.3–2 summarizes the
analysis results for WORK–03. 

G.5.7.4 WORK–04, Inadvertent 
Worker Exposure to 
Electromagnetic Radiation

General Scenario Description

Accident scenario WORK–04 involves the
inadvertent exposure of one or more workers to
electromagnetic radiation.  Used in this context,
electromagnetic radiation refers to exposure to
x-rays, accelerator beams, lasers, or radio
frequency (RF) sources.  Such radiation sources
are used widely in various facilities at LANL,
especially lasers.  

No Action Alternative Frequency Analysis

The WORK–04 accident scenario is meant to
represent a class of accidents involving
inadvertent exposure of workers to the types of
sources described above.  Accordingly, there is
no unique sequence of events that can be
analyzed for frequency and conditional
probability.  However, these accidents typically
involve a failure of an interlock device and/or
the failure of the workers to follow procedures

and/or observe precautions that could ha
prevented the exposure.

Events involving electromagnetic radiatio
sources that occur more often than once 
10 years (and that have a frequency abo
0.1 per year) are accounted for and discuss
under the subject of nonionizing radiatio
elsewhere in the SWEIS.  Due to the larg
number of sources of electromagnetic radiati
in use at a broad range of facilities at LANL, 
is concluded that, in sum, the frequency 
accidents resulting in worker injury or fatality i
unlikely to be less than 1 in 100 per year (i.e.
frequency of less than 0.01 per year).  Th
places bounds of 0.01 to 0.1 per year for t
WORK–04 accident.

Expanded Operations, Reduced Operations, 
and Greener Alternatives Frequency 
Analysis

No significant differences in activity levels ar
identified that would result in a greater risk o
accidental exposure of workers t
electromagnetic radiation compared with the N
Action Alternative.  Thus, no difference in
frequency is identified across the alternatives

Uncertainties and Sensitivities Affecting the 
Frequency of WORK–04

Uncertainties are not considered to substantia
influence the estimated frequency range for th
accident due to the large number of potent
sources to which workers could be expose

TABLE  G.5.7.3–2.—Summary Results for Scenario WORK–03

ALTERNATIVE
ACCIDENT 

FREQUENCY
SOURCE TERM AND CONSEQUENCES

No Action 10-6 to 10-4/year Fatalities to nearby workers.  No consequences to the public

Expanded Operations 10-6 to 10-4/year Fatalities to nearby workers.  No consequences to the public

Reduced Operations 10-6 to 10-4/year Fatalities to nearby workers.  No consequences to the public

Greener 10-6 to 10-4/year Fatalities to nearby workers.  No consequences to the public
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Administrative controls enforced by LANL
management are similar across LANL and
should not be associated with significant
variation in risk from facility to facility.

Source Term Calculations

This accident does not release hazardous
material to the environment; hence, no source
term calculations are required.

Uncertainties and Sensitivities Affecting the 
Source Term for WORK–04

This issue is not applicable to WORK–04
because no source terms are calculated.

Consequences of WORK–04 for Facility 
Workers and the Public

Due to the nature of facility designs and the
nature of the hazards involved, no public impact
is expected.  Worker consequences could range
from minor injuries to major eye injuries, and
could include fatalities under some
circumstances.  The number of workers injured
or killed by any given accident would be
expected to be small (typically one) because it is
unlikely that a group of workers would all
violate administrative controls and have this
violation result in injury or fatality.  This is not
to say that this never happens, because it does;
but by far and away the most likely outcome is
a single worker being affected by any one event.
Table G.5.7.4–1 summarizes the analysis results
for WORK–04.  

G.5.7.5 Work–05, Plutonium 
Release from Degraded 
Vault Storage Container at 
TA–55–4

General Scenario Description

TA–55, the Plutonium Facility at LANL,
handles containers of plutonium as part of da
to-day operations.   Among the current activitie
at TA–55 is the repackaging of material store
in vault rooms in the facility’s basement.  Th
plutonium in these containers is bein
repackaged due to the degraded nature of so
of the containers.  The repackaging activity 
part of a program to implement the DNFS
Recommendation 90-4.

In order to repackage the plutonium, th
containers must be retrieved, the plutoniu
taken out, and the material repackaged.  Wh
handling the container, there is the possibility 
the container being dropped and some portion
the contents being spilled.  If this accide
occurs while the building HEPA filters and
HVAC systems are operating, very little of th
plutonium can escape the facility.  Thus, th
accident presents the frequency for dropping
degraded container and qualitatively evaluat
the exposure of facility workers to this
plutonium spill.

The impacts to the public from this type o
accident was presented in section G.5.6.1
This discussion presents the frequency for t
drop of the container and the exposure 

TABLE  G.5.7.4–1.—Summary Results for Scenario WORK–04

ALTERNATIVE ACCIDENT FREQUENCY CONSEQUENCES

No Action 0.01 to 0.1/year Typically one worker injury or fatality; small likelihood 
of two or more workers being simultaneously affected.

Expanded Operations 0.01 to 0.1/year Same as No Action Alternative.

Reduced Operations 0.01 to 0.1/year Same as No Action Alternative.

Greener 0.01 to 0.1/year Same as No Action Alternative.
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workers within the facility only.  The public
impacts were discussed previously.

For the contents of a container to be spilled, the
containers must be corroded or have some other
physical damage.  LANL has currently retrieved
about 1,450 containers and found, through
visual inspection,  361 containers to have some
defect.  Of these 361 containers, 82 have lost
outer containment, or approximately 5.5 percent
have outer containment failure.  The rate of
inner containment failure is estimated to be
2 percent.  To have a release of material, a
container would have to have both its outer and
inner container fail during a drop.  The contents
would then have to be spilled.  For this accident,
the frequency is therefore dependent on
dropping a container that has sufficient damage,
such as loss of containment, in order to spill the
material. 

Once the containers are repackaged, risk will be
reduced because of upgrades to the containers
and the required stability of the material inside.

For further information, DOE Standard 3013-96
(DOE 1996e) addresses the requirements for
containers for long-term (at least 50 years)
storage of plutonium.  To meet the standard,
plutonium-bearing materials must be in stable
forms and packaged in containers designed to
maintain their integrity under both normal
storage conditions and anticipated handling
accidents for at least 50 years (DOE 1996e).
The standard applies to metal, oxide, and alloys
containing at least 50 percent plutonium by
mass, and containing less than 3 percent
plutonium-238 by mass (DOE 1996e).  The
quantity of metal per container should be as
close as practical to, but not exceed, 9.68
pounds (4.40 kilograms).  Stored metal pieces
are required to have thicknesses greater than
0.04 inches (1.0 millimeters) and have specific
surface areas less than 71 inches/2 pounds
(1 centimeter/2 grams) to reduce potential
pyrophoric tendencies (DOE 1996e).  The
quantity of oxide by container should be as close
as practical to, but not exceed, 10.97 pounds

(5.00 kilograms), representing the plutoniu
dioxide equivalent of 9.68 pound
(4.40 kilograms) of plutonium metal.  The
oxides are required to be thermally stabilize
with less than 0.5 percent mass loss-on-igniti
(DOE 1996e).  The containers are required 
include a minimum of two nested, seale
containers, and have at least one container t
remains leak tight after a free drop from 
30-foot (9-meter) height into a flat, essential
unyielding, horizontal surface (DOE 1996e
The containers are required to have a cylindric
geometry not exceeding 4.9 inche
(12.5 centimeters) outside diameter or 10 inch
(25.4 centimeters) external heigh
(DOE 1996e).  Although the risk will be
reduced once the plutonium is repackaged, n
risk numbers are not calculated.  These numb
are considered representative of the type 
worker risk that exists when handling plutonium
in LANL nuclear facilities.  

No Action Alternative Frequency Analysis

Table G.5.7.5–1 summarizes the frequen
analysis for a container drop in TA–55
Because there are two types of containers, 
frequency for dropping each container 
presented.  The terms for the equation a
explained in subsequent section
Table G.5.7.5–2 presents the number 
container handling operations.

For the purposes of this analysis, the contain
are being tracked as two types of containe
Most containers are doubly contained drum
(i.e., drums that have an inner and out
container, and are hermetically sealed).  T
other type has various names such as food p
cans, or dressing jars.  These names w
derived from their general appearance 
distinguish one container over anothe
However, these cans would sustain simil
damage when dropped.  The drums would ha
a different failure rate than the metal cans wh
dropped, so the containers are being tracked
two separate types.
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Because the repackaging effort will take
approximately 6 years, the repackaging rate was
estimated to be 17 percent of the total containers
each year.

Each container will be handled once before
being placed into a DOE Standard 3013-96
container.  Although the entire repackaging
process may have additional steps, this is the
activity where the material is most likely to be
spilled and have worker exposure.  Thus, the
number of degraded container handling
operations is 972 drum operations and 228
metal can operations for a total of 1,200
handling operations of degraded containers per
year.

Generally, dropping a container does not
involve equipment failure, but rather, errors in
setting up the equipment properly.  This failure
is similar to that of checking the status of
equipment, if the status of the equipment affects
one’s safety when performing the task
(Swain and Guttmann 1983).  As shown in
Table G.5.7.5–3, the probability of dropping a

container, for either type, is therefore estimat
to be 0.001. 

In order for a container drop to result in 
material spill and exposure to workers, 
degraded container must be dropped.  F
drums, the probability of this occurring i
assumed to be directly proportional to th
number of drums that have both the inner a
outer containers damaged.  From existin
inspections of containers, about 5.5 perce
have outer containment failure, and abo
2 percent have inner containment failure
Given that the inner containment failure is n
linked to outer containment failure, th
probability of both of these conditions existin

TABLE  G.5.7.5–1.—Frequency Analysis for a Container Drop in TA–55

SCENARIO

NUMBER OF 
CONTAINERS 

HANDLED 
PER YEAR

HEP FOR 
CONTAINER 

DROP

PROBABILITY 
OF 

DEGRADED 
INNER 

CONTAINER

PROBABILITY 
OF 

DEGRADED 
OUTER 

CONTAINER

FREQUENCY OF 
CONTAINER 
DROP AND 

SPILL (SPILL 
PER YEAR)

Drums 972 0.001 0.055 0.02 0.0011

Nonhermetically 
Sealed Containers

228 0.001 1.0 1.0 0.23

TABLE  G.5.7.5–2.—Number of Container Handling Operations

CONTAINER 
TYPE

TOTAL 
NUMBER OF 

CONTAINERS

PERCENTAGE OF 
CONTAINERS 

REPACKAGED PER YEAR

NUMBER OF 
HANDLING 

OPERATIONS TO 
REPACKAGE

HANDLING 
OPERATIONS 

PER YEAR

Drums 5,830 17 1 972

Metal Cans 1,370 17 1 228

TABLE  G.5.7.5–3.—Human Error 
Probability (HEP), Container Drop

SCENARIO HEP, CONTAINER DROP

Drums 0.001

Metal Cans 0.001
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is about 0.11 percent (as shown in
Table G.5.7.5–4). 

For the metal cans, the probability of these
containers failing is assumed to be 1.0.  These
containers were used to pack plutonium metal
(LANL 1996k). Although some of these
containers had inner and outer containers, they
lacked a hermetic seal.  Without the hermetic
seal, the metal could be oxidized.  Also, the
inner container was often placed in a plastic bag
and then placed inside the outer container.
Normally, degradation of the plastic bags was
not a problem because the plutonium metal was
not stored in them for long periods of time.
However, because the plastic bags decompose
into various organic compounds through alpha-
particle-induced decomposition and can cause
the metal and containers to corrode, the
plutonium metal must be repackaged.  For these
reasons, the conservative assumption was made
that if a container is dropped then the material is
spilled, therefore, by definition, the container is
a degraded container.

For workers, the rate of plutonium exposure
from these types of accidents is about 1 in
5 years.

Expanded Operations, Reduced Operations, 
and Greener Alternatives Frequency 
Analyses

The same type of activities will be conducted for
each of the alternatives.  Because no appreciable
changes in these activity levels are anticipated
for the various alternatives, the results of the
frequency analysis for the No Action

Alternative remains the same for thes
alternatives.

Uncertainties and Sensitivities Affecting the 
Frequency of WORK–05

The assumption that the “metal can” containe
will spill material if dropped is considered 
conservative assumption for this analysis.

Source Term Calculations

If the entire contents of the package was spille
the amount of material that could be inhaled
2.7 grams of plutonium (see section G.5.6.1
Source Term).  It is not likely that a worke
would inhale this much plutonium.  The worke
has personnel protective equipment that wou
be used in response to the accident.  Alar
would also sound if plutonium became airborn
as part of the accident and limit the exposure
other workers in the area. 

Expanded Operations, Reduced Operations, 
and Greener Alternatives Source Term 
Analyses

Because the MAR is associated with a
individual container-handling operation an
LANL will continue to perform these types o
activities in order to carry out any assigne
mission, the source term would not change.

Worker Consequences

Significant but nonlethal doses are possible 
the workers handling the plutonium.  An
adverse impacts would be mitigated by prom
use of protective equipment and/or prom

TABLE  G.5.7.5–4.—Probability of Dropping a Degraded Container

SCENARIO
PROBABILITY OF 

INNER CONTAINMENT 
FAILURE

PROBABILITY OF OUTER 
CONTAINMENT FAILURE

PROBABILITY OF 
HANDLING A DEGRADED 

CONTAINER

Drums 0.02 0.55 0.0011

Metal Cans 1.0 1.0 1.0
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exiting of the immediate vicinity for those not
involved in clean-up activities.  Table G.5.7.5–5
summarizes the analysis results for WORK–05.

G.6 UNCERTAINTIES  AND 
SENSITIVITIES

In principle, one could estimate the uncertainty
associated with each step of the analysis for
each accident scenario, and predict the
uncertainty in the results (frequency, source
term, consequences, risk, etc.).  However,
conducting such a full-scale quantitative
uncertainty analysis is neither practical nor a
standard practice for a study of this type.
Instead, the analysis is intended to ensure,
through judicious selection of release scenarios,
models, and parameters that the results
represent and bound the actual risks.

This is accomplished by making assumptions at
each step of the calculations.  The models,

model parameters, and release scenarios 
selected in such a way that most intermedia
results and the final estimate of impacts a
greater than what would be expected should 
events actually occur.  As a result, even thou
the range of uncertainty in a quantity might b
large, the values selected for quantification a
conservative, so the chance that the act
quantity will be greater than the calculated val
is low.

The approach taken for quantification o
accident risks is such that most of th
uncertainty in the results lies on the downside
the values presented.  That is, there is a sm
chance that the actual value lies above tho
presented, but a very large chance that the ac
value lies below those presented in th
appendix and in chapter 5 of volume I.

TABLE  G.5.7.5–5.—Summary Results for Scenario WORK–05

ALTERNATIVE
ACCIDENT 

FREQUENCY
WORKER CONSEQUENCES

No Action 0.23 Plutonium exposure to one or two workers.  Adverse exposure 
limited by use of personnel protective equipment.

Expanded Operations No Change No Change

Reduced Operations No Change No Change

Greener No Change No Change
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