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EXECUTIVE SUMMARY

This investigation report presents the results of investigation activities at Material Disposal Area (MDA) C,
Solid Waste Management Unit (SWMU) 50-009, at Los Alamos National Laboratory (the Laboratory).
MDA C is located within Technical Area 50 at the head of Ten Site Canyon.

The objective of this investigation is to finalize surface and subsurface chemical/radionuclide and
geotechnical characterization of MDA C in accordance with the approved MDA C investigation work plan.
Characterization data were used to define the nature and extent of contamination associated with waste
disposal activities at MDA C and to determine whether the site poses a potential unacceptable risk to
human health or the environment.

Field-investigation activities in 2004—2006 included drilling and logging of 36 boreholes, core sampling,
pore-gas sampling, collecting a limited number of surface samples, and collecting subsurface samples for
geotechnical characterization. Borehole depths ranged from 90 to 620 ft below ground surface. Core
samples were analyzed for inorganic chemicals, organic chemicals, and radionuclides. Pore-gas samples
were analyzed for volatile organic chemicals (VOCs) and tritium. Based on the characterization data from
the 2004—-2006 investigation as well as from previous investigations conducted at the site, the nature and
extent of surface and subsurface contamination are defined. The nature and extent of contamination in
pore gas are also defined. The VOC pore-gas concentrations are low (generally 1000 pg/m3 or less) for
most VOCs detected, with little or no change in concentrations with depth (concentrations remain less
than 1000 pg/m® at TD). Generally, the VOC pore-gas concentrations in borehole locations inside the
fence at MDA C reach the maximum concentration at depths ranging from approximately 125 ft to 200 ft.
Below 200 ft, pore-gas concentrations tend to decrease or remain unchanged to 250 ft. Sampling results
from the deepest borehole (maximum sample depth 591 ft) indicate pore-gas concentrations decrease
substantially below 315 ft (23,000 pg/m3 at 315 ft and 360 pg/m3 at 591 ft). The concentrations of tritium
in pore gas are highly variable, and in some cases vary greatly over short lateral distances. The highest
detected concentrations of tritium were generally at depths of less than 125 ft. In general, the
concentrations of tritium in pore gas decreased with depth from the maximum in each borehole and
decreased with distance from the center of MDA C. In addition, no perched groundwater or perched
saturation zones were found beneath the site.

Currently, the site is located within an industrial area under Laboratory (i.e., institutional) control and is
expected to remain so for the foreseeable future. The risk screening assessment for human health under
the industrial scenario resulted in a carcinogenic risk of approximately 2 x 107, a hazard index (HI) of
approximately 0.01, and a total dose of approximately 10 mrem/yr. All these values are less than the
applicable NMED and DOE target levels for risk, HI, and dose, indicating that MDA C does not pose an
unacceptable risk to human health under an industrial scenario. The results of ecological risk screening
assessment also indicate no unacceptable risk to ecological receptors at MDA C.

Additional surface sampling will be conducted to confirm the nature and extent of inorganic chemical
contamination with decision-level data. Four boreholes will also be drilled between Pit 2 and Pit 3. The
results from surface sampling and borehole drilling will be provided as an addendum to this investigation
report. Based on the results of this and previous investigations, it is recommended that vapor-monitoring
wells be installed to monitor subsurface concentrations of VOCs and tritium. It is also recommended that
a corrective measures evaluation be performed to evaluate potential alternatives for remediation and
long-term disposition of the site.
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1.0 INTRODUCTION

Los Alamos National Laboratory (LANL or the Laboratory) is a multidisciplinary research facility owned by
the United States Department of Energy (DOE) and managed by the Los Alamos National Security, LLC.
The Laboratory is located in north-central New Mexico, approximately 60 mi northeast of Albuquerque
and 20 mi northwest of Santa Fe. The Laboratory site covers 40 mi’ of the Pajarito Plateau, which
consists of a series of finger-like mesas separated by deep canyons containing perennial and intermittent
streams running from west to east. Mesa tops range in elevation from approximately 6200 to 7800 ft.

The Laboratory’s Environmental Programs (EP) Directorate, which includes the former the Environmental
Restoration Project, is participating in a national effort by DOE to clean up sites and facilities formerly
involved in weapons research and development. The goal of EP is to ensure that past operations do not
threaten human or environmental health and safety in and around Los Alamos County, New Mexico. To
achieve this goal, EP is currently investigating sites potentially contaminated by past Laboratory
operations. The sites under investigation are designated as either solid waste management units
(SWMUs) or areas of concern (AOCs).

This investigation report addresses SWMU 50-009, also known as Material Disposal Area (MDA) C,
which is potentially contaminated with both hazardous and radioactive chemicals. Corrective actions at
the Laboratory are subject to the Compliance Order on Consent (the Consent Order), signed on

March 1, 2005. Information on radioactive materials and radionuclides, including the results of sampling
and analysis of radioactive constituents, is voluntarily provided to the New Mexico Environment
Department (NMED) in accordance with DOE policy.

1.1 General Site Information

MDA C is located within Technical Area (TA) 50 at the head of Ten Site Canyon. TA-50 is bound on the
north by Effluent and Mortandad Canyons, on the east by the upper reaches of Ten Site Canyon, on the
south by Two Mile Canyon, and on the west by TA-55. Facilities at TA-50 include a radioactive
wastewater treatment facility (RLWTF), a waste reduction characterization facility, offices, several storage
areas, SWMUs, and MDA C. Figure 1.1-1 shows the location of MDA C and the surrounding technical
areas.

MDA C is an inactive 11.8-acre landfill consisting of 6 disposal pits, a chemical disposal pit, and

108 shafts (Figure 1.1-2). Hazardous waste and mixed waste, as well as radioactive waste, were
disposed of in the landfill between 1948 and 1974. The depths of the 7 pits at MDA C range from 12 to
25 ft below the original ground surface, and the depths of the 108 shafts range from 10 to 25 ft below the
original ground surface. The original ground surface is defined as the surface beneath the cover that was
placed over the site in 1984. The pits and shafts are constructed in the Tshirege Member of the Bandelier
Tuff. The regional aquifer is estimated to be approximately 1300 ft deep (LANL 1998, 59599). The
topography of MDA C is relatively flat, although the slope steepens to the north where the northeast
corner of MDA C abuts the south wall of Ten Site Canyon.

1.2 Purpose of Investigation

The objective of the investigation at MDA C is to determine the nature and extent of releases of
hazardous constituents and/or radionuclides to the environment based on historical data and data
collected according to the approved investigation work plan (LANL 2005, 91547). This report finalizes the
characterization of MDA C and presents recommendations for further activities at the site.
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On October 21, 2005, revision 2 of the investigation work plan for MDA C was submitted to NMED. This
revision included drilling and sampling 31 vertical boreholes surrounding the pits and shafts and

11 vertical boreholes between Pits 1—4 (LANL 2005, 91547). Subsequent correspondence between the
Laboratory and NMED addressed the Laboratory’s concerns related to safety and the need for drilling the
11 boreholes between Pits 1—4 after the latest geophysical surveys of those pits were completed. In a
letter dated August 18, 2006, the Laboratory submitted a modification to the scope of work for MDA C
requesting that the 11 boreholes between pits be eliminated and three additional vertical boreholes be
drilled as requested by NMED to evaluate the correlation between pore-gas and core VOC concentrations
(LANL 2006, 93581). NMED responded on September 25, 2006, requesting the Laboratory drill 4 of the
11 boreholes between Pits 2 and 3 (NMED 2006, 94192). The Laboratory submitted a letter on
November 30, 2006, requesting additional time to complete the four boreholes (LANL 2006, 94194).

A response from NMED was pending at the time this report was published.

This report presents details of investigation activities conducted at MDA C in 2004—-2006. These activities
included collecting surface samples, drilling boreholes, and collecting core samples and pore-gas
samples from boreholes to define the nature and extent of contamination in the subsurface. Previous
investigation activities are reported in Appendix B of the approved MDA C investigation work plan (LANL
2005, 91547), and are summarized in this report.

1.3 Overview of the Investigation Report

Section 1 of this investigation report describes the site and site contamination, the purpose of
investigation, and an overview of the investigations conducted. Section 2 presents the history of site use,
waste storage inventory at MDA C, known releases, and a summary of previous investigations. Section 3
describes the scope of field activities. Section 4 presents the results of the field investigation. Section 5
presents the current regulatory criteria for cleanup standards, human health screening levels, and
ecological screening levels. The results of surface and subsurface contamination are summarized in
section 6. Section 7 presents conclusions, including a summary of the nature and extent of surface and
subsurface contamination at MDA C, and the results of the risk screening assessments. Section 8
presents recommendations for the site. Section 9 includes a proposed schedule for the recommended
actions. The references and map data sources are provided in section 10.

Appendices include acronyms, glossary, a metric conversion table, and definitions of the data qualifiers
used in this report (Appendix A); field methods (Appendix B); borehole logs (Appendix C); analytical
program descriptions (Appendix D); field and analytical records (Appendix E); data review (Appendix F);
risk screening assessments (Appendix G); a surface water assessment (Appendix H); investigation-
derived waste storage and disposal documentation (Appendix I); a radiological inventory (Appendix J); a
summary of biota sampling results (Appendix K); and a summary of anion sampling and moisture
monitoring results (Appendix L).

2.0 BACKGROUND
2.1 Historical Site Use

MDA C is a decommissioned material disposal area established to replace MDA B at TA-21 as a disposal
area for Laboratory-derived waste. MDA C operated from May 1948 to April 1974 but received waste only
intermittently from 1968 until it was decommissioned in 1974. Wastes disposed of at MDA C consisted of
liquids, solids, and containerized gases generated from a broad range of nuclear energy research and
development activities conducted at the Laboratory. These wastes included uncontaminated classified
materials, metals, hazardous materials, and radioactively contaminated materials.
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There are 7 pits and 108 shafts at MDA C (Figure 1.1-2). Ten shafts in Shaft Group 3 (Shafts 98—-107) are
lined with 12-in.-thick concrete, while the rest of the pits and shafts are unlined. In 1959, permanent
markers consisting of metal stakes with numbered tags were placed next to each shaft. The shafts were
sealed by filling them with crushed tuff, followed by concrete (Rogers 1977, 05707, p. C-12). The pits
were filled with crushed tuff when they were decommissioned. Fill dirt was used to cover the material
disposed in the pits as they were being filled. The dirt acted as a temporary cover. A 1959 memorandum
indicates that an approximate ratio of 2.5 yd® of fill to 1.0 yd® of waste material was typical of MDA C
operations (LASL 1959, 27781). When MDA C was decommissioned in 1974, most of the surface was
covered with crushed tuff and fill, and the new surface was recontoured and seeded with a native grama
grass mixture. The dimensions and operation dates of the pits and shafts are listed in Appendix B of the
approved investigation work plan (LANL 2005, 91547, Table B-1, p. B-33).

2.2 MDA C Waste Inventory

The waste disposal records for MDA C are contained in a series of disposal logbooks (LASL 1948-1969,
76035). The radioactive waste disposal records provide some basis for estimating the location, type, and
volume of the waste disposed of and to estimate the number of curies present in specific pits and shafts.
However, little data exist on the volume of nonradioactive waste (i.e., hazardous constituents) disposed of
at MDA C. Hazardous constituents and uncontaminated classified materials were buried with
radioactively contaminated materials.

Routine radioactively contaminated trash disposed at MDA C consisted of cardboard boxes, 5-mil plastic
bags of waste generated in Los Alamos Scientific Laboratory (LASL) chemistry labs, and 55-gal. barrels
of sludge from wastewater treatment plants at building 35 at TA-21, DP West/TA-21, and TA-45.
Nonroutine contaminated waste included debris from the demolition of Bayo Site and TA-01, classified
materials, and tuballoy chips (Rogers 1977, 05707, p. C-3). Waste inventory information gleaned from the
logbooks is summarized in the approved Resource Conservation and Recovery Act (RCRA) facility
investigation (RFI) work plan for Operable Unit (OU) 1147 (LANL 1992, 07672, pp. 2-52—-2-56). The
logbooks have been reviewed to estimate the specific quantities of individual contaminants in the MDA C
disposal inventory.

Present-day radionuclide inventories in the MDA C pits were estimated to be 5600 Ci, 0.75 Ci, and 320 Ci
for surface-contaminated waste, soils, and concrete and sludge, respectively. Most of the activity in
surface-contaminated waste and concrete and sludge can be attributed to plutonium isotopes. Most of the
activity for soils can be attributed to uranium isotopes. For surface-contaminated waste, which contains
most of the estimated radioactivity for the MDA C pits, plutonium isotopes are responsible for
approximately 90% of the disposed activity. A summary of the radionuclide inventory is presented in
Appendix J.

2.21 MDA C Disposal Pit Inventory

The pits at MDA C (Figure 1.1-2) were used to dispose of hazardous wastes, uncontaminated classified
materials, and radioactive materials. Operating dates for each disposal pit and a discussion of the waste
inventory for each disposal pit compiled from disposal records for MDA C follow.

Pit 1 (Nov 1948-Sept 1951)

From LASL logbooks 2587 (LASL 1948, 76035.1) and 3478 (LASL 1950, 76035.80): trichloroethene
(TCE), boron, sulfuric acid, graphite, medical laboratory solutions, contaminated materials and trash,
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tritium, americium-241, uranium, classified material, plutonium, cyanide, mercury, radium-226, acids,
lead, and waste oil.

Pit 2 (Apr 1950-Sept 1951)

From LASL logbooks 2587 (LASL 1948, 76035.1) and 3478 (LASL 1950, 76035-80): TCE and
contaminated materials and trash, boron, tritium, americium-241, uranium, sulfuric acid, biological waste,
graphite, classified material, plutonium, cyanide, mercury, radium-226, acids, lead, and waste oil.

Pit 3 (Oct 1951-Apr 1953)

From LASL logbook 4644 (LASL 1951, 76053-160): mercury teplers, tritium-contaminated glassware,
cyanide solutions, contaminated materials and trash, TCE, boron, americium-241, uranium, sulfuric acid,
biological waste, graphite, classified material, plutonium, radium-226, acids, lead, waste oil, and
beryllium.

Pit 4 (Oct 1951—Feb 1955)

From LASL logbooks 4644 (LASL 1951, 76053-160) and 6030 (LASL 1953, 76053-239): tritium-
contaminated glassware, boxes and urine samples, mercury teplers, actinium-227, vials of radium-226,
cyanide and cyanide solutions, a 5-gal. can of actinium waste, empty bottles, contaminated materials and
trash, TCE, boron, americium-241, uranium, sulfuric acid, biological waste, graphite, classified material,
plutonium, acids, lead, waste oil, silver, and beryllium.

Pit 5 (Apr 1953-Sept 1959)

From LASL logbooks 6030 (LASL 1953, 76053-239), 7277 (LASL 1955, 76053-319), and 9593 (LASL
1958, 76053-497): batteries (acids and lead), a 5-gal. can of actinium-227 waste, lead bricks, vials of
radium-226, zirconium shavings, cyanide and cyanide solutions, radionuclide-contaminated waste oil,
empty bottles, silver nitrate, beryllium chips, tritium contaminated boxes and urine samples, contaminated
materials and trash, TCE, boron, americium-241, uranium, sulfuric acid, biological waste, graphite,
classified material, and plutonium.

Pit 6 (Oct 1956—-Sept 1959)

From LASL logbooks 9593 (LASL 1958, 76053-497), 11363 (LASL 1961, 76053-510), and 9293 (LASL
1958, 76053-505): radionuclide-contaminated oil, tritium-contaminated oil, copper sheets, cobalt chips,
bottles of cadmium-boron tungstate, tritium-contaminated boxes and cans, a can of oil, approximately
100 Ci of source-strength cobalt-60, a lanthanum source, 10 bottles of platinum chloride, beryllium chips,
carbon-14-contaminated graphite, a plutonium slug, contaminated materials and trash, TCE, boron,
americium-241, uranium, sulfuric acid, biological waste, classified material, mercury, actinium-227,
radium-226, acids, and lead.

Chemical Pit (early 1960—June 1964)

No logbook entries were made for specific wastes disposed of in the Chemical Pit at MDA C. The
following quote was recorded in the approved RFI work plan for OU 1147: the area “was used for burial of
a variety of chemicals, pyrophoric metals, natural uranium powders and hydrides, sealed vessels
containing sodium-potassium alloy, compressed gases, and unspecified equipment. Undoubtedly, some
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plutonium- and uranium-contaminated objects were inadvertently placed in the pit....No high explosives
were ever interred in this pit....low-level radioactive waste placed in the pit may have included cardboard
boxes containing materials from the chemistry labs, as well as 55-gal. barrels of sludge from the waste
treatment plants at building 35, DP West, and TA-45.” (LANL 1992, 07672, p. 2-54)

2.2.2 MDA C Disposal Shaft Inventory

The disposal shafts at MDA C were primarily used for disposing of beta- and gamma-contaminated waste
from the Chemical Metallurgy Research Building at TA-03; however, other Laboratory groups used the
MDA C shafts for waste disposal as well. Present-day radionuclide activities (decayed to January 2005) in
the shafts are considerably lower than the as-disposed activities since most of the radionuclides
associated with the waste are relatively short-lived. Present-day estimated activities for Shaft Groups 1
through 3 are 57 Ci, 620 Ci, and 7100 Ci, respectively. In Shaft Group 1, 67% of present-day activity
consists of strontium-90, and 28% consists of of cesium-137. Sixty-three percent of present-day activity in
Shaft Group 2 consists of cesium-137 and strontium-90, with aluminum-26 and tritium contributing
another 28%. In Shaft Group 3, tritium (which has a radioactive half-life of 12 years) accounts for 94% of
present-day activity. A summary of the radionuclide inventory is presented in Appendix J.

All of the shafts were unlined with the exception of Shafts 98—107, which were lined with 12-in. thick
concrete. In the 1950s or 1960s, a single disposal shaft was dug at MDA C solely for disposing of a single
strontium-90 source. Three groups of shafts were used sequentially over time. The Shaft Group 1
consists of 12 shafts numbered 56—67. These shafts were originally numbered 1-12; however, they were
renumbered in 1962 to be sequential with subsequent shafts. Shaft Group 1 is south of Pit 5. Shaft

Group 2 consists of Shafts 1-55, which are located between Pits 1 and 3. Shaft Group 3 (Shafts 68-107)
is west of Pits 1 through 4. The locations of the disposal pits and shafts are included in Figure 1.1-2.

The operating dates for each shaft group and a discussion of the waste inventory for each group of
disposal shafts compiled from disposal records for MDA C follows.

Shaft Group 1 (Shafts 56-67 [Feb 1959—-Oct 1959])

From LASL logbook 9593 (LASL 1958, 76053-477): barium, tritium, radium, lanthanum-140, strontium-89
and -90, tantalum, cerium waste, two cerium sources, fission products, one lanthanum-140 static source,
phosphoric acid, depleted uranium (DU), a charcoal trap, and polonium-beryllium-fluorine compounds.

Shaft Group 2 (Shafts 1-55 [Nov 1959-May 1967])

From LASL logbooks 9593 (LASL 1958, 76053-477) and 11363 (LASL 1961, 76053-510): barium-140,
lanthanum-140, fission products from the Omega reactor, uranyl phosphate, graphite slugs, a cobalt-60
capsule, radioactive graphite, radioactive tantalum, 1 g of irradiated plutonium, thallium, irradiated
uranium graphite, lead-beryllium sources, thorium, cesium, strontium, plasma thermocouples, fuel
elements (rods), cobalt-60 slugs and sources, sulfuric acid solution, zirconium carbide, a copper sphere,
two “rabbit” tubes of beryllium (“rabbits” are containers placed in a reactor neutron flux to irradiate the
contents), reactor seals, alpha emitters in solution, acid solutions, actinium components, various uranium
isotopes, DU, cerium-141, yttrium, silver-110, sodium-22, cesium-137, cesium-144, plutonium waste,
oralloy (enriched uranium from Oak Ridge National Laboratory), benzene, isopropyl alcohol,
neptunium-237, contaminated materials and trash, americium-241, biological waste, classified material,
radium-226, lead, silver, and “induced activity” (activation products, usually from a linear accelerator).
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Shaft Group 3 (Shafts 68-107 [Oct 1962—-Feb 1966])

From LASL logbooks 11363 (LASL 1961, 76053-510) and 12442 (LASL 1963, 76053-588): plutonium-
contaminated trash, fission products, aluminum sheets and tubes, acids, cesium-137, sodium, cobalt-60,
antimony, lanthanum-140, cobalt-60 sources, polonium, beryllium, vacuum pump oil, empty glass bottles,
graphite, plutonium, boron, fuel element end caps, thermocouples, acetone, uranium, zirconium carbide,
zinc and aluminum residues, barium, irradiated tantalum, tuballoy (a uranium alloy), shell waste, yttrium-
91, radioactive chemicals and organic solutions, hydrochloric acid waste, plutonium in ether solution, zinc
and mercury solutions, DU chips, miscellaneous sources, oralloy solution, iridium-192, tantalum, indium-
114, animal tissues, solvents, a Los Alamos Molten Plutonium Reactor Experiment (LAMPRE) rod
assembly, waste oil, detonator components, NRX (Navy experiment) reactor parts, trinitrotoluene (TNT)
element samples, americium-242, aluminum-105, zinc-65, neptunium-237, contaminated materials and
trash, americium-241, classified material, actinium-227, radium-226, lead, silver, strontium-90, and
“‘induced activity.”

2.3 Historical Releases

The results of historical investigations indicated contaminants have been released to environmental
media as a direct consequence of disposal activities. Analysis of soil and vegetation samples from

MDA C conducted from 1976 to 1983 confirmed the presence of pCi/g levels of radionuclides in localized
areas (LANL 1992, 07672). Wastes in some pits (especially in Pit 5 on the north side of MDA C) were
exposed at the ground surface as a result of natural degradation or erosion of the shallow soil covers. In
1984, approximately 1.5 ft of crushed tuff, followed by 0.5 to 3 ft of topsoil, was placed over the surface of
MDA C, except at the northeast corner of the site where no pits or shafts are located. Additionally,
chemical wastes were responsible for many fires at MDA C (LANL 1992, 07672, p. 2-54). It is possible
that the fires served as a vehicle of contaminant transport from open pits to the surrounding surface soil.
The isotopic plutonium and americium-241 concentrations detected in surface soils in the northeast
portion of the site measured during the Phase | RFI resulted in part from windborne deposition of
contamination released during waste disposal activities and from the deposition of historical stack
emissions (LANL 2005, 91547, p. 6) from operations at TA-50.

24  Summary of Previous Investigations

From 1956 to 1961, the U.S. Geological Survey (USGS) conducted water infiltration tests at MDA C. The
study concluded that in the presence of a continuous and consistent hydraulic head in the shallow pit,
subsurface moisture preferentially moved laterally in the soil profile rather than downward into tuff. The
study further concluded that the downward movement through soil and tuff is slow and inefficient,
requiring more hydraulic head than is typically present at MDA C (LANL 1992, 07672, p. 2-57).

Several surface radiation surveys and sampling were conducted from 1976 to 1986. In 1985, a radiation
survey using a phoswich detector indicated background conditions over most of the site, except in the
northeast corner of MDA C where elevated levels of radioactivity were detected. Surface soil samples
were collected and analyzed for isotopic plutonium, isotopic uranium, and tritium. Isotopic plutonium was
detected on the north and east side of MDA C. Additional surface soil samples were collected in 1986 and
were analyzed for americium-241, cesium-137, isotopic plutonium, and tritium, all of which were detected.

In 1989, pore-gas samples were collected from a depth of 4 ft at six locations near the Chemical Pit and
12 perimeter locations immediately surrounding MDA C and analyzed for volatile organic compounds
(VOCs). No VOCs were present at concentrations greater than method detection limits (DOE 1989,
15364). Three sediment samples were also collected at 0- to 12-in. intervals from a drainage channel at
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the top of Ten Site Canyon and analyzed for pesticides, polychlorinated biphenyls (PCBs), VOCs,
semivolatile organic compounds (SVOCs), inorganic chemicals, and radionuclides. Organic chemicals
detected were one VOC, eight SVOCs, and four pesticides. Inorganic chemicals detected were barium,
chromium, nickel, and zinc. Radionuclides detected were americium-241, cesium-137, plutonium-238,
plutonium-239/240, radium-226, uranium-235, and uranium (all isotopes).

Phase | RFI fieldwork was conducted at MDA C from 1993 to 2002. Fieldwork included the following
activities:

o three geophysical surveys in 1994, 2001, and 2002
e biota screening and sampling in 2003

e surface investigations that included surface soil and fill sampling (1993) and VOC surface flux
measurements (2000)

e subsurface investigations that included core sampling (1995), pore-gas sampling (2001), tritium-
probe sampling (2003), and borehole air-flow velocity measurements (1995-1996)

The following paragraphs provide details of these previous investigation activities.

All 68 surface samples collected in 1993 were analyzed at off-site analytical laboratories for
americium-241, isotopic plutonium, and strontium-90. In addition, 47 samples were analyzed for gamma-
emitting radionuclides by gamma spectroscopy; 59 samples were analyzed for tritium, PCBs, and
SVOCs; and 73 samples were analyzed for isotopic uranium.

VOC surface flux was measured across MDA C in two surveys conducted in June and July 2000.
EMFLUX collectors, consisting of an adsorbent cartridge suspended on a stake beneath a protective shell
for a 72-h period, were used in the survey. A total of 102 samples were collected in the two surveys.
Maryland Spectral Services performed the VOC analysis using gas chromatography/mass spectrometry
techniques following a modified Environmental Protection Agency (EPA) Method TO-1. Additional
information on surface-flux sampling and analysis protocols is provided in the EMFLUX soil gas survey
report for MDA C (BES 2000, 76046).

Eleven boreholes (locations 50-09100 through 50-09110), two vertical (locations 50-09100 and 50-09104)
and nine angled, were drilled in 1995 as part of the Phase | RFI. A total of 84 core samples and 55 field
duplicates were collected in 1995 and 1996.

In 2003, 15 shallow pore-gas vapor probes were installed across MDA C. A total of 15 pore-gas samples
were collected, one from each probe, at a depth of 2.5 ft below ground surface (bgs) using silica gel
columns. These 15 near-surface pore-gas samples were sent to an off-site analytical laboratory and
analyzed for tritium.

Monitoring of Tritium in Air

The Laboratory Meteorology and Air Quality Group collected biweekly airborne tritium data from the
TA-50, MDA C air monitoring station beginning February 3, 2003 and ending March 15, 2004. The tritium
data is reported in Table 2.4-1 as the 95% upper confidence limit (UCL) of the mean. The average tritium
concentration for the monitoring period at the MDA C air monitoring station calculated as the average of
the 95% UCL values is 11.5 pCi/m°.
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Geophysical Surveys

A magnetometry survey was performed at MDA C in 1994 as a pilot test to locate the boundaries of
subsurface disposal units. The survey could identify only ferrous materials within 12 ft bgs. A geophysical
survey was performed in 2001 to delineate disposal units and to map the thickness of cover materials
across the surface of MDA C. The survey indicated the pit boundaries, except where interference from a
chain-link fence obscured the pit boundaries along the southern and eastern edges of MDA C. A second
geophysical survey was performed in 2002 after the chain-link fence had been removed. This survey
found no evidence of disposal pits outside the fenceline in the surveyed areas.

Biota Screening and Sampling

Biota sampling was conducted to determine whether any evidence of uptake and transport of contaminants
by biota could be found at MDA C. On February 12, 2003, ant mounds and animal burrows across the site
were field screened for gross alpha, beta, and gamma activity. On March 20, 2003, surface soil samples
were collected from ant mounds and animal burrows and submitted to American Radiation Services (ARS)
of New Mexico for gross alpha, beta, and gamma analyses. Samples of pine needles were collected on
March 21, 2003, from all 16 ponderosa pine trees on the surface of MDA C and submitted to ARS for gross
alpha, beta, and gamma analyses.

Biota sampling results indicated that burrowing mammals and ants are not transporting radionuclides
from the subsurface to the ground surface at MDA C. The results also showed that pine trees had
elevated levels of gross alpha and beta radioactivity, indicating that trees are able to transport
radionuclides from the subsurface into their needles. Active mowing and tree removal were
recommended to prevent radionuclide transport to the surface. The biota sampling activities and results
are summarized in Appendix K.

Nature and Extent of Surface Soil and Fill Contamination

Elevated concentrations of radionuclides, including americium-241, plutonium-238, and
plutonium-239/240, were identified in the northeast portion of MDA C and may have been associated with
historical site operations, with the deposition of air-borne emissions from historical operations at TA-50, or
with contaminants that may have been present in fill material placed on the site. A release of
Aroclor-1260 and bis(2-ethylhexyl)phthalate may have occurred in the area of Pit 6 during operation of
the site. The detected concentrations of these chemicals are bounded by other soil and fill samples where
they were not detected.

Nature and Extent of Subsurface Contamination

Tuff data for metals (including cyanide) and radionuclides indicated releases to subsurface tuff have
occurred below Pit 6 because these contaminants are present at concentrations exceeding background
values (BVs) and/or fallout values (FVs). However, the number and locations of tuff samples were not
adequate to support conclusions regarding the nature and extent of contamination beneath Pits 1-5,
Shaft Groups 1 and 2, and the strontium-90 disposal shaft. Tritium pore-gas data in tuff indicated a
release of tritium in the subsurface, with higher concentrations measured in the northern portions of the
site below Pits 4, 5, and 6. Tritium probe data indicated a release of tritium to the atmosphere was
occurring in the western regions of Pits 1 through 4, in an area west of Shaft Group 3 and north of Pit 6.
The spatial extent of tritium in the subsurface was not defined.
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Nature and Extent of Surface and Subsurface VOC Contamination

With only two vertical boreholes, VOC data were inadequate to define the lateral extent of vapor-phase
VOCs in subsurface tuff. Based on VOC surface-flux measurements and the pore-gas data from
boreholes 50-09100 and 50-10131, TCE and tetrachloroethene (PCE) were found to be the most
prevalent VOCs in the subsurface at MDA C. VOC concentrations were greatest at shallower intervals at
the chemical disposal pit (borehole location 50-10131). The nature and extent of VOCs in the vapor
phase were not defined.

Engineering drawings ENG-R-1264 (LASL 1970, 76047) and ENG-R-4459 (LASL 1974, 38446) were
used to approximate the locations of pits and shafts. Two geophysical surveys verified the general
location and horizontal dimensions of the disposal pits (AGS 2001, 73710; AGS 2002, 73711) and the
depth of cover thickness, although the pit boundaries inferred from the geophysical investigation did not
correspond in all cases to those shown on the engineering drawings. In 2001, the depth of cover
materials across MDA C was investigated using ground penetrating radar (GPR) (AGS 2001, 73710). The
cover thickness over Pits 1-6 was estimated to range from approximately 2.5 ft to about 8 ft. However,
the cover thickness over Shaft Groups 2 and 3, near the western ends of Pits 1-4, and the Chemical Pit
was estimated to be less than 1 ft. The depths of the shafts and pits were documented in the OU 1147
work plan (LANL 1992, 07672) and were based on historical documents, but the elevation data were not
documented. Subsequent additions of cover material have increased the elevation across the site. The
surface elevations of the shafts and pits at the time of excavation were estimated from the tuff/soil
interface logged in the 1995 RFI borehole logs.

The results of the investigations conducted under the OU 1147 work plan (LANL 1992, 07672) indicated
that VOCs and radionuclides are present in the vadose zone. The vertical and horizontal extent of
contamination was not defined.

3.0 SCOPE OF ACTIVITIES

This section describes the investigation activities conducted at MDA C in May 2004 and from

August 2005 to August 2006, in accordance with the approved MDA C investigation work plan (LANL
2005, 91547; NMED 2005, 90165; NMED 2005, 91695). Activities included collecting surface samples at
the east end of the site, conducting a geophysical survey to better define the locations of Pits 1-4, and
collecting subsurface samples at numerous locations.

A total of 33 boreholes were drilled to collect subsurface tuff and pore-gas samples to determine the
nature and extent of contamination at MDA C. Characterization drilling was completed in August 2006.
Three additional boreholes were subsequently drilled to determine whether any correlation exists
between VOC concentrations in pore-gas and core samples.

The quality procedures (QPs) and standard operating procedures (SOPs) used during 2004—2006
characterization activities are listed in Table B-1.0-2 in Appendix B. The most current versions of all QPs
and SOPs were used to implement the approved MDA C investigation work plan (LANL 2005, 91547;
NMED 2005, 90165; NMED 2005, 91695). Specific details of the methods used for drilling and sampling
activities are presented in Appendix B, along with descriptions of deviations from the approved work plan.
The data collected at the site are summarized in section 6 and in Appendix F.
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31 Health and Safety Measures

Screening for radioactivity was performed to ensure worker safety, to determine whether samples could
be transported, and to identify locations for additional sampling. For boreholes within the nuclear
environmental site (NES) boundary, core barrels were screened for radioactivity immediately upon
extraction from the borehole using an Eberline E-600 radiation meter with SHP 380 alpha/beta/gamma
probe. In addition, cuttings were screened on a continual basis as they were extracted from the borehole.
Core sections were again screened upon opening the core barrel. Screening measurements were
compared to local (MDA C) background levels that were determined at least once each day during field
activities. The field-screening process, including determining local daily background levels, is described in
Appendix B.

Radiological screening instruments were provided by the Laboratory’s radiation instrumentation and
calibration team, which is part of the Health Physics and Measurements group of the Health, Safety, and
Radiation Protection Division (HSR-4). Calibration records can be obtained using the HSR-4 instrument
identification numbers recorded in the weekly performance test logs. Weekly performance checks were
performed on all radiological field-screening instruments in accordance with the Laboratory’s Radiation
Protection Program (RPP) and HSR-4 procedures. The performance check records are also on file at
HSR-4 and are available upon request.

Each 5-ft interval of core along the borehole was screened for VOCs using a MiniRAE 2000
photoionization detector (PID) with an 11.7electron-volt (eV) lamp. Calibration of the PIDs was performed
at least once each day during field activities, and a yearly calibration was performed by the vendor. Daily
calibration was performed using a standard source of 100 ppm isobutylene. The rated detection limit for
the PIDs used is 0.2 ppm.

Ambient air conditions at the site were monitored during all drilling and related activities using a Data
Ram portable dust monitor. Action levels for dust monitoring were 15.7 mg/m? for inorganic chemicals and
22.2 mg/m3 for radionuclides. Surface air conditions did not exceed dust action levels for either inorganic
chemicals or radionuclides. If the action levels had been exceeded, engineering controls would have
been put in place or work would have stopped.

Health and safety measures and monitoring activities did not adversely affect or limit the completion of
any investigation activities or result in changes to the scope of activities.

3.2 Field Survey

A radiological survey was conducted east of the MDA C boundary and outside the fenceline on

May 4, 2004, to identify potential surface or near-surface radiological contamination and select biased
surface sampling locations. The survey was performed with a Berkeley Nucleonics Surveillance and
Measurement System, a portable gamma spectroscopy instrument with an integrated multichannel
analyzer. This instrument uses a sodium iodide detector to identify multiple isotopes and the isotope
specific/total dose rates at each survey location. The radiological survey was conducted on a grid with 15-
by 15-ft spacing. The results of the radiological survey, including surveyed coordinates, are presented in
Table 3.2-1.

In April 2006, a geophysical investigation was performed by ARM Group, Inc., to delineate the lateral
boundaries of Pits 1-4 and to locate any anomalies that could be attributed to the disposal shafts (ARM
2006, 94164). Four geophysical techniques were used: high-sensitivity metal detector (EM61), cesium
vapor magnetometer, terrain conductivity (EM31), and GPR.
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A seismic survey was also performed in April 2006 by Quantum Geophysics, Inc. The survey used the
multichannel analysis of surface waves (MASW) method to identify and map the walls between Pits 1-4
(Lee 2006, 94163). The survey incorporated a Geometrics StrataVisor NZXP 24-channel seismograph
and a Geometrics Geode 24-channel seismograph with Oyo Geospace 4.5-Hz geophones connected by
2 24-takeout seismic spread cables. Seismic waves were generated by striking an aluminum plate,
placed on the ground surface, with a 12-Ib sledge hammer (Lee 2006, 94163).

All sampling locations were surveyed either by traditional surveying methods or by differentially corrected
global positioning system (GPS). The survey methods are described in Appendix B. The surveyed
coordinates for all sampling locations are presented in Appendix E (on CD).

3.3 Surface Investigation
3.31 Collection of Surface Samples

Six surface soil sampling locations were selected based on the gamma spectroscopy survey conducted at
the site (section 3.2). Six discrete grab samples and one field duplicate were collected from 0 to 0.5 ft bgs
at each of the six locations. The surface samples were collected according to SOP-06.09. A stainless-
steel scoop and bowl were used to homogenize the samples, which were then transferred to sterile
sample collection jars. Figure 3.3-1 shows the locations of all surface samples at MDA C. Table F-2.0-1 in
Appendix F summarizes the surface samples collected.

3.3.2  Analysis of Surface Sample

The six surface soil samples collected in 2004 were analyzed at an off-site analytical laboratory for
americium-241, gamma-emitting radionuclides by gamma spectroscopy, isotopic plutonium, isotopic
uranium, and strontium-90. Table F-2.0-1 summarizes the laboratory analyses conducted on all surface
samples collected at MDA C (1993 and 2004).

3.4  Subsurface Investigation
3.4.1 Collection of Core Samples

A total of 33 boreholes were drilled during the 2005-2006 subsurface investigation at MDA C to define
the vertical and lateral extent of site contamination (Table 3.4-1). An additional three boreholes (locations
50-26823, 50-26824, and 50-26825) were drilled to collect paired core and pore-gas samples for the
purpose of correlating VOC concentrations in tuff (core) samples with VOC concentrations in pore-gas
samples. Pore-gas samples were collected for VOCs and tritium, and corresponding core samples were
collected for VOCs. The borehole locations are shown in Figure 3.4-1, and Table 3.4-2 lists the borehole
numbers from the approved investigation work plan (LANL 2005, 91547) and their corresponding
locations. One borehole at location 50-24818 was drilled to a depth of 620 ft bgs to define the vertical
extent of contamination as well as to determine the nature and depth of fracture zones and any possible
perched saturation zones. This deep borehole penetrated the Cerro Toledo interval, which contains
intermittent sands and gravels within which perched saturation zones have been found at other locations
within the Laboratory boundary. The remaining boreholes ranged in depth from 90 to 300 ft bgs.
Appendix C presents the borehole logs generated during characterization drilling in 20052006 at

MDA C. At least five depth intervals were sampled in each borehole (except at borehole location
50-25621).
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Because EnCore samples were not collected from the upper portion of borehole location 50-24818,
borehole location 50-25621 was drilled to 90 ft adjacent to borehole location 50-24818 to collect VOC
samples using EnCore samplers from the same depths as core samples collected in the upper portion of
borehole location 50-24818.

Figure 3.4-1 shows the locations of boreholes drilled at MDA C in 1995-1996 and in 2005-2006. Details
of the methods used for drilling and sampling are presented in Appendix B. The tuff samples collected are
summarized in Table F-2.0-2 in Appendix F.

As directed by the approved investigation work plan (LANL 2005, 91547), core samples were initially
selected for laboratory analysis based on the highest pore-gas screening measurement within each
50-ft-depth interval downhole. However, the locations of three samples were fixed in each borehole at the
following depths: next to the adjacent disposal unit, below the adjacent disposal unit, and at the borehole
total depth (TD). After February 23, 2006, pore-gas screening was not used for sample interval selection
because no correlation was found between screening and analytical laboratory results, as approved in an
email message from NMED (Chamberlain 2006, 94162).

Core samples were also collected to test for possible contamination transport at significant fractures.
Samples were collected above, within, and beneath those fractures that were large enough to make up
80% of the sample volume required by the suite’s sampling containers.

Subsurface samples were collected from a minimum of five depths in each borehole. Additional samples
were collected at fracture zones, or zones of elevated moisture content. Quality assurance (QA)/quality
control (QC) samples were collected according to SOP-01.05, Field Quality Control Samples, at a
frequency of approximately 10%. Table F-2.0-2 in Appendix F summarizes the samples collected.

Three drilling rigs were used for subsurface sampling; a CME 750, the Failing F-10, and the
Denver/Gardner 1500. The three drilling rigs were equipped with wireline core retrieval systems,
4-in.-outer-diameter (O.D.) stainless steel core barrels, and Truspin 9-in O.D., 4.25-in.-inner-diameter (1.D.)
hollow-stem augers (HSAs). The Failing F-1500 drill rig conducted drilling by air coring to extend the
borehole beyond the depth of the HSA drilling. During drilling with the HSA technique, the cuttings were
brought to the surface through the rotating augers on the outside of the drill stem. Continuous core was
recovered by stainless-steel core barrels through the center of the 4.25-in. HSAs drill string. At the surface,
the cuttings and core were surveyed for radiological and hazardous material content(s) and for matrix
identification by visual and physical inspection by the geologist.

Drilling at borehole location 50-24818 could not be completed to the required depth using HSA drilling;
therefore, air coring was used to complete drilling to a TD of 620 ft bgs. During retrieval of core material, a
dust-suppression system was used to completely contain and process the air through a high-efficiency
particulate air (HEPA) filter before releasing the air to the atmosphere. Once screening of the core barrels
was conducted, the core barrels were opened and the core material was sampled. Core sampling
activities included taking portions of the core material and placing it in the appropriate sampling
containers (glass, amber glass, poly jars, resealable poly bags, or EnCore samplers). The samples were
labeled, documented in sample collection logs and chain-of-custody forms, affixed with custody seals,
and preserved for transport to the radiation-screening laboratory (ARS and the Laboratory’s Sample
Management Office [SMO]).

Field screening was conducted continuously during drilling, as described in Appendix B. Each core section
was screened for radioactivity and VOCs immediately after it was removed from the borehole, and the
results were recorded in the field logbook. Screening for radioactivity using an Eberline E-600
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alpha/beta/gamma radiation meter within 1 in. of the sample was performed on each core while it was still
in the core barrel. Field screening for VOCs was performed using a PID equipped with an 11.7-eV lamp.

Field screening for the explosives TNT and research department explosive (RDX, also hexahydro-1,3,5-
trinitro-1,3,5-triazine]lhexahydro-1,3,5-trinitro-1,3,5-triazine) was conducted for all boreholes using DTECH
Soil Extraction Pacs and TNT or RDX explosives test kits. Samples were collected every 10 ft to a
maximum depth of 60 ft using a core-barrel sampler.

Field screening was performed primarily for worker health and safety purposes but was also used to
identify additional samples to be collected and laboratory analysis to be performed because of elevated
field-screening results. According to the approved MDA C investigation work plan (LANL 2005, 91547;
NMED 2005, 90165; NMED 2005, 91695), the depth interval with the highest field-screening result for
organic vapors would be sampled and analyzed for dioxins, furans, and high explosive (HE) compounds.

3.4.2 Analysis of Core Samples

All core samples were submitted through the SMO to approved off-site analytical laboratories and
analyzed for various combinations of radionuclides (gamma-emitting radionuclides, americium-241,
strontium-90, isotopic uranium, and isotopic plutonium), target analyte list (TAL) metals, perchlorate,
cyanide, nitrate, PCBs, dioxins and furans, HE, VOCs, and SVOCs. Table F-2.0-2 in Appendix F
summarizes the laboratory analyses performed for each of the core samples collected. The analytical
methods used for the various analyses are presented in Appendix D.

3.43 Geotechnical Characterization

Geotechnical characterization was performed in 2006 at deep borehole location 50-24818 to determine
geotechnical properties of the bedrock underlying MDA C. Eight geotechnical samples were collected at
depths ranging from 71.5-329 ft bgs. Geotechnical samples were analyzed for moisture content, bulk
density, porosity, saturated hydraulic conductivity, and pH. The geotechnical analytical results are
discussed in section 4.9.

Volumetric water-content profiles were collected in 19 boreholes across MDA C using neutron
thermalization (neutron probe). Measurements were made in April and May 2006 with a Mount Sopris
logging system using a CPN neutron source. One-time measurements were taken at 0.5-ft increments
over the entire depth of each borehole. All field neutron probe measurements were converted to
volumetric water content using a calibration regression derived from comparing neutron probe
measurements to corresponding core sample laboratory-determined volumetric moisture contents from
four boreholes at MDA C. The results of the neutron probe measurements are presented in section 4.9
and in Appendix L.

3.4.4 Collection of Pore-Gas Samples

Subsurface pore-gas samples were collected from each of 34 boreholes between August 2005 and
August 2006 (Table 3.4-1). A total of 210 first-round pore-gas samples were collected, along with 23 field
duplicate samples, and analyzed for VOCs and tritium. These samples included pore-gas samples that
were collected in 2005-2006 from two boreholes (locations 50-09100 and 50-10131) that had been drilled
before the 2005-2006 investigation. Pore gas was not collected from borehole location 50-25621 (only
EnCore samples from core were collected at that location).

EP2006-1000 13 December 2006



MDA C Investigation Report

A second round of pore-gas samples were collected from some of the boreholes to measure the
concentrations of VOCs in pore gas after drilling was completed to allow borehole conditions to
equilibrate. Second-round samples were collected at least 30 days after the initial pore-gas samples were
taken using the same collection methods. A total of 168 second-round pore-gas samples were collected,
along with 16 field duplicate samples, and analyzed for VOCs and tritium.

An additional three boreholes (locations 50-26823, 50-26824, and 50-26825) were drilled to collect paired
core and pore-gas samples to correlate VOC concentrations in tuff (core) samples with VOC
concentrations in pore-gas samples. Pore-gas samples were collected for VOCs and tritium, and
corresponding core samples were collected for VOCs.

Figure 3.4-1 shows the locations of all boreholes sampled for pore-gas. Table 3.4-1 presents a list of
pore-gas sample depths. At some borehole locations, sloughing of material into the bottom of the
borehole prevented collection of pore-gas samples at the TD of the borehole, as indicated by some
differences in the maximum core sample depths and maximum pore-gas sample depths. The pore-gas
samples collected are summarized in Table F-2.0-3 of Appendix F.

The pore-gas samples were collected in SUMMA canisters using a straddle-packer system capable of
isolating discrete 1-ft sample intervals within the boreholes. The pore-gas samples were collected in the
field using SOP-06.31, Sampling of Subatmospheric Air.

Subsurface samples for tritium were also collected during the pore-gas sampling events. The same
sample depths were used for tritium as for VOCs. Samples for tritium analysis were collected in silica gel
sample tubes.

Field trip blank samples were collected by pulling calibration gas (99.9% ultrahigh-purity nitrogen) through
the packer sampling apparatus. Field duplicate samples were used to evaluate the reproducibility of field
sampling techniques. The QA/QC samples were collected in accordance with SOP-01.05, Field Quality
Control Samples, at a frequency of approximately 10%.

3.4.5 Analysis of Pore-Gas Samples

The pore-gas samples collected in 2005-2006 were submitted through the SMO to off-site analytical
laboratories for VOC analysis by EPA Method TO-15.

Tritium samples were submitted through the SMO to an off-site analytical laboratory for tritium analysis
using EPA Method 906.0.

3.5 Storage and Disposal of Investigation-Derived Waste

Investigation-derived waste (IDW) resulting from the 2005-2006 activities included drill cuttings, returned
sample material, personal protective equipment (PPE), and miscellaneous materials used during dry
decontamination of sampling equipment (e.g., paper towels and nitrile gloves). The PPE and
miscellaneous materials may have come into contact with environmental media containing measurable
levels of contamination. The IDW was characterized using analytical data from samples collected from the
waste containers. Review of the data indicates that the IDW includes low-level radiological waste,
hazardous waste, and solid waste. The waste is currently being managed on-site at TA-50 and will
ultimately be disposed of at an appropriate, permitted off-site treatment, storage, and disposal facility.
Although final disposition of the waste has not yet been done, all currently available waste
documentation, including waste characterization strategy forms (WCSFs), WCSF amendments, and
waste profile forms, are provided in Appendix |. Any remaining waste disposition documents not available
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at the time this report is published will be included in an addendum to this investigation report when waste
disposition is completed.

4.0 FIELD INVESTIGATION RESULTS
4.1 Surface Conditions

MDA C is located on Mesita del Buey, a finger-shaped mesa that trends southeast (Figure 4.1-1). The
elevation of Mesita del Buey ranges from 7210 to 7280 ft. The topography at MDA C slopes gently from
west to northeast, gradually getting steeper across the northeastern quadrant of the site toward Ten Site
Canyon. At MDA C, Mesita del Buey is approximately 2000 ft wide and is bounded by Ten Site Canyon to
the north and Two Mile Canyon 750 ft to the south, across Pajarito Road (Figure 4.1-1).

No surface structures other than the surrounding chain-link fence exist at the site. The outlines of the pits
and shafts are not visible at the surface because of the fill material emplaced on top of the site.

Vegetation at MDA C consists of a mixture of grasses, small shrubs, and a few pifion pine and juniper
trees, which are limited to the extreme north-central edge of the site. The site has been disturbed by
excavation and emplacement of backfill and has historically been maintained by mowing and removal of
trees. At the time of this investigation, no trees were growing in the areas of the waste pits or shafts. Pine
trees were found growing on the site as recently as 2003, when biota sampling was conducted. All trees
have since been removed by cutting at ground level.

Because of the relatively flat topography and the presence of vegetation, erosion at MDA C is minimal.
Erosion and sediment transport potential is numerically rated from 1 to 100 using a matrix system based
on SOP-02.01, Surface Water Site Assessments. SWMUs with scores greater than 60 are considered to
have a high erosion potential. In 2002, MDA C was determined to have an erosion matrix score of 54.8,
indicating a moderate erosion potential for the site. The surface water assessment for MDA C is
presented in Appendix H.

No streams exist on Mesita del Buey; water flows only as stormwater and snowmelt runoff on the mesa
and in small drainages off the mesa to the northwest and the south. Runoff consists primarily of sheet
flow from MDA C into Ten Site Canyon. Sheet erosion appears to be occurring around the east and
northeast portions of the site. The RLWTF at TA-50 [SWMU 50-006(d)] discharges treated effluent to the
National Pollutant Discharge Elimination System-permitted Outfall 051 in Mortandad Canyon.

411 Relationship to Other SWMUs and AOCs

SWMU 50-006(a) is located directly north of Pit 5 at the head of Ten Site Canyon. SWMU 50-006(a)
includes the area affected by two accidental operational releases in 1974 of untreated radioactive wastes
and unknown chemicals. The outfall area was partially remediated in 1981 when 70 m?® of contaminated
soil was removed. Although SWMU 50-006(a) has impacted Ten Site Canyon, the release did not affect
MDA C since the SWMU is located downgradient from MDA C (LANL 2005, 91547, Figure 2.3-1).

Emissions from exhaust stacks at a number of the buildings at TA-50 were designated as

SWMU 50-006(c). Radioactive emissions from these stacks may potentially have been deposited on
surface soils within TA-50, including MDA C. Any surface contamination that may have deposited on
MDA C related to stack emissions would be accounted for in the surface soil samples collected during the
Phase | RFI.

EP2006-1000 15 December 2006



MDA C Investigation Report

The other SWMUs within TA-50 include two areas of active underground tanks [SWMUs 50-002(a) and
50-002(c) and Consolidated Unit 50-004(a)-00]; a decommissioned aboveground tank

[SWMU 50-002(d)]; a decommissioned septic system [SWMU 50-011(a)]; a number of storage areas
[SWMUs 50-003(a,b,c,d,e)]; an active underground drainage system [SWMU 50-001(b)]; and
decommissioned waste lines and tanks [Consolidated Unit 50-004(a)-00]. These SWMUs lie 4 to 25 ft
below grade, and no viable transport pathways for releases related to these SWMUs exist that can affect
MDA C (LANL 2005, 91547, Figure 2.3-1).

Based on the Phase | RFI data for MDA C and adjacent SWMUs at TA-50 and TA-35, the only area
within close proximity that may have been affected by MDA C is Ten Site Canyon (Figure 4.1-1), which is
considered an AOC. Eroded surface soils from MDA C, in addition to soils and contaminant releases from
other SWMUs and/or AOCs at TA-50 and other TAs, have been deposited in the canyon bottom and
stream banks (Nyhan et al. 1978, 05702).

4.2 Drilling Investigations

No exploratory drilling or excavation was performed at MDA C. All drilling performed was for the purpose
of collecting samples and for geotechnical characterization, as required by the approved investigation
work plan (LANL 2005, 91547). Thirty-six boreholes, ranging in depth from 90 to 620 ft bgs, were drilled
for sample collection. Borehole sampling is discussed in section 3.4.1, and borehole logs for boreholes
drilled and/or sampled in 2005-2006 are provided in Appendix C.

4.3 Geophysical Survey

The results of the geophysical survey completed in 2006 provide clearer delineation of the boundaries of
Pits 1-4 than was available previously. The interpreted pit boundaries based on these data show a
significant variance in some cases with respect to historical information. Although the shapes and sizes of
the pits are generally consistent with engineering drawings and other historical information, the
interpreted locations are offset by as much as 25 ft from the historical data. The disposal shafts along the
western side of Pits 1-4 are shown as anomaly locations that vary by less than 3 ft in comparison to
historical data. The shafts located between Pits 1 and 3 that are shown in historical drawings were not
observed in the geophysical data. If the shafts still exist, they were not observed either because they
contain very little metal or they are too deep (greater than approximately 15 ft) to be detected (ARM 2006,
94164). In general, the geophysical data indicate that the buried waste materials are contained within the
rectangular shapes of the interpreted pit boundaries. However, anomalies attributed to small amounts of
metallic debris were observed between the interpreted pit boundaries and are assumed to be contained
within the cover materials.

It has been assumed that Pits 1-4 are separated from one another by walls of intact tuff bedrock.
However, the seismic survey could not confirm this assumption (Lee 2006, 94163). The seismic survey
results noted the wall between Pit 2 and Pit 3 was the most prominent, the wall between Pit 1 and Pit 2
was less prominent or well-defined, and no wall between Pit 2 and Pit 4 was observed (Lee 2006, 91463).
An overlay of the geophysical, seismic, and historical pit boundary data is included in Figure 4.3-1.
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44 Subsurface Conditions

The general stratigraphy of the bedrock beneath MDA C can be inferred from descriptions of the regional
geology (Broxton and Eller 1995, 58207; Broxton et al. 1995, 50119) and has been further defined using
geologic logs from the boreholes drilled at the site as part of this investigation (Appendix C).

e The predominant tuff unit at the surface is Unit 3 of the Tshirege Member of the Bandelier Tuff
(Qbt 3), a series of volcanic ashfall and ashflow deposits. Unit Qbt 3 is approximately 100 ft thick
at MDA C, borehole location 50-24818.

e Below Unit 3 is Unit 2 of the Tshirege Member (Qbt 2), which is approximately 65 ft thick at
MDA C.

e Below Unit 2 is Unit 1v of the Tshirege Member (Qbt 1v), which is approximately 75 ft thick at
MDA C.

e Below Unit 1v is Unit 1g of the Tshirege Member (Qbt 1g), which is approximately 75 ft thick at
MDA C.

e Below Unit 1g is approximately 2 ft of pumice (the Tsankawi Pumice, Qbtt).

¢ Below Qbtt is the Cerro Toledo interval (Qct), a zone of reworked tuff that is approximately 65 ft
thick at MDA C.

e Below the Cerro Toledo interval is the Otowi Member of the Bandelier Tuff (Qbo), which is
approximately 230 ft thick at MDA C.

o Below the Otowi Member lies the Guaje Pumice Bed, which is the deepest unit encountered at
MDA C. The Guaje Pumice Bed is typically about 35-ft thick, but the deepest borehole was
advanced only 10 ft into the unit (610-620 ft bgs at borehole location 50-24818).

e Below the Guaje Pumice Bed are the Puye Formation and the Cerros del Rio basalts with a
combined thickness of at least 680 ft in this area (these units were not encountered in any
boreholes at MDA C). The Puye Formation contains the regional groundwater aquifer.

A generalized stratigraphic cross-section is shown in Figure 4.4-1, and the stratigraphy as identified in
MDA C boreholes is presented in Figure 4.4-2.

Known subsurface features at MDA C include disposal pits and shafts, as discussed in sections 1.1, 2.1,
and 2.2. These features were specifically avoided during this investigation to prevent waste containers or
loose material in the pits and shafts from being disturbed.

A buried utility corridor extends roughly east to west along the southern boundary of MDA C, between the
boundary fence and Pajarito Road (Figure 4.4-3). This utility corridor contains electrical, water, industrial
waste, and communications lines. The utilities were not disturbed during this investigation.

4.5 Monitoring Well Construction and Boring Abandonment

Monitoring wells were not installed as part of this investigation. An as yet undetermined number of the
boreholes drilled during the investigation will be instrumented as pore-gas monitoring wells. None of the
investigation boreholes have been abandoned. The boreholes have been fitted with surface casings to a
depth of 10 ft bgs and have locked covers at the surface. When pore-gas monitoring wells have been
installed in selected boreholes, the remaining boreholes will be abandoned following SOP-05.03.
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4.6 Groundwater Conditions
Groundwater occurs in three distinct modes on the Pajarito Plateau:

1. the deep regional aquifer, the upper surface of which is typically contained within the
conglomerates and sandstones of the Puye Formation;

2. intermediate-depth saturated horizons; and

3. shallow alluvial groundwater found in canyon-bottom alluvium (LANL 1998, 59730).

The top of the regional aquifer is typically 1100-1200 ft bgs on the mesas of the Pajarito Plateau. In
characterization well R-14, located in Ten Site Canyon approximately 3000 ft (900 m) east of MDA C,
groundwater was encountered at a depth of 1182 ft bgs (LANL 2003, 76062, p. 5). In intermediate

well I-1, located approximately 2300 ft northeast of MDA C (Figure 4.1-1), groundwater was not detected
to a depth of 825 ft bgs (Kleinfelder 2006, 92494). Data from other wells at the Laboratory and predictions
of the hydrogeologic conceptual model for the Pajarito Plateau place the regional aquifer at an
approximate depth of 1300 ft below MDA C (LANL 1998, 59599). A map showing elevations of the top of
the regional aquifer across the Laboratory is presented in Figure 4.6-1.

The regional aquifer is the only known aquifer in the Los Alamos area capable of producing a municipal
and industrial water supply. The direction of groundwater flow in the regional aquifer is to the
east-southeast, toward the Rio Grande. The velocity of groundwater flow ranges from about 20 ft/yr to
250 ft/yr (LANL 1998, 59599). Details of depths to the regional aquifer, flow directions and rates, and well
locations (Figure 4.6-1) are presented in various Laboratory documents (Purtymun 1995, 45344; LANL
1997, 55622; LANL 2000, 66802).

No perched groundwater or intermediate-depth saturated horizons were encountered in previous
investigations at MDA C (LANL 1998, 59599; LANL 2005, 91547, p. 6) or in any of the boreholes drilled
during this investigation. MDA C is located on a mesa top, so no shallow alluvial groundwater is present
in the immediate vicinity. Alluvial groundwater is not known to be present in Ten Site Canyon to the north
and northeast of MDA C.

4.7 Surface Water Conditions

No permanent surface water exists at MDA C. Occasional surface runoff occurs as a result of snowmelt
or seasonal thunderstorms that can produce significant rainfall in short time periods. Surface runoff may
occur as minor sheet flow that drains toward the east-northeast into the upper portion of Ten Site Canyon,
which borders the site on the northeast corner. No significant drainage channels exist on the site.

In 2002, the Laboratory conducted a surface water assessment at MDA C following the mitigation of the
surface subsidence, which occurred along the northern boundary of MDA C. MDA C received an erosion
matrix score of 54.8, indicating a moderate erosion potential. The surface water assessment is included in
Appendix H.

4.8 Surface Air and Subsurface Vapor Conditions

Surface air conditions were monitored for health and safety purposes during the investigation using a
Data Ram portable dust monitor. Surface air sampling using discrete samples was not included as part of
the investigation, nor was surface air monitoring. Surface air conditions did not exceed dust action levels
(section 3.1) for either inorganic chemicals or radionuclides, and did not result in any impacts to the
investigation activities. Subsurface vapor sampling results are discussed in section 6.4.
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4.9 Materials Testing Results

Geotechnical characterization samples were collected from borehole location 50-24818. Analyses
performed included calculated total porosity, bulk density, moisture content, pH, and saturated hydraulic
conductivity. The results of geotechnical characterization sampling are presented in Table 4.9-1.

The total calculated porosity ranged from 38.90 to 67.00%, with the highest porosity in the Tsankawi
pumice (Qbtt). Bulk density ranged from 0.88 g/cm® (Qbtt) to 1.62 g/cm® (Qbt 3). The moisture content
ranged from 6.80 to 31.30%, with the highest moisture content at a depth of 236.5-237.5 ft in tuff unit

Qbt 1v. The pH ranged from 6.01 (Qbt 1g) to 8.77 (Qbo). The saturated hydraulic conductivity ranged
from a low of 0.00024 cm/sec in tuff unit Qbt 3 to a high of 0.02 cm/sec in the Tsankawi pumice (Qbtt).
Porosity, bulk density, and saturated hydraulic conductivity correspond well and reflect the variation
between the extremes of welded tuff at the Qbt 3/Qbt 2 boundary and the loose pumice deposit of unit
Qbtt. The moisture content is generally low, with the highest moisture content occurring at the base of unit
Qbt 1v.

Volumetric water-content profiles were collected in 19 boreholes across MDA C using neutron
thermalization (neutron probe). All field neutron probe measurements were converted to volumetric water
content using a calibration that was established based on known water-content values in core taken from
four of the boreholes. Because logging was done in open boreholes where the borehole diameters varied,
the volumetric water-content data do not have the same accuracy as measurements from a uniform
diameter borehole. Despite this limitation, the agreement between the laboratory-based water-content
values and field-based values is generally good.

In general, the water contents were low, with average water contents for each borehole/unit below 13%,
and most values less than 10%. Maximum water contents were also low (with the exception of a few
values in the 18-20% range), and the average maximum values for the various units were less than 18%.
Most of the water content values indicate percent saturations below 25%, and a good number of those
values indicate water contents substantially below that. Thus, none of the boreholes appeared to contact
any zones of saturation, and much of the mesa subsurface is very dry.

Vadose zone fluxes and residence times were also measured using a chloride mass-balance approach.
This approach involves measuring chloride concentrations in vadose zone pore water with depth.
Relatively low choride contents indicate a high downward flux because water is able to move through the
vadose zone at a fast enough rate to flush choride from the vadose zone. At MDA C, all of the boreholes
measured had substantial inventories of chloride, which qualitatively indicates that fluxes are low and the
residence times are long. Residence times for a packet of water to travel 150 ft in the vadose zone at
MDA C was estimated to be greater than 1000 yr for the majority of the boreholes, and at two of the
boreholes, the results were greater than 10,000 yr.

Additional details of neutron probe moisture measurements and chloride-based flux estimates are
provided in Appendix L.

5.0 REGULATORY CRITERIA

This section describes the criteria used to screen chemicals of potential concern (COPCs) and to
evaluate potential risk to ecological and human receptors. Regulatory criteria identified in the Consent
Order include cleanup standards, risk-based screening levels, and risk-based cleanup goals and are
established by medium.
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5.1 Screening Levels

The human health risk screening assessments follow guidance provided by the EPA and NMED. The
human health industrial soil screening levels (SSLs) for chemicals are obtained from NMED guidance
(NMED 2006, 92513). If screening levels are not available from NMED, the EPA Region 6 (EPA 2005,
91002) or EPA Region 9 (http://www.epa.gov/region09/waste/sfund/prg/index.html) SSLs are used. For
radionuclides, the industrial screening action levels (SALs) are derived according to Laboratory guidance
(LANL 2005, 88493) using the residual radioactive (RESRAD) model, Version 6.21. The SSLs and SALs
used in the human health risk/dose screening assessments are presented in Tables G-5.0-1 through
G-5.0-3 in Appendix G.

5.2 Ecological Screening Levels

The ecological risk screening assessment follows guidance provided in the Laboratory’s “Screening Level
Ecological Risk Assessment Methods, Revision 2” (LANL 2004, 87360). The evaluation involves the
calculation of hazard quotients for all chemicals of potential ecological concern (COPECs) and all
appropriate screening receptors. The ecological screening levels (ESLs) for terrestrial receptors are taken
from the ECORISK Database, Version 2.2 (LANL 2005, 90032) and are presented in Table G-4.0-4 in
Appendix G.

5.3 Cleanup Standards

As specified in Section VIII.B.1 of the Consent Order, the screening levels will be used as soil cleanup
levels unless they are determined to be impracticable or unless values do not exist for the current and
reasonably foreseeable future land use. Because the current and reasonably foreseeable future land use
is industrial, industrial SSLs/SALs are the cleanup levels for MDA C.

The cleanup goals specified in Section VIl of the Consent Order are a target risk level of 107° for
carcinogens and a hazard index (HI) of 1.0 for noncarcinogens. For radionuclides, the target dose is

15 mrem/yr based on DOE guidance (DOE 2000, 67153). The screening levels presented in Appendix G
(Tables G-5.0-1 through G-5.0-3) are based on these cleanup goals.

5.4  Screening of Pore-Gas Potential for Groundwater Contamination

The Consent Order does not provide screening levels for VOCs in pore gas. VOC pore-gas data were
screened to determine whether contaminants are a potential source of groundwater contamination
through migration of pore gas to groundwater. This screening process, discussed in Appendix G,
accounts for equilibrium partitioning between VOCs in the gas and liquid phases and compares measured
concentrations of VOCs in pore gas to concentrations required to cause groundwater cleanup standards
to be exceeded.

6.0 SITE CONTAMINATION
6.1 Soil and Tuff Sampling

As reported in Appendix B of the approved MDA C investigation work plan (LANL 2005, 91547), previous
investigations were conducted at MDA C from 1993 to 2002, based on the RFI work plan for OU 1147
(LANL 1992, 07672). Those investigations included collecting and analyzing 68 surface soil and fill
samples and 82 core samples from two vertical and nine angled boreholes.
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As directed by the 2003 MDA C work plan (LANL 2003, 87392), a total of six surface soil samples, along
with one field duplicate sample, were collected from the east end of MDA C in 2004 (Figure 3.3-1) using
the spade-and-scoop method described in Appendix B of this investigation report. The surface samples
were analyzed for radionuclides (gamma-emitting radionuclides, americium-241, strontium-90, isotopic
plutonium, and isotopic uranium). All soil and fill samples, including those collected before 2004, are
summarized in Table F-2.0-1 in Appendix F.

A total of 209 tuff samples, along with 22 field duplicate samples, were collected from 33 borehole
locations in 20052006 (Figure 3.4-1). The tuff samples collected in 2005-2006 characterization activities
are summarized in Table F-2.0-2 in Appendix F. The 2005-2006 sampling was directed by the approved
MDA C investigation work plan (LANL 2005, 91547). The tuff samples were collected using a drill rig and
core barrel sampling methods, as described in Appendix B. Tuff samples collected in 2005-2006 were
analyzed for various combinations of TAL metals, perchlorate, cyanide, nitrate, PCBs, dioxins and furans,
explosive compounds, VOCs, SVOCs, and radionuclides (gamma-emitting radionuclides, americium-241,
strontium-90, isotopic plutonium, and isotopic uranium). Not all samples were analyzed for the analyses
listed.

6.2 Soil and Tuff Sample Field Screening Results

Radiological and organic chemical vapor field screening performed are described in sections 3.1 and
3.4.1.

Organic vapor screening was initially performed on borehole samples to determine the final sample depth
at each location. However, after initial laboratory analytical results for VOCs were received, it was
determined that no correlation existed between field-screening and analytical results. Use of PID field
screening for the purpose of determining final sample depth was discontinued after February 23, 2006
with NMED’s concurrence (Chamberlain 2006, 94162).

Field-screening results did not indicate radioactivity elevated above twice the local background levels or
detected organic vapors above predetermined action levels. No field-screening results led to a change in
sampling location, depth, or analytical requests, and no actions related to health and safety were taken as
a result of field screening. The field-screening results were recorded in sample collection logs, which are
included in Appendix E. Field screening results for 2005—-2006 borehole samples are presented in

Table 6.2-1.

Neither TNT nor RDX were detected during field screening for HE. All screening results were less than
0.5 ppm for the HE compounds and are included in Table 6.2-2.

6.3 Soil and Tuff Sample Analytical Results

Analytical results for all soilffill and tuff samples are discussed in Appendix F and summarized below.
Tables F-2.0-1, F-2.0-2, and F-2.0-3 in Appendix F present the samples collected and analyses
requested for each sample. Tables F-2.1-1, F-2.2-1, F-2.4-1, F-2.5-1, F-2.8-1, and F-2.9-1 in Appendix F
present the frequencies of inorganic chemicals, radionuclides, and organic chemicals detected or
detected above BVs. Tables 6.3-1, 6.3-2, 6.3-3, 6.3-4 and 6.3-5 present the analytical results for samples
with inorganic chemicals, radionuclides, and organic chemicals detected or detected above BVs or FVs.

Appendix F presents an overview of the process for identifying COPCs. Inorganic chemicals are identified
as COPCs based on comparisons of site data to applicable background data. Radionuclides are identified
as COPCs based on comparisons to BVs or FVs, if applicable, or by detection status if no BV or FV
applies because of media or sample depths. Organic chemicals are identified as COPCs based on
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detection status (all detected organic chemicals are COPCs). A summary of all COPCs identified at
MDA C is presented in Table F-1.2-1.

6.3.1 Inorganic Chemicals
The following 21 inorganic chemicals are identified as COPCs in tuff at MDA C:

aluminum, antimony, arsenic, barium, beryllium, cadmium, chromium, cobalt, copper, cyanide,
iron, lead, manganese, mercury, nickel, nitrate, perchlorate, selenium, silver, vanadium, and zinc

The frequency of inorganic chemicals detected or detected above BVs in tuff is presented in
Table F-2.2-1 in Appendix F. The concentrations of inorganic COPCs detected or detected above BVs in
tuff are presented in Table 6.3-1 and on Figures F-2.2-1 and F-2.2-2.

No inorganic chemical results for surface soil or fill, other than screening-level data, are available
(Tables F-2.1-1 and F-2.1-2).

6.3.2 Radionuclides
The following 15 radionuclides were identified as COPCs in soilffill and tuff at MDA C:

americium-241, cesium-134, cesium-137, cobalt-60, europium-152, plutnonium-238, plutonium-
239, ruthenium-106, sodium-22, strontium-90, thorium-232, tritium, uranium-234, uranium-235,
and uranium-238

The frequency of radionuclides detected or detected above BVs or FVs are presented in Appendix F
(Tables F-2.4-1 [soil and fill] and F-2.5-1 [tuff]). The concentrations of radionuclide COPCs detected or
detected above BVs or FVs at MDA C are presented in Table 6.3-2 (soil and fill) and Table 6.3-3 (tuff).
The concentrations of radionuclides detected or detected above BVs or FVs are presented in

Figure F-2.4-1 (soil and fill) and in Figure F-2.5-1 (tuff) in Appendix F.

6.3.3 Organic Chemicals
The following 47 organic chemicals were identified as COPCs in soil/fill and tuff at MDA C:

acenaphthene, acenaphthylene; acetone; anthracene; Aroclor-1242; Aroclor-1254; Aroclor-1260;
benzo(a)pyrene; benzo(b)fluoranthene; benzo(k)fluoranthene; benzoic acid;
bis(2-ethylhexyl)phthalate; 2-chloronaphthalene; chrysene; 1,1-dichloroethene; di-n-butylphthalate;
di-n-octylphthalate; fluoranthene; fluorene; 1,2,3,4,6,7,8-heptachlorodibenzodioxin; total
heptachlorodibenzodioxins; 1,2,3,4,6,7,8-heptachlorodibenzofuran; total heptachlorodibenzofurans;
total hexachlorodibenzodioxins; 1,2,3,4,7,8-hexachlorodibenzofuran; 2,3,4,6,7,8-
hexachlorodibenzofuran; total hexachlorodibenzofurans; indeno(1,2,3-cd)pyrene; methylene
chloride; 2-methylnaphthalene; 2-methylphenol; 2-nitrotoluene; 3-nitrotoluene; 4-nitrotoluene;
1,2,3,4,6,7,8,9-octachlorodibenzodioxin; 1,2,3,4,6,7,8,9-octachlorodibenzofuran; total
pentachlorodibenzodioxins; 1,2,3,7,8-pentachlorodibenzofuran; 2,3,4,7,8-pentachlorodibenzofuran;
total pentachlorodibenzofurans; phenanthrene; pyrene; RDX; 2,3,7,8-tetrachlorodibenzofuran; total
tetrachlorodibenzofurans; toluene; and trichloroethene

The frequency of detected organic chemicals is presented in Appendix F (Tables F-2.8-1 [soil and fill] and
F-2.9-1 [tuff]). The concentrations of detected organic COPCs are presented in Table 6.3-4 (soil and fill)
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and Table 6.3-5 (tuff). The concentrations of organic COPCs in soil and fill are shown in Figure F-2.8-1
(soil) and in Figures F-2.9-1 and F-2.9-2 (tuff) in Appendix F.

Appendix F includes a discussion of the nature and extent of contamination at MDA C. Calculations and
discussion of potential human health and ecological risks are presented in Appendix G.

6.4  Subsurface Vapor Sampling

In 20052006, a total of 210 subsurface pore-gas samples, along with 23 field duplicate samples, were
collected in the first round of sampling and analyzed for VOCs and tritium. (At borehole location
50-24821, 137.5-140 ft bgs, sample RE50-05-61467 was analyzed for only tritium and sample
RES50-05-61469 was analyzed only for VOCs.) Second-round pore gas samples were collected at least
30 d after the first round samples using the same collection methods. A total of 168 second-round pore-
gas samples (along with 16 field duplicate samples) were collected and analyzed for VOCs and tritium.
The 2005-2006 sampling was directed by the approved MDA C investigation work plan (LANL 2005,
91547). The pore-gas samples collected in 2005-2006 are summarized in Table F-2.0-3 in Appendix F.
The locations of all boreholes at MDA C are shown in Figure 3.4-1.

The approved MDA C investigation work plan (LANL 2005, 91547) called for drilling 11 boreholes
between Pits 1-4. No boreholes were drilled between Pits 1-4, although six boreholes were drilled
between Pits 4 and 5, and three boreholes were drilled immediately adjacent to the south side of Pit 1.
These nine boreholes provide characterization data for the subsurface tuff at depths immediately adjacent
to and beneath the bottom of Pits 1 and 4. Samples at multiple depths in these nine boreholes, as well as
additional boreholes around the site, probably have identified the presence of any contaminants released
from Pits 1-4.

The Laboratory submitted a letter to NMED on August 18, 2006, requesting a modification to the scope of
work to eliminate drilling the 11 boreholes between Pits 1—4 and to add 3 vertical boreholes to evaluate
the correlation between pore-gas and core VOC concentrations (LANL 2006, 93581). NMED responded
on September 25, 2006, requesting the Laboratory drill 4 of the 11 boreholes between Pit 2 and Pit 3
(NMED 2006, 94192). The Laboratory submitted a letter on November 30, 2006 (LANL 2006, 94194)
requesting additional time to drill and collect subsurface vapor samples at these four locations.

A response from NMED was pending at the time this report was published.

6.5 Subsurface Vapor Sampling Field-Screening Results

Pore gas was initially screened using a PID to determine sampling intervals in boreholes. In February
2006 the PID screening results were compared to analytical results for the same intervals. No correlation
was observed between field screening results and laboratory analytical results, and field screening
generally failed to detect the presence of organic compounds that were confirmed by the analytical
results. Therefore the decision was made, with the NMED’s concurrence, to stop pore-gas screening
during drilling (Chamberlain 2006, 94162). For all boreholes drilled after February 23, 2006, no pore-gas
screening was performed during drilling operations. Pore gas screening was conducted on borehole
locations 50-24784, 50-24785, 50-24796, 50-24797, 50-24799, 50-24801, 50-24817, 50-24818,
50-24819, 50-24821, and 50-24822 (Figure 3.4-1). Field screening results are presented in Table 6.2-1.

6.6  Subsurface Vapor Sampling Analytical Results

Pore-gas samples were analyzed for VOCs and tritium. Tritium was detected in 197 of 210 first-round
pore-gas samples (162 of 168 second-round pore-gas samples) and is a COPC.
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Pore gas VOCs are identified as COPCs based on detection status. The following 42 VOCs were
detected in 2005-2006 first-round pore-gas samples:

acetone; benzene; 1,3-butadiene; 1-butanol; 2-butanone; carbon disulfide; carbon tetrachloride;
chlorodifluoromethane; chloroform; chloromethane; cyclohexane; 1,2-dichloro-1,1,2,2-
tetrafluoroethane; dichlorodifluoromethane; 1,1-dichloroethane; 1,2-dichloroethane; 1,1-
dichloroethene; cis-1,2-dichloroethene; 1,2-dichloropropane; 1,4-dioxane, ethanol; ethylbenzene;
4-ethyltoluene; n-heptane; hexane; 2-hexanone; methanol; 4-methyl-2-pentanone; methylene
chloride; propylene; styrene; tetrachloroethene; toluene; 1,1,2-trichloro-1,2,2-trifluoroethane;
1,1,1-trichloroethane; 1,1,2-trichloroethane; trichloroethene; trichlorofluoromethane; 1,2,4-
trimethylbenzene; 1,3,5-trimethylbenzene; xylene (total); 1,2-xylene; and 1,3-xylene+1,4-xylene

The frequency of detected analytes for first-round pore-gas samples are summarized in Tables F-2.10-1
(VOCs) and F-2.6-1 (tritium) in Appendix F. The analytical results for first-round pore-gas samples are
presented in Table 6.6-1 (VOCs) and Table 6.6-2 (tritium). Detected concentrations of VOCs in first-round
pore-gas samples are shown in Plates 1 and 2. Detected concentrations of tritium in first-round pore-gas
samples are shown in Figures F-2.6-1 and F-2.6-2.

Thirty-three VOCs were detected in second-round pore-gas samples. All but two of the VOCs detected in
the second-round samples were also detected in first-round samples. However, 11 VOCs detected in first-
round samples were not detected in any of the second-round samples. The results of the second-round
pore-gas samples are presented in section F-2.10 in Appendix F. The analytical results for second-round
pore-gas samples are presented in Table 6.6-2 (tritium) and Table 6.6-3 (VOCs).

6.7 Comparison of Pore-Gas and Core Sample Results

Samples were collected at borehole locations 50-26823, 50-26824, and 50-26825 to determine the
relationship between the concentrations of VOCs in pore gas and in core samples. Reported
concentrations of VOCs in pore-gas and the corresponding core samples are presented in Table 6.7-1.
Pairs of results for individual analytes were evaluated using various regression techniques to determine
whether the two sets of concentrations are correlated. The concentrations of VOCs in core samples are
much lower than the concentrations in pore-gas samples. It was found that the correlations between
concentrations of individual analytes in core and in pore-gas are very poor, with r-squared values on the
order of 0.1 or less for most analytes, indicating very low correlation (strong correlations are indicated by
r-squared values approaching 1.0). The highest correlation was for methylene chloride, with an r-squared
value of 0.2589.

The low correlation between core and pore-gas VOC concentrations indicates that no clear relationship
can be found between the two. Core-sample concentrations are very low and in most cases qualified as
“not detected,” even when the corresponding analyte was detected in the pore-gas sample. It is clear
from these data that core sample results may not be reasonably extrapolated to estimate pore-gas VOC
concentrations. In the case of MDA C, it appears that much of the VOC contamination is present only in
the vapor phase, without a corresponding source of liquid-phase contaminants adsorbed to pore-space
surfaces in the tuff matrix.
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7.0 CONCLUSIONS
71 Nature and Extent of Soil and Tuff Contamination

The MDA C investigation work plan (LANL 2005, 91547) and approval with modifications (NMED 2005,
90165; NMED 2005, 91695) stipulated additional sampling to complete the definition of the nature and
extent of soil and tuff contamination at MDA C. Sample locations and analytical suites were selected to
address the additional data needs. The additional data were required to determine the extent of

¢ metals, cyanide, and radionuclide contamination in tuff beneath Pit 6,

o potential releases of metals, cyanide and radionuclides to tuff beneath Pits 1 through 5,
Shaft Groups 1 and 2, and the strontium-90 disposal shaft, and

¢ radionuclide contamination in surface soil on the eastern boundary of MDA C.

The nature and extent of soil and tuff contamination, incorporating the additional data collected in 2004—
2006, is presented in Appendix F and is summarized below.

711 Extent of Metals, Cyanide, and Radionuclide Contamination in Tuff beneath Pit 6

The highest frequency of inorganic chemicals above BVs is generally found in borehole locations
50-24784 and 50-24785, near the southwest corner of Pit 6, and in borehole location 50-24799, near the
southeast corner of Pit 6 (Figure F-2.2-1). No inorganic chemicals were detected above BVs in the
deepest samples collected in the other borehole locations (50-09101, 50-09108, 50-09109, 50-09110,
50-24766, 50-24796, 50-24797, and 50-24816) around Pit 6.

Chromium was detected above its BV in 13 samples in the borehole locations nearest Pit 6 and was
detected in the deepest sample at borehole location 50-24784 (19.4 mg/kg, compared to the BV of

2.6 mg/kg). Chromium was detected below the BV or at the BV in shallower samples from 55 ft to 275 ft.
The concentration (19.4 mg/kg) is less than the maximum concentration of 23.4 mg/kg detected at 50 ft.
In addition, nearby borehole location 50-24785 (within approximately 50 ft) did not detect chromium
above BV at 275 ft.

Lead was detected above its BV in the deepest sample at borehole location 50-24785, but it was not
detected above the BV at depths below 50 ft bgs in the two boreholes nearest that location (50-24784
and 50-09108).

Arsenic, selenium, and zinc were also detected above their Qbt 1g BVs in the deepest sample at
borehole location 50-24785. The arsenic concentration (0.67 mg/kg) was within the range of background
concentrations. The selenium concentration decreased from 3.14 mg/kg at 250 ft to 1.75 mg/kg at 275 ft
depth. The zinc concentration (81.7 mg/kg) was less than twice the maximum background concentration
(46 mg/kg).

Beryllium was detected above its Qbt 2 BV (1.21 mg/kg) in borehole location 50-24799. The beryllium
concentration (2.67 mg/kg) was less than 2 times the maximum background concentration (1.8 mg/kg).
Also beryllium was not detected above its BV in shallower depths from 40 ft to 100 ft and was not
detected above BV in nearby borehole locations (50-24801 and 50-24766 approximately 60 ft away).

Seven metals (aluminum, arsenic, barium, beryllium, iron, manganese, and zinc) were detected above
their BVs in the deepest sample at 250 ft bgs in borehole location 50-24817, north of Pit 6, but were not
detected above BVs in any of the shallower samples. The zinc concentration (44.8 mg/kg) is within the
range of background concentrations. Aluminum, barium, beryllium, iron, and manganese concentrations
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are less than 2 times the maximum background concentrations. The arsenic concentration (2.88 mg/kg) is
approximately 4 times the maximum background concentration. The extent of metals contamination in
subsurface tuff at Pit 6 is defined.

Cyanide was detected in the vicinity of Pit 6 only in five samples in borehole locations 50-09101,
50-09108, and 50-09110 (Figure F-2.2-1). The highest concentration (10.2 mg/kg) was at a depth of 15—
17 ft bgs in borehole location 50-09101 near the northeast corner of Pit 6, and the concentration
decreased with depth (all samples at or below 75 ft bgs were nondetects). In borehole location 50-09108,
cyanide was detected in only one sample (1 mg/kg at a depth of 95.5-97.5 ft bgs) and decreased to
nondetect in the deepest sample. In borehole location 50-09110, cyanide was detected only once

(3.9 mg/kg at a depth of 38-40 ft bgs) and decreased to nondetect in the deeper samples. The extent of
cyanide contamination in the subsurface around Pit 6 is defined both vertically and laterally.

The radionuclide most commonly detected or detected above the BV in the vicinity of Pit 6 is
uranium-235, which was detected above its BV in the deepest sample at locations 50-24784, 50-24785,
50-24799, and 50-24817 (Figure F-2.5-1). The concentration of uranium-235 in the deep samples is less
than twice the BV. Strontium-90 was detected in three borehole locations near Pit 6 (50-09108, 50-09109,
and 50-24766) but was not detected in the deepest sample in any borehole. The extent of strontium-90
contamination is defined both laterally and vertically.

Tritium was detected in tuff samples in five boreholes near Pit 6 (borehole locations 50-09101, 50-09107,
50-09108, 50-09109, and 50-09110), with a maximum concentration of 34,171 pCi/g at 57-59 ft bgs in
borehole location 50-09107 (Figure F-2.5-1). Its concentrations decreased with depth following an
increase at shallower depths at three borehole locations. Tritium increase in concentrations with depth in
borehole locations 50-09101 and 50-09108; the maximum concentration was at TD. In borehole location
50-09101, tritium was detected (3.67 pCi/g) at 114.5 ft along the fence near the northeast corner of Pit 6.
In borehole location 50-09108, tritium was detected (106.71 pCi/g) at 115 ft south of Pit 6. Tritium was not
analyzed for in core in the 2005-2006 borehole samples. Tritium was not detected at higher
concentrations at TD in the closest 1995 boreholes to borehole location 50-09108 (50-09107 and
50-09109).

Americium-241 (borehole locations 50-09107 and 50-09110), plutonium-239 (borehole location
50-09108), sodium-22 (borehole location 50-09109), and uranium-234 and uranium-238 (borehole
location 50-24816) were also detected or detected above BVs at TD. Americium-241 concentrations were
low (0.032 pCi/g and 0.09 pCi/g), and it was not detected at similar depths in the surrounding borehole
locations. Plutoinium-239 and sodium-22 were detected only in the deep sample (0.005 pCi/g and

0.056 pCi/g, respectively) in one borehole each and were not detected in shallower samples or
surrounding borehole locations. Uranium-234 and uranium-238 concentrations (2.15 pCi/g and

2.43 pCil/g) were less than a pCi/g above the BVs, and neither isotope was detected at shallower depths.

The nature and extent of metals, cyanide, and radionuclide contamination in tuff in the area of Pit 6 are
defined. The nature and extent of inorganic chemical contamination in the subsurface are discussed in
greater detail in section F-3.1.2 in Appendix F. The nature and extent of radionuclide contamination in the
subsurface are discussed in section F-3.2.2 in Appendix F.

71.2 Potential Releases of Metals, Cyanide and Radionuclides to Tuff beneath Pits 1 through 5,
Shaft Groups 1 and 2, and the Strontium-90 Disposal Shaft

Several boreholes had inorganic chemicals detected or detected above BVs at TD (Figures F-2.2-1 and
F-2.2-2). In many cases, nitrate or nitrate and perchlorate were the only detected inorganic chemicals.
Both were detected at low levels (less than 1.5 mg/kg for nitrate and less than 0.05 mg/kg for perchlorate)
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at TD and either showed a slight change or no change in concentrations with depth. Nitrate is also
naturally occurring. The nature and extent of nitrate and perchlorate are defined.

Inorganic chemicals were detected slightly above background (less than twice the BV or maximum
background concentration) at TD at other boreholes. In the deepest borehole, location 50-24818 to the
north of Pit 5, only copper was detected above the BV in the deepest sample (600.5 ft bgs). The copper
concentration (11.3 mg/kg) is approximately 3 times the BV and decreases from concentrations reported
in shallower depths. The nature and extent of inorganic chemical contamination in tuff is defined.

Cyanide was only detected once in the vicinity of Pits 1-5 and the disposal shafts, at location 50-09100
(Figure F-2.2-2). The single detected concentration (0.53 mg/kg) was at a depth of 43.6 ft bgs. The extent
of cyanide contamination is defined.

Americium-241, plutonium-238, plutonium-239, tritium, and uranium-235 were detected or detected above
the BV in samples at multiple locations and depths in the vicinity of Pits 1-5 and the disposal shafts.

Americium-241 was detected at seven locations around Pits 1-5 (Figure F-2.5-1). The concentration of
americium-241 ranged from 0.002 to 0.42 pCi/g, with most concentrations at 0.01 pCi/g. The maximum
concentration (150.3—152.5 ft bgs at location 50-24783) is an isolated occurrence, with americium-241
either not detected or detected at low concentrations and decreasing with depth in all nearby boreholes.
The extent of americium-241 contamination is defined.

The maximum concentration of plutonium-238 (0.3 pCi/g) coincided with the maximum detected
concentration of plutonium-239 (0.68 pCi/g) at 123.5-125 ft bgs in borehole location 50-24782

(Figure F-2.5-1). The concentration of both decreased to less than 0.1 pCi/g in the deepest sample at that
location. Plutonium concentrations are generally less than 0.1 pCi/g at all locations and depths. The
extent of plutonium-238 and plutonium-239 is defined.

Tritium was detected in tuff samples at multiple locations around Pits 1-5, with a maximum concentration
(1959 pCi/g) at a depth of 41—44 ft bgs at borehole location 50-09106 (Figure F-2.5-1). This location is
within 100 ft laterally from the highest concentration of tritium in pore gas (location 50-24783,

section 7.2.2). Tritium was also detected (1800 pCi/g) near the northeast corner of Pit 5 at location
50-09102 (57-60 ft bgs). The highest concentrations of tritium were detected at depths of 75 ft bgs or
below, with very low concentrations (generally less than 0.5 pCi/g) in deeper samples. The extent of
tritium contamination in tuff is defined.

Uranium-235 was detected above its BV at multiple locations (Figure F-2.5-1), with concentrations
ranging from 0.091 to 0.31 pCi/g (maximum at 248.7-250 ft bgs, location 50-24822). The uranium-235
concentrations are only slightly above background, and less than twice the BV in all samples. The extent
of uranium-235 contamination in tuff is defined. Uranium-235 was detected above the BV in two samples
(280—282.5 ft bgs and 313.5-315 ft bgs) in the deepest borehole location (50-24818), but no
radionuclides were detected or detected above BV in any samples deeper than 315 ft bgs at that location.

Strontium-90 was not detected in the vicinity of the strontium-90 disposal shaft. The nearest detection of
strontium-90 was at borehole location 50-09106 (0.48 pCi/g at 102—104 ft bgs and 0.77 pCi/g at 115.5—
118 ft bgs), approximately 200 ft north of the shaft. Strontium-90 was detected in only two other samples
near Pits 1-5 (0.069 pCi/g at 122.5-124.6 ft bgs in borehole location 50-24766; and 0.6 pCi/g at 114.8—
116.8 ft bgs in borehole location 50-09103). Strontium-90 was not detected in any samples collected in
borehole locations 50-24814 and 50-24802, approximately 25 ft or less of borehole locations 50-09103
and 50-09106, respectively. Strontium-90 was also not detected in borehole location 50-24799,
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approximately 75 ft south of borehole location 50-24766. The extent of strontium-90 contamination in tuff
is defined.

The nature and extent of inorganic chemical contamination in the subsurface are discussed in greater
detail in section F-3.1.2 in Appendix F. The nature and extent of radionuclide contamination in the
subsurface are discussed in section F-3.2.2 in Appendix F.

7.1.3 Radionuclide Contamination in Surface Soil on the Eastern Boundary of MDA C

Additional surface sampling was specified in the approved investigation work plan (LANL 2005, 91547)
along the eastern boundary of MDA C to define the lateral extent of radionuclide contamination (LANL
2005, 91547, p. 10). Six surface soil samples were collected from locations on a gamma spectroscopy
survey grid east of MDA C. The sampling locations were to be biased toward both the highest
radionuclide readings and from bounding locations on the grid perimeter. No anomalies were detected of
the ground surface east of MDA C during the radiological survey. Therefore, the six surface soil samples
and one field duplicate were collected from bounding locations (locations 50-22742 through 50-22747) at
0-6 in. (Figure 3.3-1), according to SOP-06.09. Samples were submitted through the SMO for fixed
laboratory analysis of americium-241, isotopic plutonium, isotopic uranium, and gamma-emitting
radionuclides.

The data from the six surface samples collected east of the MDA C fence line support the determination
of lateral extent for americium-241, cesium-134, isotopic plutonium, and isotopic uranium (Figure F-2.4-1).
Extent was defined because the concentrations decreased with increasing distance from the fence as
well as downslope east of MDA C (locations 50-22746 and 50-22747). The nature and extent of
radionuclide contamination in surface soil on the eastern boundary of MDA C are defined.

The nature and extent of radionuclide contamination in surface soil and fill are discussed in
section F-3.2.1 in Appendix F.

7.2 Nature and Extent of Subsurface Vapor Contamination

The approved MDA C investigation work plan stipulated additional sampling to complete the definition of
the nature and extent of subsurface vapor contamination at MDA C (LANL 2005, 91547). Sample
locations and analytical suites were selected to address the additional data needs required to determine
the extent of VOCs and tritium in the vapor phase in subsurface tuff.

7.21 Organic Chemicals in Subsurface Pore Gas

VOC pore-gas concentrations are low (generally 1000 pg/m3 or less) for most VOCs detected with little or
no change in concentrations with depth (concentrations remain less than 1000 pg/m3 at TD)

(Tables F-2.10-3 and F-2.10-4). Generally, the VOC pore-gas concentrations in borehole locations inside
the fence at MDA C reach the maximum concentration at depths ranging from approximately 125 ft to
200 ft. Below 200 ft, the concentrations tend to decrease or remain unchanged to 250 ft.

In the deepest borehole (location 50-24818), VOC pore-gas concentrations decrease substantially below
315 ft. VOC pore-gas concentrations to the north of MDA C in borehole location 50-24817 are generally
less than or similar to VOC pore-gas concentrations in borehole locations inside the fence (location
50-24796 and 50-24797) and less than concentrations detected in the deep borehole location 50-24818
and borehole location 50-09100. The concentrations are generally also lower in the western perimeter
borehole locations (50-24784, 50-24785, and 50-24816) and in the eastern perimeter borehole locations
(50-24768, 50-24814, and 50-24815). VOC pore-gas concentrations were also low in borehole location
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50-24822, outside the fenced area to the east of MDA C. The TCE concentrations in borehole location
50-24822 are higher than in borehole locations 50-24814 and 50-24815 but are similar to those in
borehole location 50-24768; TCE concentrations decrease with depth in borehole location 50-24822.
Borehole locations to the south of MDA C (locations 50-24820, 50-24821, and 50-24451) also have lower
VOC pore-gas concentrations than borehole locations along the southern fenceline (50-24810, 50-24811,
50-24812, and 50-24813). In addition, borehole location 50-24451, the southern most borehole location,
has lower concentrations of VOCs than borehole locations 50-24820 and 50-24821. The nature and
extent of VOC contamination in subsurface pore gas are discussed in section F-3.3.3 in Appendix F.

Downward migration of VOCs in pore gas is limited by hydrostatic pressure and the lack of saturated
conditions. In addition, the pore-gas screening evaluation presented in Appendix G indicates no potential
for migration to groundwater. Based on the site conditions, pore-gas screening, and the pore-gas data
(including the substantial decrease in VOC concentrations in the deep borehole location 50-24818), the
extent of VOCs in pore gas at MDA C has been defined.

7.2.2 Tritium in Subsurface Pore-Gas

Tritium was detected at least once in all boreholes sampled and was detected in the deepest sample
(first- or second-round samples or both) in all but two boreholes. The highest tritium concentration

(1x 108 pCi/L) was detected at a depth of 20 ft at location 50-24783, between the east end of Pits 4 and
5, and it decreases with depth by more than a factor of 100 in the deepest sample (151 ft bgs). This
location is also near the northern end of Shaft Group 3 (Figures F-2.6-1 and F-2.6-2).

The concentrations of tritium in pore gas are highly variable and in some cases vary greatly over short,
lateral distances. However, the highest tritium concentrations are generally found along a line between
Pits 4 and 5 (Figures F-2.6-1 and F-2.6-2). Isolated high concentrations of tritium were also detected in a
single borehole to the north and a single borehole to the south of Pit 6. In general, the concentrations of
tritium in pore gas decreased with depth from the maximum in each borehole and decreased with
distance from the center of MDA C. The extent of tritium contamination in pore gas is defined.

Figure F-3.2-1 shows the locations of the boreholes and the depths of the pore-gas samples. The tritium
concentrations from the first-round samples are shown in a three-dimensional plot in Figure F-2.6-3. The
extent of tritium contamination in subsurface pore gas is discussed in section F-3.2.3 in Appendix F.

7.3 Nature and Extent of Inorganic Chemical Contamination in Surface Soil and Fill

The results of surface soil and fill inorganic chemical analyses are reported in Appendix B of the approved
MDA C investigation work plan (LANL 2005, 91547; p. B-10). The results indicated that lead and silver
w