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Executive Summary

EXECUTIVE SUMMARY
Purpose

The primary purpose of this Resource Conservation and Recovery Act (RCRA)
facility investigation (RFI) work plan is to propose a methodology for determining
(1)the nature and extent of releases of hazardous waste or hazardous
constituents from solid waste management units (SWMUs) in Operable Unit
(OU) 1132 and (2)the need for corrective measures studies (CMSs). The
second purpose of this document is to satisfy those regulatory requirements
contained in Los Alamos National Laboratory's (the Laboratory's) permit to
operate under RCRA that pertain to OU 1132. OU 1132 includes one active
Technical Area (TA), TA-39. This TA is located in the southern part of the Los
Alamos National Laboratory, in Los Alamos county, north-central New Mexico. It
contains twenty-five potential release sites (PRSs), all of which are located on
land owned by the Department of Energy (DOE).

Module VIil of the permit, known as the HSWA Module [the portion of the permit
that responds to the requirements of the Hazardous and Solid Waste
Amendments (HSWA)], was issued by the Environmental Protection Agency
(EPA) to address potential corrective action requirements for SWMUs at the
Laboratory.  These permit requirements are addressed by the DOE's
Environmental Restoration (ER) Program at the Laboratory. This work plan
describes the sampling plans that will be followed to implement the RFI at OU
1132, and, together with eighteen other work plans (nine submitted to the EPA in
May of 1993 and nine submitted earlier), meets the requirement set forth in the
HSWA Module to address a cumulative percentage of the Laboratory's SWMUs
in RFI work plans by May 23, 1993,

Installation Work Plan

The HSWA Module required the Laboratory to prepare an installation work plan
(IWP) to describe the Laboratory-wide system for carrying out the RFI, doing
CMSs, and implementing corrective measures—requirements satisfied by the
Installation Work Plan for Environmental Restoration submitted to the EPA in
November 1990. That document is updated annually, and the most recent
revision was issued in November 1992. The IWP identifies the Laboratory's
PRSs, describes their aggregation into 24 OUs, and presents the Laboratory's
overall management plan and technical approach for meeting the requirements
of the HSWA Module. Information relevant to this work plan that already
appears in the IWP will be referenced (using the 1992 version of that document)
rather than repeated here.

Both the IWP and this work plan address radioactive materials and other
hazardous substances not subject to RCRA. Sites that potentially contain only
non-RCRA materials are called areas of concern (AOCs). The term PRS is the
generic name for both SWMUs and AOCs. It is understood that the language in
this work plan pertaining to subjects outside the scope of RCRA is not
enforceable under the Laboratory's operating permit.
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Background

OU 1132 is essentially the same as Technical Area (TA) 39, located in the
southeast portion of Los Alamos National Laboratory. TA-39 was established in
1953 as a remote, high-explosives (HE) firing site for experiments related to
equation-of-state research, shock wave phenomena, development of implosion
systems, development and application of explosively produced pulses of
electrical power, and production of high magnetic fields. There are five outdoor
firing sites at TA-39, of which four are still active; in addition, there are two gas
guns, a single-stage and a two-stage.

The firing site experiments have generated most of the waste at this site. A
significant portion of this waste has been disposed of in landfills on site.
Materials of concern include beryllium, mercury, barium, chromium VI, lead,
thallium, cadmium, natural and depleted uranium, HE, and solvents. (Mercury
and depleted uranium are no longer used at this site.)

All of the facilities at TA-39 are in the bottom of a canyon, the northern branch of
Ancho Canyon; as such, all are located on a flood plain. For this reason, the
potential for transport of contaminants off site via the stream channel is a major
focus of the RFI. Moreover, the very nature of the experiments makes inevitable
the uncontrolled scattering of contaminants to the surrounding hill slopes and to
the stream channel.

The PRSs at OU 1132 that will undergo RFl have been grouped into four
aggregates: (1) landfills, (2) storage areas, (3) firing sites, and (4) septic
systems and seepage pits. The RFI sampling plan is designed to ascertain the
presence (and, to a limited extent, the distribution) of contamination of TA-39.
PRSs recommended for no further action (NFA) include an incinerator that has
been removed; an outfall that releases potable water only; and several storage
areas where spread of contamination beyond the storage area boundaries has
been ruled out.

At least five landfill pits have been used for disposal of firing site debris. The RFI
will include geophysical surveys to locate these pits, as well as surface and
subsurface sampling to ascertain the kinds and extent of contamination.

For the storage areas, we propose limited sampling to determine whether there
is any evidence that contaminants have moved beyond the boundaries of an
area.

We have elected to sample around the one inactive and the four active firing
sites, to investigate the uncontrolled movement of contaminants from the
surrounding hill slopes into the stream channel. Of special concern are the
mercury and depleted uranium that were used in the past. To estimate the
extent and distribution of contamination, samples will be collected every 150 ft
along three 600-ft radial transects extending from each firing pad. Limited
sampling will also be done on a large dump of soil that was excavated for
construction of the most recent firing site, on mounds of accumulated debris at
older firing sites, and on the gas-gun site. Remediation of the active firing sites
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will be deferred until decommissioning unless an immediate threat to human
health or safety is revealed.

Two active septic systems, one inactive septic system, and two seepage pits
make up the fourth aggregate. All but 39-006(b), the active system that has
received only sanitary waste, will be sampled during the RFI.

Technical Approach

For the purposes of designing and/or implementing the sampling and analysis
plans described in this work plan, most PRSs are grouped into aggregates (even
though selected PRSs are investigated individually as necessary). This work
plan presents the description and operating history of each PRS or aggregate,
together with an evaluation of the existing data, if any. For some sites, NFA can
be proposed on the basis of this review; these sites are discussed in Chapter 6.
For other sites, this review is sufficient to determine that Phase | field
investigations should be undertaken. These sites are discussed in Chapter 5.

The technical approach to the field investigations is designed to refine the
conceptual exposure models for the PRSs or aggregates to a level of detail
sufficient for baseline risk assessment and the evaluation of remediation
alternatives, including voluntary corrective actions (VCAs). A phased approach
to the RF! is used to ensure that any environmental impacts associated with past
and present activities are investigated in a manner that is both cost-effective and
complies with the HSWA Module. This phased approach permits intermediate
data evaluation, with opportunities for additional sampling if required.

For some of the PRSs requiring RFl, there are existing data and/or strong
historical evidence that suggest that a release has occurred. For these sites, the
information has been evaluated and has been judged insufficient to support a
baseline risk assessment and/or the evaluation of remediation alternatives. For
other PRSs requiring RFI, there are no existing data and little or no historical
evidence that a release has occurred. Phase | sampling will be done for the sites
in both categories, to determine the presence or absence of hazardous and/or
radioactive contaminants. If contaminants are detected at concentrations above
conservative screening action levels, either a baseline risk assessment will be
done to ascertain the need for remediation, or a VCA may be proposed. If a
baseline risk assessment is judged necessary but the data collected during
Phase | are insufficient for the assessment, a second phase of sampling will be
done to characterize in more detail the nature and extent of the release.

A major concern at OU 1132 is the potential for movement of contaminants off
site during flooding. If Phase | studies give evidence of such movement, a
Phase Il sampling plan will be designed in coordination with the OU 1049
(Canyons) RFI.

To ensure that the right type, amount, and quality of data are collected, data
quality objectives will be developed for the RFI Phase | sampling and analysis
plans described in this work plan. Field work for many sites includes field
surveys and field screening of samples; samples for laboratory analysis will be
selected on the basis of the results of this field work. All samples will be
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screened and/or analyzed for radioactive contamination, whether or not
radioactive constituents are suspected in a given sample.

The six main chapters of this work plan are followed by five annexes; these
describe the project plans, which correspond to the program plans in the IWP:
project management, quality assurance, health and safety, records management,
and community relations.

Schedule, Costs, and Reports

The RFI field work described in this document requires 1.6 years to complete.
This assumes a single phase of field work, which is expected to be sufficient for
most PRSs; however, a second phase will be scheduled if the results of Phase |
show a need for it; in that case, the field work will take longer.

Cost estimates for baseline activities to complete the RFI for OU 1132 are
provided in Table ES-1. The estimates for costs and schedule are the latest
available, from the fiscal year 93 baseline request. These will be updated as
appropriate. ‘

JABLE £S-1
ESTIMATED COSTS OF COMPLETING OU 1132 RFI

Estimate to Complete $13 785 000
Escalation 1946 000
Prior Years 437 000
Total at Completion $16 168 000

The HSWA Module stipulates the submittal of monthly reports and quarterly
technical progress reports. In addition, an RFI phase report will be submitted at
the completion of each of the sampling plans. The phase report will serve as

. a partial summary of the results of initial site characterization activities,

. a vehicle for proposing modifications to the sampling plans suggested by the
initial findings,

« a work plan that describes the next phase of sampling (if such sampling is
required),

« a vehicle for recommending VCA or NFA as mechanisms for delisting PRSs
shown by the RFI to have acceptable health-based risk levels, and

« asummary of the sampling plan for that phase.

At the conclusion of the RF, a final RFI report will be submitted to the EPA. '
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Public Involvement

Regulations issued pursuant to HSWA mandate public involvement in the
corrective action process. In addition, the Laboratory is providing a variety of
opportunities for public involvement, including meetings held as needed to
disseminate information, to discuss significant milestones, and to solicit informal
public review of this and the other draft work plans. It also distributes meeting
notices and updates the ER Program mailing list; prepares fact sheets
summarizing completed and future activities; and provides public access to
plans, reports, and other ER Program documents. These materials are available
for public review between 9:00 a.m. and 4:00 p.m. on Laboratory business days
at the ER Program's public reading room (1450 Central Avenue in Los Alamos)
and at the main branches of the public libraries in Espaiiola, Los Alamos, and
Santa Fe.
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Chapter 1

Introduction

1.0 INTRODUCTION
1.1 Statutory and Regulatory Background

In 1976, Congress enacted the Resource Conservation and Recovery Act
(RCRA), which governs the day-to-day operations of hazardous waste treatment,
storage, and disposal (TSD) facilities. Sections 3004(u) and (v) of RCRA
established a permitting system, which is implemented by the Environmental
Protection Agency (EPA), or by a state authorized to implement the program,
and set standards for all hazardous-waste-producing operations at a TSD facility.
Under this law, Los Alamos National Laboratory (the Laboratory) qualifies as a
treatment and storage facility and must have a permit to operate. The State of
New Mexico, which is authorized by EPA to implement portions of the RCRA
permitting program, issued the Laboratory's RCRA permit.

In 1984, Congress amended RCRA by passing the Hazardous and Solid Waste
Amendments (HSWA), which modified the permitting requirements of RCRA by,
among other things, requiring corrective action for releases of hazardous wastes
or constituents from solid waste management units (SWMUs). EPA administers
the HSWA requirements in New Mexico at this time. .In accordance with these
requirements, the Laboratory's permit to operate (EPA 1990, 0306) includes a
section, referred to as the HSWA Module, that prescribes a specific corrective
action program for the Laboratory. The HSWA Module includes provisions for
mitigating releases from facilities currently in operation and for cleaning up
inactive sites. The primary purpose of this RCRA field investigation (RFI) work
plan is to determine the nature and extent of releases of hazardous waste and
hazardous constituents from potential release sites (PRSs). The plan meets the
requirements of the HSWA Module and is consistent with the scope of the
Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA).

The HSWA Module lists SWMUs, which are defined as "any discemible unit at
which solid wastes have been placed at any time, irrespective of whether the unit
was intended for the management of solid or hazardous waste." These wastes
may be either hazardous or nonhazardous (for example, construction debris).
Table A of the HSWA Module identifies 603 SWMUs at the Laboratory, and
Table B lists those SWMUs that must be investigated first.  In addition, the
Laboratory has identified areas of concern (AOCs), which do not meet the
HSWA Module's definition of a SWMU. AOCs may contain radioactive materials
as well as hazardous substances not listed under RCRA. SWMUs and AOCs
are collectively referred to as PRSs. The ER Program uses the mechanism of
recommending no further action (NFA) for AOCs as well as SWMUs. However,
using this approach for AOCs does not imply that AOCs fall under the jurisdiction
of the HSWA module.

For the purposes of implementing the cleanup process, the Laboratory has
aggregated PRSs that are geographically related into groupings called operable
units (OUs). The Laboratory has established 24 OUs, and an RFl work plan is
prepared for each. This work plan for OU 1132 addresses PRSs located in one
of the Laboratory's technical areas (TAs): TA-39. This plan, together with nine
other work plans submitted to EPA in May of 1993 and nine plans submitted in
1990 and 1991, meets the schedule requirements of the HSWA Module, which is

RFI Work Plan, OU 1132 (TA-39) 1-1
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to address a cumulative total of 55% of the SWMUs in Table A and a cumulative
total of 100% of the 182 priority SWMUs listed in Table B of the HSWA Module.

As more information is obtained, the Laboratory proposes modifications in the
HSWA Module for EPA approval. When applications to modify the permit are
pending, the ER Program submits work plans consistent with current permit
conditions. Program documents, including RFI reports and the installation work
plan (IWP; see 1.2 below), are updated and phase reports are prepared to refiect
changing permit conditions.

The HSWA Module outlines five tasks to be addressed in an RFl work plan.
Table 1-1 lists these tasks and indicates the ER Program equivalents. Table 1-2
indicates the location of HSWA Module requirements in ER Program documents.

1.2 Installation Work Plan

The HSWA Module required that the Laboratory prepare a master plan, called
the installation work plan (IWP), to describe the Laboratory-wide system for
accomplishing all RFIs and corrective measures studies (CMSs). The IWP has
been prepared in accordance with the HSWA Module and is consistent with
EPA's interim final RFI guidance (EPA 1989, 0088) and proposed Subpart S of
40 CFR 264 (EPA 1990, 0432), which proposes the cleanup program mandated
in Section 3004(u) of RCRA. The IWP was first prepared in 1990 and is updated
annually. This work plan follows the requirements specified in Revision 2 of the
IWP (LANL 1992, 0768).

The IWP describes the aggregation of the Laboratory's PRSs into 24 OUs
(Subsection 3.4.1). It presents a facilities description in Chapter2 and a
description of the structure of the Laboratory's Environmental Restoration (ER)
Program in Chapter 3. Chapter 4 describes the technical approach to corrective
action at the Laboratory. Annexes |-V contain the Program Management Plan,
Quality Program Plan, Health and Safety Program Plan, Records Management
Program Plan, and the Public Involvement Program Plan, respectively. The
document also contains a proposal to integrate RCRA closure and corrective
action and a strategy for identifying and implementing interim remedial
measures. When information relevant to this work plan has already been
provided in the IWP, the reader is referred to the 1992 revision of the IWP.

1.3 Description of OU 1132

OU 1132 is located in Los Alamos county in north-central New Mexico (Figure 1-
1). It contains a single active technical area, TA-39 (Figure 1-2). Twenty-seven
PRSs have been identified at TA-39 (see Figures 1-3 to 1-6). Twenty-five of
these are SWMUs and two have been proposed for SWMU status; all are on
property owned by the US Department of Energy. RFI is recommended for 20 of
these sites (including the two proposed for SWMU status). These 20 sites have
been grouped into four aggregates: landfills, storage areas, firing sites (including
a single-stage gas-gun site), and septic systems and seepage pits.

TA-39 was established as a remote, high-explosives test site. Experiments are
conducted at the site to support research on equations-of-state, shock wave
phenomena, development of implosion systems, development and application of

RFI Work Plan, OU 1132 (TA-39) 1-2 June 1993
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explosively produced pulses of electrical power, and production of high magnetic
fields. Most of the hazardous waste at TA-39 was generated by these activities.
Contamination by heavy metals (e.g., depleted uranium, beryllium, mercury,
cadmium, lead, silver) is of most concern at this site.

A teature of TA-39 that has important implications for contaminant transport is
that all of the PRSs in this technical area are located in the bottom of a canyon
that is a branch of Ancho Canyon; thus, all are within a few hundred feet of (and
some are adjacent to) an ephemeral stream, which could rapidly carry
contaminants off site. (Waters from this stream eventually discharge into the Rio
Grande.)

Section 3.5 of the IWP states that each OU work plan may contain an application
for a Class Ill permit to modify Table A of the HSWA Module when it is
determined that a SWMU needs no further investigation or when it is necessary
to add a SWMU to the current listing. Table 1-3 lists the SWMUs to be
addressed in this work plan and shows which we propose for RFI and which for
no further action (NFA) (see Chapter 4, Section 4.5.1, for a discussion of the
criteria used to recommend NFA for a site). EPA's approval of this work plan
has the effect of delisting NFA SWMUs unless otherwise specified by that
agency. Official delisting is by permit modification, if appropriate.

1.4 Organization of This Work Plan and Other Useful Information

This work plan follows the generic outline provided in Table 3-2 of the IWP
(LANL 1992, 0768). Following this introductory chapter, Chapter 2 provides
background information on OU 1132, which includes a description and history of
the OU, a description of past waste management practices, and current
conditions at technical areas in the OU.

Chapter 3 describes the environmental setting, and Chapter 4 presents the
technical approach to the field investigation. Chapter 5 contains an evaluation of
all the PRSs in OU 1132, which includes a description and history of each PRS,
a conceptual exposure model, remediation alternatives, sampling plan objectives,
and a sampling plan.  Chapter 6 provides a brief description of each PRS
proposed for NFA and the basis for that recommendation.

The body of the text is followed by five annexes, which consist of project plans
corresponding to the program plans in the IWP: project management, quality
assurance, health and safety, records management, and public involvement.
Appendix A lists the engineering drawings and the Environmental Restoration
Standard Operating Procedures (SOPs) used, Appendix B gives details of field
sampling procedures, and Appendix C contains a list of contributors to this work
plan.

The units of measurement used in this document are expressed in both English
and metric units, depending on which unit is commonly used in the field being
discussed. For example, English units are used in text pertaining to engineering,
and metric units are often used in discussions of geology and hydrology. When
information is derived from some other published report, the units are consistent
with those used in that report. A conversion table is provided at the end of this
work plan.

RFI Work Plan, OU 1132 (TA-39) 1-11
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A list of abbreviations and acronyms precedes Chapter 1. A list of references
appears at the end of each chapter. A glossary of unfamiliar terms is provided in
the IWP (LANL 1992, 0768).

JABLE 1-3
PRSs IN OU 1132

Appears Appears
in HSWA in HSWA Proposed Proposed
OU 1132 PRSs Table A Tabie B for RFI for NFA

39-001(a) xX* X*
39-001(b) x* x*
39-002(a) X
39-002(b) X
39-002(c)
39-002(d)
39-002(e)
39-002(f)
39-002(g) X
- 39-003
. 39-004(a)
39-004(b)
30-004(c)
39-004(d)
39-004(e)
39-005
39-006(a)
39-006(b)
39-007(a)
39-007(b)
39-007(c)
39-007(d)
39-007(e)
39-008
39-009
Chemical seepage pit
(proposed SWMU)
Excavated soil dump
(proposed SWMU)

XX XXX x
XXX XX XXX XXX XXX XX
X X XX X x

x X X X

*Because individual pits were numbered instead of the two landfill locations,
39-001(a) was listed as 39-001(a) and (b), and 39-001(b) as 39-001(c), (d),
and (e).
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Chapter 2 Background Information for OU 1132

2.0 BACKGROUND INFORMATION FOR OU 1132
2.1 Description

OU 1132 consists primarily of canyons and mesas; it lies at elevations between
6,300 and 6,960 ft and is located in the southern part of the Laboratory (see
Chapter 1, Figures 1-1 to 1-3). The OU includes much of the mesa between
Water Canyon on the north and Ancho Canyon on the south, which is dissected
by the northern fork of Ancho Canyon and by Indio Canyon. TA-39 is the only
active Technical Area in this OU (although a small unoccupied portion of TA-33
is physically part of the OU).

The structures and firing sites of TA-39 are located in the north fork of Ancho
Canyon, in a 2-mile-long area bounded by canyon walls (see Figures 1-3 to 1-6
in Chapter 1). The open-air detonation areas (TA-39-6, -7, -8 -57, and -88), the
main laboratory (TA-39-2), the main magazine (TA-39-3), the trim (high-
explosives-assembly) building (TA-39-4), and the ready magazine (TA-39-5) are
made of concrete. The two gas-gun buildings (TA-39-137 and -69), the support
building for TA-39-69 (TA-39-89), the main shop (TA-39-98), and several storage
buildings are metal. The most recent office buildings (TA-39-100, -103, and
-107) are transportable units.

The firing sites are built into embankments that enclose three sides of the
structure, the fourth (the entrance) being at ground level. A variety of
experiments using high explosives are conducted on top of the embankment
level; these experiments aid researchers in equation-of-state studies, shock-
wave-phenomena studies, development of implosion systems, development and
application of explosively produced pulses of electrical power, and production of
high magnetic fields (DOE 1987, 0264). Of the five firing sites originally built for
open-air testing of explosives, four are still active and will remain so into the
foreseeable future.

The SWMU Report (LANL 1990, 0145) lists twenty-five SWMUs in OU 1132:
two inactive landfill areas (39-001), seven active waste storage areas (39-002),
one incinerator (39-003), five firing sites (39-004), a seepage pit (39-005,
referred to in some site documents as a "sump and drain field"), two septic
systems (39-008), five inactive waste storage areas (39-007), possible soil
contamination at the single-stage gas-gun site (39-008), and a drainline and
outfall (39-009). It should be noted that use of the storage areas has varied over
time, and some of the areas originally identified as inactive are currently in use,
whereas some of those called active are not in current use.

TA-39 is still used for open-air detonation tests, occasional firings of projectiles
into the canyon cliffs, and gas-gun experiments wherein both target and
projectile are contained within a special chamber.

2.2 History
TA-39 was established in 1953, primarily as an area for the open-air testing of
high explosives for the shock wave physics group, and has been continuously

occupied since that time. The site was selected because of its remote location.
It originally consisted of three firing sites (TA-39-6, -7, and -8), a main building
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containing offices, a laboratory, and a shop (TA-39-2), a high-explosives-
assembly building (TA-39-4), two magazines (TA-39-3 and -5), and a single-
stage gas gun. By the 1980s, two additional firing sites (TA-39-57 and -88), a
capacitor bank enclosure (TA-39-67), a two-stage gas-gun facility (TA-39-69), a
third magazine (TA-39-77), a metal shed enclosure for the single-stage gas gun,
and two gas-gun support buildings (TA-39-56 and -89) had been added (DOE
1987, 0264). Between 1984 and 1986, three transportable office buildings (TA-
39-100, -103, and -107) were set up across the road from TA-39-2; in 1987 the
shop was relocated from TA-39-2 to a separate metal building (TA-39-98); and in
1989 the pulsed-power assembly building (TA-39-111) and its septic system
(PRS 39-006[b)) were constructed.

2.3 Waste Management Practices

Because of the relative isolation of TA-39, most of the waste generated there has
been disposed of on site. Before the creation of the first on-site landfills in 1959,
waste from the firing sites was generally hauled to the Laboratory landfill just
north of the Los Alamos airport. On a few occasions, however, such debris was
dumped into the dry stream bed in the canyon, whence most of it has been
carried off site during flooding. The debris included electrical cables (typically
about 40 ft in length), plywood, garbage cans destroyed in the experiments, and
empty acetone bottles. No radioactive materials were being used at that time.
Paper waste from the office building was burned in an incinerator (39-003)
located near TA-39-2; and because no regulations on proper disposal of solvent
waste were in place, this waste was either dumped onto the ground or left in a
pan to evaporate (Wheat 1992, 18-0017).

Beginning in 1959, landfills were established in Ancho Canyon. At least five
large pits were dug, in two locations (39-001[a] and [b]), over the years. Each pit
was covered over when full, the last one in 1989. Materials disposed of in these
pits range from ordinary office waste to refuse from the firing sites. The latter
include beryllium, mercury, silver, copper, brass, iron, lead, steel, thallium,
cadmium, thorium-232, natural and depleted uranium, solvents, and PCB-
containing oil (LANL 1990, 0145). In addition, plutonium was used in some of
the contained gun experiments (DOE 1987, 0264); its use in these was closely
monitored.

In addition to being disposed of in landfills, waste from the firing sites (including,
often, debris from impact or acoustical erosion of nearby cliffs) either
accumulated or was scraped up into mounds. Such debris mounds have been
identified so far at three firing sites (39-004{a],[b], and [d]) and at the single-stage
gas-gun site (39-008). At the latter, the area between the building and the cliff
was leveled and the removed materials were pushed to the south side of the site,
creating a sizable mound.

Large amounts of earth were removed in preparation for the construction of the
most recent firing site, TA-39-88 (39-004[e]). The excavated materials were
dumped some 1500 ft southeast of the site, between the road and the stream
channel. Although much of this material apparently was excavated out of the
natural hiliside, the dump would also include materials from the surface areas,
which, by proximity to older firing sites (39-004[a],[b],[d]), are very likely to have
been contaminated by the experiments at those sites.

RFI Work Plan, OU 1132 (TA-39) 2-2 ~ June 1993
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From 1953 to 1987, high-explosive (HE) particles, liquid waste (and, possibly,
solvents) were disposed of in a seepage pit (39-005). The pit and contaminated
soils from the drain field were removed, and no evidence of HE residuals has
been found (LANL 1990, 0145; McCormick 1993, 18-0015).

Two septic systems are currently in use at TA-39. The first (39-006[a)) was
installed in 1952 and consisted of a septic tank and a subsurface sand filter. In
1973, water began coming to the surface of the sand filter and discharging into
Ancho Canyon. The problem was traced to years of routine dumping of
photographic processing chemicals into the system. To correct this, a separate
seepage pit for these chemicals was put in place (Francis 1992, 18-0010). In
addition, the septic tank was enlarged and a new subsurface sand filter was put
in place on the south side of State Road 4. By 1978, the new sand filter had
become clogged. It was redesigned and replaced for the second time in 1985,
when a new 2500-gal. septic tank was installed.

The second septic system (39-006b]) was installed for the pulsed-power
assembly building (TA-39-111). This system has a capacity of 1000 gallons and
discharges into a leach field (LANL 1990, 0145).

A number of storage areas, some active and some inactive (see Section 2.1),
are scattered throughout TA-39. These areas have been used at various times
to.store both unused and waste materials (sometimes concurrently), but they are
principally used to store waste. Wastes stored include oil that contains lead and
solvents; scrap HE; organic solvents; photographic processing chemicals; and
radioactive materials (see Table 5-3 in Chapter 5). Those storage areas whose
potential for release of contaminants to the environment is essentially nil (e.g.,
those located inside buildings) will not be sampled; all others will be investigated
during the RFI.

Waste cooling water is discharged into Ancho Canyon from one location (39-
009). This outfall, which operates under a National Pollutant Discharge
Elimination System (NPDES) permit (LANL 1990, 0145), releases only potable
water and has never been used for discharges of contaminated water.

References for Chapter 2
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Chapter 3 Environmental Setting of TA-39

3.0 ENVIRONMENTAL SETTING OF TA-39

An understanding of the environmental setting—climate, topography, soils,
geology, and hydrology—of a site is essential for assessing contaminant
migration pathways. In this chapter, we provide that specific information for OU
1132, as a supplement to Chapter 2 of the IWP (LANL 1992, 0768), where the
general environmental setting of Los Alamos National Laboratory is described.

3.1 Physical Description

The physical setting of the Pajarito Plateau, land ownership, and land-use
patterns are discussed in Sections 2.1, 2.5.2, and 2.5.4 of the IWP.

OU 1132 contains only one Technical Area, TA-39, located in the southeastem
portion of the Laboratory and bordered on the south by Bandelier National
Monument (see Figure 1-1 in Chapter 1). TA-39 covers about 3.8 mi2¢ and
ranges in elevation from 6300 to 6960 fi. A number of canyons dissect the area,
including Water Canyon, Ancho Canyon, and Indio Canyon. All of the TA-39
facilities are located in the north fork of Ancho Canyon (Figure 3-1); most if not
all of the disturbance associated with TA-39 activities (site development, open-air
explosions, waste generation and disposal) has been in this canyon. Public
access to TA-39 is restricted.

3.2 Climate

General climatic information for the Los Alamos-White Rock area is given in
Section 2.5.3 of the IWP. Very little or no climatic data specifc to TA-39 have
been collected. Of the several Laboratory weather stations, the White Rock
station would represent the climatic conditions closest to those at TA-38.
Average annual precipitation at White Rock is about 14 in. About 40 percent of
this precipitation comes in July and August in the form of brief, intense
thunderstorms that can produce significant surface runoff and, occasionally, flash
flooding. Snowmelt produces small amounts of runoff as well (Bowen 1990,
0033). The annual distribution of precipitation is illustrated in Figure 3-2. The
erosion that results from these events is an important mechanism of contaminant
transport at TA-39.

Average monthly temperatures for the southern section of the Laboratory, where
TA-39 is located, are also shown in Figure 3-2. The only detectable shift in
climatic patterns during the period of record (1911 - 1988) is slightly cooler
temperatures and higher precipitation from 1961 to 1988.

Wind speed and direction are measured at five locations around the Laboratory
(ESG 1989, 0308). The closest wind-measuring station to TA-39 is at TA-54,
about 2 miles to the north.  Strong winds occur mainly in the spring. Although
wind directions in Los Alamos are quite variable because of the complex terrain,
the predominant wind direction, especially for strong winds, is from the south-
southwest. Wind-borne contaminants are therefore most likely to have been
transported to the north-northeast of TA-39.
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3.3 Biological Resources
3.3.1 Background

During 1992, the Biological Resource Evaluations Team (BRET) of the
Environmental Protection Group (EM-8) carried out field surveys at OU 1132.
The full report, Biological and Flood Plains/Wetlands Assessment for the
Environmental Restoration Program, OU 1132, Ancho Canyon (Dunham, in
preparation) will contain specific information on the survey methods and resulits,
with particular attention to any restrictions that may be imposed on RFI activities
to protect the environment and the biota. It will also include information that may
aid in defining ecological pathways and restoring vegetation.

3.3.2 Relevant Statutes, Orders, and Regulations

The field surveys were conducted in compliance with the Federal Endangered
Species Act of 1973, the New Mexico Conservation Act, the New Mexico
Endangered Plant Species Act, Executive Order 11990 ("Protection of
Wetlands"), Executive Order 11988 (*Floodplain Management”), 10 CFR 1022,
and DOE Order 5400.1.

3.3.3 Methodology

The surveys had four objectives:

1. to determine the presence or absence of any critical habitat for any State or
Federal sensitive, threatened, or endangered plant or animal species within
the OU's boundaries,

2. To ascertain whether, and to what extent, RF| activities might affect these
species.

3. to identify the presence or absence of any sensitive areas (such as
floodplains and wetlands) within the region to be sampled and, if present, the
extent and general characteristics of those areas, and

4. to obtain additional plant and wildlife data concerning the habitat types within
the OU.

The survey data provide basic information about the biological components of
the site and the site's status as a habitat before any sampling and site
characterization activities begin. This information also becomes a component of
the National Environmental Policy Act (NEPA) documentation for the site, on the
basis of which a Categorical Exclusion may be granted. (Refer to 10 CFR 1021,
Subpart D, Appendix B, for an explanation of the Categorical Exclusion [DOE
1992, 0868].)

EM-8 maintains a database of the habitat requirements for all State and Federal
threatened or endangered plant and animal species known to occur within the
boundaries of Los Alamos National Laboratory and surrounding areas. On the
basis of the information therein, a Level 2 habitat evaluation survey was
conducted. (Level 2 is for areas that are not highly disturbed and could
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potentially support threatened or endangered species.) The plant portion of the
survey was designed to gather data on the percent cover, density, and frequency
of both the understory and overstory components of the plant community.

The habitat information gathered through the field surveys was then compared
with the requirements for species of concern identified in the database search. If
habitat requirements were not met, no further surveys were conducted and the
site was considered cleared with respect to impact on state and federally listed
species. If habitat requirements were met, species surveys were done in
accordance with pre-established protocols, which in some cases specify
particular meteorological or seasonal conditions.

All wetlands and flood plains within the survey area were noted using National
Wetlands Inventory maps, flood plain maps, and field checks. Characteristics of
wetlands and riparian areas were noted using criteria outlined in the Corps of
Engineers Wetlands Delineation Manual (Army Corps of Engineers 1987, 0871).
Flood-plain boundaries were delineated by McLin (1992, 0825) using models
developed by the Army Corps of Engineers.

3.3.4 Survey Results

The dominant trees within the overstory vegetation of OU 1132 are one-seed
juniper (Juniperus monosperma), pinon pine (Pinus edulis), and ponderosa pine
(Pinus ponderosa). The shrub layer is primarily composed of wavyleaf oak

. (Quercus undulata), Gambel oak (Quercus gambellj), mountain mahogany
(Cercocarpus montanus), skunkbush (Rhus trilobata), Apache plume (Fallugia
paradoxa), and rubber rabbit brush (Chrysothamnus nauseosus). Dominant
forbs and grasses include blue grama (Bouteloua gracilis), Mountain muhly
(Muhlenbergia montana), snakeweed (Guterrezia sarothrae), and bitterweed
(Hymenoxys richardsonii). In canyon bottom areas that have been disturbed by
activity, the dominant vegetation includes a number of species characteristic of
such environments, such as cheat grass (Bromus tectorum) and false tarragon
sagebrush (Artemisia dracunculus).

In the western-most portions of the OU, near the boundary with TA-49, the north-
facing slopes of Frijoles Mesa display the occasional Douglas fir (Pseudotsuga
menziesif) and white fir (Abies concolor). At these higher elevations, ponderosa
pine becomes the dominant overstory species in areas not burned by the 1977
La Mesa fire.

The following habitats were identified:

Ancho Canyon System
« Mesatop
Pinon-Wavyleaf oak
Pinon-Mountain mahogany
» North-facing slopes/canyon bottoms
Ponderosa pine-Gambel cak
Pinon-rabbit brush-Apache plume

« South-facing slopes
Pinon-Juniper
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Frijoles Mesa
¢« Mesatop
Pinon-Wavyleaf oak

Pinon-Gambel oak

Within the OU there are an estimated 175 species of plants, 71 species of
nesting birds, 22 species of mammals, and 8 species of reptiles and amphibians.
Studies done by Travis (1992, 0869) indicate that the pinon-juniper woodland has
the fewest bird species; the ponderosa pine and douglas fir forest, with its more
varied understory and shrub canopy, supports the greatest number.

No threatened or endangered plant species were found during the field season of
1992. (However, the survey did not coincide with blooming of all such plants.
Additional surveying may be required if sampling is proposed within any sensitive
habitat. BRET will be notified of specific sampling locations.)

Only one threatened or endangered animal species has potential for occurrence
within or near OU 1132: the spotted bat (Euderma macalatum), which is listed by
the state as endangered and listed federally as endangered candidate. This bat
is found in pinon-juniper, ponderosa pine, mixed conifer, and riparian habitats. Its
two critical requirements are a source of water and roost sites (caves in cliffs or
rock crevices). Water Canyon and Ancho Canyon should have sufficient roost
sites, but water sources appear to be limited. (Suitable water is defined as small
ponds or pools of slowly moving water.) To date, no spotted bats have been
mist-netted on Laboratory property. The proposed OU-1132 site characterization
is not expected to affect the spotted bat if small caves are not disturbed and
water sources in the canyon bottoms are not altered.

3.3.5 Wetlands and Flood Plains

The stream channel in Ancho Canyon is classified by the National Wetlands
Inventory as an intermittent riverine system. Field checks of the area indicate
that the soil does not remain saturated long enough for the channel to qualify as
a jurisdictional wetland. Flood-plain maps developed by McLin (1992, 0825)
indicate that a flood plain does exist within Ancho Canyon. In compliance with
10 CFR 1022, a Flood-Plain/Wetland Involvement Notification will be submitted
to the Federal Register for public comment. RFI activities are not anticipated to
adversely affect the Ancho Canyon flood plain or the intermittent riverine system
as long as the work practices outlined in Chapter 4, Section 4.9.3, are adhered
to.

3.4 Cultural Resources

During the summer of 1992, a cultural resource survey was conducted at
OU 1132, as required by the National Historic Preservation Act of 1966 (as
amended). The methods and techniques used for this survey conform to those
specified in Archeology and Historic Preservation; Secretary of the Interior's
Standards and Guidelines Notice. (National Park Service 1983, 0632)

Twenty-nine archeological sites are located within the survey area (Table 3-1).
Because of their research potential, twenty-seven of these are eligible for
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JABLE 31
ARCHAEOLOGICAL SITES LOCATED WITHIN OU 1132
Site Cultural Time
Site No, Type1 Affiliation Perlod? Eligible
LA 12689A CP Anasazi Coalition Yes
LA 12689B wC Anasazi Coalition Yes
LA 12689C CP Anasazi Coalition Yes
LA 12702 cP Anasazi Coalition PE3
K-34A-C CcP Anasazi Coalition-Classic Yes
K-53 CP Anasazi Coalition-Classic PE
K-54 CP Anasazi Coalition-Classic Yes
K-55 CP Anasazi Coalition Yes
K-56 CP Anasazi Coalition Yes
K-57 CP Anasazi Coalition Yes
K-58 SH Anasazi Coalition PE
K-60 CP Anasazi Coalition Yes
K-61 CP Anasazi Coalition-Classic Yes
K-62 SH Anasazi Coalition . Yes
K-63 CP Anasazi Coalition Yes
K-64 CP Anasazi Coalition Yes
K-65 AS Anasazi Coalition PE
K-66 CP Anasazi Coalition-Classic PE
K-67 AS Anasazi Coalition PE
K-68 CcP Anasazi Classic Yes
K-69A SH/OH Anasazi/ Unknown/ Yes
Hispanic/ General Historic
EuroAmerican
K-69B SH Anasazi Coalition Yes
K-69C AS Anasazi Coalition Yes
K-70A-C CcP Anasazi Coalition-Classic Yes
K-71 SH Anasazi Unknown No
K-72 CP Anasazi Coalition-Classic Yes
K-73A-B TS Anasazi Coalition No
K-75 SH Anasazi Unknown Yes
K-76 CP Anasazi Coalition-Classic PE
K-77 GP Anasazi Unknown Yes
K-78 CP Anasazi Coalition-Classic Yes
K-80 TS Anasazi Coalition-Classic PE
K-81 SH Anasazi Unknown PE

1Site Types: AS = Artifact Scatter, CP = Cavate(s) or Cavate Pueblo,
OH = Other Historic Site Type, SH = Rock Shelter, TS = Trail or Steps,
WC = Water or Soil Control Device.

2Time Period: Coalition Period = A.D. 1100 to A.D. 1325; Classic Period = A.D. 1325
to A.D. 1600; General Historic Period (includes the Spanish Colonial, Territorial,
and Homesteading periods) = A.D. 1600 to A.D. 1943.

3PE = Potentially Eligible.

RFI Work Plan, OU 1132 (TA-39) 3-7 June 1993



Er- ‘ronmental Setting of TA-39 Chapter 3

inclusion on the National Register of Historic Places under Criterion D. That
potential will not be affected by the RF! activities proposed at OU 1132.

A report documenting the survey area, methods, results, and monitoring
recommendations, if any, will be transmitted to the New Mexico State Historic
Preservation Officer for his concurrence in a "Determination of No Effect" for the
OU-1132 RFIl. As specified in 36 CFR 800.5(b), and following the intent of the
American Indian Religious Freedom Act, copies of this report will be sent to the
governor of San lidefonso Pueblo and to any other interested tribal group for
comment on any possible impacts to sacred and traditional places.

All personnel involved in ER RFl activities must follow the monitoring and
avoidance recommendations contained in Environmental Restoration Program,
Operable Unit 1132, Cultural Resource Survey Report (Manz et al., in
preparation).

3.5 Geology
3.5.1 Alluvium and Colluvium Within the Canyons of TA-39

TA-39 is drained by a number of intermittent streams, tributaries of the main
stream channel that runs through Ancho Canyon and joins the Rio Grande in
White Rock Canyon. All of the canyons through which these tributaries flow
contain alluvium of unknown thickness (most likely deposits of fluvial sands and
gravels, like those observed in other canyons of the Pajarito Plateau). Although
specific data are lacking for the TA-39 canyons, information from other Pajarito
Plateau canyons having a similar geologic situation (Mortandad, Canada del
Buey, and Pajarito) shows that alluvial deposits vary greatly, from <3 ft to >100 ft
(Devaurs and Purtymun, 1985). The provenance for these deposits is the
Bandelier Tuff and the Tschicoma Formation. Within Pajarito Canyon, the
alluvium consists of tuff boulders, cobbles, and pebbles mixed with sand, silt, and
clay (Baltz et al. 1963, 0024). Thicknesses near the valley center line are 50-
70 ft. Alluvial deposits within Cahada del Buey range from 9-12 ft thick and are
derived from weathered Bandelier Tuff (IT Comp. 1987, 0327).

The alluvium in these canyons is very permeable relative to the underlying tuff;
intermittent runoff infiltrates the alluvium until it is impeded by the tuff, causing a
perched reservoir to form. As the shallow alluvial groundwater moves
downgrade, it is depleted by evapotranspiration, infiltration into the tuff, or
suspension in soil. Although some investigators concluded that these perched
reservoirs are not connected to the main aquifer that underlies the volcanic rocks
of the plateau (Purtymun 1984, 0196), others believe that such a hydrologic
connection is a good possibility (Kearl et al. 1991, 0652).

Very little is known about the colluvium that forms slopes between the cliffs and
the canyon floors. Nearly all of it is composed of large blocks of Bandelier Tuff
that have broken away from the cliffs along cooling joints. Some of these
deposits consist of thick, shattered slump blocks, whereas others form only a thin
veneer across the underlying tuff.
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3.5.2 Stratigraphy of the Bandelier Tuff at TA-39

The Los Alamos National Laboratory is perched on a plateau consisting mostly of
the Tshirege (upper) and Otowi (lower) members of the Bandelier Tuff. The
Bandelier Tuff was deposited during two caldera-forming episodes, 1.5 and
1.1 million years ago, and covers the flanks of the Jemez Mountains volcanic
field. For a general description of the Bandelier Tuff, see the Geology section of
the IWP (Section 2.6.2).

At TA-39 the Bandelier Tuff ranges in thickness from several feet (along the
northeastern margin of the site) to 600 ft (in Borehole DT9, located just west of
TA-39—see Figures 3-1 and 3-3) (Purtymun 1984, 0196). These significant
variations in lateral thickness are related to pre-Bandelier-Tuff paleotopography.
Before the eruptions that laid down the Bandelier Tuff, the area of TA-39 was in
a valley between the southwestern flank of a basaltic shield volcano (now
underlying the village of White Rock) and a scoria cone (now exposed within TA-
33, to the south of TA-39).

Most of the facilities at TA-39 are located within canyons, which are underlain
and flanked by Bandelier Tuff. Although at first glance the tuffs appear to be
fairly uniform and homogeneous, they are in fact remarkably heterogeneous;
physical variations can be observed that relate to mode of emplacement,
composition, paleotopography, tuff thickness, and the secondary processes of
welding and vapor-phase crystallization. Many of the changes in texture, color,
and physical properties now visible in exposures of the Bandelier Tuff were
caused by such secondary processes. After compaction, induration, and
welding, thermal contraction during cooling can cause columnar jointing, primarily
in welded or partly-welded tuffs. The extent, shape, and size of these joints are
not known for most of the Pajarito Plateau.

In the Bandelier Tuff of the canyon walls around TA-39 are some nearly
horizontal zones, ranging from a couple of inches to almost 1 ft, that are more
resistant to erosion and have the appearance of layers. They are not layers, but
thin horizons cemented by zeolite (clinoptilolite). They may be the upper
boundaries of fossil water tables. It has been proposed that exhumation of the
paleocanyons and paleovalleys of the Pajarito Plateau by erosion over the last
million years lowered the perched water table within the nonwelded portions of
the Tshirege Member of the Bandelier Tuff, leaving behind the zeolite-cemented
horizons (Bailey and Smith 1978, 0865). If this hypothesis is true, these horizons
leave us a record of the level of the former water table. Further, they suggest
that perched groundwater bodies are not restricted to alluvium, but can extend
into the Bandelier Tuff.

The Bandelier Tuff varies greatly in thickness, stratigraphy, and physical
properties across the Pajarito Plateau. A general stratigraphy, developed by
Smith and Bailey (1966, 0377), Baltz et al. (1963, 0024), and Purtymun (1984,
0196) is described in the IWP; its general characteristics are briefly summarized
in the following two sections.
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— O ft (~6940 ft elev.)

Bandelier Tuff 3% ¢

— 600 ft (~6340 ft elev.)

Puye Conglomerate

880 ft (~6060 ft elev.)

Basalt

1113 ft (~5827 ft elev.)

Puye Conglomerate

T.d. =1233 ft (~5707 ft elev.)

Source: Purtymun 1984, 0196.
cARTography by A. Kron 5/18/83

Figure 3-3. Simplified stratigraphic log of Borehole DT-9, ~250 yd west of the western boundary
of TA-39.
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3.5.2.1 Tshirege (Upper) Member of the Bandelier Tuff

The Tshirege Member of the Bandelier Tuff is dated at about 1.1 Ma (Doell et al.,
1968, 0599). The eruption sequence consists of a basal pumice-fall deposit
overlain by thin surge beds and by pyroclastic flow units that make up the
ignimbrite cooling units (Fisher 1979, 0864; Self et al. 1986, 0375).

The basal pumice-fall deposit (Tsankawi Pumice Bed) is a few cm thick in the
TA-39 area and drapes over erosional remnants of the underlying Otowi
Member. The Tshirege member ignimbrite consists of nonwelded to densely
welded, crystal-vitric to vitric-crystal tuff (~32% phenocrysts of mostly sanidine
and quartz, with traces of hornblende and magnetite).

The upper portions of the Tshirege Member are broken by cooling joints. These
joints, which formed according to the degree of welding, vapor-phase alteration,
and decrease in volume of the deposit as it cooled, may influence the
permeability of the plateau tuffs. The jointed portions, the cliff formers within TA-
39, may allow infiltration of surface water. For example, surface water in
Mortandad Canyon (TA-35) was observed to infiltrate the tuff in less than 100
feet of surface flow. Soil moisture measurements, however, indicate that the thin
soil cover on the tuff may inhibit infiltration of precipitation (Baltz et al. 1963,
0024).

3.5.2.2 Otowi (Lower) Member of the Bandelier Tuff

The Otowi Member of the Bandelier Tuff consists of a pumice-fall deposit (Guaje
Pumice Bed) overlain by thin surge beds and by massive pyroclastic flow units.
The age of this eruption is ~1.5 Ma (Doell et al., 1968, 0599). The pumice-fall
deposit is absent or only a few inches thick in the area of TA-39. The orange-tan,
nonwelded ignimbrite contains abundant lithic clasts, pumice clasts, and
phenocrysts of mostly sanidine and quartz in a vitric-crystal or crystal-vitric ash
matrix. Lithic clasts make up from a trace to 30% of the tuffs, and phenocrysts
30-35%. The Otowi Member tuff can be seen along State Road 4, about 100 yd
west of the entrance to TA-39, where an erosional remnant of the massive
ignimbrite is exposed.

3.5.3 Basalt Flows of the Cerros del Rio and Older Sedimentary Deposits

Basaltic deposits of the Cerros del Rio volcanic field, a field of late Tertiary
basaltic volcanoes that extends from near the Santa Fe Airport to the Pajarito
Plateau, underlie the Bandelier Tuff at TA-39. These include the well-jointed
basaltic lava flows visible at the surface in Water Canyon, along the northeast
margin of TA-39, and cropping out within a few hundred yards of the southeast
margin of the site in lower Ancho Canyon; 350 ft of basaltic lava and interbedded
hydrovolcanic tuff and stream gravels exposed at the intersection of Ancho and
White Rock Canyons (Dethier, in press); and a scoria cone over 300 ft thick
exposed in Chaqehui Canyon, the next canyon south of TA-39 (the northern
flank of this cone should underlie Ancho Canyon within TA-39).

Outcrops visible down to an elevation of 5500 ft within White Rock Canyon show

intebedded Puye Conglomerate, Santa Fe Group sandstones and
conglomerates, and more basalt or basaltic andesite flows (Dethier, in press).
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We know very little about the Santa Fe Group at TA-39; only a few outcrops are
visible in White Rock Canyon at its intersection with Ancho Canyon (Figure 3-4).
Within Well DT-9, located just beyond the western margin of TA-39 (see Fig. 3-
3), the Bandelier Tuff is underlain by about 280 ft of Puye Conglomerate, 230 ft
of basaltic lava flows, and 120+ ft of yet more Puye Conglomerate (Purtymun,
1984, 0196). At present, these simple well data are the only data available for
these depths in the TA-39 area. A detailed description of the conglomerates,
sandstones, and siltstones of the Santa Fe Group in the Espanola Basin and
northern part of Los Alamos County is given in the IWP (Section 2.6.1.2.1).

3.6 Soils

The general characteristics of the soils of the Pajarito Plateau are discussed in
Section 2.6.1.3 of the IWP. Existing information on these soils is extremely
limited and will need to be expanded, especially in regard to soil characteristics
that influence contaminant transport. Los Alamos County soils have been
described by Nyhan et al. (1978, 0161). (Names given to soil series—Hackroy,
Nyjack, etc—have local significance only.)

Soils at TA-39 can be divided into three major categories according to
topographic position: Mesa Top, Canyon Wall, and Canyon Bottom. At OU
1132, the last of these are the most important because all the PRSs are located
in the canyon bottom.

3.6.1 Mesa Top

The Hackroy series is typical of mesa-top soils. As described by Nyhan et al.
(1978, 0161), "The surface layer of the Hackroy soils is a brown sandy loam,
about 10 cm thick. The subsoil is a reddish brown clay, gravelly clay, or clay
loam, about 20 cm thick. The depth to tuff bedrock and the effective rooting
depth are 20 to 50 cm." Hackroy soils are classified as Alfisols, in part reflecting
the clayey subsurface horizons. Intermixed with the Hackroy soils on the mesa
tops are small areas of deeper loams of the Nyjack series and patches of
bedrock. The Nyjack soils are texturally similar to Hackroy soils but are thicker
(2-4 t) and frequently exhibit pumice fragments in the lower levels. Soil texture,
depth, and degree of development will vary according to distance from canyon
walls. (Because natural erosion rates increase with proximity to canyon walls,
the best-developed soils are found toward the middle of the mesa.)

3.6.2 Canyon Walls

The walls of the canyons at TA-39 are mostly steep rock outcrops, consisting of
about 90% bedrock studded with patches of shallow, undeveloped soils. South-
facing canyon walls are less steep and often have areas of very shallow, dark-
colored soils (Nyhan et al. 1978, 0161).

3.6.3 Canyon Bottom

The canyon bottom soils, typically young (and thus poorly developed), are
classified as Entisols. The Totavi series soils are typical of such soils in the
Pajarito Plateau area. Described by Nyhan at al. (1978, 0161), these are deep,
well-drained soils having a gravelly-loamy-sand or sandy-loam texture.
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Figure 3-4. Stratigraphic section at the intersection of Ancho and White Rock canyons, ~1.5 miles
southeast of the entrance to TA-39.
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3.7 Hydrology

Because most contaminants are transported by water, an understanding of water
movement at TA-39 is essential for understanding contaminant transport in this
area. Although no hydrologic investigations have been done specific to TA-39,
inferences about water movement at TA-39 can be made from such
investigations conducted on other parls of the Pajarito Plateau. A detailed
discussion of hydrologic processes on the Pajarito Plateau can be found in the
IWP, Sections 2.6.3-2.6.8. The conceptual hydrogeologic model for OU 1132 is
presented in Figure 3-5.

3.7.1 Surface-Water Hydrology

Only a few studies have quantitatively examined surface runoff from the Pajarito
Plateau; most characterizations of surface runoff have been based on anecdotal
observations. Because the data are so limited, reliable contaminant transport
modeling is difficult. Another factor, which adds to the difficulty of predicting
runoff levels, is the permeability of the stream bed: significant quantities of water
are lost by infiltration into these sediments (a phenomenon known as channel
transmission loss).

At TA-39, all the stream channels carry intermittent flow. Runoff, when it does
occur in these alluvial channels, is produced by intense summer thunderstorms
or snowmell. Flash flooding does occur, and can be severe—as was
demonstrated in the summer of 1991, when roads and buildings at TA-39 were
damaged. This kind of flooding has tremendous potential for moving
contaminants off site—for example, by cutting into and carrying away portions of
the landfills adjacent to the stream channel.

3.7.2 Hydrogeology
3.7.2.1 Vadose Zone

The unsaturated area above a groundwater body (or saturated zone) is known as
the vadose zone. A distinction is made between unsaturated (vadose) and
saturated sediments because water and contaminant movement varies greatly
with degree of saturation. Generally, the drier the medium, the more slowly
water (and contaminants) move.

The vadose zone of the Pajarito Plateau is very thick and consists mostly of
Bandelier Tuff. There has been considerable debate about water movement
through the vadose zone into the main aquifer. The issue remains unresolved
and needs to be examined further.

At TA-39, the vadose zone of most interest is the unsaturated alluvium of the
canyon bottoms, because most of the contamination will be in this area. Of
secondary interest is the vadose zone underlying the surrounding mesa tops
(even though there are no PRSs on the mesa tops, some contamination will have
reached these areas from the firing experiments).
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3.7.2.2 Perched Groundwater

A perched reservoir is an unconfined groundwater body separated from the main
aquifer by unsaturated material. Two types of perched reservoirs exist on the
Pajarito Plateau: one in alluvial sediments of various canyons, and the other in
deeper deposits (120-200 ft below the surface), in conglomerates and basalts
underlying alluvium in Los Alamos Canyon and Pueblo Canyon.

3.7.2.2.1 Perched Alluvial Reservoirs

The floors of canyons in the Pajarito Plateau, especially the eastern portion of
the plateau, are typically covered with alluvium that ranges in thickness from
about 3 ft to 100 ft. When runoff occurs, most of it infiltrates into the alluvium (it
is rare that any reaches the Rio Grande). Some of this water may then be lost
via transpiration, some may seep into the underlying tuff, and some may be
stored in the alluvium, creating a perched alluvial reservoir. If there is a
hydrologic connection between perched alluvial reservoirs in these canyons and
the main aquifer, the reservoirs could be an important source of recharge for the
main aquifer.

It is not known whether a perched alluvial reservoir is present under the northem
fork of Ancho Canyon, where the TA-39 facilities are located. To date, perched
alluvial reservoirs have been found on the Pajarito Plateau only in canyons that
originate in the Sierra de los Valles or that are sinks for industrial effluent, neither
of which is true of Ancho Canyon. The presence or absence of a perched
alluvial reservoir at TA-39 has important implications for contaminant transpor,
and will be investigated as part of the sampling plan.

3.7.2.2.2 Deeper Perched Reservoirs

The deeper perched reservoirs of the basalts and conglomerates in Los Alamos
Canyon and Pueblo Canyon are hydrologically connected to the stream flow in
the canyons, as evidenced by fluctuations in the height of the water table that
correspond to surface water runoff. No wells have been dug at TA-39, but
Purtymun and Alquist (1986, 18-0016) found no evidence of a perched reservoir
at TA-49, just northwest of TA-39. On the other hand, the zeolite-cemented
horizons referred to earlier (Section 3.5.2) could indicate that there once was a
perched reservoir in the Otowi Member at TA-39.

3.7.2.3 Main Aquifer

Many of the hydrologic studies on the Pajarito Plateau have focused on the main
aquifer because it serves as the water supply for the county. Three well fields
have been developed, with a total of 18 supply wells, 10 test wells, and 2 stock
wells. Characterization of the aquifer is based on information from these wells
and from springs discharging into the Rio Grande at White Rock Canyon. The
main aquifer is found in the Tesuque Formation and the overlying Puye
Conglomerate, at depths below the surface ranging from less than 300 ft in the
canyon bottoms (towards the eastern end of the plateau) to over 1000 ft on the
mesa tops.
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No groundwater measurements have been made at TA-39, but Purtymun (1984,
0196) estimates that the groundwater table is about 600 ft below the surface of
Ancho Canyon and about 1000 ft below the surrounding mesa tops.
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Chapter 4 v Technical Approach

4.0 TECHNICAL APPROACH

This chapter presents the basic technical approach that will be used to conduct
field investigations at OU 1132 under the Resource Conservation and Recovery
Act (RCRA) as amended by the Hazardous and Solid Waste Amendments
(HSWA). A full discussion of the overall technical approach at Los Alamos
appears in Chapter 4 of the Installation Work Plan (IWP) (LANL 1992, 0768).

Explanations of terms used frequently in this chapter that have specific meanings
with regard to the field of risk assessment and/or the ER Program may be found
in the IWP (Glossary, Vol. ll).

4.1 Aggregation of Potential Release Sites

Of the 25 SWMUs identified at OU 1132 (LANL 1990, 0145), 7 will be
recommended for no further action (NFA)—see Chapter 6; the remaining 18
SWMUs, plus 2 proposed SWMUs, have been grouped into four *aggregates” on
the basis of similarity of contaminants, transport processes, and sampling
strategies that would be applied to the site. These aggregates are landfills,
storage areas, firing sites (including the single-stage gas gun), and septic
systems and seepage pits. The PRSs in a particular aggregate are not
necessarily in close proximity. However, because of the relatively small size of
TA-39, all PRSs in this OU share general site characteristics.

42 Site Characterization

The goal of this RFl is to ensure that health and environmental impacts
associated with past activities at OU 1132 are investigated in compliance with
the Laboratory's RCRA Part B (HSWA Module) permit. The technical approach
set forth here is designed to meet the required site characterization objectives in
a cost-effective manner and conforms with that described in Chapter 4 of the
IWP. This approach uses a decision-making process based on risk to human
health (Phase | investigations) and proposed Subpart S of 40 CFR 264 (EPA
1990, 0432) for recommending PRSs for NFA or for further investigation. Risk to
ecological components will also be considered, as part of Phase i investigations
(see Section 4.6).

The site of each OU 1132 PRS will be characterized through (1) interpretation of
archival data, (2) phased sampling to ascertain the nature and extent of
contamination and to identify contaminant migration pathways, and (3) risk
assessment.

4.2.1 Interpretation of Archival Data
Archival data include reports, memoranda, letters, photographs, drawings, etc.
that pertain to the PRS. These are studied to gain a basic understanding of the

processes and events that produced the PRS and the contaminants that may be
present.
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4.2.2 Phased Sampling

In general, Phase | sampling is intended to ascertain the presence or absence of
contaminants. (All samples will be screened and/or analyzed for radioactive
contamination, whether or not radioactive constituents are suspected in a given
sample.) In some cases, Phase | may also include data collection to further
define the extent of contamination or the site conditions that could lead to
migration if an environmental release of contaminants is suspected. At OU
1132, the PRS aggregates of most concern are the landfills and the firing sites,
which have the greatest potential for uncontrolled spread and release of
contaminants. For this reason, sampling during Phase | will be more detailed for
these sites than for the other PRSs.

Phase Il sampling (where needed) will further document the extent and
distribution of contaminants identified during Phase |. Phase Il studies are
needed in many cases to support baseline risk assessments.

4.2.3 Risk Assessment

If Phase | and/or Phase |l sampling reveals the presence of contaminants at a
PRS, the potential for human exposure to those contaminants may be quantified
by means of a baseline risk assessment, which employs a model based on the
most realistic assumptions of current and future land use. For OU 1132, the
most likely land-use scenarios are (1) Continued Laboratory Operations and (2)
Recreational Use. (For background information on the methodology for these
assessments, refer to the IWP, Section 4.3 and Appendix K [LANL 1992, 0768])).

4.2.3.1 Continued-Laboratory-Operations Scenario

For the foreseeable future, land use within OU 1132 is likely to be very similar to
what it is at present. Most areas of the OU are and probably will continue to be
active sites for Laboratory operations. On-site workers (office workers,
maintenance personnel, and construction workers) are the assumed human
receptors for this scenario. Part of the output of the baseline risk assessment
will be a determination of which of these groups is likely to be the most affected.
That group would serve as the reference point for the conclusions of the
assessment.

Office and maintenance workers could be exposed to contaminants through
inhalation of dust and volatile compounds, incidental ingestion of soil and dust,

~ and/or direct exposure to radiation sources. Construction workers, in addition to
these means of exposure, could be exposed through dermal contact with
contaminated soils and/or explosives materials.

4.2.3.2 Recreational-Use Scenario

If OU 1132 is decommissioned in the future, it is conceivable that the area could
be released for recreational use—particularly given its proximity to Bandelier
National Monument. Campers and hikers are estimated to be the most likely
human receptors under this scenario, which would consider short-term camping,
daily hiking, hunting, and possibly limited construction.
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Recreational users of the area could come into contact with contaminants
through inhalation, ingestion (including ingestion of game), or skin contact.
Game are subject to contamination through ingestion of contaminants in surface
water, plants, and soils. The model assumes that campers would carry in
potable water and does not consider consumption of contaminated drinking
water.

4.2.4 Decision Analysis

A detailed discussion of the decision analysis process appears in Chapter 4 of
the IWP, Section 4.1. The basic strategy is represented graphically in Figure 4-1
and may be summatrized as follows:

If a review of archival data leads to the conclusion that a given PRS presents no
current or future risk to human health, the PRS may be recommended for NFA.
Those OU 1132 PRSs that we propose for NFA are discussed in Chapter 6.

For most of the PRSs at OU 1132, the archival data are not sufficient for
proposing NFA. We plan to carry out a Phase | RFI for each of these PRSs to
(1) identify those that pose no hazard to human health and may be added to the
NFA group, and (2) for those that may pose a risk, ascertain whether there is
contamination and the nature of any contamination (as well as, to some degree,
the extent).

Whether or not a PRS presents a danger to human health is judged via (1) the
screening assessment, in which potential contaminant levels are compared with
established screening action levels (see 4.2.5, below); and (2) baseline risk
assessment, which uses site-specific risk criteria to arrive at the most realistic
evaluation of potential risks to human health (see Section 4.2.3, above).

In the event that contaminants are found at any PRS, the decision process
considers whether a need for corrective action can be established on the basis of
the available data and whether there is an obvious, feasible, and effective
remedy. If the answer to both is yes, voluntary corrective action (VCA) will be
proposed (see Section 4.5.2). If the available data are not sufficient for
establishing the need for corrective action, further data (Phase Il) will be
gathered; these may be used to support a baseline risk assessment, or they may
lead to the conclusion that doing a VCA directly will be more time- and cost-
effective than doing baseline risk assessment. A baseline risk assessment may
in turn lead to VCA, alternatively, it may lead to NFA or to a corrective measures
study to determine the optimum remediation strategy for the PRS.

A major part of the decision analysis process is the definition of data quality
objectives (DQOs), which are discussed in detail in the IWP (Appendix H).
Establishment of DQOs considers the objective of data collection, the type and
amount of data required to achieve the stated objective, and how good the data
must be. The Quality Assurance Project Leader will review all RFl data, as
specified in the QAPjP. In addition, all data that results from laboratory analysis
of collected samples will be validated by the Laboratory's Health and
Environmental Chemistry Group (EM-9) against quality control samples, field
replicates, and duplicate samples, using specified control requirements (an SOP
for data validation is in process).
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4.2.5 Screening Action Levels

A detailed discussion of screening action levels—how they are derived and the
rationale for their use—is found in the IWP (Sections 4.2.2 and 4.2.3;
Appendix J). Screening action levels are tools for efficiently discriminating
between problem and nonproblem sites so that resources can be used
effectively; they are generally used only to identify the presence of
contamination—i.e., levels that may pose a hazard to human health and safety—
and to guide further sampling.

Screening action levels are not cleanup criteria. They are based on a residential
exposure scenario, that is, one that assumes that the site is the residence of one
or more individuals and that exposure is the result of direct radiation from soil
surfaces, ingestion/inhalation of soil particles, and/or ingestion of contaminated
groundwater. (At OU 1132, the potential for the last depends on the presence or
absence of a perched alluvial reservoir.) Cleanup levels, on the other hand, are
based on site-specific (baseline) risk evaluations and ALARA (as low as
reasonably achievable) criteria. In most cases, they will be higher than
screening action levels (for example, if the site will never be a residential one but
may realistically be used for recreation or other part-time activities, the level of
soil contamination considered acceptable could be higher than the residential
scenario would allow).

Because we have as yet no evidence for the presence of an alluvial reservoir,
the Phase 1 RFI will use screening action levels for soil. Those levels, for the
major contaminants expected at OU 1132, are listed in Table 4-1.

4.3 Conceptual Exposure Model

A conceptual exposure model is useful for illustrating how contaminants can
move from PRSs to human or environmental receptors, and thereby for
identifying appropriate media and locations for sampling. A conceptual exposure
model for OU 1132 appears in Figure 4-2. The contaminant sources are the
PRSs themselves, that is, the landfills, the firing sites, the septic systems and
seepage pits, and the storage areas. Primary release mechanism refers to the
way in which the contaminants probably were made available to the environment.
The transport mechanisms are the ways in which contaminants may migrate at
OU 1132 (see Section 4.3.1). The contaminated media are soil, sediment, air,
biota, and (potentially) groundwater. (The presence of a perched alluvial
reservoir at OU 1132 has not been established but is a possibility given that
much of the OU is on a broad alluvial canyon bottom.) Exposure routes are the
ways in which human or animal receptors may become exposed; these include
ingestion, dermal contact, inhalation, and external radiation (Section 4.3.2).

4.3.1 Potential Transport Mechanisms

Before sampling, it is important to consider the mechanisms by which
contaminants could be transported within and beyond the boundaries of OU
1132, because those mechanisms determine where contaminants probably
reside and therefore where sampling will be most effective. Because very little
work has been done in this area at OU 1132, the sampling plans are designed at
least partially to identify the mechanisms/pathways of contaminant spread and to
ascerain whether any uncontrolied contamination is moving via one or more of
them.
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JABLE 4-1
SCREENING ACTION LEVELS
FOR POSSIBLE CONTAMINANTS AT OU 1132

Screening Action Level

Constituent for Soil
(mg/kg)

INORGANICS
Barium 5 600
Beryliium 0.16*
Cadmium 80
Chromium (VI) 400
Cobalt i
Copper 3 000
Cyanide 1 600
Lead 500
Mercury 24
Nickel 1 600
Silver 400
Thallium 6.4
Uranium 240
Zinc 24 000
VOLATILES
Acetone 8 000
Benzene 0.67
Carbon tetrachloride 0.21
Chlorobenzene 67
Chloroform 0.21
1,1-Dichloroethane 410
1,1-Dichloroethene 0.59
1,2-Dichloroethane 0.2
Methylene chloride 5.6
1,1,2,2-Tetrachloroethane 3.9
Tetrachloroethene 59
Toluene 890
1,1,1-Trichloroethane 1 000
Trichlorethene 3.2
Xylenes (Total) 160 000
SEMIVOLATILES
Acenaphthene 4 800
Acenaphthylene -
Anthracene 24 000
Benzo(a)anthracene ""
Benzo(k)fluoranthene -
Benzo(ghi)perylene o
Bis-(2-chloroethyl)ether 0.13
Bis-(2-ethylhexyl)phthalate 50
Butyl benzyl phthalate 16 000
2-Chlorophenol 400

RF1 Work Plan, OU 1132 (TA-39) 4-6 June 1993



Chapter 4 Technical Approach

TABLE 4-1 (continued)
SCREENING ACTION LEVELS
FOR POSSIBLE CONTAMINANTS AT OU 1132

Screening Action Level

Constituent for Soil
(ma/kg)
SEMIVOLATILES (cont'd)
Chrysene b
Dibenz(a,h)anthracene b
Di-n-butyiphthalate 8 000
2,4-dichlorophenol 240
Diethylphthalate 64 000
2,4-Demethyliphenol 1 600
Dimethyl phthalate 80 000
2,4-Dinitrotoluene 1
Fluoranthene 3 200
Fluorene 3 200
Indeno[1,2,3-cd]pyrene -
Naphthalene 3 200
4-Nirophenol -
N-Nitrosodiphenylamine 140
Pentachlorophenol 5.8
Phenanthrene -
Phenol 48 000
Pyrene 2 400
2,4,6-Trichlorophenol 64
EXPLOSIVES
Barium nitrate (as barium) 5 600
TNT (2,4,6-trinitrotoluene) 40/233
2,4-DNT (2,4-dinitrotoluene) 160/1
2,6-DNT (2,6-dinitrotoluene) an
1,3-DNB (1,3-dinitrobenzene) 8
RDX (cyclotrimethylenetrinitramine) 240/64
PETN (pentraerythritoltetranitrate) 1 600
HMX (cyclotetramethylenetetranitramine) 4 000
TATB (triaminotrinitrobenzene) -
Composition B (RDX-60%, TNT-39%, Wax-1%) b
Cyclotol (RDX-75%, TNT-25%) b
Baratol (Barium nitrate-76%, TNT-24%) b
RADIONUCLIDES
Cs-137 32
Pu-239 20.15
Th-232 0.72
U-233 69.9
U-235 14.75
U-238 47.81

*Because the background level for beryllium is higher than the screening action
level, we will use a background level established on the basis of soil samples
from the OU 1132 area as the screening action level.

**Screening action level not available or not found.
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4.3.1.1 Surface Transport

All of the waste-generating activities at OU 1132 have taken place—and still do
—in the canyon bottom. This has tremendous significance for the ultimate fate
of any contaminants in the waste, because an alluvial stream channel runs the
entire course of the canyon and its branches. Contaminants do not have to
travel very far to get to the channel, which is a rapid conduit to the Rio Grande
(about 3 miles downslope)—especially under flash flood conditions. Alluvial
channels like this one can concentrate contaminants in downstream deposition
areas (Muller et al. 1978, 0866). Most radionuclides and heavy metals bind
tightly with soil particles, particularly fine-grained silts and clays. Contaminants
move to the channel by overland runoff or by being directly deposited during a
firing site experiment. Transport of contaminants by surface runoff is most likely
where contaminants are exposed on the surface, such as at the firing sites (and,
possibly, the storage areas).

4.3.1.2 Subsurface Transport

Subsurface transpont of contaminants can take place via vapor flow, unsaturated
flow, or saturated flow. At OU 1132, the importance of subsurface transpon of
contaminants will depend to a great extent on whether or not a perched alluvial
reservoir is present in Ancho Canyon—as yet unknown. If one should exist, it
would mean that subsurface flow is mainly saturated, which can carry
contaminants much faster than unsaturated flow. One of the aims of the RFl,
therefore, is to find out whether a perched alluvial reservoir exists below TA-39.
So far, in the Pajarito Plateau area, such reservoirs have been found in canyons
that either originate in the Jemez or have a major industrial effluent source
upstream that creates a man-made perched reservoir. The segment of Ancho
Canyon that runs through OU 1132 has neither of these characteristics.

Vapor-phase movement is an important transport mechanism for volatile
contaminants, such as organic solvents. Such movement is influenced by
concentration gradients, temperature gradients, density gradients, and/or air-
pressure gradients.

At OU 1132, subsurface transport of contaminants is of most concern for the
PRSs in which contaminants are already underground, such as the septic
systems, seepage pits, and, especially, the landfills (where probably the greatest
amounts of contaminants are to be found). Contaminants from the firing site
aclivities couid also move into the subsurface, once soils have become
contaminated.

4.3.1.3 Atmospheric Dispersion

Atmospheric dispersion can follow from wind erosion (entrainment of
contaminated soil), from direct expulsion of contaminants into the air (for
example, pulverized material from a firing site experiment), or from evaporation,
as of a volatile organic compound. The extent to which contaminated soil
particles can be dispersed atmospherically depends on such factors as soil
propenties (e.g., particle size), roughness of the terrain, vegetative cover, and
atmospheric conditions. Wind erosion around the firing sites is of particular
concern because the surface soils, which are almost certainly contaminated, are
vulnerable to erosion. We have no specific information as to how far
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contaminants generated at OU 1132 may travel as a result of atmospheric
dispersion, but ¢:rainly off-site transport is possible. Typically, however, the
hazard decreases with distance downwind.

4.3.1.4 Food-chain Transport

The importance of biological uptake of contaminants by plants relative to other
transport pathways is largely unknown. Studies at Los Alamos show that most
radionuclides in vegetation come from deposition of contaminated soil onto
vegetation surfaces, and uptake of waste-site radionuclides by plants is known to
occur (Hakonson and Nyhan 1980, 0177). However, there is no history of
gardening or hunting at TA-39 and therefore no suspected exposure of humans
via the food chain at this site.

4.3.2 Factors Affecting the Fate and Transport of Potential Contaminants

The fate and transport potential—or potential for mobility in the environment—of
each of the various possible OU 1132 contaminants is affected, first, by the
medium in which it exists and, secondarily, by interactions between the
constituent and the medium. In water, the constituent's mobility is determined by
its degree of solubility, its potential for degradation (in the case of organics), and
whether it is positively charged, negatively charged, or neutral (negatively
charged and neutral species are more mobile). For constituents existing in or on
surface soils or sediments, mobility is determined chiefly by particle size.

The three major categories of possible contaminants at OU 1132 are metals,
organics, and high explosives.

4.3.2.1 Metals

This category includes barium, beryllium, silver, mercury, lead, cadmium,
chromium (VI), and uranium (the last is the only radionuclide of potential concem
at OU 1132; its fate in the environment is best described by considering it as a
metal). The solubility of these metals is controlled by (1) the physical and
chemical properties of the solid phase and (2) the other constituents already in
solution in the water. The information in the following paragraphs is based
mainly on Garrels and Christ (1965, 0961) and Lindsay (1979, 0883).

Barium— Barium metal is expected to oxidize upon detonation and, as such,
should be highly soluble. However, soluble barium combines readily with
carbonates (at high pH) or with sulfates in soil water to form precipitates, leaving
very little barium in solution. Because soluble barium is generally positively
charged, it will be less mobile and will tend to be sorbed on soils and sediments.
The most likely means of transport, then, for soluble barium as well as barium
precipitates, are surface (erosion) and atmospheric dispersion (wind).

Beryllium— Beryllium metal deposited in the environment is expected to oxidize
to a hydrated oxide at a relatively slow rate. The less crystalline the oxide, the
more soluble it will be. The mobility of soluble beryllium depends largely on its
electrical charge, which in turn depends on pH: at > about 8, the charge is likely
to be negative, and at < 8 it is likely to be positive. The negatively charged
species will be highly mobile and can be transported by surface and subsurtace
water movement. The positively charged one will be sorbed by soil and
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sediments and, like nonsoluble beryllium oxide, will be transported mainly via
wind and soil/sediment erosion.

Silver— Silver metal is unstable in most soil/sediment environments. The
phases most likely to be stable are the halides. Soluble species are positively
charged at low halide concentrations and as such will tend to be sorbed by the
soil. They are neutral at high halide concentrations and, thus, are mobile and
likely to be transported by surface and subsurface water movement.

Mercury— Mercury can exist in soils and sediments as either a solid or a liquid;
this depends on numerous conditions (pH, Eh, halide concentration, organic
matter content, etc.). A certain amount of solid mercury will be soluble and
electrically neutral; this mercury is readily transportable by surface and
subsurface water movement. Insoluble mercury will be transported by erosion of
the soils and sediments in which it is located. In the liquid phase, significant--if
small--amounts of mercury can be vaporized to the atmosphere and dispersed
by wind.

Lead— Lead is generally found in metal or oxide form. These are unstable in
soils and soil water and will dissolve until they combine with other ions in solution
to form precipitates. At high pH (>7.5), some of the lead may combine with
carbonate ions, and at low pH (<6), some may combine with sulfate ions. At
neutral or near-neutral pHs (6-7.5), lead may react with any number of ions,
such as phosphates. The portion of the lead remaining in solution that is
positively charged will tend to be sorbed on soil and sediment particles, whereas
lead that is neutral or negatively charged (for example, because of high chloride
or halide concentrations in the water) will be more mobile and could be
transported by surface and subsurface water movement.

In the case of OU 1132, we postulate that most of the lead will be precipitates
and positively charged soluble species; the major transport mechanism for these
would be wind and water erosion of soils and sediments.

Cadmium— Concentrations of soluble cadmium generally do not exceed
107 moles/L (~0.1 mg/L), because most of the cadmium will combine with
phosphates to form a cadmium phosphate precipitate. At high pH (>7.5), the
concentrations may be even smaller because some cadmium will combine with
carbonate to form a more stable precipitate, such as octavite. The remaining
cadmium, because it is positively charged, will have greater sorption potential
and, like the precipitated cadmium, will be transported mainly by erosion of soils
and sediments by wind and/or water.

Chromium-- Chromium metal can oxidize to chromium (V1) and, as such, most of
it can dissolve (at an unknown rate, possibly very slow) and remain in solution.
The soluble chromium is generally negatively charged and thus highly mobile;
the primary transport mechanism would be surface and subsurface water. If the
rate of dissolution is extremely slow, much of the chromium could continue to
exist as a metal for long periods. This chromium would be transported primarily
by wind and/or water erosion of the soils and sediments in which it exists.

Uranium-- Uranium metals typically corrode to form hydrated uranium (VI)
oxides, such as schoepite. These oxides tend to dissolve, perhaps slowly, to
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form soluble oxidized species. Solubility is controlled by pH, total carbonate
content, and concentrations of other constituents with which it may combine
(such as phosphate, soluble organic carbon). Positively charged species will
tend to be adsorbed to soil particulates and, like the finer uranium metal and
corrosion products, can be transported by wind and soilsediment erosion.
Negatively charged and neutral species, which remain mobile in water, will be
transported primarily by surface and subsurface water movement.

4.3.2.2 Organics

For this group of constituents, volatilization from solution, soils, and/or sediments
is a significant transport mechanism. In general, constituents having high
solubility in water and/or a lower Henry's law constant (such as PCBs) will
volatilize less than those having low solubility and/or a higher Henry's law
constant (such as volatiles and semivolatile organics).

The conditions of the media will also affect whether potential contaminants
volatilize or remain in solution, soil, or sediments. Dry soils contribute to
volatilization whereas moist soils retard it; more porous soils allow more
volatilization; greater flow rates, turbulence, and higher temperatures will all
increase volatility from solution; and the greater the depth at which a constituent
is located, the longer it will take to volatilize to the atmosphere.

Another significant transport mechanism for organic constituents having high
water solubility, especially those with a low Ko, is leaching (the higher the Koc
of the constituent, the greater its ability to bind with organic matter and thus
remain in soils or sediments).

4.3.2.2.1 Polychlorinated Biphenyl

In the past, polychlorinated biphenyl (PCB) compounds were added to oils to
inhibit microbial degradation. PCB-containing oils were used at TA-39, some in
conjunction with firing site experiments, and both stock and waste oils were kept
in several storage areas. The tendency of PCBs to persist and to accumulate in
biota magnifies their potential hazard. Once these compounds have entered the
soil, through oil spills, container leaks, or use in experiments, they can volatilize
and enter the atmosphere. Chemicals that have low vapor pressure, are
hydrophobic, and are resistant to degradation, such as PCBs, typically volatilize
in significant amounts. Limiting factors would be adsorption by soil particles,
which increases with increased clay and/or organic matter content; temperature;
wind velocity; soil moisture; and photodegradation. Little is known at present
about the precise effects of these factors on volatilization, but PCBs must be part
of a labile, mobile pool (including dissolved and adsorbed materials) in order to
migrate. If they are adsorbed or bound to an immobile phase, movement or
volatilization is slow.

4.3.2.2.2 Volatile and Semivolatile Organic Compounds
In general, volatile and semivolatile organics, such as trichloroethane and

phenol, are soluble in water and have a lower Koc. This means that they tend to
volatilize or to leach to lower soil horizons and/or groundwater.
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4.3.2.3 Explosives

The migration and decomposition of explosives in soils has been studied at Los
Alamos (DuBois and Baytos 1991, 0718) and in Nevada (Harris et al. 1989,
0876). In the Los Alamos studies, it was observed that explosives having water-
soluble components (Baratol, Boracitol, Composition B-3, Cyclotol, and Octol)
decreased with time, whereas those having non-water-soluble components
(RDX, HMX, PETN) changed very little. In the Nevada studies, it was found that
only explosives on or near the soil surface had been biotransformed, hydrolyzed,
and/or phototransformed to a noticeable extent, and only compounds carried by
water (ionic compounds in solution as well as nonsoluble compounds) migrated a
significant distance from the original disposal site. TNT apparently degraded in
place rather than migrating.

The studies showed that explosives broke down at a faster rate in moist soils.
The primary transport mechanism is probably water erosion of soil and sediment;
subsurface water movement may also play a role.

4.3.3 Exposure Routes

Workers at OU 1132 and surrounding sites could be exposed to chemical or
radioactive contamination through ingestion, inhalation, and/or dermal contact
with contaminants. Disturbance of the surface of a landfill or a firing site could
resuspend contaminants, allowing them to be inhaled or ingested. Because
radionuclides (with the exception of tritium) are not readily absorbed by the skin,
dermal contact is a less common means of exposure to these elements than
ingestion or inhalation. (This is probably true of nonradioactive constituents as
well.)

In addition, plants and animals living in contaminated areas can be continuously
exposed to extemal radiation from surface and subsurface sources. Studies
using small mammals implanted with dosimeters (Miera et al. 1977, 0148) show
that doses to animals living in a contaminated area can be several orders of
magnitude above background.

4.3.4 Potential Impacts

As mentioned earlier, the residential exposure scenario may not represent the
most realistic future use of the OU 1132 area. However, because this scenario
is used in calculating screening action levels, it will be applied to all PRSs in
OU 1132 for the Phase | investigations. (Even if measured concentrations of
potential contaminants do not exceed screening action levels, if several come
close, further investigations may be carried out.) The principal contaminant
source for this exposure scenario is contaminated soil. A secondary source
would be a perched alluvial reservoir—if present and if capable of development
as a water supply. (More information from other areas where alluvial reservoirs
are present is needed to determine whether there is a hydrologic communication
between those reservoirs and the main aquifer.). Should Phase | investigations
suggest that a perched alluvial reservoir is present at OU 1132, and that there
could be a hydrologic connection to the main aquifer, Phase I studies would be
developed to investigate in more detail (and, in particular, to ascertain whether
the reservoir is contaminated).
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4.4 Evaluation Criteria

Most of the data gathered during Phase | of the RFI will be applicable to the first
of the evaluation criteria, human health and safety risks (refer to the IWP,
Section 4.2.1, for a full discussion of the evaluation criteria).

4.5 Potential Response Actions

A detailed discussion of potential response actions can be found in the IWP
(Section 4.5). Specific potential response actions for OU 1132 are discussed
below and summarized in Table 4-2.

JABLE 4-2
POTENTIAL RESPONSE ACTIONS FOR PRS
AGGREGATES
PRS Aggregates Potential Response Actions
Landfills Stabilization in Place

Removal of Contaminated Material

Storage Areas NFA
Removal of Contaminated Material

Firing Sites NFA
Deferral until Decommissioning
Stabilization in Place
Removal of Contaminated Material

Septic Systems and NFA
Seepage Pits Removal of Contaminated Material

4.5.1 No Further Action

The criteria for NFA are discussed in Section 4.5.1 and Appendix | of the IWP.
The PRSs currently proposed for NFA at OU 1132 are listed in Chapter 1,
Table 1-4, and then discussed in detail in Chapter 6, of this work plan. NFA has
been proposed for these sites on the basis of archival research; in addition to
these, other PRSs may be recommended for NFA if Phase | or Phase Il
investigations indicate that they pose no significant risk. NFA may be
recommended for a PRS if one or more of the following criteria are met.

Criterion 1. There is documented evidence that the identified PRS
does not contain and never did contain hazardous or radioactive
material.

Criterion 2. The PRS has been remediated or characterized, and
residual contamination has been shown not to exceed screening
action levels.

RF1 Work Plan, OU 1132 (TA-39) 4-14 June 1993



Chapter 4 Technical Approach

Criterion 3. A baseline risk assessment has been done for the PRS
and has demonstrated that the level of risk posed by the type and
extent of contamination and by the associated transport pathways is
acceptable.

4.5.2 Voluntary Corrective Action

Voluntary corrective action (VCA) is an obvious, feasible, and effective remedy
implemented for a site where contamination has been identified and direct
remediation is more cost-effective than the characterization studies needed for a
baseline risk assessment. A VCA may be proposed during any phase of the
RFI. (VCAs that will produce mixed waste will be deferred until a mixed waste
disposal facility is available) Any VCAs undertaken at OU 1132 will be
described in quarterly technical reports to DOE, and will be reported on quarterly
in public meetings.

4.5.3 Removal of Contaminated Soil

The digging up and removal of contaminated soil is a potential remediation
strategy for any of the PRSs. It is an attractive option for sites for which Phase |
results show contamination that is limited in extent (which, for our purposes, we
define as not exceeding 10 m2 in total area). Examples of sites where it could be
used as a VCA are the chemical seepage pits, the inactive septic system, and
inactive storage areas. It may also be a viable option for the gas-gun firing site,
where outdoor experiments are no longer conducted, and for the abandoned
firing site (39-004[b]) if the latter is not being contaminated by current activities at
the other firing sites.

This option will also be considered for the landfills. However, it could be a very
expensive one if there is a large volume of contaminated material.

If sampling shows that soils are contaminated by both hazardous and radioactive
waste, the soils will be removed as soon as a mixed waste disposal facility is
available to receive them.

4.5.4 Stabilization in Place

This type of remediation technology may be appropriate at the inactive firing sites
and the landfills. For example, if it is found that contamination at the inactive
firing site is limited to the firing pad and immediately surrounding area and that
the major mechanism of contaminant transport is surface wind and water action,
then covering the area with a layer of gravel would be effective. In contrast, such
a treatment would not be effective if subsurface mechanisms were at work and
contaminants were rapidly moving through the vadose zone.

For landfills, this type of technology is used to isolate contaminants in place,
preventing their transfer beyond the boundaries of the PRS. Enhanced capping
technologies have been extensively researched at Los Alamos National
Laboratory (Hakonson et al. 1986, 0126; Nyhan et al. 1990, 0173; Nyhan et al.
1984, 0167). They are designed to control erosion at the surface and to provide
primary and secondary barriers to downward movement of water. The primary
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barrier consists of an optimum combination of soii. . zgetation, surface slope, and
gravel. The secondary barrier is an engineered capillary or hydraulic barrier
(either of which retards vertical flow by using the differences between the
hydrologic properties of the materials in the primary barrier and those of the
underlying secondary barrier.) An example of a hydraulic barrier is a layer of
compacted clay. An example of a capillary barrier is a finer-grained soil over a
coarser-grained sand or gravel. Such barriers make more of the water available
for evapotranspiration. In addition, sloping the interface between the soil and the
underlying capillary/hydraulic barrier can convert vertical water fiow to lateral and
carry more moisture off site.

Such containment technologies would be appropriate for the landfills only if it is
determined that the flood plain of Ancho Canyon is suitable for long-term storage
of contaminants.

4.6 Ecological Risk Assessment

A methodology for assessing risk to the ecology of an area, from residual
contamination and from proposed remedial actions, is currently being developed
by the ER Program's Ecological Risk Assessment Technical Team.

As mentioned earlier, a recommendation of NFA for an individual PRS will be
based on a comparison of potential contaminant levels with screening action
levels (which are determined by generic human-health risk factors) and/or on a
baseline risk assessment (which uses site-specific human-heatth risk factors).
The assessment of ecological risk, on the other hand, will be based on different
kinds of measurements (or "end points®), which have yet to be defined, and on
different spatial boundaries, which may not coincide with those of the PRS, PRS
aggregate, or OU. The task is complex because of the many possible ecological
variables. For example, given the impossibility of considering each individual
plant and animal species that could be affected—each having its own range,
frequency of occurrence, feeding habits, etc—the risk assessment model will
need to use certain indicator species to focus investigations. (Guidance on the
end points and spatial boundaries that will be used for the model will appear in
the 1993 IWP.)

If the ecological risk assessment identifies unacceptable impacts, the
contribution of each PRS to those impacts will be assessed (including a review of
those already recommended for NFA). An ecological mitigation strategy can
then be developed.

4.7 Proposed Strategies for Inactive Sites

Voluntary corrective action will be proposed for inactive sites where
contamination is above screening action levels but is limited in extent. The
action will be designed to remove all contaminated material or, where this is not
possible, to reduce contamination to levels deemed acceptable by the baseline
risk assessment. At OU 1132, the inactive septic system and inactive storage
areas are potential candidates for VCA.

In the case of the septic system, VCA would include removal of any
contaminants in the system and any associated contaminated soil. If removal of
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any parts of the inactive septic system would cause major site disruption or
require extensive reconstruction of facilities, removal may be deferred until the
site is decommissioned. In this case, Phase |l sampling would be done to
ensure that the septic system was not a source of continuing release.

In the case of the inactive storage areas, VCA would consist of removal of
contaminated soil.

NFA will be recommended for inactive sites where contamination is shown not to
exceed screening action levels.

4.8 Proposed Strategies for Active Sites
4.8.1 Storage Areas

Contaminated waste is considered contained if it is stored in an area from which
the potential for release to the environment is essentially nil (e.g., an area
located inside a building). Contained contamination is managed by the
Laboratory in accordance with applicable regulations. Iif uncontained
contamination is found in excess of screening action levels at any of the active
storage areas, VCA (consisting of removal of contaminated soi) will be
proposed. NFA is recommended for those at which contamination is both below
screening action levels and contained.

4.8.2 Septic System and Seepage Pit

If Phase | sampling shows that contaminants in the active septic system and
seepage pit exceed screening action levels, more detailed Phase Il sampling will
be done to enable a baseline risk assessment. If the assessment indicates that
risks are acceptable, deferred action (untii decommissioning) will be
recommended.

4.8.3 Firing Sites

Since 1953, experiments at the OU 1132 firing sites have released significant
quantities of toxic materials, including PCBs, mercury, depleted uranium,
beryllium, lead, and other heavy metals, into the environment. Moreover, all of
the firing sites are situated on the flood plain of Ancho Canyon, adjacent to an
ephemeral stream channel that drains into the Rio Grande 3 miles from TA-39.
The Phase | (and, if needed, Phase ll) investigations will attempt to determine
the fate of, and associated risk from, these contaminants. If these investigations
show (as we expect they will) that there is no immediate danger to life and health
from these sites that demands swift remedial action, we propose to defer
remediation until the sites are decommissioned.

The gas-gun site is also still active, but experiments are now restricted to inside
Building TA-39-137. Because past testing activity at this site was outside the
building, Phase | investigations will focus on the grounds outside.

Proposed strategies for the active PRSs are summarized in Table 4-3.
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JABLE 4-3

PROPOSED STRATEGIES FOR ACTIVE PRSs AT OU 1132

PRS # Description Proposed Action

39-002(a)

Area 1 Storage Area NFA or VCA

Area 2 Storage Area NFA

Area 3 Storage Area NFA or VCA
39-002(b) Storage Area NFA or VCA
39-002(c) Storage Area NFA or VCA
39-002(d) Storage Area NFA or VCA
39-002(e) Storage Area NFA or VCA
39-002(f) Storage Area NFA or VCA
39-002(g) Storage Area NFA or VCA
39-004(a) Firing Site Deferred Action or VCA
39-004(c) Firing Site Deferred Action or VCA
39-004(d) Firing Site Deferred Action or VCA
39-004(e) Firing Site Deferred Action or VCA
39-006(a) Septic System Deferred Action
39-007(d) Storage Area NFA or VCA
39-008 Gas-Gun Site NFA or VCA
39-009 Outfall NFA
Proposed SWMU Chemical Seepage Pit NFA or VCA

4.9 Sampling Strategies and Methods
4.9.1 Standard Operating Procedures

The sampling strategies for the individual PRS aggregates are presented in detail
in Chapter 5. The Laboratory's Enviranmental Restoration standard operating
procedures (LANL-ER-SOP) (or equivalent procedures) that will be used during
field investigations at OU 1132 are listed in Appendix A. Some of these SOPs
have been formally issued by the ER Program, some have been previously
issued and withdrawn, and some have yet to be written. An appropriate,
approved procedure will be in place before any sampling or analysis activity is
carried out.

4.9.2 Records Management

Annex IV, the Records Management Plan in this work plan, refers to the master
document in the IWP (Annex IV), which gives general guidelines for data
management and protection, including technical data. As stated there
(Section 2.3.1), records requirements for technical work (documentation of
samples, measurements, survey locations, etc., and activity logs) are detailed in
SOPs and in applicable quality procedures and administrative procedures (LANL
1993, 0951).
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4.9.3 Work Practices for Environmental Protection

During the RFI, work practices will be designed to minimize ecological impact on
the OU. The following will be avoided:

+ unnecessary disturbance (e.g., off-road travel) to sumounding vegetation
during the actual sampling and when traveling into sampling sites,

» removal or disturbance of vegetation along water sources, drainage systems,
canyon slopes, and stream channels, and

« tree removal. (If tree removal is absolutely necessary, BRET will be
contacted for evaluation.)

The Biological and Flood-Plains/Wetlands Assessment for the Environmental
Restoration Program, OU 1132, Ancho Canyon (see Chapter 3, Section 3.3.1)
will be evaluated by the U.S. Fish and Wildlife Service for compliance with the
Endangered Species Act. This federal agency may require restrictions in
addition to those outlined here.
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Chapter 5 Evaluation of Potential Release Sites

5.0 EVALUATION OF POTENTIAL RELEASE SITES

This chapter describes, and proposes a sampling plan for, each of the four PRS
aggregates in OU 1132: landfills, storage areas, firing sites, and septic systems
and seepage pits. It draws on background information contained in Chapter 2 as
well as on the technical approach to site characterization presented in Chapter 4.
The primary purpose of the sampling plans is to ascertain the presence and
determine the current concentrations and distribution of contaminants in soils,
sediments, and rock at OU 1132. We will use these data to infer transport
mechanisms, estimate risks, and formulate remediation strategies. The
sampling plan is designed to provide information pertinent to specific goals of the
RFI:

1. to determine whether concentrations of potential contaminants in soil,
sediment, and tuff exceed screening action levels;

2. to investigate the vertical and lateral distribution of contaminants in selected
areas of the site;

3. using the geophysical data, contaminant distribution data, and contaminant
transport models, to determine potential contaminant transport pathways in
surface, near-surface, and subsurface zones;

4. to characterize and measure selected physical, chemical, -and biological
. properties of the site to allow better prediction of contaminant transport; and

5. to use the contaminant concentration data to calculate risk, incorporating
transpont pathways data into the calculations if necessary to improve risk
estimates.

The sampling plan is designed around the DQO methodology discussed in the
IWP and in Chapter 4 of this work plan and follows the ER Program's standard
operating procedures (SOPs—see Appendixes A and B). We will use a phased
approach for sampling (see Chapter 4). With respect to quality assurance, we
will follow the guidance given in the generic Quality Assurance Project Plan
(QAPjP) (LANL 1991, 0412); see also Chapter 4, Section 4.2.4.

Whether or not a mobile field laboratory will be used for some analyses will be
decided at a later stage. At present, it appears that using the mobile laboratory
could be less time- and cost-effective than using an off-site laboratory for all
analyses: the mobile laboratory can be difficult to schedule for the time needed,
can require special provisions for site access and permitting, and can entail
substantial costs for set-up, power connection, etc.

5.1 Aggregate 1: Landfills
5.1.1 Background
5.1.1.1 Description and History

Between 1959 and 1989, on-site landfills were used for disposal of waste at
OU 1132. (Before 1959, most waste materials were hauled to the Laboratory
landfills near the airport. Some, however, were dumped into the stream channel;
most of that waste has since been washed off site, but scattered debris can be
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found in the channel.) The on-site landfills were established in two locations, one
consisting of two aisposal pits and the other probably of three (See Figure 5-1
and Section 5.1.1.1.2 below). Materials disposed of in these pits include debris
from firing site experiments, empty chemical containers, and office waste. It is
not impossible that waste generated at other sites also ended up in these
landfills (detailed logs were not kept, so this is open to speculation). If this were
the case, other contaminants could be present as well. After 1976, hazardous
and radioactive materials were separated from other waste and were disposed of
off site.

5.1.1.1.1 PRS 39-001(a)

The two disposal pits that make up this PRS are located east and north of
Building TA-39-69. Their exact boundaries are unknown (no engineering
drawings can be found), but it is believed that each measures approximately 80
ft x 20 ft x 10 ft deep. Parts of the pits may be covered by Building TA-39-69
and the volleyball court to the east of the building. Approximate locations, based
on recollections of site personnel, are shown in Figure 5-2. A geophysical survey
was conducted on this site in association with Environmental Problem 22 during
the DOE Environmental Survey (DOE 1989, 0271). The survey methods
included magnetic (to detect femomagnetic materials), inductive electromagnetic,
and induced polarization (IP)/resistivity (both the latter to detect differences
between materials filling the pits and the undisturbed surrounding soil). The
survey apparently was successful in locating some pit boundaries on the east
side of the site (a water line running along the road obscured measurements on
the west side); but actual survey data was not published in the final report.

5.1.1.1.2 PRS 39-001(b)

At least three (possibly four) pits were dug and filled with refuse at this location,
east of Ancho Road and north and east of Building TA-39-56 (Figure 5-3). Only
the original pit, known as MDA (Material Disposal Area) Y, appears on
engineering drawings (LANL 1973, 18-0012; LANL 1974, 18-0011). This pit
measures approximately 148