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Executive Summary

EXECUTIVE SUMMARY
E.1 introduction
E.1.1 Purpose

The work plan for Operable Unit 1098 (OU 1098) includes Technical Area-2
(TA-2) and Technical Area-41 (TA-41) within Los Alamos Canyon. Within OU
1098, there are 22 potential release sites (PRSs), which are located within the
Laboratory. This work plan, as part of the University of California (UC) operated
Los Alamos National Laboratory's (hereafter referred to as the Laboratory)
Environmental Restoration (ER) Program, is designed to serve two purposes:

®  Satisfy the regulatory requirements of the Hazardous and Solid
Waste Amendments (HSWA) Module Vil of the Laboratory's
Resource Conservation and Recovery Act (RCRA) Part B
operating permit, and

® Serve as the field characterization plan for personnel who will
implement the RCRA Facility Investigation (RF1). Resuits from
the RFI will lead to a decision about the necessity for a
Corrective Measures Study (CMS).

Module VIIl of the RCRA permit was issued by the Environmental Protection
Agency (EPA) to address corrective action, which is managed at the Laboratory
by the Department of Energy's (DOE’s) Environmental Restoration Program. In
addition to RCRA requirements, the Laboratory's ER Program also is consistent
with the requirements of the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA).

E.1.2 HSWA Requirements

Sites to be investigated and evaluated by the ER Program include not only solid
waste management units (SWMUs) described in the HSWA Module but sites
that contain radioactive materials and other substances not addressed by
RCRA. These sites are called areas of concern (AOCs). In this document,
SWMUs and AOCs are collectively referred to as PRSs. HSWA Module VIli
provides a schedule for addressing 603 SWMUs that the EPA has selected
from PRSs identified by the Laboratory. This RFl work plan is designed to
address all PRSs within OU 1098 and will be submitted to the EPA and the New
Mexico Environment Department (NMED) by June 4, 1993, according to HSWA
permit modification schedule.

This work plan addresses ten (1.7%) of the 603 SWMUs listed in Table A of
Module VIII of the RCRA permit [2-005, systematic leak due to
cooling tower drift loss; 2-007, decommissioned septic system;
2-008(a), inactive outfall; 2-009(a, b, c), inactive operational releases;
41-001, inactive septic system; and 41-002(a, b, c), sewage treatment plant] of
the Laboratory's HSWA Module. There are a total of 17 SWMUs within the
boundaries of OU 1098. Three SWMUs are contained in the 182 SWMUs
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Executive Summary

appearing on the permit Table B list of priority SWMUs [2-005, systematic leak
due to cooling tower drift loss; 2-008(a), inactive outfall; and 41-001, inactive
septic system]. This work plan thus contributes to the Laboratory's commitment
to address cumulative totals of 55% of Table A SWMUs and 100% of Table B
SWMUs by May 1993, as required by the HSWA Module. The Laboratory's
November 1990 SWMU report lists 13 SWMUs at TA-2 which are subdivided
into 36 subunits. There are four SWMUs and five AOCs associated with
TA-41. One of the SWMUs (41-002) is subdivided into three SWMU subunits.
These 17 SWMUs and five AOCs are addressed in this work plan. This plan
proposes no new SWMUs or AOCs to add to this list.

Technical Area-2 contains SWMUs consisting of an underground diesel fuel
tank, decommissioned reactor waste units, storage pits and tanks, cooling tower
drift loss, waste lines, drains, a decommissioned septic system, outfalls,
operational releases, and chemical shack waste units. Materials used or stored
at TA-2 include uranium, tritium, plutonium, various fission products, chromium,
mercury, acids, solvents, and polychlorinated biphenyis (PCBs).

The four SWMUs identified at TA-41 include a septic system, sewage treatment
plant, sump, and a container storage area. Materials used or stored at TA-41
included uranium, plutonium, tritium, lithium, mercury, beryllium, lead, cadmium,
explosives, toxic gases, organic chemicals, and thermite-type heat generators.
The SWMU report lists five AOCs for TA-41, which include a sump, a 560-gal.
diesel tank, an industrial waste tank (which may have never existed),
contaminated storm drains, and a fuel tank with unknown origin.

The total number of PRSs (17 SWMUs and five AOCs) within OU 1098 at TA-2
and TA-41 may contribute to contamination of a shallow alluvial aquifer that
occurs in Los Alamos Canyon. The aquifer is contaminated with radionuclides,
primarily tritium and fission products (strontium-90 and cesium-137). Thus, one
important issue to be addressed is whether or not OU 1098 contains source
terms for the alluvial aquifer contamination.

Four SWMUs (2-001, burn site; 2-002, inactive container storage area; 2-013,
active hazardous waste container storage area; and 41-004, container storage
area) and three AOCs (C-41-002, a 560-gal. diesel tank; C-41-003, an industrial
waste tank; and C-41-005, a fuel tank) are proposed for no further action (NFA).
A fourth AOC, C-41-001, is addressed as SWMU 41-003 in Section 7.16.
Therefore the AOC C-41-001 will also be proposed for NFA since the AOC does
not exist as a separate unit. Solid Waste Management Unit 2-001 is inactive.
The 55-gal. drum was used to burn paper and other nonhazardous materials,
and is no longer used. There were no known releases of hazardous or
radioactive materials. Solid Waste Management Unit 2-002, involving past
spillage of polychlorinated biphenyls (PCBs), has been remediated to 1 ppm in
soil, pavement, and a storm drain. The area is inactive and no radioactive
releases have occurred. Solid Waste Management Unit 2-013 has been
inspected and there are no visual indications that solvents were spilled or
discharged. The diesel tank, C-41-002, leaked in the past, but the area was
decontaminated and no further contamination has occurred. Two other AOCs,
an industrial waste tank (C-41-003) and a fuel tank (C-41-005), may never have
existed, and no evidence of contamination associated with these structures has
been documented. The storm drains, C-41-004, have never been sampled. The
drains are a site of potential contamination by tritium outfall from the stack at
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TA-41, and therefore will be sampled. The effect of the tritium fallout will also

be assessed via the baseline soil and stream sediment transect sampling for
OU 1098.

E.1.3 installation Work Plan

The HSWA Module requires that an installation-wide work plan be prepared to
describe the system by which all RFVCMS (Corrective Measures Study) work at
the Laboratory will be accomplished. This requirement is satisfied by a
Laboratory-wide Installation Work Plan (IWP). The IWP presents the
Laboratory's overall management and technical approach for meeting the
requirements of the HSWA Module, describes the Laboratory's PRSs, and
outlines their aggregation into 24 operable units (OUs). The IWP was originally
submitted o the EPA on November 19, 1990, and is updated annually, with the
most recent update being in November 1992.

All Laboratory OUs are tiered to the IWP and relevant information in the IWP is
incorporated by reference. This work plan is in the third set of OU work plans
that are necessary to meet the HSWA Module's requirements, as defined in the
IWP.

The IWP and the OU 1098 work plan also address radioactive materials and
other hazardous substances not subject to RCRA regulation. It is understood
that language in this work plan pertaining to subjects outside the scope of
RCRA is not enforceable under the RCRA Part B operating permit. However,
the policy of the Laboratory and the DOE is to conduct the RFI by taking into
account all hazardous materials, whether or not they are regulated by statute.

E.1.4 Location and History of TA-2 and TA-41

The Laboratory's TA-2 and TA-41, both located in Los Alamos Canyon, together
occupy 84 acres along the north-central boundary of the Laboratory. Technical
Area-2 is located immediately east of TA-41. Industrial areas of the Los Alamos
townsite are located on the mesa northwest of TA-2 and TA-41, and TA-61 is
located on the mesa to the south. Technical Area-2 is bounded to the east and
southeast by TA-21 and TA-53, respectively. Phase | and Phase |l
investigations conducted at OU 1098 will be carried out to the base of the
canyon walls within Los Alamos Canyon. PRSs at OU 1098 are located within
Los Alamos Canyon where the elevation decreases to the east from
approximately 7000 to 6800 ft. Figure EXEC-1 shows the regional location of
the Laboratory and Figure EXEC-2 shows the locations of TA-2 and TA-41
in relation to perimeter properties and to other Laboratory TAs. Figures
EXEC-3 and EXEC-4 show site diagrams and the location of PRSs at TA-2
and TA-41, respectively.

Since the establishment of TA-2 in 1943, several types of nuclear reactors have
been operated on the site. Technical Area-2 presently is the site of the Omega
West Reactor (OWR), an eight-megawatt (MW), water-cooled research nuclear
reactor fueled by highly enriched uranium contained in solid fuel elements,
the OWR has been in operation since 1956. The two prior reactors consisted of:
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1. A decommissioned plutonium-fueled, mercury-cooled reactor.
This reactor system was self-contained and operated from
1946 to 1953.

2 The first Water Boiler reactor, which was constructed in 1943
and subsequently underwent systems modifications, until it was
decommissioned in 1974.

This Water Boiler, the first homogeneous liquid-fueled reactor, contained
enriched uranium-235 dissolved as a uranyl salt in water. Increasingly powerful
versions were eventually built and operated from 1944 to 1974. The evolution of
hydrogen and oxygen produced by radiolytic decomposition of water gave the
appearance of boiling, although the solution never actually reached boiling
temperature. In 1951, a gas recombination system was installed to recombine
the radiolytic gases. During water boiler reactor operation at 25 KW,
approximately 0.25 L/min of excess gas, air, and some fission product gases
were expelled through a remote stack utilizing a centrifugal blower at its base.

Releases of tritium resulted from a leak in the primary cooling water system at
OWR. The leak occurred from a break in a weld seam in a section of the delay
line running from building TA-2-1 to the surge tank. This release was discovered
in January 1993 and was within the Guaje Mountain fault zone. Tritium was
leaking from the delay line at a rate of up to 70 gallons per day until March 1993
when the cooling water was drained from this line. Typical concentrations of

tritium in the cooling water ranged from 15.7 x 10° t0 20.2 x 10° pCi/L.

EA1.5 Contaminants and Pathways of Concern

The PRSs identified at OU 1098 fall into several conceptual categories, as
follows:

e Surace and near-surface soil and sediment, associated with

the TA-2 reactors and TA-41 operations, which may be
contaminated above screening action levels with beryllium
chromium, fission products, tritium, and other species and may
be sources for the observed concentrations of tritium and
fission products in alluvial groundwater, and. ‘

* Septic/subsurface disposal and wastewater treatment systems

with potential for low-level radionuclide contamination of
surface soils, subsurface soils, and sediment.

The developed areas of TA-2 and TA-41 are located within the fioor of Los
Alamos Canyon and lie approximately 800 ft above the main aquifer within the
Santa Fe Group sediments. Prior site characterization confirms that
groundwater within the alluvium is present in Los Alamos Canyon only a few
feet below land surface. Perched groundwater within the basalt-Puye Formation
may be present at approximately 250-300 ft below the canyon bottom.

The Rendija Canyon and Guaje Mountain faults are exposed within TA-41 and
TA-2, respectively. These geologically active faults may be a pathway for water

RF1 Work Plan for OU 1098 E-8 May 1993
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to reach the perched and main aquifers, and if so might also be migration
conduits for waterbome contaminants present at OU 1098.

Pathways and receptors are of long-term concern because of the site's
relatively accessible location and presence of known contaminant transport
pathways under current site conditions. Portions of Los Alamos Canyon
(excluding TA-2 and areas of TA-41 which would possibly remain under
indefinite institutional control) may ultimately revert back to the National Park
Service (NPS) or Bandelier National Monument (BNM) for recreational use.
Groundwater pathways are of concemn due to the shallow depth to alluvial
groundwater, occurrence of the Rendija Canyon and Guaje Mountain faults, and
the presence of transport mechanisms. Surface water and air pathways are also
of concem because the bulk of TA-2 and TA-41 contaminants were discharged
to soils and sediments and/or dispersed into the atmosphere. Potential
exposure points for receptors within Los Alamos Canyon include springs,
seeps, gaining stream reaches, wetland areas, and possibly discharging wells.

Institutional control for possibly 100 years or more is assumed to be the most
likely risk assessment scenario for TA-2 and TA-41, based on past activities
and releases associated with the different reactors in TA-2 and operations in
TA-41. While there is institutional control, human activities that might disturb the
site can be controlled, as can natural processes to some degree. However,

independeni of institutional control, exposure pathways could result from.

® Exposure of buried contaminants through erosion, followed by

dissolution/desorption, surface run-off and sediment transport,
or aerial resuspension,

* Flooding,
® Site disturbance through human activity,
* Faulting,
¢ Infittration through the vadose zone, and

® Transport within groundwater by physical, chemical, and
biological vectors.

E.2 Technical Approach

The IWP provides for use of the observational approach to select an eventual
remedy in the face of inevitable uncerainties about the site environment. The
essence of the observational approach is that the most likely remedial actions
eventually to be taken can be selected before full site characterization has been
accomplished, and these potential actions can be used to constrain the scope
of the field investigation.

This approach accommodates other goals, including the use of screening action
levels as criteria for identifying releases and determining the need for corrective
measures studies (CMSs). The observational approach also advocates the use
of discrete field work phases and a sequential sampling strategy, wherein the

RA Work Plan for OU 1098 E-9
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results gained from each sample guide the nature and location of subsequent
sampling sets.

The IWP also calls for the development of data quality objectives (DQOs) to
establish the types, quantity, and quality of data required to meet the objectives
of the RFI. This work plan is based on the observational and DQO approaches.

E.2.1 Investigative Strategy

This work plan covers the 84-acre area encompassing TA-2 and TA-41
including approximately 1.0 mi of Los Alamos Canyon. Other portions of Los
Alamos Canyon will be investigated from the Los Alamos Canyon Reservoir
(three miles west of TA-41) to the Rio Grande during the canyons OU activities.

The Laboratory ER Program may conduct site-wide background studies
(Framework Studies) of hydrology, geology, geochemistry, and other topics to
support OU-specific investigations. These studies will have general applicability
for all OUs. The results of the Baseline Characterization section of this work
plan will be evaluated following review of the results of site-wide investigations
that focus on general environmental characteristics to provide the context in
which the migration potential of contaminants from OU 1098 SWMuUs will be
evaluated. The balance of the field sampling plan for OU 1098 is directed
toward groupings of related PRSs and focuses on contaminant identification
and the nature and extent of migration. Investigation groups addressed in
specific sections of this work plan are listed below:

® TA-2 SWMUs, and
® TA-41 SWMUs.

For purposes of a preliminary assessment of impact potential to human heatlth,
Phase | efforts should be directed toward characterization of the nature,
magnitude, and extent of the presence of appropriate RCRA Appendix Viil
chemical substances and radionuclides within OU 1098 and the first major
depositional area east of TA-2. The results of Phase | sampling will be
compared with screening action levels, included in the IWP, that conservatively
represent risk potential to humans. Baseline risk assessment of ecological
impact potential within Los Alamos Canyon requires an evaluation of the
environmental media affected. The media that are important in assessing risk
potential posed to wildlife include soil, surface water, and sediment. These
investigations will be carried out at a later date using a phased approach.

To the extent possible, this work plan also has been tailored to integrate with
the Laboratory's routine environmental surveillance program, with RFls of
adjoining TAs (TA-1, TA-21, TA-43, and TA-53) within and adjacent to the entire
8.5 mi. length of Los Alamos Canyon, and with the canyons RFl covering Los
Alamos Canyon outside of OU 1098. Because the vast majority of contaminants
are located at and near TA-2, the emphasis of the work plan is on this
investigation group.

RF1 Work Plan for OU 1098 E-10 May 1993
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E.2.2 Analytical Strategy

Tritium, cesium-137, strontium-90, uranium, and plutonium, as well as
chromium and mercury, are the most significant constituents at TA-2 and TA-41
and thus are the primary focus of PRS-specific investigations. These analytes
are considered of primary concern either because of their measured significant
presence in alluvial groundwater or because of the nature of their use as in the
case of chromium and mercury. Sampling plans take possible contaminant
distributions into account to maximize the effectiveness of this RFI, and include
constituents that may be present because of their known use at TA-2 and
TA-41.

Field radiological and chemical screening will be used to initially identify
contaminated areas. In addition, extensive use of radiological area surveys is
proposed to detect any radioactively contaminated areas.

Field laboratory analyses can be used to provide rapid quantitative data to
guide field operations. An on-site mobile laboratory and off-site laboratories will
be used, as appropriate, to provide high-quality analytical data and to verify field
screening and field surveys.

E.2.3 Scope

The RFI field work described herein is expected to require about three years to
complete, the length of time being contingent upon the availability of funding.
Two years of Phase | field work is expected to be sufficient to complete the RFI
for most PRSs, but a second phase will be executed if field results warrant. For
TA-2, a Phase |l investigation of one year duration probably will be necessary.

A summary of the scope of the investigations is given in Table EXEC-1, which
lists the sections of the work plan in which investigations are described. Table
EXEC-2 and Figure EXEC-5 summarize the schedule for the planned field
investigations and reports.

E.3 Reports

HSWA Module VIII specifies the submission of periodic reports, including
programmatic status reports and phase reports. Execution of this RFI will
provide data for these reports (Table EXEC-2). At the conclusion of the RFl, a
comprehensive report will be prepared that summarizes the entire RFI.

Reports generated during this RFI will be made available for review by the
public at the ER Community Reading Room in Los Alamos, New Mexico. The
Reading Room is open to the public from 9:00 a.m. to 4:00 p.m. Monday
through Friday, excluding Laboratory holidays. The final RFI report, as well as
periodic progress reports, also will be made available.
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TABLE EXEC-2

SCHEDULE OF PHASE | FIELD WORK (FY 94, AND FY 95) AND
TECHNICAL MEMORANDA/ WORK PLAN MODIFICATION REPORTS FOR THE TA-2 and TA- 41 RFl

Results of RFI field work will be presented in three principle documents: quarterly technical
progress reports, phase reports/work plan modifications, and the RFI Report.
The schedule below summarizes the future documents associated with implementation
of this OU work plan that are deliverable to EPA and DOE.

Document EPA DOE Date Due
Monthly X X 25th of the following month
Quarterly X Feb. 15, May 15, Aug. 15
Annual X X Nov. 15
Phase Reports X X As in baseline; DOE milestones
Chapter and Section Phase | RFI Report Publication Dates
Field Work Draft Final

7.1 Baseline
Characterization

7.4-
713 TA-2

7.14
7.16 - TA-41
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Executive Summary

Phase | (FYs 94 and 95) Phase Il (FY 96)

FY 84 FY 85 FY 96

Figure EXEC-5. TA-2 and TA-41 RFI schedule proposed in this OU work plan.
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Executive Summary

TABLE EXEC-3
ESTIMATED COSTS OF BASELINE ACTIVITIES AT OU 1098

Scheduled Scheduled
Task Budget* Start Finish

RFIl Work Plan 994 1 Oct 91 10 Aug 93
RFI Field Work 4472 20 Aug 93 15 Dec 95
RF1 Report : 1645 12 Sep 94 23 Apr 97
CMS Plan 855 23 Jan 97 12 Dec 97
CMS Work 1119 1 Oct 92 11 Dec 98
CMS Report 668 14 Dec 98 7 Oct 99
ADS Management (Assessment 1012 1 Oct 91 30 Sep 99
and Remediation)

Voluntary Corrective Action 574 1 Mar 93 30 Sep 97
Total 11339

* in thousands
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Executive Summary

E.4 Phase Reports/Work Plan Modifications

Because of the time required to complete the field work, interim reports will be
generated and submitted as phases of work on OU 1098 are completed. These
phase reports will serve both to summarize results to date and will provide the
additional Phase | or Phase il sampling plans that might be required (including
revisions of initial field sampling plans). Phase reports/work plan modifications
may be submitted for work conducted on individual PRSs or aggregates of
PRSs, as appropriate. A summary of planned submission dates is given in
Table EXEC-2 and estimated costs of baseline activities at OU 1098 are
provided in Table EXEC-3.
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1.0 INTRODUCTION

11 Overview of the Environmental Restoration Program

In March 1987, the Department of Energy (DOE) established an Environmental
Restoration (ER) Program to address environmental cleanup requirements at its
facilities nationwide. Los Alamos National Laboratory (the Laboratory; LANL) is
operated for the DOE by the University of California (UC) and is subject to the
DOE's ER Program.

The Laboratory's operating permit under the Resource Conservation and
Recovery Act (RCRA) sets forth requirements that are implemented by the
Laboratory's ER Program. In particular, the Hazardous and Solid Waste
Amendments (HSWA) Module VIIlI and schedules of the Part B RCRA
Operating Permit issued by the Environmental Protection Agency (EPA) give
specific requirements affecting the conduct of the ER Program (EPA 1990,
0306). The HSWA Module became effective on May 23, 1990 (EPA 1990,
0306). The Laboratory's ER Program also is integrated with the requirements of
the Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA).

The HSWA Module requires the Laboratory to prepare an installation-wide work
plan to contain the programmatic elements of a RCRA Facility Investigation
(RFI) work plan. This requirement was satisfied by a Laboratory-wide
Installation Work Plan (IWP) submitted to the EPA on November 19, 1990
(LANL 1990a, 0144). The IWP, which is updated annually, serves as the plan
by which DOE/UC will conduct the ER Program at the Laboratory. The IWP
describes the ER Program and its history at the Laboratory, provides
installation-wide descriptions of current conditions, identifies the Laboratory's
Potential Release Sites (PRSs) and their aggregation into a number of operable
units (OUs), and presents the Laboratory's overall management and technical
approach for meeting the requirements of the HSWA Module. The IWP is the
document on which individual OU work plans are based. Relevant information
presented in the IWP will be referenced but not repeated in OU work plans.

1.2 Hazardous and Solid Waste Amendments Requirements

The HSWA Module also requires the Laboratory to prepare OU work plans for
specific investigations. The work plan for OU 1098 is one of 24 OU work plans
to be prepared. Two technical areas (TAs) make up OU 1098, TA-2 and TA-41.
Within the ER Program, the TA-2 and TA-41 assessment task is identified as
AL-LA-42, Activity Data Sheet (ADS) 1098. Additional information regarding the
Laboratory's ER Program, its implementation, and the guidance under which
the OU 1098 work plan was prepared is given in Chapter 3 of the IWP.

Sites to be investigated and evaluated by the ER Program are collectively
referred to as Potential Release Sites (PRSs). A PRS may be a Solid Waste
Management Unit (SWMU) or an Area of Concern (AOC). A SWMU is defined
by the EPA in the HSWA Module of the Laboratory's RCRA permit as any
discernible unit at which solid wastes have been placed at any time, irrespective
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of whether it was intended for the management of solid or hazardous waste.
Such units include any area at or around a facility at which solid wastes have
been routinely and systematically released. Some materials are exempt from
RCRA's definition of solid waste and are therefore not subject to the provisions
of the HSWA Module; however, the ER Program wants to address radioactive
as well as other hazardous substances not regulated by RCRA. As a result,
sites that contain potentially hazardous materials but no hazardous substances
defined by RCRA are included in the RFI process and are called AOCs.

This work plan addresses ten (1.7%) of the 603 SWMUs listed in Table A of the
HSWA Module of the Laboratory's Part B RCRA Operating Permit. Of these ten
SWMUs, three are contained in the 182 SWMUs appearing on the HSWA
Module Table B list of priority SWMUs. SWMUs located at TA-2 and TA-4 listed
in Table A of the HSWA Module include: 2-005 (systematic leak due to cooling
tower drift loss), 2-007 (decommissioned septic system), 2-008(a) (inactive
outfalls), 2-009(a, b, c) (inactive operational releases), 41-001 (inactive septic
system), and 41-002(a, b, c) (sewage treatment plant). Priority SWMUs also
listed in Table B of the HSWA Module of the Laboratory's Part B RCRA
operating permit include: SWMU 2-005, 2-008(a), and 41-001. The TA-2 and
TA-41 SWMUs are addressed in this work plan to meet the June 4, 1993,
HSWA permit modification. Only the Module VIl SWMUs are presented in this
work plan for EPA approval and regulation.

Between 1984 and 1987, the Laboratory was evaluated under the
Comprehensive Environmental Assessment and Response Program (CEARP).
A major objective of this program was to determine whether past waste disposal
practices — practices in effect before full recognition of environmental hazards
and passage of extensive environmental legislation — created environmental
problems that require remedial action today. During Phase | of CEARP,
DOE/UC conducted and documented PA/SI activities specified by CERCLA in
the first comprehensive attempt to identify potentially hazardous waste sites at
the Laboratory. The resuits are summarized in the CEARP Phase | report (DOE
1987, 0264). DOE submitted this document to EPA's Region VI in October of
1987 to fulfill the CERCLA 103(c) notification requirement. The CEARP Phase |
report was also distributed to the state and to the public.

In early 1987, EPA Region VI performed a RCRA facility assessment (RFA) to
identify all potential SWMUs at the Laboratory. Upon receipt of the RFA,
DOE/UC prepared a SWMU report (International Technology Corporation 1988,
0329) in an attempt to incorporate additional information in the RFA SWMU list
and to correct inaccuracies in the RFA. This report was released in December
1988, and it combined lists from the CEARP Phase | report (DOE 1987, 0264),
the RFA, and internal records searches and interviews. The report identified
approximately 1,100 PRSs. The EPA selected the 603 SWMUs identified in the
HSWA Module from this report, based on the agency's preliminary assessment
of the potential impact to human health and safety.

The November 1990 Laboratory SWMU report (LANL 1990b, 0145) and
Appendix F of the IWP (LANL 1992, 0768) list a total of 17 SWMUs within the
boundaries of OU 1098, where 13 TA-2 SWMUs are subdivided into 36 SWMU
subunits, and four TA-41 SWMUs, one of which is divided into three SWMU
subunits. Five AOCs are listed for TA-41. These are a sump (which is the same
as SWMU 41-003), a diesel tank, an industrial waste tank (which may never
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have existed), storm drains, and a fuel tank with unknown location. No new
SWMUs or AOCs are proposed in the TA-2 and TA-41 work plan for inclusion
on a revised PRS list. Table 1.2-1 summarizes the designations and altemative
identification schemes for the 13 TA-2 SWMUs, four TA-41 SWMUs, and five
TA-41 AOCs. This table also identifies logical SWMU groupings and the work
plan section in which each SWMU is addressed.

Section 3.4.4 of the IWP (LANL 1992, 0768) states that each OU work plan may
propose a HSWA Module Class Il permit modification to adjust the SWMUs
listed in Table A of the HSWA Module. Such adjustments may be made to
remove SWMUs that have been determined to need no further investigation.
There are four SWMUs, 2-001, 2-002, 2-013 and 41-004, in OU 1098 that,
based on historical evidence, do not appear to qualify as SWMUs. The detailed
bases for the recommendation to delete these SWMUs are given in Chapter 8.

Because this RFI is scheduled to take approximately three years to complete,
with completion being contingent on the availability of funding, the Laboratory
proposes to submit phase reports on site characterization activities on TA-2 and
TA-41 PRSs to update the EPA and other interested parties on RFI field work
progress. As needed, these phase reports may also serve as work plan
modifications to revise field sampling plans, as appropriate, and to reflect initial
characterization results. Therefore, they are essentially partial RFl Phase |
report and partial RFI Phase Il work plan. The schedule for these phase reports
is presented in Table EXEC-2 and Annex | (Project Management Plan) of this
OU work plan.

13 Description of Operable Unit 1098 and Solid Waste
Management Units

Activities ranging from the mid-1940s to the present include use of TA-2 to site
a series of research reactors and of TA-41 to provide support weapon
development and long-term studies on weapon subsystems. Other areas of Los
Alamos Canyon, from OU 1098 to the Rio Grande, will also be investigated as
part of other Laboratory RFis work plans. Figure EXEC-1 shows the regional
location of the Laboratory, and Figure EXEC-2 shows the locations of TA-2 and
TA-41 with respect to other Laboratory TAs and perimeter properties
surrounding the Laboratory. Technical Areas 2 and 41 are located at the north-
central boundary of the Laboratory within Los Alamos Canyon. Figures EXEC-3
and EXEC-4 identify the location of PRSs and other salient site features at TA-2
and TA-41, respectively. Technical Area-2 occupies approximately 41 acres,
whereas TA-41 occupies 43 acres. Technical Area-2 is located immediately
east of TA-41. Technical Area-2 and TA-41 are located south of the Los Alamos
town site, and TA-61 is located on the mesa south of TA-2 and TA-41.
Technical Area-2 is bounded to the east and southeast by TA-21 and
TA-53, respectively. Appendix A contains a topographic map of the entire Los
Alamos Canyon including TA-2 and TA-41. Appendix B contains site maps and
drawings and other engineering details relevant to this RFI. Details of the Los
Alamos Canyon environment, past use, and release sites in OU 1098 are given
in Chapters 3-8 and in Appendix D.
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Since the establishment of TA-2 in 1943, several types of nuclear reactors have
been operated on the site. Technical Area-2 presently is the site of the Omega
West Reactor (OWR), an 8-MW, water-cooled, research nuclear reactor fueled
by highly enriched uranium contained in solid fuel elements. Prior reactors
consisted of: a decommissioned plutonium-fueled, mercury-cooled reactor,
which was self-contained and operated from 1946 to 1953; and the first water
boiler reactor which was constructed in 1943 and subsequently underwent
systems modifications. This Water Boiler, the first homogeneous liquid-fueled
reactor, contained enriched uranium-235 dissolved as a uranyl salt in water
(Bunker 1983, 14-0012). Increasingly powerful versions were eventually built
and operated from 1944 to 1974. The evolution of hydrogen and oxygen
produced by radiolytic decomposition of water gave the appearance of boiling,
although the solution never actually reached boiling temperature. In 1951, a gas
recombination system was installed to recombine the radiolytic gases. During
reactor operation at 25 KW, approximately 0.25 L/min of excess gas and air,
including some fission product gases, were expelled through a remote stack,
utilizing a centrifugal blower at its base (Elder and Knoeil 1986, 14-0014).

Thinteen PRSs (SWMUs) have been identified at TA-2 and aggregated as part
of this OU. Technical Area-2 contains PRSs comprising: an underground diesel
fuel tank, decommissioned reactor waste units, storage pits and tanks, cooling
tower drift loss, waste lines, drains, decommissioned septic system, outfalis,
operational releases, and chemical shack waste units. Primary materials used
or stored at TA-2 consist of uranium, tritium, technetium, piutonium, chromium,
cesium, strontium, mercury, acids, solvents, and polychlorinated biphenyls
(PCBs).

Technical Area-41 has for many years been used in developing weapon
subsystems and long-term studies on weapon subsystems, and such uses
continue. There are also offices and shop facilities at TA-41. Four SWMUs and
five AOCs have been identified at TA-41. The SWMUs include: a septic system,
a sewage treatment plant, a sump, and a container storage area. The five
AOCs include a sump, a diesel tank, an industrial waste tank, storm drains, and
a fuel tank. Materials of concem that have been used or stored at TA-41 include
uranium, plutonium, tritium, lithium, mercury, beryllium, lead, cadmium,
explosives, toxic gases, organic chemicals, and thermite-type heat generators.

Technical Area-2 and TA-41 SWMUs are listed in Table 1.2-1. This table also
identifies the work plan section in which each SWMU is specifically addressed.

14 Work Plan Organization

‘The purpose of the TA-2 and TA-41 work plan is twofold: to satisfy the

regulatory requirements of the HSWA Module Vill and to serve as the detailed
field sampling plan for personnel who will implement the RFI characterization
activities discussed herein. The HSWA Module sets out the general scope of
the work plan, establishes the expected correspondence between the RFi tasks
identified in EPA guidance documents (EPA 1989, 0088) and the equivalent ER
Program tasks, and specifies the requirements to be fuffilled, as outlined in the
IWP and the OU work plans. These considerations are summarized in Table
1.4-1, which has been adapted from the HSWA Module.
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Chapter 1

Introduction

The generic requirements for preparing RFI work plans can be found
in proposed Subpart S reguiations. The specific requirements are described in
detail in the HSWA Module, and EPA has provided specific guidance in Volume |
of the interim final RF| guidance. The IWP provides the framework for the
preparation of individual work plans. Each RFI work plan must include a
description of overall approach, technical and analytical approaches and
methods, quality assurance (QA) procedures, and data management
procedures. The HSWA Module also specifically requires the concurrent
development of five project-specific management plans. However, the HSWA
Module allows the Laboratory to deviate from the specific guidance if the RFI
work plan still covers the essential elements discussed above.

To tacilitate compliance with the detailed guidance found in Section 2, Volume |,
of the EPA's RFI guidance document to the extent practicable while complying
with the HSWA Module's requirements, the ER Program has developed a
standard outline for RFI work plans. The outline is intended to provide flexibility
in work plan preparation while incorporating the information required by the
HSWA Module. This outline has been modified to accommodate the site-
specific aspects of OU 1098, but the RFI work plan complies with RFI guidance,
permit requirements, and regulatory requirements, as well as the substantive
requirements of CERCLA.

The EPA defines five general tasks within the RFI process (EPA 1989, 0088;
EPA 1990, 0306). These tasks are described below, with reference to the
specific chapter(s) of this work plan that addresses each task.

* RFI Task I, Description of Current Conditions. This task
consists of a presentation of facility background information and
a general discussion of the nature and extent of contamination.
General historical background information on TA-2 and TA-41
is presented in Chapters 3, 4, and 5. PRS-specific information
is contained in Chapters 7 and 8.

®  RFI Task Il, RFI Work Plan. This task requires plans for project
management, quality assurance (QA), data management,
health and safety, and community relations. These plans are
presented in Annexes I-V.

® RFI Task Ill, Facility Investigation. This task sets out

requirements for further environmental characterization of the
site. The environmental setting is described in Chapter 4 and
known data on the nature and extent of contamination at
individual PRSs are presented with the field investigation
objectives and sampling plans in Chapter 7. Pathway and
assessment considerations are discussed in Chapter 5. PRSs
proposed for no further action (NFA) are addressed in Chapter 8.

® RFI Task IV, Investigative Analysis. This task addresses data
analysis and protection standards and is addressed in the IWP.

® RFI Task V, Reports. This task calls for preliminary, work plan,

progress, draft, and final reports. As outlined in the IWP,
Laboratory work plans are provided on an installation-wide
basis and for specific ER Program activities such as this RFI.
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The site-specific OU 1098 work plan has been prepared in
accordance with this requirement. Table EXEC-2 and Annex |
(Project Management Plan) of this OU work plan give
schedules for the reports. Periodic reports for the entire ER
Program, as well as draft and finai RFl reports, will be
submitted as described in the IWP.
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Approach to HCRA Field Investigations

2.0 APPROACH TO RESOURCE CONSERVATION AND RECOVERY
ACT FIELD INVESTIGATIONS

The Installation Work Plan (IWP) (LANL 1992, 0768) specifies the
Environmental Restoration (ER) Program's technical and managerial
approaches for compliance with the Hazardous and Solid Waste Amendments
(HSWA) Module of the Resource Conservation and Recovery Act (RCRA) Part
B operating permit (EPA 1990, 0306) and other regulatory obligations. These
approaches define the framework within which Operable Unit (OU) 1098
[Technical Area (TA)-2 and TA-41] RCRA Facility Investigation (RF1) work plan
must function, as well as general concepts and objectives guiding the field
investigation, and are described in this chapter.

21 Technical Approach

A goal of the RFI for this OU is to ensure that the environmental impacts
associated with past activities, such as previous releases, at TA-2 and TA-41
are investigated in compliance with the Laboratory's RCRA Part B Hazardous
and Solid Waste Amendments (HSWA) module permit. To accomplish this goal,
the nature and extent of contamination must be identified and source term
definition and transport mechanisms must be evaluated. This information is
necessary to assess risk to human and environmental receptors along
environmental pathways that may lead to potential exposure.

The technical approach used in this OU work plan is designed to meet required
site characterization objectives in a cost-effective manner. This approach in
Phase | investigation uses a health-risk-based (on humans only) decision-
making process (consistent with the IWP and proposed Subpart S to 40 CFR
264) for recommending selected PRSs for no further action (NFA) or for further
study of possible remedial actions under any corrective measures study (CMS)
that might be required. The Laboratory is conducting an overall ecological risk
assessment which will be utilized for decision making regarding final disposition
of PRSs.

The basic technical approach for the RFI for this OU is summarized as follows:

e Archival data are gathered from available sources to help

define a basic understanding of the processes and events that
produced each PRS and the constituents that may be present
at each PRS,

® The archival data are evaluated to identify those PRSs for

which no potential hazard exists so that the number of sites that
must undergo field investigation can be determined,

e The PRSs that require field investigation are assessed on the

basis of archival information to determine whether the initial
characterization effort will be a limited Phase | or followed by
Phase |l characterization,

RA Work Plan for OU 1098 2-1
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® Phase | field investigations are conducted as needed to ‘
determine the presence or absence of any contaminants of
concern (COCs) and to supplement existing information on
known source terms or site conditions,

® Data gathered during Phase | investigations are used to
determine which PRSs require further characterization and
which may be recommended for NFA or VCA. For PRSs that
require further study, Phase | data are used and modeled to
help design Phase Il Sampling and Analysis Plans (SAPs). The
RF1 work plan will be amended, if necessary, after Phase ||
SAPs have been completed for sites requiring Phase i
investigation. Interim phase reports (formerly referred to as
technical memoranda) will be submitted once a year as
characterization work proceeds,

® Phase |l field investigations are conducted where appropriate to

fully characterize the nature and extent of contamination and to

obtain the data necessary for quantitative assessment of risk
posed by COCs,

®* Risk assessment is conducted for each PRS after the data
needs have been satisfied by the field investigation, and

* An RFI report is compiled that contains the results of field
investigations and recommendations for PRSs evaluated by the
decision process. PRSs are recommended for CMS when the
analytical or risk assessment results exceed predetermined
values established during assessment of either human-health
or ecological risk. The remaining PRSs, where analytical or risk
assessment results do not exceed predetermined values, are
recommended for either VCA or NFA. Recommendations of
NFA will be supported by criteria that are discussed in the
following text and in Chapter 8 of this OU work plan.

22 Observational Approach

The observational approach embodies the philosophy that remedial action can,
and often should, be initiated without *full" characterization of the nature and
extent of contamination [see Appendix G of the IWP (LANL 1992, 0768)]. For
many PRSs, concepts for probable remedial action can be formulated before
complete characterization information has been collected that define all
uncertainties related to unit conditions (EPA 1987, 0086). The goal is to collect
only the data that are required to reduce uncertainties to an acceptable level.
We may derive clear benefits from focusing on particular remedial actions while
still in early stages of the characterization process.

For example, to apply the observational approach to the stabilization-in-place
remedial option, data to define the consequences of leaving waste in place is
required. For other PRSs, removal will clearly be an appropriate remedial
alternative; in which case, full characterization may be effectively accomplished
via monitoring during waste removal.
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Probable remedial alternatives for this OU are presented in Chapter 6 of this
work plan. It is likely that for some PRSs, Phase | of the RFI, prior to conducting
ecological or human risk assessment, will demonstrate that NFA is the
appropriate remedial decision. At the other extreme lies cooling tower blowdown
(TA-2, SWMU no. 2-005), outfalls (TA-2, SWMU no. 2-008), and a sewage
treatment plant (TA-41, SWMU no. 41-002), for which the RFl may require two
phases over an extended period. Present information on these PRSs indicates
that the most likely remedial responses are soil excavation, stabilization, and
monitoring. The observational approach has been utilized to design the RFI for
this OU to provide the information required to evaluate the appropriateness of
likely remedial responses.

23 Data Quality Objectives

The data quality objective (DQO) process provides a step-by-step procedure
that focuses the objectives of the field investigation and ensures that proposed
data collection activities are carefully developed from, and tied back to, decision
criteria and strategies. The result is a clear definition of the key characterization
and remedial issues and specification of the types, quantity, and quality of data
required to achieve RFI objectives. Philosophy and details of the DQO process
are given in EPA publications (EPA 1987, 0086).

The DQO process has been embraced in the development of this OU work
plan. General DQOs are addressed in Chapter 6 and are developed more
specifically for individual PRSs in the relevant sections of Chapters 7 and 8.
These portions of the work plan include discussions of DQO logic diagrams,
decision points, and decision criteria.

2.4 Decision Analysis

The decision analysis approach, which provides for efficient identification and
evaluation of corrective measures alternatives, is described in Appendix | of the
IWP (LANL 1992, 0768). This appendix describes how decision analysis will be
used in the ER Program. Because the decision analysis process is being
developed concurrently with this OU work plan, the process could be applied to
this OU during the first year of fieid work, reflecting the decision-making
framework described in the IWP. Future documents describing work at the
operable unit will reflect this approach.

25 Cost-Effectiveness Analysis

Cost-effectiveness analysis compares the costs of alternative strategies for
achieving remedial goals to the cost of the least expensive alternative, if
appropriate. Coupled with the observational approach, a cost-effective analysis
during the RFI may lead to the decision that further characterization of a PRS
would be less cost-effective than proceeding directly to a remedial action. This
decision requires an assessment of the uncertainties that would result from

RA Work Plan for OU 1098 2-3

May 1993



Chapter 2

Approach to RCRA Field Investigations

incomplete characterization against the probable costs and benefits of
additional characterization. This general philosophy has been followed in the
development of this RFI work plan.

2.6 Individual Potential Release Sites

Technical Area-2 and TA-41 PRSs have been listed separately because they
have different locations and/or known physical characteristics (Table 1.2-1).
Each PRS is assigned a section in Chapters 7 and 8, where the relevant field
investigation plan is described. The logic for these individual listings and their
relationship to the work plan design are discussed in detail in Chapters 7 and 8
of this OU work plan.

27 Technical Approach

Chapter 4 of the IWP (LANL 1992, 0768) outlines the technical approach
generally employed in the Laboratory's ER Program. Key elements are
summarized in this subsection as they pertain to the development of this OU
work plan.

271 Screening Action Levels

The use of screening action levels [defined in the Environmental Protection
Agency's (EPA's) proposed Subpart S regulations] as criteria for identifying
releases from PRSs and for determining the need for a Corrective Measures
Study (CMS) is discussed in the IWP (Section 4.2.2, Screening Action Levels,
and Appendix J, Derivation of Screening Action Levels). Subsection 6.1.3 of this
OU work plan discusses screening action levels as they relate to TA-2 and TA-
41.

27.2 Sequential Sampling and Work Plan Phases

Field sampling plans in this work plan are based on sampling concepts
discussed in Appendix H of the IWP (LANL 1992, 0768). In general, in
sequential sampling, the results from each sample set are used to determine if
additional sets are required and to guide the selection of the subsequent
sample set. In this iterative process, each incremental set of samples assists in
determining the required number of additional samples and their optimal
locations.

Sequenced sampling is closely related to the concept of a phased approach to
the RFI. Only a single phase of work is expected to be necessary for most TA-2
and TA-41 PRSs, but two phases are planned for some PRSs that probably
contain almost all of the site contaminants. Phase | will provide initial
information required for detailed planning of the subsequent phase.
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2.7.3 Risk Assessment

In general, RFI characterization leads to risk assessment, which, together with
decision analysis, is used to determine the need for remedial action. Health-
risk-based analyses will be used to set cleanup levels at Laboratory PRSs. This
RFI is designed to provide data for both radiological and nonradiological risk
assessment following the RF! at individual PRSs and over the entire OU.
Baseline risk assessment scenarios and criteria that are presented in the 1992
version of the IWP are currently being developed for the ER Program.

2.7.4 Integration with Other Laboratory Activities

To the maximum practical extent, this RFl work pian has been integrated with
other Laboratory-wide environmental activities. In particular, the ER Framework
Studies Program and the Laboratory's Environmental Surveiillance Program
have activities that overlap with this RFI work plan. This RFl will also be
integrated with work plans for TA-1, TA-21, TA-43, and TA-53, and for work
plans to be developed later for canyons assessment. Specific examples of
integrated activities are deep characterization borehole placement and other
subsurface characterization. Data needs for this RFI that overlap with other
environmental activities of this nature are identified as appropriate.

RCRA Facility Investigation coordination with non-ER operations at TA-2 and
TA-41 is also required. Because both current and planned use of TA-2 and TA-
41 for on-site Laboratory operations is ongoing and the activities generally are
located near PRSs, the RFI may affect non-ER site activities. Consequently, the
RFI1 will be coordinated with those routine activities that require continual
Laboratory use of TA-2 and TA-41.

2.8 Technical Objectives

The following subsections address the general technical objectives, the
baseline characterization, individual PRS characterization, and field
investigation methods.

2.8.1 General Technical Objectives

The technical objectives of this RFI are summarized below:

® Determine whether contaminants are present above screening
action levels at each PRS,

® |dentify those contaminants that are present above screening
action levels,

e Determine the vertical and lateral extent of contamination,

¢ |dentify contaminant migration pathways OU-wide and for each
PRS,
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® Acquire information to facilitate an initial analysis of quantitative
migration pathways and assessment of baseline risk,

* Provide data for preliminary assessment of potential remedial
alternatives, and

® Provide the basis for detailed planning of the CMS.

The approaches used to attain these objectives for this OU are outlined in the
next several sections. In addition to these technical objectives. management
objectives require that the RFI be conducted in an efficient, cost-effective
manner and that it be coordinated properly with institutional constraints of the
Laboratory.

2.8.2 Baseline Characterization

Charactenization of site-specific hydrogeologic and geochemical properties is a
specific requirement of Section P of the HSWA Module (EPA 1990, 0306).
Baseline characterization wili provide information necessary for distinguishing
PRS-related contaminants from OU-wide contamination and natural variations
in background levels. Characterization during this RFI will help to define the
variability of environmental factors relevant to the evaluation of the potential for
contaminant migration from individual PRSs.

Because such data are relevant Laboratory-wide, planning for this portion of the
RFI has been deferred (to the extent practical) to framework studies
investigations, but the baseline characterization essential to this OU is outlined
in this OU work plan.

2.8.3 Individual PRS Characterization

A combination of discrete surface sampling and surface radiological surveys for
uranium, tritium, plutonium, fission products, and other constituents at TA-2 and
TA-41 will be used to define the presence, spatial extent, and distribution of
surface and subsurface contamination. Studies of additional characterization
boreholes and data derived from the existing and proposed network of
characterization borehole wellis will be used to assess subsurface units. Details
of the characterization plan for each PRS are presented in Chapter 7.

284 Fleld Investigation Methods

Common methodologies applicable to the conduct of these RFI activities are
summarized in Appendix C of this work plan and are referenced in the individual
PRS sampling plans. ER Program standard operating procedures for field
survey, field screening, field laboratory, and off-site analytical laboratory
measurements will be used for individual PRSs as appropriate.
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2.9 Integration with CERCLA, NEPA, and DOE Orders

Section 1.6 of Annex | (Program Management Plan) of the IWP (LANL 1992,
0768) discusses the integration of the RCRA-based ER Program with applicable
requirements of the Comprehensive Environmental Response, Compensation,
and Liability Act (CERCLA) and the National Environmental Policy Act (NEPA).
Additionally, the ER Program will comply with all other applicable federal acts,
state statutes, and Depantment of Energy (DOE) orders and policy statements.
Appendix | of this OU work plan presents regulatory information and biological
information relevant to this work plan.

DOE Orders applicable to the Laboratory's ER Program are identified in the
IWP Program Management Plan. An integrai pant of Laboratory operations
involves compliance with the requirements of these Orders, and such
compliance is ensured through the documented policies, planning, auditing, and
work review procedures of the Laboratory.

2.10 Natural Resource Damage Assessment

The environmental restoration work at Los Alamos National Laboratory is
performed in compliance with the Laboratory's RCRA Part B operating permit.
However, this work is also performed in accordance with applicable sections of
CERCLA, as required by DOE Order 5400.4 (DOE 1989, 0078). The CERCLA
Section 120 extends natural resource damage liability to federal facilities, which
includes the Laboratory. The first part of the natural resource damage
assessment is a preassessment screen govemed by regulations in 43 CFR 11;
the preassessment screen will be used to determine whether a full natural
resource damage assessment is appropriate. The preassessment screen will be
integrated with the CERCLA ecological assessment process for this OU. A
general description of the preassessment screen and the ecological assessment
is included in Section 5.4 and Appendix | of this work plan. RCRA Subpart S also
requires that releases from SWMUs do not pose a threat to the environment;
specific methods to evaluate environmental damage are not available, however.
Information gathered during any ecological risk assessment activities will also be
used in the natural resources damage assessment. Any modifications of the
general procedure that might be necessary for this OU will be described in future
reports of progress pertaining to this RFI. This procedure is consistent with the
Guidance for Natural Resource Trusteeship and Ecological Evaluation for
Environmental Restoration at DOE Facilities, 1991.

2.11 Voluntary Corrective Actions

Voluntary corrective actions (VCAs) will be taken in situations encountered
during the RFI where it is obvious that simple removal of highly localized source
terms can be accomplished conveniently and with less expense than that
required for extensive characterization. The extent to which VCAs can be taken
at Laboratory PRSs which contain mixed waste is limited until the Laboratory's
mixed waste storage and treatment/disposal facility is in operation (1997 at the
earliest). However, one situation is anticipated during this RFI for which limited
VCAs may be appropriate. This situation arises when soil hot spots
contaminated well above levels of concern are identified during field activities. If
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the contamination can readily be shown to be highiy localized (as expected in
most cases at TA-2 and TA-41), it may be desirable to simply remove the
isolated contamination and to confirm its removal by sampling.

This RFI work plan also considers the potential removal of small amounts of
contaminated piping and related near-surface debris that may interfere with the
field characterization and that represent troublesome future source terms of
contamination.

212 Modeling

In Chapter 5, site-wide and PRS-specific conceptual models for this OU are
presented. These models are based on available information and are used in
the development of the field characterization activities described in Chapter 7.
As appropriate, the conceptual models will be revised as additional information
is acquired during the RFI.

Computational models will be used to evaluate environmental (human-heaith
ecological risk) (following the RFl) and occupational risk (during RFI field work
phase). Modeling of geochemical processes and contaminant transport,
particularly over long time frames, will be performed as part of the
environmental risk assessment. The input required for conceptual and
computational modeling will be an important consideration during establishment
of the DQOs for the RFI. Therefore, input for the models in part drives the
development of the field characterization plans.

Representative examples and sources of the types of computational modeling
codes that could be used in the DQO process, both during and after the RFl,
include those listed below.

® Dose assessment: RESRAD (DOE)
CAP88 (EPA)
GEOEAS (EPA)
MILDOS (DOE)
® Geochemical/equilibrium: PHREEQE (United States

Geological Survey)
WATEQFC (USGS, University
of Colorado)

MINTEQ (EPA)

®  Hydrologic transport: TRACER3D (DOE)

SESIL (EPA)
FEHMN

RA Work Plan for OU 1098 2-8 May 1993




_Approach to ACHA Field Investigations

Chapter2.

®  Surface/air transport: CREAMS (USDA)

GLEAMS (USDA)
AIRDOS (USDA)

® Geostatistics/data analysis: GEOPAC (EPA)
GEOEAS (EPA)

2.13 Framework Studies

Laboratory-wide framework studies will be conducted as part of the Laboratory
ER Program's programmatic activities. The framework studies group currently is
conducting a pilot study on soils and the Bandelier Tuff to determine the
background concentration ranges across the Laboratory for a target list of
metals and radionuclides. The investigation will collect data on some physical
and chemical parameters that control constituent mobility. Initial results of the
study will be presented in the 1993 revision of the IWP and will be available for
use in data analysis.

2.14 Conditional Remedies

The concept of conditional remedies is addressed in Section 3.5.2.5 of the IWP
(LANL 1992, 0768). The conditional remedy of soil excavation accompanied by
long-term monitoring is likely to be appropriate for portions of TA-2 and TA-41,
because all contamination may not be removeable as for the past incomplete
removal at SWMU no. 2-009 (contaminated soil associated with water boiler
reactor) (see Section 6.3 of this OU work plan). Therefore, the field investigation
within OU 1098 focuses on our obtaining information adequate to perform soil
excavation at portions of TA-2 and TA-41.

As Section 3.5.2.5 of the IWP points out, in cases where the RFl concludes that
a conditional remedy is the most appropriate remedial action, a formal CMS
may not be required, and the proposed remedy may be presented to the EPA
as part of an RFI report. The conditional remedy may be declared the final
remedy at that time or the EPA may require further corrective action to
supplement or replace the conditional remedy.

2.15 NFA Units

in this OU work plan, several units are identified for which NFA is proposed.
Chapter 8 presents the justification and documentation for the NFA
recommendations. After EPA approval of this OU work plan, the ER Program
Office will file a petition for NFA at these units. This petition will be included in
the annual update to the IWP, wherein it will request formal EPA approval of all
proposed NFA units across the Laboratory's ER Program through a permit
modification.

RA Work Plan for OU 1098 2-9

May 1993



Chapter 2

Approach to RCRA Field Investigations

CHAPTER 2 REFERENCES

DOE (US Department of Energy), October 6, 1989. "Comprehensive
Environmental Response, Compensation, and L:ability Act Requirements," DOE
Order 5400.4, Washington, DC. (DOE 1989, 0078)

EPA (US Environmental Protection Agency), March 1987. "Data Quality
Obijectives for Remedial Response Activities, Development Process," EPA
£40/G-87/003, OSWER Directive No. 9355.0-7B, prepared by CDM Federal
Programs Corporation, Washington, DC. (EPA 1987, 0086)

EPA (US Environmental Protection Agency), April 10, 1990. RCRA Permit No.
NM0890010515, EPA Region VI, issued to Los Alamos National Laboratory,
Los Alamos, New Mexico. effective May 23, 1990, EPA Region V!, Hazardous
Waste Management Division, Dallas, Texas. (EPA 1990, 0306)

LANL (Los Alamos National Laboratory), November 1992. "Installation Work
Plan for Environmental Restoration," Los Alamos Nationai Laboratory document
LA-UR-92-3795, Los Alamos, New Mexico. (LANL 1992, 0768)

RA Work Plan for OU 1098 2-10 May 1993




Chapter 3

Potential
Environmental Assessment Response
No

Further Action
(SWMU Aggregate
Descriptions &
k Sampling Plans

Units
Ancilliary
Plans

Background Information
for the TA-2 and TA-41
Operable Unit

*Location

-History

-Past Waste Management Practice
«Current Conditions

«QOverview of SWMUs

 Sources of Information







Chapter 3 Operable Unit Background Information

CHAPTER 3.0 BACKGROUND INFORMATION FOR OPERABLE UNIT 1098

This chapter presents a brief overview of current and past uses of Technical
Area (TA)-2 and TA-41. Greater detail is contained in Chapter 7 where
individual PRS field investigations are described. Figures EXEC-2, EXEC-3,
and EXEC-4 show the locations of TA-2 and TA-41 within the Laboratory as
well as individual structures and PRSs.

3.1 Location

Technical Area-2 and TA-41 [which together comprise Operable Unit (OU)
1098] are part of the Los Alamos National Laboratory, which is located in Los
Alamos County in northern New Mexico, approximately 24 miles northwest of
Santa Fe. Developments within Los Alamos County include the Los Alamos and
White Rock residential areas and the Laboratory's technical areas. Los Alamos
County is situated on the Pajarito Plateau, a region 5 to 6 miles wide and
6500 to 7600 feet above sea level, between the 10,500-ft-high Jemez
Mountains to the west and the 5500-ft-high Rio Grande Valley to the east. The
plateau is cut by many deep finger canyons that run generally west-northwest to
east-southeast from the mountains to the Rio Grande.

The Los Alamos town site and most technical areas of the Laboratory generally
occupy relatively flat mesa tops situated between the canyons. In contrast, both
TA-2 and TA-41 are located at the bottom of Los Alamos Canyon between two
of these mesas. In the vicinity of TA-2 and TA-41, Los Alamos Canyon is
approximately 1350 feet wide at the top, and varies in depth (350 ft to 360 ft).
Phase | and Il investigations conducted as part of OU 1098 will include the
canyon bottom to the canyon walls within Los Alamos Canyon. The sides of the
canyon are exceedingly rough and rocky and are partially covered by trees,
particularly on the south side. The bottom of the canyon is wooded and
relatively flat for a width of about 600 ft. A smalil stream passes along the
bottom of the canyon. This stream is ephemeral in the vicinity of TA-2 and TA-
41, although the flow is extremely variable. The Los Alamos Canyon Reservoir,
located off of Laboratory property upstream from TA-2 and TA-41, provides a
constant source of surface water to the stream. Farther downstream (east) of
TA-2, the stream is intermittent. A paved road provides access to TA-2
and TA-41 and is accessible from the Laboratory and the town of Los Alamos.

Detailed engineering drawings, site maps, survey coordinates for buildings, and
other information relevant to the TA-2 and TA-41 (RFI) are contained in
Appendix B (see Figures EXEC-3 and EXEC-4 for locations of potential release
sites at OU 1098). Figures 3.1-1(a)-(e) present aerial photographs of TA-2
taken at various times since 1946. Photographs of TA-41 are shown in Figure
3.1-2 (a) and (b).

3.2 History

This section describes the prehistoric and early uses of the area and discusses
environmental monitoring at TA-2 and TA-41.
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TA-2, Omega West Reactor Site,
Los Alamos Canyon

(d) 1989 photograph viewing North, including TA-2.
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1991photograph viewing North, including TA-2 and Los Alamos Townsite

()

RFI Work Plan for OU 1098 3-4 ‘ May 1993






Operable Unit Background Information Chapter 3

220

(@) 1989 photograph viewing North-West, including TA-41 and Los Alamos Townsite

(b) 1991 photograph viewing North-West, including TA-41.

Figure 3.1-2 Aerial photographs of TA-41 frbm 1989 to 1991.
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3.2.1 Prehistoric Uses

DP Mesa and Mesita de Los Alamos, located to the north and south of Los
Alamos Canyon, respectively, have experienced some prehistoric use (Steen
1977, 0660; Steen 1982, 0659). A cultural survey of OU 1098 was carried out to
be used in conjunction with this RCRA Facility Investigation (RFI) in furtherance
of National Environmental Policy Act (NEPA) requirements . The survey
documents this use and assesses the potential impact of the RFI on cultural
resources. Results of this survey will be reported in a later document. It is
expected that a categorical exclusion for NEPA assessments on RFI activities
will be issued by the DOE, as was done for adjacent TA-21.

3.2.2 Early Historic Uses

Much of the Pajarito Plateau, including present-day TA-2 and TA-41, was parn
of the Ramon Vigil land grant. In the late 1800s and early 1900s, the Pajarito
Plateau, including portions of Los Alamos and DP Mesas were used for
ranching, farming, and timber production. Aerial photographs of TA-2
and TA-41, however, suggest that such uses in the areas of present-day TA-2
and TA-41 within Los Alamos Canyon probably did not extensively take place.

DP Mesa and Mesita de Los Alamos were added to the Santa Fe Forest
Reserve along with the rest of the Jemez Section in 1915. Based on extensive
archival search, examination of aerial photographs, and interviews with many
former Laboratory employees, it has been established that the Laboratory has
used the land within Los Alamos Canyon at TA-2 and TA-41 continually since
the 1940s. General public activities in the Canyon occur at Los Alamos Canyon
Reservoir and at the Los Alamos ice skating rink to the west of the TA-2 and
TA-41 sites.

3.23 Environmental Monitoring at TA-2 and TA-41

As described in greater detail in Chapter 4, site monitoring has been carried out
by the Environmental Surveillance Group (ESG) at TA-2 and TA-41 on a
continual basis since 1966. These results have been reported in the
Laboratory's annual environmental surveillance reports and other special
reports, which extend back to 1966 (ESG 1990, 0497; Elder and Knoell 1986,
14-0014; Montoya 1991). Annual monitoring of six shallow monitor wells located
in Los Alamos Canyon has suggested contamination in the alluvial aquifer
groundwater (ESG 1990, 0497). These wells are described in detail in Section
4.4.3 and locations are shown on Figure 4.4.2. As described in Chapters 4
and 5, tritium, cesium-137, and strontium-90 are the major constituents, as
indicated by groundwater quality data collected by ESG (ESG 1990, 0497).
Measurable surface sediment contamination attributable to TA-2 and
TA-41, within the creek channel, has been found beyond the OuU 1098
boundary within TA-21 to the east within Los Alamos Canyon.

Radionuclide contamination above background and generally below possible

ranges of screening actions levels, which are under development as discussed
in Chapter 6, has been observed in groundwater and surface-sediment samples .
from areas east of TA-2 and TA-41. A few samples from locations east of TA-2,
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where low-level, near-surface radionuclide releases are known to have occurred
within TA-2, have yielded individual soil samples with fission product (cesium-
137) concentrations which may exceed the screening action levels tor
radionuclides which are being developed by the Laboratory as discussed in
Chapter 6. Past sampling indicates that this contamination is mobile and highly
variable, depending on location and time of sampling. Further details on the
nature of this surface contamination are given in Chapters 4,5, and 7.

33 Past Operational Practices at TA-2 and TA-41

Technical Area-2 and TA-41 have been continuously used from the early 1940s
to the present. Technical Area-41 is used for weapons development and long-
term studies on weapon subsystems. Technical Area-2 has been used
continuously since 1943 to house a series of research reactors (Bunker 1983,
14-0012). Early reactors were fueled by aqueous uranyl solutions, whereas
other reactors, including present-day Omega West Reactor (OWR), were fueled
by solid fuel elements. The earliest of these reactors consisted of three
successive homogeneous liquid-fueled reactors, including the first ever of that
type (water boiler) which was assembled in late 1943. These reactors were
fueled by aqueous solutions of a uranium salt, enriched in uranium-235; the last
modification was deactivated in 1974. The first of the solid-fuel reactors involved
a now-decommissioned plutonium-fueled, mercury-cooled reactor. The reactor
system was self-contained and operated from 1946 to 1953. Since 1956, TA-2
has been the operating site of OWR, an 8-MW, water-cooled research nuclear
reactor fueled by highly enriched uranium contained as solid fuel.

3.3.1 Sources of Residual Radloactivity at TA-2 from Previous
Operations

This section provides an overview of residual radioactivity at TA-2 from previous
operations that contribute contaminant source terms at the ditferent PRSs. This
information is presented because it describes residual radioactive source terms
that are important to the RFI investigations.

Radiolytic and fission product gases (argon, xenon, krypton) were released
directly at TA-2 on a small scale through a gaseous effluent line and stack from
the time of the earliest of the water boiler reactors. The primary source of
residual radioactivity was derived from the gaseous effluent line (SWMU
no. 2-009). The decommissioning of the gaseous effluent line primarily involved
removal of small external structures, underground pipes, and contaminated soil.
Survey methods and soil cleanup guidelines for this project primarily dealt with
residual radioactivity in soil and sediments (Elder and Knoell 1986, 14-0014).

In the early operation of the succession of water boiler reactors, hydrogen and
oxygen that arose from the radiolytic dissociation of water associated with
reactor operation were not combined (Elder and Knoell 1986, 14-0014). In
1951, a gas recombination system was installed that reduced the explosion
hazard as well as the quantity of radioactively contaminated gas requiring
discharge to the atmosphere via the gaseous effluent system. This gaseous
effluent system made up most of the piping and structures that needed to be

removed in Phase | of decommissioning. During the 25-KW operation,
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approximately 220 cmd/min of gas (excess air and some fission products)
flowed into the gaseous effluent line. The radioactive gaseous isotopes of
oxygen, nitrogen, argon, xenon, and krypton were discharged through this line
and routinely monitored. This line ran underground and eventually terminated at
the top of an adjacent mesa (Mesita de Los Alamos) in a 150-ft stack south of
TA-2 (SWMU no. 2-006a). A centrifugal blower at the stack base provided
adequate draft for gas flow in the long pipe.

From 1986 to 1987, removal of external structures and underground piping
associated with the gaseous effluent (stack) line from the water boiler reactor

- was performed as Phase | of that reactor's decommissioning (Elder and Knoell

1986, 14-0014). Six concrete structures were dismantied and 435 ft of
contaminated underground piping were removed and disposed of at TA-54. Soil
contamination by cesium-137 was encountered around structure TA-2-48 (See
Subsection 7.10 for details), which contained a condensate trap/line [SWMU 2-
003(b)], and also in a former leach field near the stream (SWMU 2-007). Efforts
to remove all contaminated soil were hampered by infiltrating groundwater
and heavy rainfalls. Guidelines for concentrations of residual radioactivity in soil
after the lines and structures had been removed were based on the general
principle of as low as reasonably achievable (ALARA). Under this principle, the
primary consideration was to keep any future exposure of employees or the
general public to the remaining radioactivity to as low a level as technically and
economically reasonable. To expedite decision making, de minimus leveis of
soil concentration and upper limit concentrations guides were used (Elder and
Knoell 1986, 14-0014). These de minimus levels, which are described in Table
3.3-1, were used for remedial decision making in 1986-87, but are not screening
action levels for radionuclides (see Chapter 6).

TABLE 3.3-1

SOIL CONCENTRATION GUIDELINES (ABOVE BACKGROUND)
CONFORMING TO DE MINIMUS LEVELS AT TA-2

SURFACE SOIL® SUBSURFACE SOILP
Gross alpha NondetectableC 75 pCi/lg
Gross beta 25 pCi/g 75 pCi/g
External gammad 5 pR/h 20 uR/M

a gyrface soil: located within 5 ft (1.5 m) from the surface.

b Subsurface soil: located at any depth greater than 5 ft (1.5 m).
¢ Detector background plus 3 sigma counting error.

d f Cs-137 is present.

Residual soil and sediment contamination, consisting of 1000 pCi/g of cesium-
137, however, occurs at depths greater than 5 ft. Complete remediation efforts
were not possible, because of the high water table that impeded cleanup
operations (Elder and Knoell 1986, 14-0014). A stabilized, clean fill with depths
ranging from 5 to 7 ft was placed over this area. Approximately 970 mS of low-
level radioactive waste resulted from the cleanup operations. Waste generated
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by the Water Boiler Reactor Decommissioning Project (WBRDP) was either
buried in pits or placed in shafts at TA-54, Area G (Montoya 1991, 14-0015).

3.3.1.1 Previous Subsurface Soil Guidelines at TA-2

Elder et al. (1986, 0456) investigated a variety of pathways at TA-2 by which
buried radioactive material could reach the biosphere and result in a dose to
humans. Pathways that were evaluated include:

1. Erosion of the material and its covering soil, and subsequent flow into
surface-water systems used for drinking water and irrigation,

2. Leaching into groundwater,

3. Resuspension of material exposed by erosion, and

4. Human habitation and agriculture on exposed material.

The results of this investigation demonstrated the most critical pathway for long-
lived radionuclides to be human habitation and agriculture on contaminated soil
where soil cover had been eroded away. The three most restrictive
scenarios are summarized in Table 3.3-2 (Elder et al., 1986, 0456).

TABLE 3.3-2

SUMMARY OF SCENARIO CALCULATIONS FOR THE SUBSURFACE
SOIL GUIDELINES (pCl/g)?

Erosion Locating a Home on Excavation of
Radionuclides Scenario Excavated Soil Contaminated Soil
americium-241 600 675 724
plutonium-239, 240 2400 2700 1942
plutonium-238 4200 4726 3185
uranium-238 960 1080 5550
uranium-235 960 1080 5550
uranium-234 960 1080 5550
cesium-137 960 1080 3360
strontium-90 1200 1350 2.8x 108
hydrogen-3° - 120 000 4.0x 108

a Soil activity concentration above natural background which could
result in a dose to any organ of 500 mremvyr.

b pCi/mi of soil moisture.
- Not calculated.

3.3.1.2 Sources of Radioactivity from OWR Operations

The OWR operates at a power of 8 MW, safe dissipation of this heat requires
cooling water flow of approximately 3500 gal./min over the fuel cladding
surfaces (Penneman 1992, 03-0012; Satety Analysis Report for Omega West
Reactor 1992). The high neutron flux activates trace impurities in the cooling
water, as well as the gases oxygen, nitrogen, and argon that are present from
dissolved air. Fission products are contained within the
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solid fuel. The radioactive oxygen, nitrogen, argon, xenon, and krypton gases,
together with argon-41 plus hydrogen and oxygen from water decomposition,
are vented to the atmosphere at low levels, which are monitored by INC-15 and
EM-8. The principal radionuclides normally present in the reactor cooling
water are tritium, nitrogen-16, sodium-24, aluminum-28, magnesium-27,
chromium-51, zirconium-65, antimony-124, iron-49, molybdenum-99, silver-110,
cobalt-60, and either or both zirconium-95 and niobium-95. The noble-gas
fission products xenon-133, xenon-135, and krypton-85 are present together
with argon-41, formed from activation of the 1% argon present in ordinary
laboratory air.

The greatest contributors to the gross water activity from all of the above listed
isotopes are the 7-second hali-life nitrogen-16 and 15-hr half-life sodium-24
isotopes. These isotopes rapidly decay and therefore do not pose a long-term
risk. A silt-like coating, which adheres to the walls of the cooling water piping
system, retains some of the metallic radionuclides mentioned above. The
presence of this radioactivity is considered during piping changes/repairs.

Releases of tritium resulted from a leak in the primary cooling water system at
OWR. The leak occurred from a break in a weld seam in a section of the delay
line running from building TA-2-1 to the surge tank. This release was discovered
in January 1993 and was within the Guaje Mountain fault zone. Tritium was
leaking from the delay line at a rate of up to 70 gallons per day until March 1993
when the cooling water was drained from this line. Typical concentrations of
tritium in the cooling water ranged from 15.7 x 106 t0 20.2 x 106 pCilL

3.3.2 Past Operational Practices at TA-41

Technical Area-41 has been used for nearly five decades. It continues to be
utilized for testing, monitoring, and assembling of nuclear weapon
components,for development of weapon subsystems and boosting systems,
and for appropriate long-term studies on critical systems.

Technical Area-41 contains the Ice House (IH) and Main Storage Vault (MSV)
(see Figure EXEC-4), which provide the DOE with facilities for testing,
monitoring, assembling, and storing nuclear weapon components (Penneman
1992, 14-003). The MSV was designed by Black and Veatch Consulting
Engineers of Kansas City, Missouri, in 1948 and was constructed by Brown &
Root, Inc., of Houston, Texas, in 1949. The IH and MSV together with other
facilities at TA-41 are managed and operated by the Laboratory. There are also
offices and shop facilities at TA-41. Facility maintenance is handied by Johnson
Controls World Services.

Components that contain such radioactive materials as uranium (enriched in
uranium-235), plutonium, and tritium are often present. Nonradioactive but
hazardous or potentially hazardous materials also on site, include arsine,
lithium, mercury, beryllium, lead, cadmium, nickel-cadmium-mercury batteries,
explosives, and thermite-type heat generators. A photographic laboratory is also
on site. Organic chemicals have also been used on site on a laboratory scale or
small quantities. A list of chemicals previously used at TA-41 is presented in
Table 3.3-3.
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TABLE 3.3-3

CHEMICALS CURRENTLY IN USE AT TA-41

(October 1992)
acetone kerosene
acetylene krypton
ammonia (gas) lead
argon lithium deuteride
arsine lithium hydride
beryllium mercury
cadmium methane
carbon dioxide methyl aicohol
deuterium neon
ethyl alcohoi nitric oxide
ethylene glycol nitrogen
helium oxygen
hydrogen plutonium
hydrogen deuteride silver
hydrogen iodide tritium
isopropyl alcohol uranium

Little liquid radioactive waste has been generated in the work done at TA-41.
Plutonium alloys are protectively clad with a skin of an inert metal to prevent
alpha contamination. Dispersion of uranium alpha contamination occurs when
workers swipe laboratory surfaces with swabs (Kimwipes) moistened with
solvent. The swabs are placed in special containers for radioactivity that are
then collected and removed from the site. This general procedure of
segregating and collecting waste is followed with all waste, and none of it is
disposed of on site. The three types of waste handled in this manner are
nonradioactive waste, radioactive waste, and mixed waste.

Tritium gas is kept in special containers, often double or triple contained.
Special efforts are expended for the recovery and conservation of tritium.
However, essentially every surface contacting tritium, such as high-pressure
pipe interiors, becomes contaminated to some extent. There have also been
some releases of tritium gas into hoods and subsequently into the ventilation
effluent stack, which are monitored by EM-8. All such releases are kept to a
minimum and are monitored and recorded.

3.3.2.1 Mass Spectrometry of Plutonium at TA-41

Most of the past work with plutonium at TA-41 invoived metal alloys that were
clad with an inert metal such that no alpha activity could escape. From 1954 to
1973, isotopic analyses of Nevada Test Site (NTS) samples containing
plutonium and uranium were performed at TA-41. The work was performed with
mass spectrometers, which were located on the bottom floor at the west and
east ends of building TA-41-004. The instruments occupied rooms on both
sides of the haliway and the rooms had doors leading directly to the outside.
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Small volumes of solution samples were prepared at TA-48 before they were
delivered to TA-41, being brought directly to the outside door and into the N
mass spectrometer room. These samples normally contained several pg of
plutonium or several mg of uranium. Preshot samples were contained in 1-dram
vials with plastic caps, and the postshot samples were contained in coned-
bottom vials, with a volume of about 3 ml, and fitted with ground glass stoppers.
The vials were stored in plastic trays, which were drilled out to hold just the
vials. These trays were stored either in rectangular steel cans or in locking file
safe drawers located in the S Laboratory. Aliquots in 2 Normal nitric acid
containing 300 to 500 ng of plutonium or 100 to 500 mg of uranium were
deposited on rhenium filaments and evaporated to dryness in hoods in the N
Laboratory. Residual samples were kept for 1 or 2 yr and then disposed as hot
waste, which was then taken to TA-54.

In addition to these radioactive samples, isotopic analyses were also performed
on the much more alpha-active plutonium-238, resulting in several instances of
contamination, primarily in the hood area. One of the original mass
spectrometers which became alpha-contaminated was removed and buried.

34 Current Waste Management Practices at TA-2 and TA-41

Four major categories of solid waste are generated at TA-2 and TA-41. Each of
the categories is handled in accordance .with approved procedures. The four
general categories are:

1. Nonradioactive and nonhazardous,

2. Hazardous and nonradioactive,

3. Radioactive and mixed waste (nonfuel), and
4. Spent fuel elements.

Waste classified as "nonradioactive and nonhazardous" is handled as sanitary
landfill waste. This material is disposed of at the Los Alamos sanitary landfill.
The Laboratory's maintenance contractor is responsible for the transport and
disposal of this category of solid waste.

Waste classified as "hazardous and nonradioactive” is transported to TA-54 for
treatment and disposal or recycling at a commercial facility. The Laboratory

organization responsible for this category is the Waste Management Group
(EM-7).

Nonfuel waste classified as "radioactive and mixed waste" is handled in one of
two ways. If the waste is classified as low-level waste (LLW), it is transported by
truck in Department of Transportation (DOT)-approved containers for disposal
at the Laboratory's land burial facility within TA-54. Waste other than LLW is
packaged and stored for disposal at other Department of Energy (DOE)
facilities. EM-7 is responsible for the disposal.

Spent-fuel elements generated at OWR are categorized as "high-level
radioactive waste." The elements are transported in Laboratory-approved
containers, four at a time, from TA-2 to a hot cell at TA-3. At TA-3, they are
transferred to a DOT-certified shipping cask. The shipping cask is then
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transported to a processing plant at the Idaho National Engineering Laboratory.
Such shipments occur about every 2 years.

Technical Area-2 has three 1000-gal. and one 170-gal. underground storage
tanks for radioactive effluents. Radioactive liquids are piped to these tanks. The
major source of radioactive effluent resuits from the periodic regeneration of the
deionizers. No chemical treatment is performed at TA-2. Radioactive effluents
are periodically pumped via pipeline or tank truck to the Laboratory Waste
Management group (TA-50) for treatment and disposal.

35 Site Access and Control

Access to buildings at TA-2 and TA-41 is controlled by guard gates present at
the sites. Technical Area-2 and TA-41 are protected by 8- to 10-ft security
fences. The gates across the main access road to TA-2 are kept locked when
the sites are not under the direct surveillance of authorized employees. These
gates are kept open when there are authorized employees at the sites to permit
access to the parking areas. The parking areas and entrance road are
separated from the rest of TA-2 by fences that extend either to buildings or to
locked gates. During working hours, all doors and gates that open onto the
parking areas are kept locked, with the exception of the door to the main offices,
which are occupied. Other doors may be left unlocked while they are under
employee surveillance.

3.6 Migration Pathways

Pathways or receptors have both short-100 yr and long-term (greater than 100
yr) significance at TA-2 and TA-41, because TA-2 and TA-41 are located in Los
Alamos Canyon. Operable Unit 1098 is located near the town site, and
contaminant-transport pathways, via atmospheric dispersion, are possible under
past and current site conditions. Groundwater pathways are also possible, due
to the shallow depth to alluvial groundwater and the presence of transport
mechanisms. Surface waters are of significance because some of existing TA-2
and TA-41 contaminants were discharged to the creek banks or surface water.
Groundwater pathways are of concern because of the tritium leak discovered in
the primary cooling system of the OWR in January 1993. High activities of
tritium, typically ranging between 20,000 and 59,000 pCi/L, were found in
surface water and groundwater samples collected at TA-2.

In the context of this work plan, "short-term” will imply the 100-yr time frame
assumed for institutional control. "Long-term" relates to land use changes
beyond this time frame (e.g., after loss of institutional control), and includes
climatic changes that may occur, which could alter exposure pathways such as:

* Exposure of buried contaminants through erosion, followed by
surface run-off and sediment transport or aerial resuspension,

e Artificial site disturbance,

s Surface-water transport,
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* Infiltration through the vadose zone, and

* Chemical, physical, and biological transport.

It is quite possible that the above pathways could also change within the short
term, depending mainly on weather conditions and related factors such as
flooding. Some of the wastes at TA-2 and TA-41 will remain hazardous much
longer than the 100 yr assumed for institutional control. For these reasons, soil
and groundwater remediation, accompanied by monitoring and stabilization,
have been identified as the likely remedial actions to be taken at TA-2 and TA-
41. This approach is consistent with the conditional remedy concepts described
in Chapters 4 and 5 of this OU work plan and in Section 3.5.2.5 of the
Installation Work Plan (IWP) (LANL 1992, 0768).

3.7 Overview of PRSs at OU 1098 (TA-2 and TA-41)

This section provides a brief overview of the 17 SWMUs and five AQCs
addressed in this OU work plan. The locations of these PRSs are indicated on
Figures EXEC-3 and EXEC-4.

Table 1.2-1 assigns these PRSs to investigation groups as follows:

¢  TA-2 SWMUs,
* TA-41 SWMUs, and
* AOCs.

A detailed description of TA-2 and TA-41 PRSs and the corresponding field
investigation plan are presented in Chapter 7. No turther action units are
discussed in Chapter 8.

For the purpose of developing the data quality objectives (DQOs) that underlie
the proposed field investigations, we have categorized the TA-2 and TA-41
PRSs as follows (see Charter 6 of this OU work plan for a discussion of future
land use and possible rei  :al alternatives at TA-2 and TA-41):

e TA-2. Contaminant source terms (uranium, chromium, cesium-

137, plutonium, beryllium, and fission products) may exist in the
subsurface soils and sediments (DOE 1987, 0264). Localized
source terms (soil and debris) above screening action levels
may also exist near the surface. Several remedial options are
conceivable for the near-surface contamination. Because
removal or treatment of the contaminated soil and sediment is
likely to be practical, this work plan considers soil excavation
and groundwater extraction to be the most likely remedial
measure to be selected for most of the PRSs following the
RFI/CMS (Corrective Measures Study).
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TA-41. Technical Area-41 is suspected to contain soil and

groundwater contamination, primarily due to the release of
tritium and possibly to an alpha-contaminated sewage outfall. A
septic system (SWMU no. 41-001) and sewage treatment plant
(SWMU no. 41-002) are considered to be the two most
important PRSs at TA-41 (DOE 1987, 0264). The building
structures are not contaminated with radionuclides, excluding
tritium, based on monitoring data collected by WX-5 (Larson
1992, 14-002). Five AOCs exist at TA-41: a sump, a 560-gal.
diesel tank, an industrial waste tank (which may never have
existed), storm drains, and a fuel tank with unknown origin.

* The RFl is likely to show that most of the areas within TA-2 will
be reserved for Restricted Laboratory Use. However, available
information suggests that a few of the PRSs within TA-2 and
TA-41 are not likely to contain significant source terms and,
therefore, the no further action (NFA) alternative is the probable
recommendation for some PRSs.

Radiological and chemical constituents, including uranium, plutonium, tritium,
fission products, chromium, mercury, acids, and solvents, represent the most
significant materials used at TA-41 and TA-2. They are the primary focus of
PRS-specific investigations. Other constituents are known or suspected to exist
at TA-2 and TA-41 only in limited quantities and generally will be associated
with the aforementioned contaminants. These factors have been taken into
account in development of the sampling plans contained in Chapter 7.

Analyses of RCRA metals and organic compounds and nonregulated metals
and radionuclides, however, will be conducted for a limited number (10-20%) of
samples of soils, sediments, surface water, and groundwater obtained in the
baseline portion of Phase | sampling.

3.74 PRSs at TA-2 and TA-41

Thirteen PRSs have been identified at TA-2 and aggregated as part of OU
1098. TA-2 contains PRSs consisting of an underground diesel fuel tank,
decommissioned reactor waste units, storage pits and tanks, cooling tower drift
loss, waste lines, drains, decommissioned septic system, outfalls, operational
releases, and chemical shack waste units. Primary wastes at TA-2 consist of
uranium, chromium and other metals, acids, fission products, possibly some
transuranic (TRU) elements, and organic compounds, including PCBs and
solvents. Water treatment released significant amounts of potassium
dichromate from the cooling tower into the canyon environment. Historical
information indicates that up to 5000 pounds of potassium dichromate may
have been released to the environment from the TA-2 cooling tower
(Penneman 1992, 14-0003).

The SWMUs at TA-41 consist of a septic tank, a sewage treatment plant, a
sump, and a container storage area. Operations at TA-41 involve handling and
storage of tritium, plutonium, uranium, and beryllium in assemblies, also arsine,
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hydrogen, deuterium, liquid nitrogen, and squibs that contain explosives
residues (see Table 3.3-3 for a list of chemicals used in the past at TA-41).

3.8 Sources of information

Current standard practices and methods were used to acquire available
environmental data for TA-2 and TA-41. These data are used in this document
solely to guide RFI characterization and sampling.

Extensive use was made of direct interviews of many key personnel who were
involved in past activities at TA-2 and TA-41. Included in this group were
radiation/health monitors and long-term staff members of TA-2 and TA-41.
Access to these individuals, combined with historical documentation and
environmental monitoring conducted since 1966, assisted in the development of
the individual site descriptions with a moderate degree of certainty and
completeness.

Other information sources have been used:

e The Laboratory's environmental monitoring network, which

includes near- and on-site stations as well as perimeter and
regional stations that are not influenced by Laboratory
-operations. These studies are reported in annual reports of the
environmental surveillance group,

* Special studies conducted at the Laboratory and in the region,
which collected environmental data in areas unaffected by

Laboratory operations. These studies are described in periodic
Laboratory reports,

* General environmental data addressing the behavior of various

compounds, elements, and radionuclides in natural systems.
These reports are available in peer-reviewed scientitic
literature, and

* Unpublished internal Laboratory memoranda, reports, and
drawings.
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Chapter 4 Environmental Setting and Conceptual Model

CHAPTER 4 ENVIRONMENTAL SETTING OF OPERABLE
UNIT 1098

Chapter 4 presents a detailed description of the environmental setting at
operable unit (OU) 1098 [Technical Area-2 (TA-2) and TA-41] on which the
Potential Release Site (PRS)-specific RCRA Facility Investigation (RFI) plans in
Chapter 7 and the recommendations for no further action (NFA) (Chapter 8) are
based. All PRSs not recommended for NFA located at OU 1098 will be
investigated during Phase | or Phase Il activities. The regional environmental
setting of the Laboratory as a whole is discussed in Chapter 2 of the Installation
Work Plan (IWP) (LANL 1992, 0768).

Chapter 4 presents and interprets existing information relevant to TA-2 and
TA-41.

® 4.1 Location and Topography
® 4.2 Climate

® 4.3 Surface Deposits

* 4.4 Hydrology

¢ 45 Geology

® 4.6 Biological Setting

Sections 4.1 through 4.6 provide a general foundation culminating in a
conceptual model described in Chapter 5. Chapter 4 also identifies additional
information needs related to (1) expanding the conceptual understanding of the
environmental processes at TA-2 and TA-41 and (2) assessing the magnitude
and importance of potential exposure routes within OU 1098.

The general data requirements described in Chapter 4 and conceptual model
identified in Chapter 5 are used to develop the PRS-specific field sampling
plans presented in Chapter 7. As field results become available, an iterative
process will begin in which current knowledge will be updated, the sufficiency of
the data for supporting the RFI objectives will be assessed, additional data
needs will be identified, and further investigations will be designed to fulfill those
needs.

4.1 Location and Topography

Technical Area-2 and TA-41 are located in Los Alamos Canyon on the northern
edge of the Laboratory. The northern and southern boundaries of TA-2 and
TA-41 are at the near-vertical cliff faces where the Bandelier Tuff is exposed.
Los Alamos Canyon at OU 1098 is bounded on the south by Mesita de Los
Alamos and on the north by DP Mesa. The canyon bottom where OU 1098 is
located varies in width from 400 to 460 ft. Technical Area-41 lies at elevations
between 6900 and 7000 ft above sea level (asl), whereas TA-2 lies at
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elevations between 6800 and 6900 ft asl (see topographic map in Appendix A).
Los Alamos Canyon is oriented in a general east-west direction and is centrally
located on the Pajarito Plateau. Surface drainage patterns from the mesa top
generally are oriented to the east, north, and south and feed into Los Alamos
Canyon. The Plateau is located between the Jemez Mountains to the west and
the White Rock Canyon of the Rio Grande to the east (Figure 4.1-1).

The Los Alamos Canyon drainage area extends to the drainage divide on the
Sierra de los Valles and runs eastward to the Rio Grande near Otowi. During
the summer, storm-water run-off occasionally reaches the Rio Grande. Los
Alamos Canyon has cut into the Tshirege Member and Otowi Member of the
Bandelier Tuff. The drainage area of the canyon is approximately 12.8 sq mi, of
which TA-2 and TA-41 constitute only a small fraction. Los Alamos Canyon
varies in depth from approximately 900 ft at Sierra de los Valles to 420 ft at
State Route 4.

The Otowi Member of the Bandelier Tuff, typically outcropping within the lower
canyon walls, consists of volcanic ash-tflow deposits and comprises
approximately 300 to 400 ft of the bedrock throughout the operable unit. A
shallow alluvial aquifer occurs at several feet below land surface within Los
Alamos Canyon, and a perched aquifer within the basalt and Puye Formation
may occur at a depth of approximately 250 to 300 ft. Groundwater within the
regional aquifer of the Santa Fe Group sediments lies at a depth of
approximately 800 ft below Los Alamos Canyon. Groundwater within the
regional aquifer flows to the east and partly discharges in springs and seeps
along the Rio Grande (Chapter 2 of the IWP) (LANL 1992, 0768).

For the purposes of the RFI planning for OU 1098, existing topographic maps
are generally adequate for Phase | investigation purposes. Aerial photographs
taken over TA-2 and TA-41 in September 1991, however, would allow
preparation of topographic maps with 2- to 7-ft contours which may be utilized in
Phase |l investigation. In this OU work plan, we propose that a topographic map
with 2-ft resolution, based on these 1991 aerial photographs, standard
surveying techniques, and field observations, be prepared to show surface
drainage and deposition areas at TA-2 and TA-41 in preparation for Phase Il
activities, if they are shown to be required. This 2-ft contour topographic map
would facilitate surface mapping, evaluation of characterization sampling
analyses, and assessment of remedial alternatives as described in later
chapters.

4.2 Climate

The climate at TA-2 and TA-41 is important because it can influence soil
development (Birkeland 1984, 0239) and also affect the transport of
contaminants in surface and subsurface environments. For example, the speed,
frequency, direction, and stability of the wind can influence airborne transport of
TA-2 and TA-41 contaminants while the form, frequency, intensity, and
evaporation potential of precipitation strongly influence surface-water run-off
and infiltration at TA-2 and TA-41.

Los Alamos County has a semiarid, temperate, mountain climate, as
summarized in Chapter 2 of the IWP (LANL 1992, 0768) and discussed in detail
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by Bowen (Bowen 1990, 0033). The East Gate station, one of four
meteorological stations around the Laboratory site, is located 1.6 miles
northeast of TA-2 and TA-41 and has provided data continuously since 1987.
However, there are no meteorological stations within Los Alamos Canyon or
other LANL canyons.

Surface winds measured at the East Gate are generally light, with strong winds
often occurring in the spring. The predominant direction for all winds is from the
south and southwest. These data imply that any airbome contaminants from
TA-2 and TA-41 PRSs should be dispersed mainly toward the northern
and eastern boundaries of the Laboratory and over the eastern portion of the
townsite. As shown in Figure 4.2-1, 1989 wind speeds at the East Gate were
less than 5.5 mph 38% of the time and greater than 11 mph 21% of the time
(ESG 1990, 0497). While the prevailing winds on mesa tops provide information
on the transport of airborne constituents once they have reached that elevation,
conditions in the canyons may be quite different than those on the mesa tops.
Thus transport of airborne contaminants within the canyon may follow a
different pattern. A diurnal pattern of wind movement has been deduced from
regular observations. During the day, the winds tend to blow easterly, whereas
at night the wind movement is up-canyon or in a westerly direction. Shear winds
have also been noted across the canyon.

The average annual precipitation at TA-2 and TA-41 is approximately 16 in/yr
(ESG 1999, 0497). About 50% of the precipitation on the Pajarito Plateau
occurs during brief, intense thunderstorms during July and August, often
causing significant surface water run-off. The prevalence of short, intense
precipitation events indicates that surface erosion, soil run-off, sediment run-off,
and surface-water transport are potential mechanisms for the movement of
surficial contaminants at this OU. About 20% of the precipitation occurs as
snowfall in December, January, and February, and the remaining 30% is
distributed over the other 7 months of the year.

43 Surface Deposits

This section discusses surface deposits at TA-2 and TA-41, the soils and
sediments in Los Alamos Canyon, the soils in the canyon walls and bottoms,
and past sediment sampling investigations at TA-2 and TA-41.

431 Surficial (Erosional) Deposits

Surficial (erosional) deposits at TA-2 and TA-41 consist mainly of alluvium,
colluvium, and landslide deposits. Erosion at TA-2 and TA-41 occurs by the
following mechanisms:

® Run-off in Los Alamos Canyon,

®  Rockfall, landslide, d‘ebris flows, and colluvial shedding from
the canyon walls,

RA Work Plan for OU 1098 4-4 May 1993



Environmental Setting and Conceptual Model

Chapter 4

1989/ DAY

=~ ROADS

0
SPEED (meh)

«# ™= LAB BOUNDARY

SCALE
0o 1 2 Ivm

1.0=58 =110 =188+

08w25=—— 50— 75+
SPEED (mve)

2im)

SPEED (mphy
1.0=5.8 —11.0 — 165+

08=28~— 50— 75+
SPEED trve)

Lo0000000

9

# =~ LAB BOUNDARY

SPEED {mph)
1.0=88 —11.0~— 18.5+

SCALE
1 2 3k

1 2(m)

05~28— 50— 7.5+

SPEED (vs)

T i

Figure 4.2-1 Wind roses at Laboratory stations during 1989 (from ESG 1990, 0497) .

RFl Work Plan for OU 1098

4-5

May 1993



Environmental Setting and Conceptual Model Chapter 4

¢  Wind transport, and

®  Water transport.

An estimate of the rates of erosion and deposition, which includes these
pathways of erosion, is essential to an assessment of potential operational
safety hazards at TA-2 and TA-41, especially with respect to rockfall and
landslides. However, erosion/deposition rates of mesa top soils, canyon
sediments, and the Bandelier Tuff generally are not well understood (see
Subsection 2.6. of the IWP). It appears that cliff-forming units are eroded
predominantly by lateral cliff retreat and block spallation rather than by vertical
incision. Variable erosion rates are to be expected, the rates depending on
different factors including gradient, vegetation, and slope orientation (for
example, north- versus south-facing slopes).

Mass wasting processes such as rockfall, especially within the Rendija Canyon
and Guaje Mountain Fault zones, are considered potential threats to the
integrity of TA-2 and TA-41 PRSs over the foreseeable future time
frame (100 yr). Records for the last 4 decades indicate that, on average, TA-2,
is invaded by one boulder of 300 or more pounds every 2 yr (McLin 1992a, 03-
0010). This study also calculated a canyon retreat rate at this site of 2.5
cm/1000 yr. However, these low average rates are not relevant to massive cliff
failure induced by a large seismic event or by other erosional processes.
Fences designed to impede rock fall movement have been installed along
portions of the cliff faces exposed north of TA-2 and TA-41. Additional fences
are planned for these cliff faces in Los Alamos Canyon at TA-2 and TA-41.

Alluvial sands and gravels in Los Alamos Canyon are likely to be interbedded
with fine-grained debris flows. Trenching in alluvium in Cabra Canyon, about 3
miles north of TA-2 and TA-41, revealed that the Holocene alluvial sequence
was less than 6000 yr old and that three periods of channel migration and
subsequent backfilling occurred since 4000 years ago (Gardner et al. 1990,
0639). Gardner et al. also reported a major unconformity in canyon-fill deposits
from 6000 to greater than 700 000 yr oid.

These observations are significant because drainages within the Laboratory
boundaries may have been stripped of their unconsolidated sediment fill during
extreme flood (and/or periodic scouring events) prior to 6000 years ago and
partially stripped several times since then. This scour-and-fill cycling of canyon
alluvium might have occurred in response to climatic variations. The possibility
of a future scouring event obviously exists. For TA-2 and TA-41, such a
scouring event could affect PRSs located within the stream channel, thus
influencing sediment-contaminant transport by surface waters (Hakonson and
Nyhan 1980, 0117). A comprehensive study of a major Pajarito Plateau
watershed such as Los Alamos Canyon aimed at quantifying erosion rates,
water budget, sediment sources and storage, and scour-and-fill cycles has
never been performed.

For this RFI, existing data on erosional and depositional processes are not
adequate because no detailed studies of this nature have been conducted in a
site such as Los Alamos Canyon. A topographic map of erosion/deposition
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areas within OU 1098, to be prepared during Phase | activities as discussed
earlier in Section 4.1, is important for evaluation of these processes during
Phase Il studies.

43.2 Los Alamos Canyon Soils and Sediments

Soils on the Pajarito Plateau were initially mapped and described by Nyhan et
al. (1978, 0161) and are discussed in Chapter 2 of the IWP (LANL 1992, 0768).
The soils were formed under a semiarid climate and are derived from alluvial
fans, eolian processes, and chemical, biological, and physical weathering of the
Bandelier Tuff. Figure 4.3-1 shows the distribution and designations of surface
soils at TA-2 and TA-41.

The slopes between the mesa tops and canyon bottoms have been mapped as
mostly steep rock outcrops consisting of about 90% bedrock outcrop and
patches of shallow, undeveloped soils (Nyhan et al. 1978, 0161). Soils mapped
in the vicinity of TA-2 and TA-41 are generally poorly developed and are
designated as Typic Ustorthents-rock outcrop complex. This complex consists
of deep, weli-drained soils that weather from dacites and latites of the
Tschicoma Formation (Nyhan et al. 1978, 0161). The surface layers of the Typic
Ustorthents are generally a pale brown stony or gravelly sandy loam about 5 cm
thick. The substratum is about 150 cm thick and generally consists of a very
pale brown or light gray gravelly-loamy sand or sand. The Typic Ustorthents
have moderate to very high permeability and a very low available water

capacity.

Alluvium underlies Typic Ustorthents and consists of boulders, gravel, sand, silt,
and clay. The alluvium is of variable thickness and is underlain by the Otowi
Member of the Bandelier Tuff (Nyhan et al. 1978, 0161).

43.3 Previous TA-2 and TA-41 Sediment Sampling

In 1975, a program was initiated in which the sediments within Los Alamos
Canyon, including TA-2 and TA-41, are sampled as part of the Laboratory-wide
routine environmental surveillance program. The location of sediment stations in
Los Alamos Canyon, including TA-2 and TA-41, is shown in Figure 4.3-2.
Eleven sediment stations were established in Los Alamos Canyon from the Los
Alamos Canyon Bridge to the Rio Grande at Otowi in 1975.

Analytical results from the annual sampling are available in 1975-1986
Laboratory memoranda and in annual Laboratory Environmental Surveillance
reports since 1987. Tables 4.3-1 and 4.3-2 give results of analyses for several
radionuclides in surface sediments collected within Los Alamos and DP
canyons. These data cover the period from 1984 through 1988 and 1990. The
samples were collected from eight locations as shown in Figure 4.3-2. The data
are also presented in Figures 4.3-3 and 4.3-4, where concentrations and
activities are plotted as a function of location in Los Alamos and DP canyons.
These data indicate an increase relative to background in radionuclide content
(cesium-137, plutonium-238, plutonium-239/240, and americium-241) of
sediments downstream of TA-41 and TA-2. As most downstream sampling
stations include inputs from both DP and Los Alamos Canyons, data on DP
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Approximate Sample Locations along Los Alamos and DP Canyons

Graphs showing concentrations of tritium, strontium, cesium and uranium
in sediment samples along Los Alamos and DP Canyons. Shaded area
represents location of TA-2 and TA-41. Source of data: TA-21 work plan.
Background values reported by Purtymun et al.(1987, 0211)
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Canyon will help identify the contributions from areas outside of OU 1098, such
as TA-21 which borders DP Canyon. (Technical Area-21 is the former site of a
maijor plutonium fabrication and recovery facility before these functions were
moved to present-day TA-55.) Stoker et al. (1981, 14-0045) reported that the
plutonium inventory in the active channel of upper Los Alamos Canyon (west of
State Route 4) varied seasonally and by location. Existing data indicate that
strontium-90 does not exceed background levels in Los Alamos Canyon.

An inventory of plutonium in sediments in Acid, DP, and Los Alamos canyons
indicated that only 8% of the plutonium was in the active channel; the remaining
92% was in the inactive channel and bank (Stoker et al. 1981, ). A
1985 model (Lane et al. 1985, 0140) placed 33% of the inventory in the
active channel and 67% in the inactive channel and on its banks.

In summary, the results generally indicate that radionuclide and metal
contaminant levels are above regional background levels, with a few sampling
locations showing levels at background. The sediment contaminant distribution
is highly discontinuous and may be seasonally variable. Sections 6.1.3 and
6.1.4 discuss screening action levels, background levels, analytical detection
limits, and analytical methods for OU 1098.

While the soil classifications of Nyhan et al. (1978, 0161) are adequate on a
OU-wide basis, they do not provide all the hydrogeochemical parameters
required to perform risk-assessment calculations to assess the local potential
for erosional and solute transport of contaminants at TA-2 and TA-41.
Geochemical parameters needed to assess erosional and solute transport
include distribution coefficients (Kq), retardation factors (R¢), cation exchange
capacities (CEC), percent organic carbon, porosity, and bulk density. More
detailed soil characterization may be performed, including:

® Particle size distribution and surface area,

* Mineralogical properties including chemical composition, ion

exchange capacity, pH, contaminant retardation factors for
indicator contaminants, and clay and organic content,

® Hydraulic characteristics including permeability, and

® Vegetative cover characteristics.

Estimates of soil erosion by surface-water transport, the contaminant loading,
and the available contaminant source term(s) in the soil and sediments of TA-2
and TA-41 will help assess the importance of this pathway.

44 Hydrology

The groundwater pathway is significant at OU 1098 because of the shallow
depth to the alluvial aquifer. This is reinforced by past or continuing steady-state
liquid discharges, from the inactive sewage treatment plant at TA-41, the
cooling water system for OWR, and the surface water discharges from
outfalls at TA-2 (see Chapter 7) within Los Alamos Canyon, and by the
potential for significant infiltration given the presence of coarse-grained
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sediments within Los Alamos Canyon. Potential receptors include downgradient
water users and wetland biota. Exposure points include springs, seeps, gaining
streams, and pumping wells. Therefore, further subsurface characterization at
TA-2 and TA-41 is very important.

Exposure to contaminants by receptors identified above further drives the need
for a detailed saturated-zone study within Los Alamos Canyon. In addition,
saturated zone studies will provide the information required for transpont
modeling over long time frames (Kearl et al. 1991, 0652).

44.1 Surface Hydrology

The most significant aspects of surface hydrology at TA-2 and TA-41 are
contaminant dissolution/desorption, run-off, infiltration, and percolation. These
mechanisms are the predominant ways in which contaminants could be
mobilized and transported off-site (see Chapter 5). Aspects of surface hydrology
relevant to PRS areas include:

e Areas and pathways of surface water run-off and sediment
deposition,

e Rates of soil erosion, contaminant dissolution/desorption,
transport, and sedimentation,

e Locations and sizes of areas of disturbed and undisturbed
surface sails,

® Infiltration versus run-off relationships,

e Presence and effectiveness of sorptive media in retarding
infiltration of water-borne contaminants, and

Fate of infiltrating water.

4411 Surface Water Run-Off

Run-off within Los Alamos Canyon carries contaminants into surface waters
that can concentrate dispersed surficial contamination downstream (see
Appendix A). Surface run-off from DP Mesa flows southeastward into Los
Alamos Canyon. There is evidence for hydraulic connection of surface water
and alluvial groundwater at TA-2 and TA-41 [see Section 2.6 of the IWP (LANL
1992, 0768) and ESG 1990, 0497]. A permanent alluvial aquifer is known in the
upper and mid-reaches of the canyon (from Los Alamos Canyon Bridge to
below the confluence with DP Canyon), where run-off and surface-water flow in
Los Alamos Creek recharge the shallow alluvial system.

Pajarito Plateau run-off from summer storms typically reaches a maximum
discharge in less than 2 hr and has a duration generally less than 24 hr
(Purtymun et al. 1990, 0215). The high discharge rate sometimes observed
carries large masses of suspended and bed sediments for long distances that
may reach the Rio Grande.
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Spring snowmelt occurs over a period of several weeks to several months at a
low discharge rate (Purtymun et al. 1990, 0215). The long duration of flow from
snowmelt results in the net movement of greater masses of suspended and bed
sediments in canyons than that movement occurring during summer run-off
events. However, proportionately more mesa top erosion occurs during intense
summer run-off events than from snowmelt. Most infiltration occurs during the
longer periods of snowmelt as a result of the length of the process and the
lower rates of evaporation. '

Release of water from Los Alamos Canyon Reservoir throughout most of the
year results in nearly continuous surface water flow within Los Alamos Canyon
near TA-2 and TA-41. A limited study of surface contaminant transport in
Potrillo Canyon, 3 miles south of TA-2 and TA-41, was completed recently
(Becker 1991, 0699). Experimental data from a rainfall simulator study at TA-51,
approximately 3.5 miles southeast of TA-2 and TA-41 (Nyhan and Lane
1986, 0159), indicate that run-off is more than three times greater from an area
of backfilled soil than from natural vegetated areas. Over very long time frames,
surface erosion rates at TA-2 and TA-41 almost certainly will be great enough to
affect the contaminated soil and alluvium at TA-2 and TA-41.

Surface-water quality data have been collected for about 25 yr within Los
Alamos and DP canyons (ESG 1966 through 1990). In Los Alamos Canyon at
and downstream of OU 1098, contaminant levels of tritium, cesium-137,
plutonium-238, plutonium-238/240, and major cations and anions are generally
above background levels observed at Los Alamos Canyon Reservoir. However,
results of surface-water chemistry collected in DP Canyon, a drainage located
north and east of TA-21 also show elevated levels of these contaminants,
indicating that detectable contaminant transport from TA-21 has occurred.
Additional surface-water stations will be considered during Los Alamos Canyon
investigations at several localities within Los Alamos Canyon where perennial-
flow conditions occur, especially upstream of the confluence of DP and Los
Alamos canyons.

44.1.2 Flooding Potential in Los Alamos Canyon

The climate and topography, characteristic of the Laboratory, are conducive to
short-term, high-intensity storm events and their associated run-off. Therefore,
the Laboratory has recently performed an evaluation of the 100-yr storm events
and resultant floodplain elevations for the watersheds that drain Pajarito Plateau
and the Laboratory. This study was performed to satisfy the EPA's RCRA
requirement to delineate the 100-yr floodplain elevations in order to assess
potential impacts on LANL facilities.

The study documents the process of modeling precipitation and surface run-off
for Pajarito Plateau, the flood routing simulation, and the presentation of the
maps (McLin 1992b, 0825). For this study, the US Army Corps of Engineers'
(COE's) computer-based Flood Hydrograph Package HEC-1 (Army Corps of
Engineers and Dodson & Associates, Inc. 1990, 0235) and HEC-2 (Army Corps
of Engineers and Dodson & Associates, Inc. 1982, 0236) were used to perform
the floodplain hydrology simulations. Parameter inputs (e.g., precipitation,
surface run-off, and initial soil moisture content) were selected to represent a
“worst-case” scenario to present a conservative estimate of a 100-yr flood
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event in Los Alamos Canyon (McLin, 1992b, 03-0010). The storm event
modeled for the canyon was a 100-yr, 6-h storm.

The peak flow calculated for a 100-yr storm event in Los Alamos Canyon
is 26 m3/sec (902 #t3/sec) for a drainage area of approximately 21 sq mi,

in comparison to 1 m¥sec (24 ft%/sec) and 9 m3/sec (300 ft3/sec) for a 2-yr
and 10-yr event, respectively (DOE 1979, 0051). Figure 4.4-1 is a map
developed for the 100-yr event in proximity to TA-2 and TA-41. These data
indicate that flooding of Laboratory structures will be confined to TA-41, and that
the TA-41 office building immediately adjacent to the creek would be flooded
between 5 and 10 ft deep. These data also indicate that PRSs at TA-41 and
possibly TA-2 would be affected by the 100-yr flood event. Appendix D contains
a detailed map of a 100-yr storm for Los Alamos Canyon. Estimated velocities
for surface water discharge in the modeled drainage range from approximately
3 fi/sec to a high of 7.4 ft/sec. Revised input data for this model will be
assessed to evaluate the impacts of flooding on potential corrective measures
for the PRSs during Phase | and Phase Il investigations.

44.1.3 Surface Water infiltration

Surface-water infiltration provides the mechanism by which contaminants
dissolve or desorb and migrate into soils and alluvium, and allows contaminants
to reach the alluvial aquifer. Surface water infiltration pathways at TA-2 and TA-
41 include the following:

® Native or disturbed soils,

®  Unconsolidated alluvium,

® Bandelier Tuff,

® Faults and fracture systems, and

®  Monitor wells.

A recent study (Stoker et al. 1991, 0715) , of Mortandad Canyon [(located south
of Los Alamos Canyon) (see Figure 4.4-2)] concludes that Laboratory
effluents have migrated downward at least 200 ft vertically beneath the
canyon bottom. Significant downward movement may similarly occur at TA-2
and TA-41 because of two key factors. First, most of the alluvium is saturated
because of the near-perennial surface flow within Los Alamos Canyon. In turn,
moisture levels in the underlying Bandelier Tuff may be sufficiently high to allow
for water movement through the tuff. Moisture level data may be collected
during Phase | and Phase || investigations to address this transport scenario.
Second, the Rendija Canyon and Guaje Mountain faults occur within TA-41 and
TA-2 (Vaniman and Wohletz 1990, 0541), respectively, which may be conduits
for downward fluid flow.
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44.2 vadose Zone Hydrology (Otowi Member)

Understanding of the vadose zone within the Otowi Member of the Bandelier
Tuff beneath TA-2 and TA-41 is important because the vadose zone
encompasses both potential secondary barriers and conduits for the movement
of liquids originating from the PRSs and migrating through the alluvium.
Features of the unsaturated tuff relevant to contaminant transport (Kearl et at.
1986, 0135) which may be considered during Phase Il investigations, include
the following: '

*  Physical properties (density, porosity, specific gravity),

* Geohydrologic properties (saturated and unsaturated

permeabilities, conductivities, and moisture characteristic
curves),

* Fractures and joints (frequency, orientation, degree of
interconnectedness, and filling materials),

*  Flow paths or barriers at unit contacts or paleosurtaces,

* Geochemical properties (specific surface area, ion exchange
capacity, retardation tactors, and mineralogy), and

*  Depth to groundwater.

The significance of natural fracture systems at TA-2 and TA-41, especially at
the Guaje Mountain and Rendija Canyon faults, may need to be evaluated
during Phase i activities (see Section 7.1). The lateral variability of potential
permeable zones such as cooling fractures, and fault zones, needs further
evaluation.

443 Saturated Zone Hydrology

Section 4.4.3 presents a discussion on saturated zone hydrology for the alluvial
aquifer, basalt-Puye Formation, and Santa Fe Group sediments within Los
Alamos Canyon. Contaminants present in OU 1098 and Los Alamos Canyon
are dispersed in the alluvial aquifer and potentially could migrate downward to
the basait-Puye Formation and Santa Fe Group.

4.4.3.1 Alluvial Aquifer

Surface-water infiltration creates a saturated zone in the alluvium of Los Alamos
Canyon within the Laboratory boundary [see Subsection 2.6.4 of the IWP {LANL
1992, 0768)]. Surface water infiltrates through the alluvium, and downward
movement continues into the Otowi Member of the Bandelier Tuff. Partial
depletion by evapotranspiration and movement into the underlying geologic
formations control the size and depth of the alluvial aquifer.

The saturated zone hydrology at TA-2 and TA-41 is dominated by saturated
flow conditions for the alluvial aquifer. The saturated thickness of the alluvial
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aquifer varies throughout the year, being greatest in the spring and summer
when recharge is maximal. The saturated thickness of the alluvial aquifer varies
from a few feet to approximately 20 ft (ESG 1990, 0497).

The alluvial aquifer in Los Alamos Canyon extends from its upper reaches near
the Los Alamos Canyon Reservoir to below the contluence with DP Canyon at
TA-21. It is recharged by infiltration from the drainage channel most of the year.
Water levels decline in the winter when run-off is at a minimum (LANL 1992,
0768). Contaminants in soil and surface water enter the alluvial aquifer and may
migrate downgradient at different rates due to adsorption and precipitation
reactions. This shallow aquifer is of interest because of the following issues:

* Contaminated surface water recharging an alluvial aquifer may
be stored in the canyon system and be available for uptake by
the biota and wetland inhabitants locally or at downgradient
discharge points (Appendix C of IWP)

Contaminated groundwater moves downgradient and
discharges to springs and streams, and

The alluvial aquifer is a zone for infiltration into the underlying

Bandelier Tuff and is a source of water that could move toward
the much deeper (main) aquiter within the Santa Fe Group
(especially within the Guaje Canyon and Rendija Mountain fault
zones).

Alluvial groundwater flow within Los Alamos Canyon is expected to be

rapid due to the coarse-grained texture of the alluvium. An average

hydraulic conductivity value obtained from nine slug tests

conducted by the ESG group (EM-8) personnel is 4.73 x 10~4 fusec
(range, 4.78 x 10 -5 10 1.31 x 10 —3 ft/sec). The average rate of

groundwater movement in the alluvium can be determined by the

following equation (Freeze and Cherry 1979, 0845):

v= Kdh
Ne dl

V = (4.73 x 10 —4 ft/sec) (0.027 fu/ft)
0.35
V = 3.65 x 10 =5 ft/sec or 1150 ft/yr
where V = velocity (L/t),
K = hydraulic conductivity (L/t)
dh = hydraulic gradient (L/L), and
di

Ne = effective porosity (L3/L3).

The hydraulic gradient was determined from the slope of the creek channel,
whereas the effective porosity was an assumed value of 0.35.

The alluvial aquifer in Los Alamos Canyon is monitored by several shallow
wells. The monitor well locations are shown in Figure 4.4-2, as described in
Appendix E of this work plan, Section 2.6.4.4.2, and Appendix M of the IWP.
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Results of annual chemical analyses of the shallow alluvial aquifer in Los
Alamos Canyon are shown in Figures 4.4-3 through 4.4-6. Tritium activities are
below detection limits at LAO-C, but increase immediately downgradient of TA-2
and fluctuate in activity further downgradient (ESG 1990, 0497). Tritium levels
at LAO-1 (eastern boundary of TA-2) are highest in the 1990 ESG report
(35000 pCilL), suggesting an active source of tritium from OU 1098 (Figures
4.4-3 and 4.4-3A). Elevated tritium activities above background, near TA-2 and
TA-41, probably are a result of previous and/or existing discharges at TA-2 (see
Chapters 3 and 7).

Releases of tritium resulted from a leak in the primary cooling water system at
OWR. The leak occurred from a break in a weld seam in a section of the delay
line running from building TA-2-1 to the surge tank. This release was discovered
in January 1993 and was within the Guaje Mountain fault zone. Tritium was
leaking from the delay line at a rate of up to 70 gallons per day until March 1993
when the cooling water was drained from this line. Typical concentrations opf
tritium in the cooling water ranged from 15.7 x 106 t0 20.2 x 106 pCi/L.

Upgradient activities of strontium-90 and cesium-137 in the alluvial aquifer
(LAO-C) are 0.6 and 270 pCi/L, respectively (Figures 4.4-3 and 4.4-3B).
Activities of cesium-137 are the highest in the 1990 ESG report from 1984
through 1990 (Figure 4.4-3B). Strontium-90 activities increase downgradient to
monitor well LAO-2 and decrease in monitor wells LAO-3, LAO-4, and LAO-4.5
(Figure 4.4-3 and 4.4-3C). Thermochemical calculations using the computer
program PHREEQE (Parkhurst et al. 1980) suggest that strontium is
stable as Sr2+, which would undergo cation exchange (Rai and Zachara 1984,
0880 ) and may in turn account for the downgradient decrease in Sr-90.

Total dissolved solids (TDS) content increases downgradient from monitor well
LAO-C (Figure 4.4-4). A sharp decrease in TDS occurs between monitor wells
LAO-3 and LAO-4, which may be the result of mineral precipitation,
groundwater chemistry of the Puye Formation, and possible dilution due to
higher transmissive zones within the ailuvial aquifer.

Uranium concentrations are generally within the microgram per liter range;
however, elevated concentrations apparently occur in some samples (LAO-2,
LAO-3) taken from the monitor wells (Figure 4.4-5).

Concentrations of several trace elements, reported only in the 1990 ESG report,
are shown in Figure 4.4-6. Elevated concentrations of iron, manganese, and
aluminum occur in groundwater samples obtained from LAO-C. These data
suggest that an additional monitor well may be needed west of LAO-C to
establish more representative background conditions and to better define
source terms within Los Alamos Canyon.

Table 4.4-2 summarizes DOE's derived concentration guides for public dose for
several radionuclides of interest at OU 1098 for the alluvial aquifer.
Concentrations of tritium, strontium-90, and cesium-137 in some wells exceed
DOE's calculated guides for drinking water systems.

Although the groundwater flow rate is substantial, a complete flushing of

contaminants within the alluvium has not occurred (see Figures 4.4-3 through
4.4-6). The chemical data suggest that a significant inventory of contaminants
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TABLE 4.4-2
DOE's CALCULATED GUIDES FOR PUBLIC DOSE FOR WATER

Calculated Guides
for Drinking Water
Nuclide (pCUL)
Hydrogen - 3 (Tritium) 20,000
Strontium - 902 40
Cesium - 137 120
Uranium - 234 20
Uranium - 235 24
Uranium - 238 24
Plutonium - 238 1.6
Plutonium - 2392 1.2
Plutonium - 240 1.2
Americium - 241 1.2
(mglL)
Natural Uranium 0.03

aGuides for plutonium-239 and strontium-90 are the most-appropriate to use for
gross alpha and gross beta, respectively.
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remains in the sediments and groundwater at TA-2, TA-41, and possibly from
other undefined sources in Los Alamos Canyon. Trends in the data suggest that
there is possible ongoing or continuous releases from the source terms.
Baseline sampling and PRS-specific sampling discussed in Chapter 7 of this
work plan address quantifying contaminant uptake on soil/sediment surfaces.

Documented contamination of the alluvial aquifer (ESG 1990, 0497) indicates
that more detailed groundwater characterization of Los Alamos Canyon near
TA-2 and TA-41 is needed during the Phase | RFl investigations. Possibly as
part of Framework studies, an upgradient characterization well should be placed
west of LAO-C, near the dirt road leading to the Los Alamos Canyon Reservoir,
because an unknown source may be affecting the "upgradient" analyte
concentrations in samples obtained from LAO-C. Groundwater samples should
be taken quarterly to establish water-quality trends depending on the amount of
recharge from surface water.

4.4.3.2 Perched Aquifer within Basait-Puye Formation

Perched-water systems occur in the conglomerates and basalts beneath the
alluvium in portions of Pueblo, Los Alamos, and Sandia canyons (LANL 1992,
0768). These systems occur at depths less than 300 ft near this OU, but
it is unknown whether the perched water immediately underlies the OU.
Perched water 1 mile northwest of the OU is found at depths of 117 ft in test
well 2A within the middle reach of Pueblo Canyon, and about 253 ft in Otowi 4
(Figure 4.4-7) within the middle reach of Los Alamos Canyon (Purtymun and
Stoker 1988, 0205). A clay layer 5- to 10-ft-thick in the upper fanglomerate layer
of the Puye Formation may be responsible for the perching.

4433 Groundwater within the Santa Fe Group

The deep groundwater beneath TA-2 and TA-41 is part of the only aquifer in the
Los Alamos area with water sufficient for municipal and industrial supplies
(Purtymun 1984, 0196; Griggs and Hem 1964, 0313). The groundwater
pathway potentially is important at this OU because of the potential for
contaminant migration and recharge through the Otowi Member and underlying
sediments to the groundwater within the Santa Fe Group. Figure 4.4-8 shows
generalized contours of the top of the main aquifer beneath TA-2 and TA-41.
Figure 4.4-9 shows TA-2 and TA-41 surface water and groundwater sampling
locations in relation to stations elsewhere at the Laboratory.

The top of the saturated zone for the main aquifer occurs
approximately 800 ft below the surface of Los Alamos Canyon at deep test
well TW-3 (Figure 4.4-8) and supply well Otowi-4 located below the confluence
of DP and Los Alamos canyons at the east end of TA-21. About 150 ft of this
vertical distance is in the Otowi Member of the Bandelier Tuff. Past hydrologic
characterization of the Bandelier Tuff has concentrated on the top 100 ft at most
Laboratory study sites.

Presence of the Rendija Canyon and Guaje Mountain faults within OU 1098
represent potential recharge zones to the perched and main aquifers. Field
investigations should be conducted to determine the extent of recharge or flux
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of water to the subsurface caused by these fauits These investigations are
discussed in more detail in Chapter 6.

Groundwater measurements taken in deep monitor welis located on the Pajarito
Plateau indicate that the elevation of the potentiometric surface of the main
aquifer rises westward from the Rio Grande through the Tesuque Formation
and the lower part of the volcanics and sediments beneath the central and
western part of the Pajarito Plateau (Figure 4.4-8). Groundwater has been
postulated to move eastward toward the Rio Grande, where it partially
discharges into the Rio Grande through seeps and springs (LANL 1992, 0768;
Purtymun et al. 1980, 0208). Recharge to the main aquifer may occur within Los
Alamos Canyon where the Otowi Member, Puye Formation, basalt, and other
coarse-grain materials are present. Other possible zones of recharge include
the Pajarito Fault Zone, canyons, and possibly the eastern side of Sierra de los
Valles within the Jemez Mountains.

The hydraulic gradient of the main aquifer in the vicinity of OU 1098 is
approximately 120 ft/mile, based on the generalized water level contour map
(Figure 4.4-8). Movement of groundwater is perpendicular to the potentiometric
surface in unfractured rock.

The average groundwater flow velocity in the main aquifer in the
vicinity of the Los Alamos Canyon (calculated on average thickness
and coefficient of permeability values) is approximately 40 to 60 ft/year
(Purtymun and Stoker 1988, 0205).

Water from well TW-3, located at the confluence of Los Alamos and DP
canyons, is a sodium bicarbonate type (ESG 1990, 0497). Average TDS
concentration, from 19841988, for groundwater samples is 129 + 49 mg/L.
Radiochemical analyses of the groundwater since 1986 indicate no
detectable contamination of the main aquifer, excluding cesium-137, which had
an activity one observation of 209 pCilL. near detection units (ESG 1990, 497).
The DOE calculated guides for cesium-137 for drinking water systems is 120
pCiL (see Table 4.4.1). Activities of cesium-137 reported by ESG from previous
years are less than 100 pCil, which may suggest that the 1990 value of 209
pCiL is a statistical variant. TW-3 is currently being resampled for cesium-137
and other solutes.

4.4.4 Hydrogeological Properties of Tuff

Hydrogeological properties of Bandelier Tuff, such as porosity, permeability,
moisture content, hydraulic conductivity, and moisture characteristic curves, are
required for modeling of contaminant movement for risk assessment
calculations. Geochemical data, including multiparameter adsorption properties,
particle-surface area, vadose-zone chemistry, and mineralogical
characierization, are also required for risk assessment and geochemical and
solute transport modeling. Most of the available data are for crushed tuff; little
data on in situ properties are available. In addition, the influence of fractures,
and secondary minerals that line the fractures, is not known. The following
discussion summarizes the limited existing information on such properties of the
Otowi Member of the Bandelier Tuff, the unit immediately underlying the
alluvium at TA-2 and TA-41. The discussion is based on hydrological laboratory
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measurements of intact core samples of the Otowi Member obtained from two
boreholes in Mortandad Canyon (Stoker et al. 1991, 0715) and from one
borehole in Sandia Canyon (D.B. Stephens and Associates 1991, 14-0044).

4441 Porosity

The various units of the Bandelier Tuff tend to have relatively high porosities.
Porosity ranges from 43% to 63% by volume. Porosity ranges from 30% to 60%
by volume on other tuff samples collected within the Laboratory, generally
decreasing for more densely welded tuft [see Subsection 2.6.2 of the IWP
(LANL 1992, 0768)). The effective porosity ranges from 18% to 52%, indicating
interconnected or fluid-accessible porosity (D. B. Stephens and Associates
1991; Stoker et al. 1991, 0715).

44.4.2 Moisture Content

Moisture content of the Otowi Member of Bandelier Tuff in three boreholes (one
borehole in Sandia Canyon and two boreholes in Mortandad Canyon; see
Figure 4.4-2) has been measured to assess movement of water through the
unsaturated zone. The moisture content of the Otowi in these boreholes is
moderate, generally ranging from 20 to 40% by volume (D. B. Stephens and
Associates 1991; Stoker et al. 1991, 0715). These values are considerably
higher than those typically reported for the mesa tops [Weir and Purtymun
1962, 0228; Subsection 2.6.2 of the IWP (LANL 1992, 0768)]. Results of this
investigation suggest that greater infiltration of water occurs in the canyon
bottoms than through the mesa tops.

4443 Hydraulic Conductivity

Hydraulic conductivity is a measure of the amount of fluid flow within solid
material. Saturated cores of the Otowi Member of Bandelier Tuff have hydraulic
conductivities in the range 0.03 to 28 cm/h. The hydraulic conductivity of
unsaturated Bandelier Tuff varies with moisture content and has values two to
five orders of magnitude lower than that for saturated tuff (2 x 104102 x 107
crvh for welded tuff, and 0.011 to 1.2 x 105 crvh for nonwelded tuff) (Stoker et
al. 1991, 0715).

44.4.4 Moisture Characteristic Curve

One of the key relationships describing the movement of water in unsaturated
porous media is the water characteristic curve that relates water content of the
solid phase to suction, tension, or negative pressure head. The characteristic
moisture curve also is used to determine the relative hydraulic conductivity so
that flux values can be calculated for water contents below saturation.
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There have been numerous moisture characteristic determinations done on

crushed Bandelier Tuff, although only limited in situ moisture characteristic data .
are available, particularly for the low water content generally found in the
Bandelier Tuff (Abeele 1984, 0002).

4.5 Geology

Section 2.6 of the IWP and this chapter discuss the regional setting and general
geology of the Pajarito Plateau. The following brief discussion pertains to the
geology in the immediate vicinity of TA-2 and TA-41.

45.1 Bedrock Stratigraphy

TA-2 and TA-41 lie on the east flank of the Jemez Mountains volcanic field and
on the active west margin of the Espanola Basin of the Rio Grande Rift
(Figure 4.5-1). Factors that may affect the actual geometry and distribution of
subsurface units beneath TA-2 and TA-41 include abrupt lateral and vertical
facies varations in rock units, significant relief on paleotopographic surfaces on
which rock units were deposited, and fault offsets in the older units that are
masked by the younger rocks, which themselves show little or no displacement.

The rocks exposed in the area of TA-2 and TA-41 are the Cerro Toledo Rhyolite
(1.1 to 1.5 myr), Tshirege Member (1.1 myr), and Otowi Member (1.5 myr) of
the Bandelier Tuff (Spell et al. 1990, 0607). The Tshirege and Otowi Members
and Cerro Toledo Rhyolite outcrop as cliff faces along the northern and
southem sides of Los Alamos Canyon. The Otowi Member forms gentle slopes
near the base of canyon walls or is overlain by alluvium. All the PRSs present at
TA-2 and TA-41 are located on soil and alluvium which overlie the Otowi
Member. One relatively detailed geologic map of the Bandelier Tuff exists for
the TA-2 and TA-41 vicinity (Vaniman and Wohletz 1990, 0541) (Figure 4.5-2).
These investigators divide the Tshirege Member into units based mainly on
physical characteristics imparted by the cooling history of ignimbrite flow units.
Tuffaceous sediments and tuffs of the Cerro Toledo Rhyolite and interbedded
sediments were deposited between the Tshirege and Otowi Members of the
Bandelier Tuff throughout the Pajarito Plateau. The Tsankawi Pumice occurs at
the base of the Tshirege and is distributed widely along the eastern boundary of
the Laboratory. The sediments include intercalated lenses of coarse boulder
conglomerates and undulating channel fills that may provide permeable
horizontal pathways for fluid migration. Fluvial sedimentary rocks of the Puye
Formation and Santa Fe Group form the maijor hydrogeologic units beneath the
Bandelier Tuff. Porous and permeable horizons, such as the Totavi Lentil, are
interbedded with these sedimentary units and are potential transport pathways.

The stratigraphy in the area of TA-21, 1 mile east of TA-2, is given in
Figure 4.5-3 including anticipated depths of stratigraphic contacts and
thicknesses of rock units. No boreholes at TA-2 and TA-41 have penetrated to
depths greater than 50 ft and, therefore, the stratigraphic characteristics of the
Otowi Member are determined from outcrops. The stratigraphy of the upper
rock units at TA-2 and TA-41 can be observed directly in excellent exposures
of outcrops on canyon walls and slopes surrounding the site. Stratigraphic
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information obtained from the Otowi-4, Otowi-1, and EGH-LA-1 wells (Figure
4.4-6) were also included in Table 4.5-1.

Inconsistencies exist in stratigraphic subdivisions of the Bandelier Tuff
among various reports (Weir and Purtymun 1962, 0228; Baltz et al. 1963,
0024: Crowe et al. 1978, 0041; Vaniman and Wohletz 1990, 0541). Many of the
stratigraphic discrepancies are caused by variations in nomenciature for
different units.

Geologic uncertainties about the thicknesses, ages, and identities of deep
stratigraphic units beneath TA-2 and TA-41 may need to be resolved and
correlated with other stratigraphic units beneath the Laboratory.

452 Geological Structure

The Pajarito fault system forms the western margin of the Espafola Basin and
has had Holocene movement and historic seismicity (Gardner and House 1987,
0110; Gardner et al. 1990, 0639).

In addition to the main trace of the Pajarito fault, other faults are exposed at the
surface of the Bandelier Tuff in Los Alamos County. The Rendija Canyon fault,
a normal-oblique slip fault with north-south orientation crosses TA-41. The
Guaje Mountain fault has been mapped as far south as TA-55 about 1 mile
south of TA-2 and TA-41 (Figure 4.5-2). This fault passes directly beneath TA-2.
The Rendija Canyon and Guaje Mountain faults are exposed north of Los
Alamos Canyon, as zones of gouge and breccia up to several meters wide with
visible offset of stratigraphic horizons. Detailed fracture analysis of these faults
may help identify and locate tectonic fracture zones within OU 1098.

Dransfield and Gardner (1985, 0082) integrated a variety of data to produce
structure contour and paleogeologic maps of the pre-Bandelier Tuff surface
beneath the Pajarito Plateau (Figure 4.5-3). Their maps reveal that subsurface
rock units are cut by a series of down-to-the-west normal faults. The overlying
Bandelier Tuff is not obviously displaced by these buried faults south of Los
Alamos Canyon, showing that most displacements predated tuff deposition at
least in the uppermost ashfiow units. Displacement on the Guaje Mountain and
Rendija Canyon faults decreases south of Los Alamos Canyon and discrete
faults are replaced by wide zones of intense brecciation and fracturing
superimposed on the network of cooling joints in the Bandelier Tuff (Vaniman
and Wohletz 1990, 0541) (Figure 4.5-4).

45.3 Seismicity and Volcanism

Technical Area-2 and TA-41 lie within a region dominated by Late Pleistocene
volcanic and recent tectonic activity. Volcanism began in he Jemez Mountains
volcanic field more than 13 million yr ago and continued without a significant
hiatus up through about 130 thousand yr ago (Gardner et al. 1986, 0310).

Given the long history of spatially focused, continuous volcanic activity, future

volcanism may be expected in the region. Examination of the area's tectonic
history indicates that future volcanism would likely be tens of kilometers north of
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TABLE 4.5-1 .

ESTIMATES OF STRATIGRAPHIC THICKNESSES FOR MAJOR ROCK UNITS
AT TA-21, LOS ALAMOS, NEW MEXICO

Thickness Description
ft m
260-325  79-99 Ishirege Member Bandelier Tuff: crystal-

rich non- to moderately weided rhyolitic tuff;
phenocrysts of sanidine and quartz; 2% lithic
fragments; at least four flow units; thin (~0.5 m)
Tsankawi Pumice Bed exposed at base.

0-30 0-10 Cerro Toledo Rhyolite: discontinuous unit
of three to five air-fall tuffs interbedded with
epiclastic sands and gravels; tufts are nearly
aphyric; epiclastic sands and gravels; tuffs are
nearly aphyric; epiclastic units dominated by
dacite clasts from Tschicoma Formation.

290-310 88-94 Otowi Member. of Bandelier Tuff: crystal-rich
rhyolitic tuff; similar to Tshirege Member but
generally non-welded and vitric throughout;
more lithics; Guaje Pumice Bed may be 10-m,
thick; base of unit not exposed (Weir and
Purtymun 1962, 0228; Griggs and Hem 1964,
0313; Purtymun and Stoker 1987, 0204).

940 287 Puye Formation: Gray conglomerate consisting
of boulders, cobbles, and gravels in a sandy
matrix; dominated by dacitic clasts from
Tschicoma Formation, may contain interbedded
basalt flows of Cerros del Rio and dacitic to
andesitic flow of Tschicoma Formation.

unknown Santa Fe Group: tan to pink sandstone and
' siltstone generally containing fragments of
granitic rocks and quartzite from Precambrian
sources toward the north; may contain
interbedded flows of Cerros del Rio basalts and
Tschicoma Formation dacite; may be
interbedded with Puye Formation.
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White Rock, and major roads (modified from Dransfield and Gardner 1985,

0082) and Gardner and House (1987, 0110).
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TA-2 and TA-41 (Gardner and Goff, 1984, 0719; Gardner 1985, 0721; Self et al.
1986, 0375).

46 Biological Setting of OU 1098

An initial biological survey of OU 1098 was carried out to be used in conjunction
with this RCRA Facility Investigation (RFl) as part of National Environmental
Policy Act (NEPA) requirements. A final report will be prepared, which will
address statory requirements for the survey, and the nature methods, location,
and results of the survey. The survey documents the biological setting and
assesses the potential impact of the RFi on biological resources (Appendix | of
this work plan).

The portion of Los Alamos Canyon within OU 1098 is located in a ponderosa
pine forest with a varied shrub layer. Common shrub species include Gambel's
oak, wavyleaf oak, skunkbush sumac, mountain mahogany, willow, and New
Mexico olive. Important understory species include blue grass, blue grama
grass, mountain muhly, and sedges. On north-facing slopes at higher
elevations, Douglas-fir occurs as a dominant. Operable Unit 1098 contains the
following habitat types:

® Ponderosa pine/Wavyleaf oak, mountain muhly phase;
* Ponderosa pine/Willow, carex phase;

® Douglas-fir/Gambel's oak, mountain muhly phase;

® Ponderosa pine/Gambel's oak, poa phase; and

® Ponderosa pine/New Mexico olive blue grama phase.

In addition to the above habitat types, riparian areas and wetlands occur along
the stream channel within Los Alamos Canyon. These have been broadly
mapped by the U.S. Fish and Wildlife Service.

The OU contains an estimated 133 species of plants, 71 species of birds, 32
species of mammals, and 9 species of reptiles and amphibians. The varied
shrub canopy and understory of both ponderosa pine and mixed conifer forests
support a large number of nesting birds including raptors.

No threatened, endangered, or sensitive species were found during the field
season of 1992.

Jemez Mountains salamanders were not discovered in the survey conducted
in the summer. of 1991 on the north-facing slope in Los Alamos Canyon.
However, in the past years, specimens have been found in the general area.

Spotted bats are not known to occur in Los Alamos Canyon, but all habitat
components necessary to support them are present.
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Northern goshawks have not been found in raptor surveys conducted in Los
Alamos Canyon. However, some of their habitat components exist within this
area.

Meadow jumping mice have not been found in OU 1098. However, their
presence remains a possibility.

Peregrine falcons may use lower Los Alamos Canyon as an alternate nesting
area.

Cooper's hawks are known to nest in Los Alamos Canyon and this nest has
been very productive throughout the years. This species does not have a
threatened or endangered species status, but it is protected from harassment
and collection.
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Chapter 5 Geochemistry, Contaminant Migration, and Conceptual Model

CHAPTER 5.0 GEOCHEMISTRY, CONTAMINANT MIGRATION,
AND CONCEPTUAL MODEL

Chapter 5 presents a detailed description of geochemistry, public health and
environmental impacts, and conceptual model of operable unit (OU) 1098
[Technical Area-2 (TA-2) and TA-41] on which the Potential Release Site
(PRS)-specific RCRA Facility Investigation (RFI) plans in Chapter 7 and the
recommendations for no further action (NFA) (Chapter 8) are based.

Chapter 5 presents and interprets existing information relevant to TA-2 and
TA-41.

* 5.1 Geochemistry

e 5.2 Routine Environmental Monitoring at TA-2 and TA-41
* 5.3 Potential Pathways of Contaminant Migration

* 5.4 Potential Receptors

* 55 Public Health and Environmental Impacts

e 5.6 TA-2 and TA-41 Site and Los Alamos Canyon Site Conceptual
Model

e 5.7 Summary of General Data Needs

Sections 5.1 through 5.5 provide a general foundation culminating in a
conceptual model described in Section 5.6. This model identifies the potential
for contaminant migration at TA-2 and TA-41 and the environmental pathways
and receptors (pertinent to Phase | investigation) which are discussed further in
this chapter. These investigations will be conducted in two phases and will
be coordinated with other OUs (TA-1, TA-21, TA-43, and TA-53)

adjacent to the Canyon, the Frameworks team, and the Canyons OU
team. :

The development of general data needs and the site-conceptual model in
Chapter 5 are used to evaluate the nature, quantity, and quality of data required
to support the purposes of this RFl as summarized in subsequent chapters.
These chapters address the ultimate objective of selecting remedial alternatives
based on human heaith, environmental impact, implementability, and cost
considerations.

The general data requirements and conceptual model identified in Chapter 5
are used to develop the PRS-specific field sampling plans presented in
Chapter 7. As field results become available, an iterative process will begin in
which current knowledge will be updated; the sutficiency of the data for
supporting the RFI objectives will be assessed; additional data needs will be
identified: and further investigations will be designed to fulfill those needs.
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5.1 Geochemistry

Principal contaminants of geochemical concern in PRSs at TA-2 and TA-41 are
beryllium, cesium, chromium, mercury, uranium, plutonium, tritium, and fission
products. Tritium, chromate, and uranyl [U(V1)] are mobile under oxidizing and
alkaline conditions. The other contaminants listed above are expected to sorb to
a varying degree to site soils and sediments and will transport with them in
surtace water environments. Dissolved species of strontium, cesium, and other
fission products, however, occur in alluvial groundwater within Los Alamos
Canyon (ESG 1990, 0497). Cation exchange and specific adsorption (with
oxides of iron and manganese) will contribute to partial attenuation of
contaminants within the sediments of the alluvial aquifer and in the overbank
deposits. Uranium is expected to be in the (V) valence state in the alluvial
aquifer in the absence of chemical reductants such as hydrogen sulfide.
However, in the soils it could be present in either the tetravalent state or the
more soluble hexavalent state. Strontium is expected to be present in the

divalent state and to have relatively greater solubility than the actinides,
excluding uranyl.

Substantial data are available related to radionuclide transport in volcanic tuff
from investigations of the proposed Yucca Mountain (YM) high-level waste
repository (Thomas 1987, 0697), but data are relatively limited for the Bandelier
Tuff. The chemical compositions of the volcanic tuff at YM and the Bandelier
Tuff are probably similar based on eruptive history and similar mineralogy.
Therefore, the adsorption data for YM are applicable for a general discussion
with the Bandelier Tuff. The YM data can be used to provide crude estimates
of TA-2 and TA-41 retardation factors for the Bandelier Tuff, even though YM
Tuff is much more highly welded (greater density) than that ot the Pajarito
Plateau and calculated retardation factors (R) would be larger with increasing
rock density (see Table 5.1-1). Site-specific adsorption data, however, are
required for soils, alluvium, and tuff at TA-2 and TA-41 to establish a high
degree of confidence and quantification of geochemical processes used as
input parameters for risk assessment modeling. General literature also is
available on retardation factors for radionuclides, with porous materials.

Examples of available retardation data for Yucca Mountain Tuff are given in
Table 5.1-1.

Geochemical studies of tuff, soils, and sediments of the Pajarito Plateau are
summarized in Chapter 2 of the IWP (LANL 1992, 0768). No values of
retardation factors are available for tritium, beryllium, chromium, and mercury
(potential key TA-2 and TA-41 contaminants) and only a few measurements
have been made for radionuclides for any adsorptive media from the
Laboratory. No retardation data are available for sorptive media present at TA-2
and TA-41. The only cation exchange data for the Bandelier Tuff is reported to
range from 0.5 to 4.0 meg/100 g (Purtymun and Stoker 1987, 0204), which are

small as compared with clay minerals (3-150 meq/100 g) (Birkeland 1984,
0239).

The following discussion describes geochemical and contaminant-transport
characteristics of chromium, mercury, cesium, tritium, and uranium. This
discussion is focused on the mobilities of these contaminants in aqueous
solutions. This discussion is useful in developing sampling plans (Chapter 7) for
determining the area of extent that would be required for accurately
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TABLE 5.1-1

TYPICAL ADSORPTION RATIOS FOR YUCCA MOUNTAIN
TUFF (ADAPTED FROM THOMAS 1987, 0697)

ELEMENT SORPTION RATIO, R4

Chromium not known
Cesium 200-1200
Neptunium 5

Plutonium 300-1600
Strontium 20-80

Tritium 0

Uranium 5

‘ The adsorption ratio, A, is used as a measure of adsorption as a function of many parameters. It is defined as

_ activity in solig p . { solid
Ra = ‘3ctivity in solution per unit volume of solution

and is expressed in units of milliliters per gram(ml/g). This ratio is often referred to as the distribution coefficient,
Kg. The Laboratory prefers not to use this term, which implies equilibrium, because reversible equilibrium is

usually not attained. If equilibrium is attained, then Kq is related to a retardation factor, Ay, in a uniform flowing

system by

Ri=Kqg (p/e) + 1,

where p is the bulk density and e is the porosity of the rock. Oxidizing conditions are assumed.
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characterizing contaminant mobility during Phase | and Phase | activities.
Contaminant mobility is, in part, controlled by geochemical properties (solubility,
adsorption, desorption, etc.) of each species. Cesium, chromium, mercury, and
tritium occur as cationic species between pH 5 to 8. Chromium and uranium can
occur as anionic species under the same pH and oxidizing conditions.

Large amounts of potassium dichromate (K2Cr207) were used as a fungicide in
the cooling-tower blowdown and subseguently were released to the
environment as drift loss (SWMU no. 2-005). Chromium is a contaminant of
concern at TA-2 because of its potential widespread dispersion within the soils

and sediments within Los Alamos Creek, which passes within 50 ft of the
cooling tower.

Chromium exists as Cr(lll) and its hydrolysis products under reducing and
moderately oxidizing conditions, whereas under strongly oxidizing conditions it
exists as Cr(Vl) (Rai and Zachara 1988, 0879). Chromium(lll) and Cr(VI) exhibit
marked differences in their geochemical behavior. Chromium(lll) is strongly
adsorbed by minerals and solid phases present in soils and sediments through
specific adsorption and ion exchange. Chromium(lil) exists as cations Cr3+,
CrOH2+, Cr(OH)2+, Crp(OH)42+, and Crg(OH)128+ over a wide range of pH
values. Chromium(lll) adsorption increases with increasing pH. These results
suggest that it Cr(lll) is the stable redox state of chromium, then this
contaminant should be fixed within soil horizons and should have limited
leachability at TA-2. Leaching tests and redox-speciation studies ot Cr(lil) and
Cr(Vl) are required to evaluate the miobility of chromium at TA-2, it Cr
concentrations approach screening action level (SAL) for Cr (Vi) which is 400
ppm.

Conversely, Cr(Vl) exists as anions (HCrO4~ and CrO427) and is specifically
adsorbed by ferric oxyhydroxides below pH 7 (Rai and Zachara 1988, 0879).
Thus, chromate shows significant mobility under neutral and basic pH
conditions. Chromium(V!) undergoes reduction to Cr(lll) by soluble organic
ligands and particulate organic matter, humic acid, and fulvic acid (Rai and
Zachara 1984, 0880; Rai and Zachara 1988, 0879). Organic ligands including
ascorbic and citric acids form stable Cr(lll) complexes and have been shown to
decrease Cr(Ill) adsorption by 80% to 90% onto amorphous Fe(OH)3 in
seawater at pH 8. These organic acids may have been discharged from an
outfall (SWMU no. 2-008) from the photography laboratory at TA-2.

Various minerals and solid phases have been reported to control the solubility
of chromium under oxidizing and reducing conditions (Rai and Zachara 1984,
0880). These include Cr203, FeCrO4, BaCrOs, PbCrO4, and Cr(OH)a. Of these
minerals, Cr(OH)s and Crz03 are considered to be the most important
based on soil-mineral characterization studies summarized in EPRI (Rai and
Zachara 1988, 0879; Rai and Zachara 1984, 0880 ). Specific minerals
containing Cr(Ill) and Cr(VI) have not been identified within soils at TA-

2: however, selective leaching tests on soils and sediments are proposed to
evaluate the leachability of chromium.
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During operation and decommissioning of the Clementine Reactor, unknown
quantities of mercury may have been released to soils and sediments. There
are no monitoring data available at TA-2 to evaluate potential mercury
contamination.

Mercury can exist in different oxidation states (0, 1%, 2%), depending on the
redox potential. Under oxidizing conditions, mercury compounds exhibit high
solubility and, therefore, mercury-controlling solids have not been reported
(Lindsay 1979, 0883). Under oxidizing conditions where many Hg(ll)
compounds are soluble, the primary attenuation mechanism of mercury is
expected to be adsorption and desorption processes (Rai and Zachara 1984,
0880). Particulate organic carbon and hydrous oxides of iron and manganese
have been shown to be the most important adsorbents under low
concentrations of mercury (Rai and Zachara 1984, 0880). Under existing site
conditions with humic and fulvic acids present in the soils, mercury uptake could
be significant. Adsorption of Hg(l,Il) onto silica surtaces is high between a pH
range of 5 and 8 in the absence of complexing ligands such as chloride (Rai
and Zachara 1984, 0880). Selective leaching tests on soils and sediments are
proposed to evaluate the leachability of mercury.

Contamination of soil and groundwater by cesium-137 at TA-2 has been
documented by Elder and Knoell (1986, 14-0014). In aqueous solution, cesium
occurs as Cs* and there is little, if any, tendency for it to form complexes in
natural environments (Brookins 1984, 0881). Cesium undergoes cation-
exchange reactions with clay minerals and soils, and the amount of exchange is
affected by competition from hydrogen, strontium, sodium, and other cations.
Distribution coefficients for cesium typically range from 0 m/g for quartz to 4900
mi/g for smectites (expandable clay mineral) (Ames and Rai 1978, 0878).
Mineral surface area is the dominant factor controlling the extent of cesium
adsorption. Cesium adsorption within localized clay-rich soil horizons at TA-2
may be significant, whereas decreasing sorption probably occurs in the coarse-
grained sediments and alluvium. Elevated activities of cesium-137 have been
observed in alluvial groundwater within Los Alamos Canyon (ESG 1990, 0497).
Surtace sediments coliected by EM-8 show that cesium-137 has migrated along
Los Alamos Creek and that activities of cesium-137 are elevated above
background up to a factor of 19 east of TA-2 (see Figure 4.3-5). Additional
sources of cesium-137 originate at TA-21, and contaminated sediments are

being transported down DP Canyon and aiso from TA-21 outfalls discharging to
Los Alamos Canyon.

Elevated above background activities of tritium occur in alluvial groundwater
within Los Alamos Canyon (ESG 1990, 0497). These elevated tritium activities
are attributed to past and/or present conditions mainly at TA-2, where tritium is
an activation product in the cooling water. Tritium behavior in soils is similar to
that of hydrogen and exists as an ion, gas, and liquid. Tritiated water is
expected to be the dominant tritium species found in soils at TA-2 and TA-41. It
may undergo exchange reactions with protons associated with carboxylic acid
and phenolic functional groups in humic and fulvic acids present in soils. Tritium
is expected to migrate at the same rate as the average groundwater flow
velocity, and vapor-phase transport of tritium through soils may occur.
Distribution coefficients for tritium are expected to be very low or zero at TA-2
and TA-41 because of coarse-grained sediments with little cation exchange
capacity.
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Uranyl nitrate [UO2(NOa)z] and uranyl sultate [UO2S04°, UO2(S04)2?")
solutions were used in previous reactors at TA-2. Under oxidizing and alkaline

conditions, uranyl forms strong complexes with carbonate, including UO2C030,

UO2(C03)22", and UO2(CO3)34", which can be mobile in the absence of
adsorbing solid phases (Brookins 1988, 0882). Uranyl [U(VI)] minerals are
moderately soluble in aqueous solution; under existing site conditions it is
unlikely that these minerals have precipitated from solution unless significant
concentrations of uranyl nitrate and or uranyl sulfate were spilled or discharged.
Distributions of U(VI) within soil horizons at TA-2 and TA-41 are probably
controlled by adsorption/desorption processes. in the presence of humic and
fulvic acids, ferric oxyhydroxides, and clay minerals, uranyl sorption can be
significant, and uptake of uranyl onto soils at TA-2 and TA-41 may account for
the low concentrations of this species observed in groundwater at the site.
Dissolved uranium concentrations in alluvial groundwater within Los Alamos
Canyon are typically in the pg/L range (ESG 1990, 0497) (see Figure 4.4-4).
This range suggests that contamination of the alluvial aquifer by uranium has
not occurred. Selective leaching tests on soils and sediments are proposed to
evaluate the leachability of uranium at TA-2 and TA-41.

Some mineralogical and chemical characterizations of soils, sediments, lower
Bandelier Tuff, and fracture-filing materials may be needed for TA-2, TA-21,
and TA-41 to add to our geochemical transport-related data. Data needs
particularly include an estimation of retardation factors tor the principal

contaminants and sorptive media at TA-2, TA-21, and TA-41 for purposes of
risk assessment evaluations. : :

5.2 Routine Environmental Monitoring at TA-2 and TA-41

The Laboratory's routine environmental surveillance program is described in
annual reports published by the Environmental Surveillance Group (EM-8).
Data specific to Laboratory and regional background characterization studies of
surface water, groundwater, soil and sediment, air quality, and ambient
penetrating radiation levels are provided in the ESG reports. Three categories
of monitoring stations are being used to collect data.

1. Regional stations are used to establish regional background
levels at some distance from Laboratory operations. The
regional stations are located within the five counties
surrounding Los Alamos County at distances up to 50 miles
from the Laboratory.

2. Perimeter stations are located closer to the Laboratory's
boundaries. These stations are not affected by routine
Laboratory operations; however they are used to insure that
any unexpected releases from Laboratory operations are
evaluated to establish background levels closer to Laboratory
operations.

3. On-site stations are in proximity to Laboratory facilities and
monitor the effect of releases close to the source. Such on-site
stations at or near TA-2 and TA-41 are described in the
following subsections.
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5.2.1 Shell Gasoline Station, Los Alamos Airport, and East Gate
Meteorological Stations

Since 1987, the Shell Gasoline Station (Station 10), Los Alamos Airport
(Station 8), and East Gate (Station 6) meteorological stations located north and
northeast of TA-2 and TA-41 have provided data continuously on air quality

and climate. See Figure 5.2-1 for the locations of these monitoring
stations.

5.2.2 Radiation Monitoring

Background neutron flux is measured by detectors at the Shell Station
and Los Alamos Airport. Levels of airborne radionuclides (tritium,
uranium, plutonium, and americium) are measured at a permanent
station located at TA-2 (Station 25, Figure 5.2-1). The TA-2 station
annual mean of 11.4 + 4.4 pCi/m3 (0.0114 + 0.0040 pCi/l) of tritium was
one of the highest annual means measured at the Laboratory in 1989 (ESG
1990, 0497). This station is located within the Laboratory boundary near an
area where tritium was released or was used in operations. This tritium
concentration is <0.1% of the concentration guide lines for tritium in air, based
on DOE's Derived Air Concentrations for Controlled Areas (limited public
access to TA-2 and TA-41).

A series of thermoluminescent dosimetry (TLD) stations have measured
penetrating radiation levels at TA-2 and TA-41 for many years. The annual
Environmental Surveillance reports indicate that doses at TA-2 and TA-41 are
indistinguishable from regional background leveis.

5.2.3 Surface and Groundwater Monitoring

As discussed in Chapter 4 (Subsection 4.4.3.1), deep test well TW-3 and six
shallow alluvial wells, LAO-C, LAO-1, LAO-2, LAO-3, LAO-4, and LAO-4.5, are
sampled at least annually as part of the Laboratory's environmental surveillance
program. Surface run-off is sampled during or shortly after storm events in DP
Canyon at TA-21 at stations DPS-1 and DPS-4. Groundwater contamination
due to activities at TA-2 and possibly TA-41 has been detected within the
uppermost alluvial aquifer (ESG 1990, 0497). The primary contaminants found
in Los Alamos Canyon include tritium, strontium-90, and cesium-137, where
these three isotopes have exceeded proposed DOE derived concentration
guides (DCGs) for public dose for water (see Table 4.4-1) and background
values up to two orders of magnitude within the Laboratory boundary
(Figures 4.4-3, 4.4-3A, 4.4-3B, and 4.4-3C; Table 4.4-1) (ESG 1990, 0497).
Other possible contamination sources derived from the former site(s) of TA-1
located on DP Mesa may have impacted Los Alamos Canyon near OU 1098.

5.2.4 Soil and Sediment Monitoring

Two permanent sediment stations are sampled annually near TA-2 and TA-41
as part of the ongoing Laboratory Environmental Surveillance Program (see

RFI Work Plan for OU 1098 5-7 May 1993



Geochemistry, Contaminant Migration and Conceptual Model Chapter 5
W100 0 E100 E200 E300 E400 E500 E600
| I | | | | | I
NooOf-
R @ —| Na00
: SEmA
v 4
YV oTA41 N200
k \ .....
D@ @Yy — N100
. @y
/’4.:5
®v e, °
.
\v @ o 2 A
\\ . :”/1"‘2,"" — S100
-~
\ -
\\ .
‘ e Ny —1 S200
. AR
e (‘9\
- ,\:)5"
S300 |— — e s— Lab Boundary @ '1..' \\ E 4,‘.,’_'-2\ LEGEND
0 1 2 mi . ¥V Air Sampler —| S300
e @) Air Sampler Number
] | | | ! 1 ]
W100 0 E100 E200 E300 E400 E500 E600

Figure 5.2-1 Locations on or near the Laboratory site for sampling

(ESG 1990, 0497).

RA Work Plan for OU 1098

airborne radionuclides

May 1993




Chapter 5

Geochemistry, Contaminant Migration, and Conceptual Model

Chapter 4, Section 4.3.3). Additional annually sampled sediment stations are
also present east of TA-2 and TA-41 within Los Alamos Canyon. Environmental
measurements taken by ESG (1990, 0497) over two decades suggest that
contaminants attributable to past or present TA-2 and TA-41 operations have
been transported beyond the TA-2 and TA-41 boundaries to TA-21 within Los
Alamos Canyon. Soil and sediment samples taken in locations east of the
reactor building, where low-level near-surface radionuclide releases are known,
have yielded individual soil samples with cesium-137 concentrations (Elder and
Knoell 1986, 14-0014) of 1000 pCi/g above action levels (cesium-137; 4 pCi/g
see Table 6.1-1). Radionuclide contamination, including plutonium-239/240 and
plutonium-238 above background but well below screening action levels defined
in Chapter 6, is found in Los Alamos Canyon. Activities of radionuclides in

sediments generally increase to the east within Los Alamos Canyon toward
TA-21.

As described in Chapter 7 of this work plan, the most significant wastes are
associated with operation of different reactors formerly used at TA-2 and with
the current Omega West Reactor (OWR). Surtace water and groundwater data
collected by EM-8 in early 1993 have shown that cooling water from OWR has
seeped into the underlying soils and sediments. This leak was the primary

source of tritium observed in 1993 in monitor wells located downgradient from
OWR.

Decommissioning of the water boiler reactor and associated activities have
removed most of the radioactive contaminants from soil and sediments above
the water table (Elder and Knoell 1986, 14-0014). Clean soil was used as
backfill in areas were soil excavation took place. Contaminated soil and
sediments were taken to TA-50 and TA-54 for disposal. However, areas with

elevated (1000 pCi/g) above background gross gamma readings remain east
of the reactor building (TA-2-1).

5.2.5 Foodstutf Monitoring

There are no foodstuff monitoring stations within Los Alamos Canyon. Honey
and bees from a hive located at TA-21 within DP Canyon east of OU 1098,
however, were sampled in 1989 for radionuclides and a few heavy metals (ESG
1990, 0497). No levels significantly above regional background, excluding
tritiumn in honey, were found. Activities of tritium were 31,000 + 3,000 pCi/L at
the TA-21 station (ESG 1990, 0497).

53 Potential Pathways of Contaminant Migration

The principal migration pathways at TA-2 and TA-41 PRSs over the assumed
period of institutional control (100 yr) are surface erosion (water and air),
surface-water transport, groundwater transport, human intrusion, ingestion, and
potential uptake by biota in and around Los Alamos Creek, as will be
discussed further in Section 5.6 and Chapter 6.

RF1 Work Plan for OU 1098 5-9
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5.4 Potential Receptors

This section identifies receptors for contaminants that could be released from
TA-2 and TA-41 PRSs with the hypotheses being based on pathways described
in Subsection 5.4.3. Generic receptor scenarios for the Laboratory as a whole
are being developed programmatically but are not yet available. The text to
follow identifies representative receptors but is not intended to identify receptors
for purposes of risk assessment.

5.4.1 Local Populations

Section 2.5 of the IWP (LANL 1992, 0768) describes the population distribution
within a 50-mile radius of the Laboratory. Newer data from the 1990 census
gives the total number of residents within the 50-mile radius of the Laboratory
as 213 000. The closest residents to TA-2 and TA-41 are about 150 m to the
north in Los Alamos. The 1990 census gives the population of Los Alamos as
11400. A moderately used road leads to the central portions of TA-2 and TA-41,
but access to the TAs is restricted by fencing and signs. The point of
closest public contact to PRSs at TA-2 and TA-41 is about 50 ft
(outside of fenced areas).

The Laboratory currently has employees who spend normal working hours at
TA-2 (17 employees) and TA-41 (99 employees). The site receives continuous
use (8 hrs/day, 5 days/week) by a number of employees involved with reactor
research and weapons research. Some activities are conducted in areas where
potential contamination is expected. Laboratory service, environmental
surveillance, and ER personnel as well as other incidental visitors are also
on-site on an occasional basis. :

5.4.2 Land Use

Land use in and around the Laboratory is described in Sections 2.5 and 4.3 of
the IWP (LANL 1992, 0768). The likelihood is moderate that future land
use in the vicinity of TA-2 and TA-41 will not change significantly within the
100-yr period assumed for institutional control. At present, site workers and

downgradient receptors represent the potentially exposed population at OU
1098.

The possibility that the area encompassed by TA-2 might revert to the general
public is unlikely under foreseeable circumstances. Portions of TA-41 and Los
Alamos Canyon, however, could conceivably revert to reuse by the National
Park Service (NPS) or the US Forest Service (Santa Fe National Forest). In this
case, possible exposure to recreational users would need to be considered by
risk assessment personnel before land transfer or alternative use occurs.
Recreational use of TA-41 and Los Alamos Canyon, excluding TA-2, is
considered to be a credible future land use scenarios for the purposes of this
OU work plan (see Section 4.3.3 of the IWP).
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54.3 Routes of Exposure and Pathway-Specific Receptors

For each contaminated TA-2 and TA-41 medium identified in this RFl work plan,
exposure routes for potential receptors are identified as those pertinent to
derivation of screening action levels (see Chapter 4 of the IWP). As new data
are obtained and assessed in the TA-2 and TA-41 RFI, the focus on particular
exposure scenarios will be reconsidered for purposes of performing a baseline
risk assessment. Examples of those potential future exposure scenarios are
presented below.

At present, the populations exposed to TA-2 and TA-41 contaminants are on-
site workers and potential downgradient receptors, including wildlife, that may
become exposed to contaminated groundwater discharging from springs,
seeps, and gaining streams within Los Alamos Canyon. In the case of
contaminated surface soils, inhalation, dermal contact, incidental ingestion, and
external exposure to radioactive substances in soil are identified as the most
likely exposure scenarios for wildlife inhabitants and humans that need to be
considered. Plausible exposure scenarios involve dermal contact with
contaminated surface water, ingestion of surface water, and external exposure
to radioactive substances, assuming that the land is used for recreational
purposes at some future time. Although the groundwater in Los Alamos Creek
is shallow (e.g., less than one ft deep), it is possible that ingestion would
constitute a pathway for exposure.

Exhumation and dispersal of contaminated soils by wildlife inhabitants may
occur at TA-2 and TA-41; thus, burrowing animals are known biological
receptors. Uptake and dispersion of TA-2 and TA-41 contaminated soil by
plants also can occur at areas of TA-2 and TA-41 with known soil
contamination. Animals using those plants as a food source (e.g., deer and elk)
may ingest contaminants with the food.

55 Public Health and Environmental Impacts

The Environmental Surveillance Report for studies in 1989 (ESG 1990, 0497)
indicates that the DOE Radiation Protection Standard (RPS), under which the
Laboratory operates, limits incremental radiation doses (effective dose
equivalent) to the general public from all Laboratory operations to 100 mrem/yr
from selected pathways. This value includes the air pathway exposure route of
10 mrem/yr in accordance with EPA requirements. For comparison, the average
background radiation exposure to individuals living in Los Alamos is
approximately 336 mrem/yr (ESG 1990, 0497). TA-2 and TA-41 radiation
monitoring stations have never measured radioactivity levels more than 1%
(1 mrem/yr) of applicable DOE or EPA guidelines.

The ESG report for environmental surveillance during 1989 estimates that the
maximum incremental risk of cancer from radiation to Los Alamos residents as

a result of all 1989 Laboratory operations is about 1 x 108 (ESG 1990, 0497).
Of that risk, the contribution from TA-2 and TA-41 is small.

New data relevant to TA-2 and TA-41 collected during the RFI will be used

to further evaluate public health and environmental impacts for the near- and
long-term time frames.
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5.6 TA-2 and TA-41 Site and Los Alamos Canyon Conceptual
Model

This section presents an overview of the development of the conceptual model
for OU 1098. This conceptual model is based largely on archival data which
was evaluated during preparation of this work plan.

5.6.1 Development of the Conceptuai Model

In this section, a site conceptual model of potential contaminant release and
transport for this OU and for Los Alamos Canyon is summarized. It is based on
present understanding and considerations developed earlier in this work plan. It
is presented diagrammatically in Figure 5.6-1 and in summary form in Table
5.6-1. Figures 5.6-2 and 5.6-3 show the relationships among contaminated
media, pathways, and receptors within Los Alamos Canyon. The key elements
in this model includes the sources, release mechanisms, transport pathways,
and representative exposure scenarios for each pathway. These issues and the
resulting exposure scenarios relevant to Phase | investigations are presented in
Section 5.6.2 and are developed in further detail in portions of Chapter 7, where
individual PRSs are described in detail and PRS-specific field investigations are
developed.

The PRS-specific and other field investigations for OU 1098 outlined in Chapter
7 are based on conceptual models. Data acquired from Phase | of the RF will
provide information needed to assess conditions at each PRS and background
data for OU 1098 for Phase |l and thus will refine the conceptual models.
Phase | data then provide the basis for initial risk assessment, through
comparison with screening action levels (SALs) derived expressly for this
purpose. Phase | data also provide the basis for design of any required Phase ||
investigations, ultimately leading to corrective measures selection. It is expected
that assessment of Phase | data for this OU will allow the currently listed PRSs
to be reduced to a smaller number to include only those PRSs from which
contamination above screening action levels actually has been documented.

At present, the model for this OU serves to focus the RFI investigation on
contaminant sources and environmental factors that can influence transport.
When the assessments discussed in the preceding paragraph have been made,
the need for application of quantitative-mathematical models to describe
contaminant transport will be evaluated.

5.6.2 Development of Exposure Elements of the Conceptual
Model

Phase | work plans usually address concerns relevant to exposure potential
within the confines of the PRS boundaries. There are several PRSs at OU
1098, however, that are not likely to have discrete boundaries. Those PRSs
consist of outfalls into Los Alamos Creek flowing through both TA-41 and TA-2
and the cooling tower drift at TA-2. Investigation of the extent of cooling tower
drift may be confined to the boundary of TA-2 during Phase |. It is probable,
however, that some of the mist deposited east of TA-2 within the canyon walls
and bottom. If contamination of the surface or subsurface soil on TA-2 is
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TABLE 5.6-1
SUMMARY OF 1098 SITE CONCEPTUAL MODEL ELEMENTS

Pathway/Mechanism Concegts/ngotheses

Atmospheric Resuspension « Entrainment is limited to contaminants in
surface soils and sediments.

Entrainment and deposition are affected by soil
properties.

« Atmospheric conditions affecting entrainment,
dispersal, and deposition include wind speed,
direction, and stability.

Surface Water Run-Oft
Surface Water

Precipitation that does not infiltrate will become
surface run-off, or will evaporate, or transpire.

. Surface run-off is concentrated by natural
topographic features or manmade diversions.

Solution contaminant transport by surtace
run-off can occur, but mass movement by

suspended particles or local bed sediments will
dominate. .

At the present time, surface run-off is likely .
to carry contaminants beyond the TA-2 and
TA-41 boundary within TA-21.

Floods

The floor of Los Alamos Canyon is within the
100-yr floodplain.

Soils/Sediments

Surface soil erosion and sediment transport
is a function of run-off intensity, vegetation,
topography, and soil properties.

Contaminant movement will be partly retarded
by adsorption onto natural organics, clays, and
other highly adsorptive phases.

Contaminants adsorbed on surface soils can
be transported by run-off and concentrated in
sedimentation areas of drainages.

Erosion of drainage channels can extend back
to the source area of a SWMU. Thus, adsorbed
contaminants may migrate with eroded
sediments.

Alluvial Aquiter . . A perennial alluvial aquifer exists in Los
Alamos Canyon, which receives contaminants
from TA-2 and TA-41.
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TABLE 5.6-1(continued)
SUMMARY OF 1098 SITE CONCEPTUAL MODEL ELEMENTS

Pathway/Mechanism Concepts/Hypotheses

Alluvial Aquiter (cont.)

« Surface run-off in Los Alamos Canyon infiltrates
into sediments of channel alluvium.

Flow in the alluvial aquifer under saturated
conditions will be down-channel and can be
represented by a porous medium continuum
model.

Water in the alluvial aquifer probably enters the
underlying tuff (Otowi Member). The extent of
the process will depend on the properties of the
interface between the saturated alluvium and
unsaturated tuff.

Vadose Zone TransporvInfiltration

Infiltration into surface soils depends on the rate
of rainfall or snowmelt, antecedent soil water
status, depth of soil, rate of transpiration,
antecedent soil and tuff water content, and soil
and tuff hydraulic properties.

« Movement of most contaminants by liquids in
the unsaturated zone would occur primarily by
suspended solids. Tritium migrates in the form of
tritiated water.

Infiltration into the tuff depends on the
unsaturated hydraulic properties of the tuff.

Joints and fractures in the tuff may provide
additional pathways for infiltration to enter the
subsurface regime.

Significant unsaturated flow in portions of tuff is
likely to be a factor at TA-2 and TA-41.

Saturated Flow « Steady-state conditions may describe the

hydraulic character of the near surface.

« Liquid flow in tuff under ambient conditions can
be represented by a porous medium continuum
model.

« A nonflowing condition exists below the
influence of transient surface moisture.

. Contaminant movement may be partly retarded
by adsorption into natural organics, clays, and
other adsorptive media in the soils and tuff.
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TABLE 5.6-1 (continued)
SUMMARY OF 1098 SITE CONCEPTUAL MODEL ELEMENTS

Pathway/Mechanism Concepts/Hypotheses

Saturated Flow (cont.) - Fractures affect liquid transport. Their role is

dependent upon soil water content. Above a
critical water content, fractures are expected to
facilitate flow and transport. Below the critical
water content, only unsaturated flow is
significant and rock matrix properties will
dominate the hydraulic response.

Vapor Transport « Vapor-phase processes are not important for

any TA-2 and TA-41 contaminants except
tritium.

- Matrix effects that may influence vapor transport
include porosity, permeability, moisture content,
and other properties of the soil and tuff.

« Exchange of pore gas with atmospheric air is a
release mechanism for tritium. Exchange is
influenced by temperature gradients and
atmospheric pressure changes.

Fractures may facilitate for gas exchange
between tuff and the atmosphere.

Lateral Flow at Unit Contacts « Contrast in hydraulic properties between strati
graphic units may divert flow laterally or may
cause a perched water zone to develop.

 Perched water zones provide localized areas
where saturated flow conditions occur.

Erosive Exposure/Soil Erosion « The erosion of surface soils is dependent on soil
properties and vegetative properties, slope and
aspect, exposure to wind, and run-off intensity
and frequency.

« Erosion is controliable by natural and artificial
surface features.

- Depositional areas as well as erosional areas
are determined by the above factors.
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TABLE 5.6-1 (continued)
SUMMARY OF 1098 SITE CONCEPTUAL MODEL ELEMENTS

Pathway/Mechanism Concepts/Hypotheses

Mass Wasting « The ioss of rock from canyon walls is a continual,

observable process.

« The rate of mass wasting may be significant at
TA-2 and TA-41 on a very long time frame.

Biological Transport . Wetlands inhabitants (i.e., consumption of
contaminated vegetation by mobile biota)
represent the primary biological dispersal
mechanism for TA-2 and TA-41 contaminants.

Biologically exhumed material can be dispersed
subsequently by surface water, air erosion, and
vegetation.

Transpiration of tritium through plant species that
have roots extending into the alluvial ground-
water may cause the transter of tritium from
groundwater to the air.

RF1 Work Pian for OU 1098 5-17 May 1993



Geochemistry, Contaminant Migration and Conceptual Model Chapter 5

SUBSURFACE Leaxg
CONTAMINANTS
*
>
Qg)p w :"q)
[
\$¢ . g 04900
<
5 2 3
5 22\ \&
w nok \ \&
£ A% 0 é
3%
h -/

A % &
wh <
£3 | _navamion RECEPTOR £z
.,3 dermal BZ
- *8

< &

Y

o, ()

Y IN
% \\} g % 5/ fe
oY %3% & &/ /[

% I &/ /8

s{,#k
405 ﬁ
< 4
2 44‘9 .-,‘«‘
WATER
TRANSPORT
WATER and SEDIMENT
TRANSPORT
NOTES:

* Contaminants that become exposed through assumed
excavation and depositing subsurface soil on the surface
follow the surface contaminant conceptual model

tSeeps, streams, and temporary water.

LEGEND:

ENVIRONMENTAL | 7»,

4
MEDIUM %::”%
N

MORE LIKELY PATHWAY
less likely pathway

Figure 5.6-2 Conceptual model of subsurface contaminant transport
from the TA-2 and TA-41 QU to potential receptors.

RFl Work Plan for OU 1098 5-18 May 1993



Chapter 5 Geochemistry, Contaminant Migration, and Conceptual Mode/

Sp,
SURFACE s, e
CONTAMINANTS Peg(_.o( kg
4
*
>
u S/
(3 % eO::"‘e
/8 g
/8 3 3
& - (3]
< 8 %%‘
o
M B
£ = | mHaLaTion RECEPTOR g s
2 ‘E dermal g §
< < -4
o <]
P
N >
m% S, % J"g &
) % &£
A\ %, 74 N g/
2\ \ % N4 3, &/ /8
%
4 «0,%
)
% WATER
. TRANSPORT
WATER AND SEDIMENT
TRANSPORT
NOTES:
*Seeps, streams, and temporary water.
t+ Pathway of moderate potential risk.
LEGEND:

ENVIRONMENTAL | »,

4
MEDIUM %"&’0’1
SS

less likely pathway

MORE LIKELY PATHWAY

Figure 5.6-3  Conceptual model of surface contaminant transport
. from the TA-2 and TA-41 OU to potential receptors.

RFl Work Plan for OU 1098 5-19 May 1993



Geochemistry, Contaminant Migration and Conceptual Model Chapter 5

present as a result of cooling tower drift, Phase Il investigations may progress
off-site until the extent of contamination resulting from deposition of airborne
mists have been defined. Identification of releases of liquid wastes from outfalls
into the stream system to those areas within the boundaries of OU 1098 is
subject to uncertainty as there is a chance that sampling under the outfalls and
immediately downstream might not result in a representative sampling. The
stream reaches within the boundaries of OU 1098 are subject to scouring during
heavy precipitation events, thus increasing the possibility that any contaminants
discharged from the outfalls have been displaced further downstream to the first
major sediment depositional area. In addition, the stream segment at the
outfalls is subject to periodic dredging to remove accumulated sediments. To
ensure that a false negative result is not obtained when the outfalls are being
investigated, stream sampling will include the first major sediment depositional
area downgradient, but outside, of the eastern boundary of TA-2, as well as
other transect areas (see Section 7.2 baseline sampling).

Development of the conceptual model usetul to preparation of the baseline risk
assessment for the site requires that potential current and future exposure
scenarios be identified for OU 1098. For purposes of the baseline risk
assessment, exposure evaluation of PRSs within OU 1098 will include
consideration of exposure potential to both humans and wildlife.

For purposes of the Phase | investigation presented in this work pian, the
conceptual exposure model has been defined in the IWP (Chapter 4, LANL
1992, 0768) as theoretical exposure of a resident to soil and groundwater.
Discussion of how the residential or recreational exposure scenario relates to

the overall conceptual exposure model for the Operable Unit is presented in the
text to follow.

As stated in Section 4.1.3 of the IWP, investigations to support risk assessment
generally require samples that are representative of the exposure units and
contact media corresponding to the land use scenario and exposure routes for
which risk is to be estimated. Sample data in the Phase | investigation are being
collected for comparison with SALs derived for theoretical exposure of a
resident, atthough the statement is made in Section 4.3.3 of the IWP that “for
most PRSs located on Laboratory property, continued commercial/industrial use
and eventual release of these lands for recreational use (e.g., camping) is
assumed.” In the interim, SALs based on residential exposure were chosen for
Phase | data comparisons because that scenario is likely to represent the most
sensitive human population and, therefore, yield the most stringent SALs of any
of the land use scenarios. Screening action levels are derived from
conservation exposure assumptions as described in subpart sand are used for
screening purposes. The actual assumptions are likely to be a combination of
continued-Laboratory operations and recreational use.

Although the ultimate use of the land could be tor purposes other than
residential use, the data gathered during the Phase | investigation of OU 1098
will be important to any future land use scenario that may be envisioned for the
Laboratory property. Thus, it is not necessary to have already formulated
exposure scenarios for future land use for purposes of designing a Phase |
sampling strategy. The reason is that the various environmental media that
could become contaminated are limited and are fargely important to exposure
scenarios pertinent to a wide variety of receptors. The environmental media that
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could become contaminated are soil, air, surface water, sediments, and
groundwater.

The presence of chemical contaminants in surface and subsurface (to 12 ftin
depth) soils data may be applied in alil evaluations of risk, be they human-
oriented or ecologically oriented. Human exposure to soils, regardless of the
type of receptor (i.e., resident, worker, recreational, or agricultural users of the
land), may occur through ingestion, dermal contact, and inhalation of soil in the
form of dust. Additional exposure pathways may occur to residential and
agricultural users through use of the land to grow food for direct consumption or
for indirect consumption (i.e., through growth of animal feed and subsequent
consumption of the animais). Atthough dust exposure occurs by way of air, it is
important to recognize that the source of contaminated dust is most likely to be
the soil. Also, there is an exposure potential to chemical vapors that might be
emanating from the soil. Again, vapor exposure of relevance to the ER Program
largely occurs as a result of contaminated soil even though the exposure is
occurring by way of the air.

Characterization of soil as a contaminated environmental medium is equally
important in ecological risk assessments. Virtually any plant and animal
exposure model will include exposure to soil. To illustrate, exposure to
terrestrial animals will occur through ingestion of plants that grow in
contaminated soil. The plants take up many of the contaminants that occur in
soil or contaminated dust settles on the plant itself. Also, many animals
incidentally ingest soil as a part of their diet, have dermal contact with
contaminated soil, and breathe in dust and vapors just as. do humans.
Therefore, soil sample data gathered during Phase | investigations has utility in
the screening risk evaluation (i.e., comparison of the soil with SALs) and in any

baseline risk assessment that might be prepared, regardless of land use
scenario.

Surface water and sediments also are important media in the evaluation of risk
to any human or ecological receptor and, therefore, must be evaluated for any
future land use scenario. To illustrate, the important surface water exposure
pathways to humans or to terrestrial wildlife are ingestion of the water, dermal
contact with the water and sediments, and consumption of contaminated toods
that were produced in the water. Residents and commercial users of the land
containing contaminated surface water and sediments can contact the water
and sediments through play (residents) and through maintenance activities
(e.g., workers mowing grass at the water's edge or installing a utility line across
a stream channel), or through ingestion of fish (residents and workers),
provided that the water system is large enough to support fish. In the
agricultural setting, livestock may water in the stream and may ingest
contaminated vegetation rooted in the contaminated water/sediment. Temestrial
wildlife may contact the water and sediments by crossing streams, drinking
water from the streams, and eating plant and animal life found in the stream.
When aquatic plant and animal life are considered, it is obvious that
characterization of water quality is critical to the evaluation of risk to the aquatic
ecosystem.

Groundwater quality is an important consideration to any human exposure

scenario, as residents, workers, and agricultural users may ingest contaminated
groundwater or ingest piant matter or meat that was produced with
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contaminated groundwater. Recreational users of land and wildlite can become
exposed to contaminated groundwater if that water discharges to the surface
(i.e., the stream exposure pathways apply). Thus, groundwater quality can be
very important to evaluation of risk to humans and wildlife (when the water
discharges to the surface). '

At OU 1098, the environmental media subject to investigation under Phase |
include soil, surface water, sediments, and groundwater. The results of the soil
and groundwater data collection activities performed during Phase | will be
compared with available SALs, based on a residential use scenario, derived for
soil and groundwater, and presented in Appendix J of the IWP. For surface
water quality comparisons, the groundwater SALs will be applied according to
Section 4.2.2.1 of the IWP. There is no guidance presented in the IWP
regarding SALs for sediments; as a default, the SALs for soils will be used.

Although the SALs developed for use in the ER Program at LANL reflect a
residential use scenario, the intent of the preceding text was to illustrate that the
data collected during Phase | investigations may be applied to virtually any land
use scenario that might be decided is appropriate for conduct of the baseline
risk assessment (human and ecological).

5.6.2.1 Phase | Data Needs for Human Health Risk Assessment

For purposes of a preliminary assessment of impact potential to human health,
Phase | efforts should be directed toward characterization of the nature,
magnitude, and extent of the presence of selected RCRA Appendix VIl (40
CFR 261, Appendix VIll) chemical substances and radionuclides within OU
1098 and the first major sediment depositional area east of TA-2. The results of
Phase | sampling will be compared with SALs, included in the IWP {LANL 1992,
0768) that represent risk potential to humans.

5.6.2.2 Phase | Data Needs for Assessment of Ecological Risk

Baseline risk assessment of ecological impact potential within Los Alamos
Canyon requires an evaluation of the environmental media affected. The media
that are important in assessing risk potential posed to wildlite include soil,
surface water, and sediment. Although a strategy for assessment of ecological
impact potential is yet to be developed, there is a need for the same
environmental sample data as that needed for assessment of risk potential to
humans. Other sample data may be gathered during Phase II; the ecological
risk strategy requires additional information.

5.6.2.3 Summary of Elements of the Conceptual Model

Key considerations in the OU 1098 site conceptual model are summarized in
the following paragraphs.

Land use/time frame assumptions. Under current land use patterns in the
vicinity of TA-2 and TA-41, pathways or receptors are of significant concern

RFl Work Plan for OU 1098 5-22 May 1993



Chapter 5 Geochemistry, Contaminant Migration, and Conceptual Model

over the 100-yr time frame assumed for institutional control. Contaminant
migration within the alluvial aquifer occurs to the east of OU 1098, and it is
probable that the sources of contamination are present within TA-2 and TA-41.
In addition, if land use patterns change in the future for recreational use (e.g.,
land transfer to BNM or NPS), or if dramatic climactic changes occur, some
primary long-term exposure pathways such as infiltration or intrusion may need
continued investigation.

Flooding potential. Because TA-2 and TA-41 buildings lie within Los Alamos
Canyon, flooding has been investigated as a potential environmental problem.
The characteristics of the drainage basin indicate that a 100-yr flood event
would result in a flow of 26 m3/sec (902 ﬂ3/sec). Flooding of parking lots and
roadways may occur in such an event, particularly if the channel were to
become clogged with debris. Based on the "worst-case” scenario of a 100-yr
storm event, some shallow flooding of permanent buildings may occur, but
would not be widespread.

Conditional remedy/corrective measures. As discussed earlier in this work
plan, it is probable that the remedy ot soil excavation (EPA 1990, 0432), as
corrective measures (as appropriate) over time, will be found to be the most
appropriate remedial action for portions of TA-2 and TA-41.

Erosional processes. Exposure of TA-2 and TA-41 near-surface units by
erosion and consequent transport by run-off is an observed pathway (ESG
11990, 0497). Thus, the identity, quantity, and distribution of surface and near-
surface contamination will be investigated in Phase Il of the RFI, if required. In
addition, the roles of precipitation run-off and soil erosion and the subsequent
movement and fate of water and contaminants at TA-2 and TA-41 at other
portions of Los Alamos Canyon will be investigated. Although aeolian processes
represent another erosional pathway to be addressed, they are probably of less
significance than the surface-water pathway. Canyon retreat processes may
affect the long-term stability of the buildings at TA-2 and TA-41. These
investigations will start after sediment data have been collected and interpreted
from the adjacent OUs to Los Alamos Canyon. This approach will help in
locating and collecting the most relevant sediment data.

Infiltration. Transport from surface water through the unsaturated zone to the
groundwater (alluvium, hypothetical perched aquifer in the basalt-Puye
Formation) is the pathway of immediate concern at TA-2 and TA-41, the
concern being based on the shallow depth to the uppermost alluvial aquifer and
on past site characterization, which indicate the presence of credible
groundwater pathways. The hydraulic conductivities of the Guaje Mountain and
Rendija Canyon faults are not known and these two faults represent potential
conduits of recharge of the main aquifer, provided that these faults are not
cemented with fine-grained material. Over long time frames, these fracture
systems probably represent potential pathways that must be considered for
transport of buried contaminants by infiltration of surtace water.

Biological activity. The uptake of contaminants by wetland inhabitants
(vegetation included) may occur at TA-2 and TA-41. The environmental
significance of this activity will be addressed during Phase |l of the TA-2 and
TA-41 RFI.
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Human intrusion. For purposes of the Phase | investigation, accidental or
deliberate human intrusion into surface and subsurface units represents a
possible exposure scenario.

Food chain. The food chain is considered to be a realistic pathway for areas
within Los Alamos Canyon because of observed groundwater and surtace water
transport of contaminants east to OU 1098. Sampling of environmental media in
areas other than the first major sediment deposition area below TA-2 and TA-41
will be addressed at a later date after Phase | data have been evaluated to

investigate the potential for contaminant uptake by plants and animals resident
in the area.

Receptors. Human receptors of relevance to this Phase | investigation consist
of residents assumed to live on the PRSs. Residential use is assumed for
purposes of evaluation of alluvial groundwater in the vicinity of the PRSs.
Investigation of alluvial groundwater quality in areas farther east ot OU 1098 will
be conducted, if warranted, during the Phase |l investigation.

5.6.3 Conceptual Model Refinement

Additional site characterization data will enable further refinement of the
conceptual model by providing data that test the current model. Data obtained
during this RFI as well as new results from other OUs adjacent to Los Alamos
Canyon, the ER Program's Framework Studies, and the Laboratory's
Environmental Surveillance Group (ESG) will be integrated in updated models.

A proper refining of the site conceptual model is an integral part of building an
accurate picture of the site processes and pathways important to contaminant
migration. As appropriate, mathematical models will be derived from the
conceptual model to guide later data collection, hypotheses testing, risk
assessment, and design of the CMS.

5.7 Summary of General Data Needs

Table 5.7-1 summarizes the overall data needs for OU 1098 as generated from
discussions of available information in Chapters 4 and 5. The field sampling
plans in Chapter 7 explicitly describe the plan by which the required data will be
acquired.
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TABLE 5.7-1

SUMMARY OF GENERAL DATA NEEDS FOR THE 1098 OU RFl.

Obijective

Data Needs

Site Hydrology

1. Characterize stratigraphic properties related
to potential contaminant transport pathways
at TA-2 and TA-41

2. Determine site physical, mineralogical, and
hydrological properties important to
unsaturated transport

3. Characterize role of joints and fractures as
barriers or pathways for contaminant migration

Site Morphology

1. Identify surface geology, unit contact
expressions, and paleoerosional surtaces

RFl Work Plan for OU 1098 5-25

« Locations for subsurface characterization

« Borehole cores and lithologic logs to confirm
depths and nature of rock unit contacts

« Physical, hydrologic, chemical, and mineralogic
analysis of soils, tuff, and fill material in fractures
and joints

« Downhole borehole logs to identify changes in mois
ture, density, and mineralogy with depth

- Retardation factors for key contaminants with
TA-2 and TA-41 tuff and soil

Tracer studies to determine recharge flux

« Moisture content and flux in bulk tuff, soils, and fill
materials

« Maps of fracture density patterns mainly surface
exposures, and possibly from cores, boreholes,
and pits.

Hydrogeochemical characterization of filling
materials

Characterization of impermeable zones and areas
with elevated moisture

Geologic map of TA-2, and TA-41 and other OUs
adjacent to and within Los Alamos Canyon, based
on exposed units in Los Alamos Canyon and bore
hole data
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TABLE 5.7-1 (continued)

SUMMARY OF GENERAL DATA NEEDS FOR THE 1098 OU RFi

Objective Data Needs

Site Morphology (continued) - Map of erosional and depositional areas and
drainage pathways

» TA-2 and TA-41 fault map from field examination,
seismology, and corings

Contaminant Identification and Quantification
1. Quantity contaminants at each SWMU « Level II/I/V field and laboratory analyses

- Analyses for chemical and radiological
contaminants in soil, surface water, sediments,
and shallow groundwater

Contaminant Migration .
1. Identify any migration of contaminants at « Rates, frequency, and volumes of surface erosion
each SWMU and mass wasting events

« Verification of release points

« Development of Kgs specific to OU 1098

Phase | Risk Evaluation

1. Assess contaminant levels against human - Soil and tuff background levels for TA-2 and TA-41
health-based screening action levels. contaminants

- Identify and quantify chemical and radiological
constituents in soil (subsurface included),
surface water, sediments, and shallow
groundwater

« Sample analyses along preferential migration
paths at first downgradient major sediment
depositional point in Los Alamos Creek.
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TABLE 5.7-1 (continued)

SUMMARY OF GENERAL DATA NEEDS FOR THE 1098 OU RFI

Objective Data Needs

. Mobile contaminant identification by way of
sampling at first major sediment depositional area
in Los Alamos Creek.

- Exposure points for each major pathway of
relevance to Phase | studies.

Potential Remedial Alternatives

1. Assess potential remedial measures « Determine, from comparison of site data with
screening action levels, whether COCs are
present. If not, evaluate for NFA. If so, evaluate for
potential remedial measures.

. Data and analysis regarding effectiveness of each
likely remedial attemative

« Identification of pathways to be blocked, exposure
scenarios, and land use scenarios

« Evaluation of ease of implementation, long-term
effectiveness, and cost
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Chapter 6 Assessment and Remediation Considerations and Data Quality Objectives

6.0 ASSESSMENT AND REMEDIATION CONSIDERATIONS AND DATA
QUALITY OBJECTIVES

This chapter contains a discussion of assessment and remediation
considerations pertinent to the development of this operable unit (OU) work plan
and Los Alamos Canyon. Areas of investigation within Los Alamos Canyon for
this RFI are within the 1-mi segment of Los Alamos Canyon encompassing OU
1098 [Technical Area-2 (TA-2) and TA-41]. This investigation will be
coordinated with investigations of other OUs which include parts of Los Alamos

Canyon (e.g., the Canyons OU and OU 1106). Sections of Chapter 6 are listed
below.

®* 6.1 Screening Action Levels and Background Concentrations

®* 6.2 Applicable, Relevant, and Appropriate Regulations

* 63 Potential Remedial Actions

* 64 Decision Process

® 65 Data Quality Objectives Process

* 66 Field and Analytical Data Quality Requirements
The information described under these sections, combined with the
environmental setting and conceptual model discussed in Chapter 4 and 5,
leads directly to the potential release site (PRS)-specific field characterization

plans in Chapter 7 and the recommendations for no further action (NFA) in
Chapter 8.

6.1 Screening Action Levels and Background Concentrations
6.1.1 Definitions

Screening action levels (SALs) represent decision criteria used to determine
whether further action may be required at potential or known release sites. The
philosophy underlying the application of SALs is described in proposed Subpart
S to 40 Code of Federal Regulations (CFR) 264 and in Section 4.2.2 of the
Installation Work Plan (IWP) (LANL 1992, 0768). For areas where SALs are
exceeded, further investigation of the PRS may be required, although remedial
action ultimately may not be necessary.

In this OU work plan, SALs are preset soil, water, and air concentrations that
are at or below the most conservative action levels likely to be set for the PRSs.

Background levels are the leveis of radiation and metal/elemental

concentrations that occur naturally (or at fallout leveis, in the case of some
radionuclides) in site media (Purtymun et al. 1987, 0211).

6.1.2 Indicator Contaminants

Past site activities involving hazardous and radioactive materials at TA-2 and
TA-41 were associated with reactor research and weapons-related
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experiments, respectively, from 1944 to the present. Selected analyses for
radionuclides and Resource Conservation and Recovery Act (RCRA) metals
and organic compounds will be performed during Phase | and Phase |i
investigations to identify contaminants of concern (COCs) and to define
potential contaminant distributions in soil, sediment, Bandelier Tuff, surface
water, and groundwater. Radioactive constituents including tritium, fission
products, uranium, and plutonium, organic compounds, and chromium,
mercury, and other metals are known or suspected to be present in soils and
sediments at TA-2. Similarly, radioactive constituents including tritium, uranium,
and plutonium, organic compounds, and beryilium, lead, mercury, and other
metals may be present at TA-41. In many circumstances, however, it is
appropriate to select a set of indicator constituents that can be used to limit the
number of analyses required to assess any given PRS. TA-wide indicator
constituents were identified based on archival data suggesting their possible
presence over larger areas of the TA (i.e. at several PRSs). The primary
indicators for TA-2 contamination are the following:

* Tritium, .

d Cesium-137,

i Strontium-90,

i Technetium-99,

hd Cobalt-60,

b Mercury,

M Chromium (hexavalent and total),

i Total uranium and isotopic plutonium, and

b Gross-alpha/beta, and gross-gamma radioactivity.

The primary indicators for TA-41 contamination are the following:

o Tritium,

hd Beryllium,

° Lead,

i Mercury,

° Total uranium and isotopic plutonium, and

i Gross-alpha/beta, and gross-gamma radioactivity.

Additional primary indicators may be added to these lists for PRS-specific
investigations based on site-process knowledge. ,

6.1.3 Screening Action Levels

Table 6.1-1 lists background concentrations and available SALs for OU 1098
indicator contaminants in soils, sediments, surface water, and groundwater.
These SALs, presented in Appendix J of the IWP, apply to unrestricted site use
and are based on extremely conservative exposure criteria such as residential
use. The SALs for radioactive constituents are based on a 10mrem/yr dose in
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excess of background for total radioactivity for a residential scenario
(LANL 1993).

The proposed SAL for uranium, based on toxicity, in surface soil is 240 ppm
(Table J-1, IWP LANL 1992, 0768). This concentration level is higher than the
SALs based on radioactivity for individual uranium isotopes (8.6 ppm or 18
pCi/g for U-235, and 180 ppm or 59 pCi/g for U-238). Transuranic (TRU)
waste, such as plutonium may be present at TA-2. SAlLs based on
radioactivity for plutonium isotopes in surface soil range from 24 to 27
pCi/g.

6.1.4 Radioactivity Screening Levels

Screening and survey techniques for radioactive constituents in soils and
subsurface samples will be used heavily during this RCRA Facility Investigation
(RFI). Appendix F of this OU work plan describes hand-held and tripod-mounted
survey instruments and the vehicle-based spectrometry systems that may be
used for radiological surveys. These systems detect gamma and low-energy X-
ray emissions characteristic of TRU, fission products, and uranium over the
energy range 10 keV to 2.0 MeV. A "radioactivity screening level" of greater
than two standard deviations from the mean radiation level detected in the
vicinity of OU 1098 will be used to define areas of anomalous radioactivity. This
“radioactivity screening level" will be used as a criterion for sampling areas of
anomalous radioactivity and for guiding other aspects of the field investigation.
However, it is not intended to act as an SAL; laboratory analyses of soil
samples will provide quantitative data necessary for this RFI.

6.2 Applicable, Relevant, and Appropriate Regulations

Module VIII of the RCRA permit establishes Corrective Action Requirements
(CARs). Task IV, Investigative Analysis, specifies that the permittee must
identify all relevant and applicable standards for protection of human heaith and
the environment. Task VI, Identification and Development of the Corrective
Action Alternative or Alternatives, further specifies that the permittee must
identify, screen, and develop alternatives for removal, containment, treatment,
and/or remediation of contamination and must base these actions on the resuits
of the RF! and objectives established for corrective action. Cleanup
requirements can be divided into three categories:

® Contaminant-specific requirements that address specific
contaminants,

® | ocation-specific requirements that are based on a specific site
setting, and

® Action-specific requirements associated with specific response
actions.

In the absence of more information about contaminant types and concentrations
at the PRSs being investigated in this OU work plan, the identification of CARs
at this time would be premature. The full tabulation of location-specific,
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contaminant-specific, and action-specific requirements will be provided in future
phase reports as adequate PRS information is obtained through the RFI
process.

6.3 Potential Remedial Actions

This section discusses potential remedial actions that may be considered at OU
1098. Consideration of possible remedial action helps define the sampling
strategy for a particular PRS. For example, to assess the potential for
institutional control of SWMU 2-009 where Cs-137 is known in elevated
activities in soil below the water table, the sampling strategy includes data
collection downgradient of the SWMU to determine if contamination is leaving
the site.

6.3.1 General

In the observational approach, an attempt is made to identify the most likely
remedial actions ultimately to be carried out at the OU, given the current state of
understanding of the release sites, so the RFI/CMS can be focused. In this
section, potential response actions for TA-2 and TA-41 PRSs are discussed.
Tables 6.3-1 and 6.3-2 summarize possible reasonable remedial measures for
each PRS, except for long-term institutional control. This RFI is designed,
where appropriate, to obtain information for preliminary evaluation of these
alternative remedial measures. The final selection of remedies will use data
gained from the RFI/CMS process and will be based on risk assessment.

For some PRSs at OU 1098, it is quite likely that cumulative releases above
SALs, currently set at very conservative levels, will not be found in the RFI. In
this case, no further action (NFA) may be proposed. Final evaluation of NFA
may warrant consideration of human-health and ecological risk assessment,
and consideration of ALARA principles for radiological constituents. For other
PRSs, only minor remedial actions, such as removal of surface soils and
subsequent revegetation, are likely to be required.

6.3.2 Potential Remedial Actions at TA-2 and TA-41

Phase | and Phase Il sampling of OU 1098 is designed to determine the extent
of contamination so that reasonable remedial actions may be evaluated during
the CMS (if necessary). Selective near-surface soil and borehole sediment
samplings are proposed in Phase | to facilitate site characterization at TA-2 and
TA-41. An iterative evaluation of potential alternative measures to remove
contaminants will be performed to support the Phase Il activities for some
PRSs. Soil and sediment excavation is a viable remedial action for those PRSs
present at OU 1098 where the distribution of contaminants is localized.
Emplacement of a downgradient, permeable, geochemical barrier designed
to capture contaminants adsorbed onto sediments transported by run-off from
TA-2 and TA-41 will be considered during Phase |l of the RFI. Alternatively,
long-term institutional control may be the most appropriate action for some
PRSs. Due to the presence of the near-surface alluvial aquifer and a surface
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TABLE 6.3-2

MOST PROBABLE REMEDIAL ACTIONS FOR TA-41 PRSs
BASED ON CURRENT INFORMATION AND HYPOTHESES

SWMU No. Location Description Probable Remedial Action
41-001 TA-41 Septic tank Removal of contaminated soil and tank
41-002 TA-41 Sewage treatment ~ Removal of contaminated soil and structure
41-003 - TA-41 Sump Removal of contaminated material
41-004 TA-41 Container storage NFA .
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stream, stabilization in place or in-situ treatment are not likely to be viable
remedial alternatives although they may be considered at selected PRSs
depending on site conditions. Voluntary corrective actions will be carried out as
appropriate, as discussed in Section 2.10 of this OU work plan.

6.3.2.1 Long-Term institutional Control

For TA-2, the preferred remedial action for some of the PRSs (for example,
possibly SWMU 2-004) identified by the RFI/CMS may be the conditional
remedy of long-term institutional control accompanied by soil excavation (where
feasible), site stabilization, monitoring, and additional corrective action as
required.

6.3.2.2 Excavation and Removal

The preferred remedial action for most PRSs at TA-2 and TA-41 is likely to be
soil excavation and removal, followed by backfilling with noncontaminated
materials to control erosion and infiltration. Selective removal of contaminated
soil may be carried out as voluntary corrective actions (VCAs) during the
RFI/CMS.

Excavation, however, may incur a short-term risk of generating minor hazards
for on-site personnel. Therefore, short-term risks associated with site
excavation will be assessed in accordance with EPA guidance (EPA 1991,
0658).

6.3.2.3 Permeable Geochemical Barrier

The RFl may suggest that construction of a permeable geochemical barrier
downgradient from TA-2 and TA-41 is a viable technique to remove
contaminants from suspended sediments within Los Alamos Canyon. A
geochemicai barrier consisting of highly sorptive materials, e.g., ferric
oxyhydroxides, zeolites, or sphagnum peat, could be designed to remove
radionuclides and other contaminants sorbed onto suspended sediments
migrating downstream in Los Alamos Creek. Such barriers are permeable to
fluid flow and essentially act as ion exchangers. The optimal design of a barrier
would allow for complete capture of the contaminants, although barrier
materials may be periodically replaced as their capacity is approached, if costs
or other factors preciude a single barrier. A permeable barrier would preclude
the build-up of ponded water, which couid represent a recharge zone to the
alluvial aquifer. Studies conducted by Longmire et al. (1991, 0884) have shown
that sphagnum peat removed elevated concentrations of uranium and other
metals present in acidic-uranium mill tailings and associated leachates by 95%
or more at concentration levels below EPA soil standards.
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6.3.2.4 Other Remedial Options

Potential alternative remedial options will be considered during the Phase |
investigation. Options may include pump-and-treat scenarios, in-place
stabilization, or in situ treatment, depending on contaminant and site conditions.

6.4 Decision Process

All PRSs within this OU are evaluated by the decision process illustrated in
Figure 6.4-1. This process is modified after the generic decision flowchar for an
RF1 shown in Figure 4-1 of the IWP (LANL 1992, 0768). Terms used in this
diagram are defined in Table 6.4-1. Each of the six diamonds in the diagram
represents a point at which a decision is or will be made for each PRS
under consideration. To ensure simplicity in the process, three possible
answers — don't know, yes, or no — may exist for each question. The process is
designed to identify those PRSs that can be recommended for NFA as earty in
the process as possible and with the least expenditure of resources or,
alternatively, to identify PRSs for corrective action as early in the process as
possible. Thus, as outlined in the IWP, archival data may be used to proceed to
baseline characterization without Phase | investigation, if the data set provides
in-depth insight into the nature and extent of contamination. However,
information available at present is not considered to be adequate to allow
efficient design of a Phase Il investigation for an OU 1098 PRS. Those PRSs
that cannot be recommended for NFA after Phase | and Phase |l investigations
and risk assessment have been completed will be candidates for a CMS.
Candidate PRSs for VCA/IA (interim action) will be identified as appropriate
within the process. Criteria for identifying and handling PRSs that are
candidates for VCA/IA are expected to be developed outside of the scope of the
RFI.

A more detailed discussion of the technical approach for this RFI, which
amplifies the general process flow illustrated in Figure 6.4-1, appears in the
following subsections.

6.4.1 Decision Point 1

Is the PRS part of an active site?

An active PRS represents a site that is used by the operating groups at the
Laboratory on a continuing basis or is a utility either in use or in the process of
being deactivated. If the PRS is an active site, or if it is an inactive site that
cannot be characterized without disrupting activities at an active site, then the
DQO process leads to Decision Point 2. If the PRS is not associated with active
operations, then the decision process proceeds to Decision Point 3 (see Section
6.4.4).
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TABLE 6.4-1

TERM DEFINITIONS

Archival Data. Archival data constitutes information collected to date from published and unpublished
records pertaining to the history or processes of a SWMU. Records can include written communication
such as reports, memoranda, letters, notes, or calculations. Verbal communication can be considered as
archival data. Archival data is sometimes of unknown quality.

Contaminants of Concern (COCs). COCs are any compound or element present in environmental
media or on structural debris at a concentration above its screening action level (SAL). COCs may
consist of one or more RCRA- or CERCLA (Comprehensive Environmental Response, Compensation,
and Liability Act)-regulated constituents or of radioactive elements/daughter products.

Phase I. Phase | refers to the initial sampling phase of site assessment work, which usually is intended to
collect adequate information to confirm the presence or absence of COCs in the environment. Phase |
activities also can include restricted data collection that will further define the extent of contamination or
site conditions relevant to the potential for waste migration, or serve as a basis for initial risk assessment.
Information collected during Phase | sampling and analysis will determine whether more detailed Phase I
sampling is necessary or if NFA is warranted for the SWMU under investigation.

Phase II. Phase Il constitutes the second sampling phase of site assessment at PRSs at which
constituents have been confirmed, and is based on archival or Phase | sampling investigations. Phase Il
sampling and analysis will help to determine the physical/chemical characteristics of the site and attempt
to delineate the nature and extent of contamination. Phase Il data will be used for contaminant fate and
transport modeling, risk assessment, and design of treatability and corrective measure studies, as
required.
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6.4.2 Decision Point 2

Are the current risks (of PRSs associated with active sites) above
acceptable levels?

If the answer is no, then further action on some PRSs could be deferred until
the active site, building, or utility with which it is associated is decommissioned
from use. Upon decommissioning, the RFI process will revern back to Decision
Point 1. If during the active use of the site, building, or utility, evidence becomes
available that this PRS is now a potential risk to receptors, action can no longer
be deferred and the technical process for this PRS will revert back to Decision
Point 2. If the current risks are known to be above acceptable levels, then
corrective actions will be considered (Decision Point 4). If the current risks
associated with active PRSs are unknown, a screening assessment may be
indicated.

6.4.3 Decision Point 3

Are there any contaminants of concern?

Decision Point 3 is designed to identify those PRSs which do not have COCs
and, according to criteria presented in Chapter 8, can be recommended for
NFA. A screening assessment, as part of Phase |, will be undertaken if the
presence or absence of constituents is not known.

The presence of COCs at a PRS is considered to be confirmed if any sample
contains any constituent in a concentration that exceeds the SAL for that
constituent when the appropriate analytical methods are used.

The absence of a constituent is confirmed if that constituent is not detected or if
the concentration of the constituent does not exceed its background levels.

Regional background concentrations for some naturally occurring constituent
are available, as noted in this chapter. Background data from Laboratory
locations will be provided by the technical team for the ER Program's
Framework Studies in time for analysis of Phase | data.

A "yes" answer at Decision Point 3 indicates that the presence of COCs at the
PRS has been confirmed and that the PRS must then be evaluated at Decision
Point 4. A "no" answer indicates that the absence of COCs at the PRS has
been confirmed and that a recommendation of NFA (provided that ecological
impact is not significant and that multiple constituents are not detected) may be
justified. :

The data required to make a decision at Decision Point 3 include the
concentrations of suspected constituents at selected sample locations at each
PRS. The purpose of the screening assessment in Phase | is to acquire the
analytical and field data needed to make a defensible decision at Decision Point
3. Information on site history, physical site characteristics, and chemical and
physical behavior of suspected contaminants will be considered during
sampling activities. The data quality objectives process that addresses these
data needs is discussed in Subsection 6.5.1.
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6.4.4 Phase | Sampling Process

The phased approach to site characterization is consistent with EPA and the
Laboratory's IWP guidelines. The technical approach generally requires a
screening assessment aspect of Phase | field investigations to confirm the
presence or absence of constituents above the most conservative SALs that are
likely to be set at OU 1098. Phase | activities will consist of a screening
assessment for most PRSs for which the potential for significant contamination
exists. In these cases, the objective of Phase | sampling is not compiete
characterization of the site but, rather, confirmation of the absence or presence
of COCs (Decision Point 3). The Phase | sampling design process attempts to
model the "worst case" condition of the contaminant scenario so that Phase |
sampling points can be chosen with the maximum chance of yielding
confirmatory resuits. As analytical resuits become available, sampling and
analysis plans (SAPs) will be revised as necessary based on these resulis. In
this manner, an iterative process is established that retains flexibility as new
data are obtained.

For those PRSs for which the presence of constituents is known (e.g., 2-005
and 2-009), the objectives of Phase | sampling will be:

1. To determine the extent of contamination (in support of
possible VCA or eventual CMS),

2. To determine the average level of contamination (in support of
risk assessment activities), and/or

3. For preliminary assessment of the potential for offsite migration
(to assist in design of Phase ll).

Where appropriate, the screening assessments for PRSs for which the
presence of COCs is unknown will also be designed to assist in these three
objectives. In addition, Phase | data will be used to identify accepted statistical
concepts for evaluating sufficiency of sampling and additional data needs for
modeling waste migration. The objectives for the Phase | sampling analysis
plans for specific PRSs are contained in Chapter 7.

6.4.5 Decision Point 4

Is corrective action required?

Decision Point 4 is designed to identify those PRSs which may be
recommended for NFA based on the criteria presented in Chapter 8 of this
workplan and in the IWP. If the extent and concentrations of COCs are known,
a corrective action (which is not necessarily based on risk assessment) may be
recommended without the need for a Phase Il investigation. Corrective action
may also be indicated for those PRSs where several constituents are known
and present an unacceptable cumulative risk, or where radionuclides are
present and the principles of ALARA suggest the need for corrective action.
Otherwise, PRSs will proceed to a Phase Il investigation as necessary.
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6.4.6 Phase il Sampling and Modeling Process

The purpose of Phase il sampling is to deveiop a more detailed picture of the
nature and extent of contamination at PRSs, a picture which is sufficiently
detaiied for risk assessment and planning of the CMS (if required). The
approach of Phase || SAPs will vary significantly for individual PRSs as a
function of the amount and type of data available from previously obtained
information, Phase | and Framework Studies efforts, and other considerations.
Sources of potential variation in the environmental measurement process will be
included in the design of Phase || SAPs.

Phase H will probably be an iterative process for TA-2 and TA-41 in which rapid
turnaround data will be used to track the progress of the investigation against
the data quality objectives (DQOs) for the phase. The Phase |l investigation
plan will be amended as data needs are refined by Phase | resuits and as
approaches are selected for risk assessment, modeling, long-term institutional
control, and other issues important to this OU.

As Phase |l data become available, comprehensive data analyses and
modeling of waste migration potential will be conducted. The initial SAPs will be
reviewed for completeness and suitability against sampling and transport
modeling results and against the initial site conceptual model or sampling
rationale and will be revised as appropriate. Furthermore, the data set resulting
from Phase Ii will serve as input for preparation of the baseline risk assessment.

6.4.7 Risk Assessment Process

Because ecological- and health-based risk assessments are integral to the
Laboratory's RCRA process, risk assessment will be performed for all TA-2 and
TA-41 PRSs, excluding those recommended for NFA, to determine if risks are
above acceptable levels (Decision Point 5§). The initial assessment consists of
comparison of Phase | data with SALs to determine whether a Phase Ii
investigation is necessary. This assessment will incorporate the total data set
for each PRS as obtained through archival review and Phase | investigations.
The initial assessment using SALs may also be used to determine whether the
site should undergo a VCA or, at least, an interim action (IA). If an immediate
action (VCA or IA) is not justified, then the baseline risk assessment will be
performed after completion of Phase Il investigations. Data quality objectives for
Phase |l investigations will incorporate any requirements not otherwise noted
that are specific to data gathering for risk assessment. The risk assessment
results will serve as input to Decision Point 5.

6.4.8 Decision Point 5

Are human-health or ecological risks above acceptable levels?

Decision Point 5 is the final step in the decision process at which a PRSs may
be recommended for NFA. A recommendation for NFA at this point in the
decision process is based on comparision of the calculated aggregate risk from
all constituents (both human-health and ecological risk) with the acceptable
levels of risk. If risk is known to be above acceptable levels, then a CMS or
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other appropriate remedial action is indicated. A CMS (or an alternative
response action such as a VCA) may be required for PRSs at which one or
more constituents are present at levels at which risk to human health or the
environment is determined to be unacceptable. A remedial action also may be
indicated based on the ALARA principle for PRSs containing radiological
constituents. Decisions on remedial actions will require that probable conditions
and reasonable deviations first be predicted.

6.4.9 Predict Probable Conditions and Reasonable Deviations
Process

This process is designed to state the nature and extent of contamination in
terms of potential short- and long-term risk to human and ecological receptors.
Both the probable conditions as well as reasonable deviations must be known
for proper design of a remedial action (Decision Point 6). This process wiil be
based in part on the total set of validated data now available for each PRS and
the associated risk assessment.

6.4.10 Decision Point 6
Is there an obvious, feasible, and effective remedy?

When an obvious and effective remedy exists, it may be proposed as a VCA
without a formal CMS at several points: immediately after the evaluation of
archival information, after a limited RFl Phase | investigation, or after
completed Phase | and Il investigations. VCAs tend to be removal and
treatment options rather than in situ treatment or containment and, therefore,
must meet restrictions on treatment and disposal of hazardous wastes and
other restrictions that apply to alternative remedial actions of this type (LANL
1992, 0768). The effectiveness of the VCA will be confirmed through DOE
review. If there are significant questions about the ability of a proposed VCA to
meet these criteria or if no obvious and feasible remedy exists, then CMS and
CMI are more appropriate than VCA. Data for each PRS collected during the
RFI and the predicted probable conditions and reasonable deviations will be
considered in the design of the CMS/CMI.

6.5 Data Quality Objectives Process

There are three stages of data collection in the decision process. The first stage
involves the initial collection of pertinent archival information. This information
serves as data input for Decision Points 1 and 2. The data required to make a
decision at Decision Points 3 and 4 are collected during Phase | sampling, the
second stage of data collection. Phase Il sampling is the third stage of data
acquisition. The data needs for Decision Point 5 determine the scope of Phase
Il efforts.

Because these decisions must be technically sound and validated to be
defensible, an attempt has been made to collect as much reliable archival
information about each site as possible. To ensure that data of appropriate and
sufficient type, quantity, and quality are collected during Phase | sampling, we
have applied the DQO process to the development of Phase | SAPs. These
SAPs are presented in Chapter 7 of this OU work plan.
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planning of an effective and efficient data collection program (EPA 1987a,
0086). A well-planned data collection program will ensure that the right type,
amount, and quality of data are collected on which defensible environmental
decisions can be based. The level of uncertainty that is acceptable is also
addressed in the DQO process.

‘ The DQO process is a seven-step process developed by the EPA for the

The DQO process is a valuable tool for the following reasons:

® It provides a logical, iterative structure for study planning and

ensures that the investigation is focused on the critical
questions,

® |t provides a focused method to determine data needs,
® It helps data users plan for uncertainty, and

® |t facilitates communication among the technical team members

and minimizes the amount of time and money spent collecting
data.

The seven steps in the DQO process and the locations in this OU work plan
where pertinent information is located (other than in the remainder of this
section) are as follows:

TA-2 and TA-41 are addressed generally in Chapters 3, 4, and
5, and by specific PRS in Chapter 7. Assessment and remedial
considerations are addressed in this chapter.

2. Identity decisions that address the problem. Potential land
use and remedial actions are developed elsewhere in Chapters
4 (land use) and 6 (remediation).

3. Identity inputs affecting the decision. Decision inputs are
addressed in Chapters 3 through 6.

4. Specily spatial and temporal domains of the decisions.
Domains are addressed in Chapters 3 through 6.

5. Develop logic statements. PRS-specific logic statements
(decision questions) pertaining to specific PRS characterization
are developed in Chapter 7.

6. Establish constraints on uncertainty. Uncertainty issues are
addressed generically in Chapter 6 and by specific PRS in
Chapter 7.

7. Optimize design for obtaining data. The SAP for each PRS
is addressed in Chapter 7.

. 1. Statement of the problem. The environmental conditions at

This seven-step process was followed when DQOs were developed for this
work plan. Decisions 1 and 2 require decision-maker confidence in archival
data; decisions made from archival data of uncertain quality could be made
without a formal set of DQOs. Acceptance of archival data at face value

. sometimes is justified for the purposes of RFI planning.
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Decisions 3, 4, and 5 require data of known quality, both for determination of
the nature and extent of contamination and for risk analysis. To ensure that the
sampling and analytical efforts determine the nature and extent of
contamination, an upper confidence bound at 95% (one-tailed) will be used.
Phase | data used in making Decision 3 will include data of at least analytical
Level lll quality.

As previously stated, risk assessment data needs have yet to be fully defined.
However, the assumption used is that approaches similar to those currently in
use by EPA will be applied for human-health risk assessment. As required,
DQOs for this OU will be reviewed and amended for consistency as better
information becomes available.

For the purpose of setting DQOs, OU-wide objectives of this RFI are defined
below.

® |dentify contaminants at each PRS,

® Determine the nature, quantity, and extent of contamination for
each PRS,

* |dentify contaminant migration pathways from each PRS and
from the OU as a whole,

® Characterize the TA-2 and TA-41 environment sufficiently to

allow quantitative migration pathway and risk analyses, as
necessary,

® Provide the data needed for initial assessment of remedial
alternatives, and

® Provide the basis for planning the CMS.

6.5.1 Phase | Data Quality Objectives

Data quality objectives for Phase | SAPs have been developed through use of
the seven-step process described in Section 6.5. The DQO process for Phase |
SAPs is discussed in following sections and is outlined in a diagram in Figure
6.5-1.

6.5.1.1 Problem Statement

For some of the PRSs at OU 1098, the presence and possible locations of
constituents is suspected but has not been confirmed. Environmental samples
will be collected and analyzed to confirm the presence or absence and the
location of constituents at these PRSs. For other PRSs, constituents are known
to be present but their full extent and potential for migration are insufficiently
known. Environmental data associated with these uncertainties must be
collected before risk assessment can be performed.
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Contaminants of concern (COCs) may be present at SWMUs within
Problem OU 1088. The full extent, average concentrations, and potential
Statements: for migration of constituents are insufficiently known.

-
Do the data coliected in Phase | Sampling confirm the presence
of constituents at this PRS? For those PRSs which are known to
contain constituents, what is the average concentration and
extent of these constituents? Is the migration potential of
constituents adequately defined for Phase il design?

Questions to
Be Answered:

) |

* Field data (survey and screening results)
¢ Analytical data (concentrations of constitutes)

Data * Site processes
Needs: * Potential release mechanisms
* Site history

* Potential contaminants
* Site hydrogeology
* Site geochemistry

Problem Definition of the locations, concentrations,
Domain: and types of constituents within each PRS.
D”':;’;knuw If concentrations of all analyzed constituents are below SALs, and if no

ecological impact is identified, then recommend for NFA. If corrective

Statement: action is not indicated (see Decision Point 4), then proceed to Phase Il.
Uncertainty Sampling plans will be designed to minimize the chances
Constraints: of obtaining false negative results.

Sampling and

Analysis Plans: See Chapter 7

Figure 6.5-1 Data quality objectives process for Phase | of the RFI for OU 1098.
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6.5.1.2 Questions to Be Answered

One or more of the following questions will be addressed during Phase |
investigations; the specific question(s) for each PRS are discussed in
Chapter 7.

® Do Phase | data confirm the presence or absence of
constituents at this PRS?

* Are Phase | data sufficient to recommend NFA?

® |f constituents are known to be present at a PRS, what are the
average concentrations and extent of these constituents?

® |s the migration potential of constituents adequately defined for
Phase Il design?

6.5.1.3 Decision Inputs

Two sets of decision inputs (data to be coilected) are necessary to support the
decisions made at Decision Point 3. These sets include the following:
® The information necessary to design an adequate Phase | SAP,
and

® The field and analytical data that will be collected during the
sampling program.
The first set includes information that must be gathered before the sampling
plan can be developed. The second set includes the concentrations of

constituents at the site as determined by field and laboratory analyses of
samples collected during Phase | investigations.

Specific data needs on an individual PRS basis are discussed in Chapter 7.
Table 6.1-1 lists important constituents present at TA-2 and TA-41, and the
appropriate analytical method and analytical detection limits for each
constituent. This table is meant to be a bridge between the development of
DQOs and the preparation of the SAPs.

6.5.1.4 Problem Domain
The problem domain for Phase | sampling includes determination of the

locations, concentrations, and types of constituents within each PRS at OU
1098.

6.5.1.5 Decision Rule/Logic Statement

The decision made at Decision Point 3 will be based on the following rule:

A PRS will be identified as having COCs if data collected from
a PRS during Phase | indicate that an SAL has been exceeded.
If no COCs are identified, then that PRS will be considered for
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NFA. if any single sample collected from the PRS during Phase
| exceeds these guidelines after data validation, then the PRS
will undergo further study.

The criteria for NFA presented in Chapter 8 will also be applied when
determining if a PRS can be recommended for NFA. For several reasons, this
decision will not necessarily be based on a statistical characterization of the
contamination levels at a PRS. First, any type of averaging of sample results
would remove maximum values and increase the chances of making a Type |l
error (i.e., a false negative or an incorrect conclusion that COCs are not
present). Second, in most cases, the goal of Phase | is not a complete
characterization but rather simply a determination as to whether constituents
are present or absent. In addition, the locations of most PRSs are not in
question.

6.5.1.6 Uncertainty Constraints

To fully validate and define a decision to recommend a PRS for NFA at
Decision Points 3 and 4, we have designed Phase | SAPs so that the probability -
of a significant false negative result (Type Il error) is very low. (False negative
refers to concluding that a constituent is not present at a certain level when in
fact it is present). This is done by focusing the sampling design toward those
areas judged most likely to contain the highest concentrations of COCs and by
including some low-cost redundancy in the field investigation (e.g., area
radiological screening). No attempt is made in Phase | sampling design to limit
the chances of false positive (Type ) errors, as these errors will be identified
during Phase Il sampling. Thus, the consequences of Type | errors are that
some additional cost and time will be expended in Phase Il. As stated in
Subsection 6.5.1.5, statistical constraints regarding the treatment and
comparison of Phase | data with background or action levels depend upon the
method adopted for this RFI work plan. A comprehensive statistical effort is
reserved for Phase 1.

6.5.2 Phase Il Data Quality Objectives

Data quality objectives for Phase I SAPs will be developed through use of the
seven-step process described in Section 6.5. In general, Phase Il activities will
focus on determining the full extent and concentrations of constituents at OU
1098. Data collection also will be designed to support baseline risk assessment
and related data needs such as the fate and transport of constituents.

6.6 Field and Analytical Data Quality Requirements

Data quality requirements for field and analytical data collected at this OU and,
as necessary, adjacent portions of Los Alamos Canyon are governed by our
need to make defensible, risk-based decisions for each PRS. The information
collected will be based on sound professional judgment, required EPA protocol,
statistical requirements, and overall data objectives for the project. This section
contains a discussion of data quality requirements concerning analytical levels,
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analytical methods, precision, accuracy, representativeness, completeness, and
comparability parameters (PARCC), and field data quality requirements.

6.6.1 Analytical Data Quality Levels

The following four descriptions are used to define five analytical data quality
levels (EPA 1987a, 0086):

e level I. Data from survey methods used to identify

contaminants in situ, or field screening methods to be used at
the point of sample collection,

* Level IWII. Field laboratory or field survey methods used to

provide rapid, semi-quantitative or quantitative, discrete sample
analyses or area surveys during field operations,

* Level lI/IV. Field or off-site analytical laboratory methods used
to provide accurate, precise, and defensible data, and

* Level V. Nonconventional methods.

Additional characteristics of the five categories are given in Table 6.6-1. In
general, Levels | and Il are associated with on-site portable field instrumentation
or tests that can yield "real-time" survey or screening data. Levels il and IV are
associated with strict field laboratory or off-site laboratory protocol, including
radionuclide analyses and documentation that will generate high-quality,
defensible data. Level V will accommodate all special analytical methods that
are not covered under standard Level lIl or IV parameters. Quality of Level V
work can meet either Level Il or IV standards.

6.6.1.1 Phase | Analytical Levels

Investigations for this RFI will be performed under a combination of analytical
data quality levels to meet the PRS-specific, contaminant-related field
investigation requirements described in Chapter 7. Phase | investigations
generally will be performed under analytical Levels |, I, and lll. Levels | and I
data will be collected as part of a field survey and screening program to allow
for qualitative, real-time evaluations of site conditions. Level | field screening
and survey will include a variety of portable field instrumentation or field test kits
that can continually or periodically give information on site conditions. Level |
observations also are used as a critical part of the site health and safety plan.
Table 6.6-2 provides additional details. Level Il activities will include the use of
field survey methods and portable field laboratories (Table 6.6-3).

Level Il analytical data will be obtained during Phase | through use of mobile
field laboratories or off-site laboratories that can support RFI/CMS decisions for
each PRS. Level IV data will be used as appropriate for confirmation of Level ill
or archival analytical data; collection of Level IV data is not planned in Phase 1.
Level V analyses can include measurements for nonconventional parameters,
method modifications, analytic suites from 40 CFR 261 (Appendix VIIi) or 40
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TABLE 6.6-1
SUMMARY OF ANALYTICAL LEVELS APPROPRIATE TO DATA USES
Data Uses Analytical® Type of Analysis Limitations Data Quality
Level
Site characterization, Level | Radiological Response dependent on Method-specific
monitoring during field screening radiation type and conditions;
implementation; and surveys response limited to upper
identification of gross 1—2 m of soil
contamination
Identification of gross Level | HE spot tests Matrix dependent Qualitative
contamination
Site characterization; Level I Variety of organics by Tentative identitication; Dependent on QA/QC
evaluation of alternatives; GC, inorlgamcs by AA, analyte-specific steps employed
engineering design; XRF, IC
monitoring during . o
implementation Radiologic field Response dependent Qualitative or semi-
screening and surveys on radiation type quantitative depending
on method
Field laboratory analyses Tentative identification Dependent on QA/QC
for some radiological and quantitication steps employed
constituents
Risk assessment; Level Il Organics/inorganics, Specific identification; Detection limits
site characterization; using EPA procedures tentative identification similar to CLP
evaluation of other than CLP; in some cases;
alternatives; analyte-specific quantification.
engineering design; o )
monitoring during RCRA characteristic tests Can provide data of Less rigorous QA/QC
implementation same quality as than for Level IV
Level IV; quantification
Radiological constituent Specific identification; QA/QC
detection limits below comparable to
background; with SW 846 methods
suitable QC, gives
uality comparable to
W 846 methods;
quantitication.
Risk assessment; Level IV TCUTAL organics/ Tentative identification Goal is data
evaluation of inorganics by GC/MS, of non-TCL parameters of known quality
alternatives; AA, ICP, etc.
engineering design L o
Low ppb detection limit May require time to Rigorous QA/QC
validate packages
Risk assessment Level V Nonconventional May require method Method-specific
methods development
Mechanism to obtain
services requires
lead time
Method-specific
detection limits
a EPA (1987a, 0086)
ABBREVIATIONS:
AA=  atomic absorption CLP = Contract Laboratory Program EPA = Esvironmental Protection
ency
GC= gas chromatography ICP = inductively coupled plasma  MS = mass spectrometry

RCRA = Resource Conservation and Recovery Act TAL = target analyte list

XRF = X-ray fluorescence

RFI Work Plan for OU 1098
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CFR 264 (Appendix 1X), physical testing of soils or rock, or other nonstandard
methods that may be employed in this RFI.

6.6.1.2 Phase Il Analytical Levels

Phase |l analytical levels will be similar to those used in Phase | (Levels |, I,
and |ll).

6.6.2 Analytical Methods and PARCC Parameters

Analytical methods selected for analyses of soil, water, or air sampies collected
during this RFI will follow standard laboratory protocol recognized by the EPA
(see Tables 6.6-4 and 6.6-5) or their equivalent. The analytical methods include
a variety of techniques that apply to over 300 individual analytes. EPA's "Test
Methods for Evaluating Solid Waste," SW 846 protocol (EPA 1987b, 0292), will
be used to test for volatile and semivolatile organic compounds, and metals.
Analyses for radionuclides and miscellaneous analytes will be performed under
other acceptable analytical methods; representative methods for radionuclides
and miscellaneous analytes are listed in Table 6.6-5, although additional
methods may be identified prior to actual analysis of sampies. Table 5.2 of the
OU 1098 QAPjP (Annex Il) identifies alternate analytical methods and data
quality levels for COCs that have background or screening action levels below
standard minimum detection limits (MDLs) or practical quantification limits
(PQLs). At present, the IWP guidance is to use available analytical methods
with detection limits lower than health-risk based SALs (Section 4.4.2 of the
IWP). Table 6.6-5 summarizes the analytical methods that may be used during
this RFI.

Tables V.3 through V.12, IX.1, and IX.2 in the Laboratory's generic Quality
Assurance Project Plan (QAPjP) contain additional information concerning
analytical methods for constituents of interest at this OU and Los Alamos
Canyon. The QAPjP uses the specific methods to list the individual constituents
analyzed under each method, the corresponding chemical abstract service
numbers, and the PQLs or MDLs for each constituent.

The PARCC parameters are analytical and sampling quality assurance criteria
that have been established to ensure that quality is maintained during field
sampling and sample analytical activities. A thorough discussion of the PARCC
parameters for the Laboratory's ER Program is presented in Section 5.0 of the
generic QAPjP.

6.6.3 Sample Collection Quality Requirements

Numerous field activities can have an impact on the overall data quality for the
ER Program. Such activities include equipment calibration schedules and
procedures, sample method selection and technique, sample containers,
preservatives, sample holding times, the number or type of quality control
samples, sample documentation, and equipment decontamination. To ensure
that data quality is maintained in the field, we discuss specific details for each of
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TABLE 6.6-4

REPRESENTATIVE INSTRUMENTATION AND METHODS .
FOR PROPOSED ANALYTICAL LEVELS

LEVEL |; FIELD SCREENING

+ Portable instruments * Field Test Methods/Kits
- FIDLER - OVA headspace test
- Geiger-Mueller counter - HNU headspace test
- Micro-R meter - Handby kit
- Organic vapor analyzer (OVA) - Draeger tubes
- Photoionization detector (PID) - Hazcat kits
- Explosimeter - Labin a Bag®
- Oxygen level indicator - Chloride test kits (soil)
- pH, temperature, conductivity meter - Hach Kits™
- X-ray fluorescence analyzer - High explosives

LEVEL Il: FIELD SURVEYS/INSTRUMENTATION

» Mobile analytical lab
» Surface geophysics

* Borehole geophysics
* Soil vapor surveys (portable instruments)

« Radiological screening laboratory
+ Vehicle-based or hand-operated gamma spectrometry system
LEVEL Iil: LABORATORY METHODS/INSTRUMENTATION

« SW 846 protocol for soil, air, and water analysis for VOCs and SVOCs, organic chlorine pesticides and
PCBs, and metals found on Los Alamos off-site or field laboratories

« Laboratory, DOE, US Amny, or EPA analytical methods for radionuclides, or miscellaneous analyses;
see LANL-ER-QAPjP

« Instrumentation typically includes GC, GC/MS, inductively coupled argon plasma spectroscopy (ICAP),
inductively coupled plasma atomic emission spectroscopy (ICPAES)
LEVEL V: LABORATORY METHODS

- American Society for Testing and Materials (ASTM) protocol for soil/rock testing
- Method-specific protocol for contaminated and non-contaminated soil/rock
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TABLE 6.6-5

SUMMARY OF ANALYTICAL METHODS

FOR THE ANALYSIS OF SAMPLES COLLECTED AT OU 1098

EPA Methods

* EPA SW-846 Method 8080
+ EPA SW-846 Method 8240*
» EPA SW-846 Method 8270

+ EPA SW-846 Method 6010*

Radionuclides - LANL or DOE Methods*

* Gas flow proportional counting
* Alpha spectrometry

+« Gamma spectrometry

*|ICP

» Liquid scintillometry

Other Methods

* Miscellaneous analytes

Contaminants
Organochlorine Pesticides
VOCs

SVOCs

Inorganics

Contaminants

Gross alpha, gross beta
Isotbpic plutonium

Cesium-137, technetium-99, cobalt-60

Total Uranium

Tritium

» Physical testing of soil or rock (ASTM protocol)

* Alternate analytical methods are listed in the QAPjP (Annex Il) of this IWP for analytes with
screening action levels lower than conventional method's (8240, 8270, 6010) MDLs or PQLs.
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these activities in Annex Il of this OU work plan (QA Project Plan), in the
generic QA/QC (quality control) plan for the Laboratory's ER Program, and in
the Laboratory's Standard Operating Procedures (SOPs) Manual for the ER
Program. Table 6.6-6 contains guidelines for sampling frequency for QA/QC
control samples of various types.
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TABLE 6.6-6

GUIDELINES FOR MINIMUM QA/QC SAMPLES FOR FIELD SAMPLING PROGRAM

QcC Applicable Sample Applicable QA/QC Sample Frequency
Sample Type Matrix Sample Matrix (1 per each analytical
batch or)

Field Duplicate Soil Soil 1 per 20 samples

Water Water 1 per 10 samples

Rinsate Blank Soil Water 1 per 20 samples

Water Water 1 per 10 samples
Trip Blank* Water Water 1 per shipping cooler
Field Blank** Water Water 1 per shipping cooler
Water 1 per shipping cooler

*Trip blank collected only for samples requiring VOC analysis.
. **Field blanks collected only for samples requiring non-radiological analyses.
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Chapter 7 Evaluation of Solid Waste Management Units at TA-2 and TA-41

7.0 EVALUATION OF SOLID WASTE MANAGEMENT UNITS
AT TA-2 AND TA-41

For Operable Unit (OU) 1098, data are needed primarily to define the
distribution and extent of contaminants in surface and near-surface soils,
sediments, Bandelier Tuff, surface water, and groundwater. Contamination
above screening action levels may be present at Technical Area (TA)-2 and TA-
41. The principal potential contaminant-migration pathways are through soil and
sediment erosion, surface water and groundwater movement, and from airborne

particle transport. Transport of significant levels of contaminants is considered
important for the following reasons:

e TA-2 and TA-41 are located within Los Alamos Canyon where
run-off is significant,

® The depth to the uppermost alluvial aquifer is less than 10 ft,
and a perched aquifer may exist at greater depths (250-300 ft)
within the basalt-Puye Formation,

® The Otowi Member is characterized by near-saturated flow
conditions within canyon bottoms, with relatively high porosity
and permeability as compared with the Tshirege Member,

e The distance to potential downgradient receptors and wetland
inhabitants is short for the assumed exposure scenarios where
groundwater pathways are known, and

e Unknown quantities of contaminants are anticipated at TA-2
and TA-41.

For these reasons, the likelihood that public health or environment may be
impacted by contaminants from TA-2 and TA-41 will be evaluated during Phase
| and Phase Il investigations.

Phase | activities for OU 1098 will include two types of investigations. The first
is a baseline characterization for the area of Los Alamos Canyon encompassing
TA-2 and TA-41. The second type of investigation is PRS-specific, in which the
presence or absence of potential contaminants is ascertained, and in some
cases the extent and average level of contamination is estimated. The number

and type of samples/screening for the total of Phase | activities is summarized
in Table 7.0-1.

Baseline characterization and PRS-specific sampling activities to be conducted
at OU 1098 during Phase | investigation include the following:
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Chapter 7

Evaluation of Solid Waste Management Units at TA-2 and TA-41

1. Perform surface tritium vapor flux measurements and conduct
radiological surveys at TA-2 and TA-41 to aid in locating areas
of anomalous radiation in the subsurface and surface,

respectively.

2. Sample surface soils and sediments within 50 ft of
knowr/suspected PRSs, as described in Sections 7.4 through
7.17 of this work plan, to determine the absence or presence of
potential contaminants. The 50 ft distance is judged to be
sufficient to ensure that the PRS is inside the area sampled.

3. Drill and coliect core materials from characterization boreholes
in the alluvium at the most suspect PRS locations/spill sites, as
described in Sections 7.4 through 7.17 of this work plan.

4. Install and sample six new characterization borehole wells in
the alluvium (five) and perched basalt-Puye Formation (one)
within OU 1098 to further define the presence or absence of
contaminants of concern (see Figure 7.2-1).

5. Sample stream water and sediment within OU 1098 with
emphasis on evaluating contaminant inventory.

6. Identify the locations of springs and gaining/losing stream
reaches within OU 1098. Stations that measure surface water
flow will be located upstream and downstream of the known
zones of fracturing/faulting within OU 1098 and at locations
where stream sediment is sampled.

Data quality needs, data quality objectives, and the investigation rationale for
Phase | activities for OU 1098 are presented in Section 7.1. Section 7.2
addresses baseline characterization activities that will be conducted outside of
the formal PRS boundaries, but primarily within TA-2 and TA-41. Section 7.3
presents an overview of the field investigation methods that will be used for

Phase | activities at OU 1098,

Individual sampling plans for the following PRSs, located at TA-2, are
addressed in Sections 7.4 through 7.13:

® Section7.4 SWMU 2-003, Decommissioned Reactor

Waste Unit

® Section 7.5 SWMU 2-004, Storage Pits and Tanks of the
Omega West Reactor

® Section 7.6 SWMU 2-005, Cooling Tower Drift Loss

® Section 7.7 SWMU 2-006, Drains

® Section7.8 SWMU 2-007, Decommissioned Septic System
® Section7.9 SWMU 2-008, Outfalls

RF Work Plan for OU 1098
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® Section 7.10
® Section 7.11
® Section 7.12
® Section 7.13

SWMU 2-009, Operationai Releases
SWMU 2-010, Chemical Shack Waste Units
SWMU 2-011, Storm Drains and Qutfalls

SWMU 2-012, Potential Soil Contamination
Under Former Tanks

The following PRSs, located at TA-41, are addressed in Sections 7.14 through

7.7

® Section 7.14
® Section 7.15
¢ Section 7.16
® Section 7.17

SWMU 41-001, Septic System

SWMU 41-002, Sewage Treatment Plant
SWMU 41-003, Sump

AOC C-41-004, Storm drains

The objectives of the field investigation, a list of the potential contaminants of
concern, and the detailed sampling strategy for each PRS are described in

these sections.

RF1 Work Plan for OU 1098

7.0-4 May 1993




Chapter 7 Evaluation of Solid Waste Management Units at TA-2 and TA-41

74 DATA NEEDS AND INVESTIGATION RATIONALE FOR
OuU 1098

This section describes the data needed to address the primary objectives of
Phase | and Phase Il investigations, and the overall rationale for the
investigation strategies for the Phase | activities described in sections 7.4
through 7.17. By identifying the objectives of each Phase of investigation and
by considering site-process knowledge in the investigation rationale, the
strategy for the RF| process becomes more focused and efficient.

7.1.1 RF1 Data Needs

The three key field objectives for Phase | investigations at OU 1098 are to
collect data to:

1. Confirm the absence or presence of constituents at PRSs
where the potential contamination is unknown;

2. Define the extent and average concentration of constituents,
primarily on areas where the presence of contamination is
known, and

3. Help assess the potential for migration of constituents.

Results from Phase | investigations will also be used to design Phase il. Phase
Il investigations will be designed to provide data for baseline risk assessment
including collecting more extensive data for objectives 2 and 3 of Phase |. Data
from Phase | and Phase Il investigations will be used to determine the
distribution and level of contamination in the surface and subsurface of OU
1098. The specific data needs for Phase |l will be identified during Phase |
investigation.

A combination of geophysical survey, surface-area (OU wide) radiological
screening, and Level |ll analysis of discrete surface and subsurface samples is
proposed to address the first and second objectives. Detailed characterization
of soil and borehole characteristics is used to address the third objective.

The following activities will be performed to collect data needed to address the
objectives of Phase | of the RF| for OU 1098.

® Survey surface soils at the 22 discrete sample locations

indicated in Figure 7.1-1; at other locations outside of PRSs,
but within OU 1098, for radiological screening; and at the
selected locations around several of the PRSs as indicated in
Sections 7.4 through 7.17, to detect areas of anomalous
radioactivity (defined as 2 sigma above the mean radiation level
of the area). This survey will be supplemented by Level Ill
analyses for specific radionuclides and RCRA metals as
outlined in the SAPs. Selected sampies will be analyzed for
Appendix IX analytes in addition to the indicator analyte list.

RA Work Plan for OU 1098 7.1-1
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Chapter 7 Evaluation of Solid Waste Management Units at TA-2 and TA-41

® Collect and analyze core samples for the analytes listed in each

SAP from a network of shallow boreholes (15 ft or greater, as
appropriate) at OU 1098.

Determine hydrogeochemical properties pertinent to risk

assessment and contaminant transport for selected surface
water, groundwater, soil, sediment, and near-surface tuff
samples collected within OU 1098 and collect geotechnical
data pertinent to risk assessment and contaminant transport at
OU 1098.

7.1.2 Investigation Rationale

Past activities at TA-2 and TA-41 indicate that an appropriate set of analytes is
required if areas of contamination are to be defined through direct surface and
subsurface sampling. It is further anticipated that because of soil texture and
erosional processes and the nature of releases, surface contamination may be
highly discontinuous. The sampling analyses plans presented in this chapter are
based on our knowledge of site processes derived from archival research.

For most PRSs (e.g., where the presence of COCs is unknown), locations of
sampling points are chosen based on the likelihood of higher concentrations of
constituents. For example, drains and outfalls (SWMU no. 2-008) are to be
sampled near the point of discharge to increase the likelihood of detection.
Similarly, sediment samples are to be collected at the first downstream fine-
grained sediment depositional area identified in Los Alamos Canyon, to detect
contamination that may have migrated outside the OU. In addition, to increase
the likelihood of detecting contamination, sampling point locations may be
moved based on site conditions, for example, identification of physical
disturbance of the PRS, or detection of anomalous radioactivity by field
screening instruments.

For select PRSs, sampling points are included to determine the extent of and
possible migration of constituents. For example, some sample points for SWMU
no. 2-009 are designed to be downgradient of the known Cs-137 soil
contamination based on reports of the location of residual Cs-137 and flow
directions of the alluvial aquifer in which the contaminated soil resides.

The locations of all sampling points in the industrial areas of TA-2 and TA-41
(i.e. in the vicinity of structures) are shown in Figures 7.1-2 and 7.1-3,
respectively.

Baseline characterization is required to establish OU-specific baseline
conditions relative to PRSs, because of liquid discharges of tritium and cesium-
137 and atmospheric dispersal of chromium and tritium. The indicator
contaminants for the baseline characterization and PRS-specific SAPs were

also selected based on site-process knowledge. For TA-2, these indicator
contaminants include:

® tritium,

® cesium-137,

RFl Work Plan for OU 1098 7.1-3 May 1993
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® gross alpha, beta, and gamma radioactivity

®  strontium-90,

® technetium-99,

® total uranium,

® jisotopic plutonium,

® cobalt-60,

® chromium, (hexavalent and total)

® and mercury.

Indicator contaminants from TA-41 include:

gross alpha, beta, and gamma radioactivity
®  tritium,

®  beryllium,

® total uranium,

® isotopic plutonium,

®  mercury, and

® |ead.

Additionally, approximately 20% of baseline characterization samples will be
analyzed for Appendix !X semivolatiles, volatiles, inorganics, and
organochlorine pesticides to assess the presence or absence of other
contaminants not expected for TA-2 and TA-41. Constituents detected in these
samples may be added to SAPs as appropriate. For PRS-specific
investigations, all samples collected will be analyzed, at a minimum, for the
baseline potential COCs for the technical area in which the PRS is located.

RFA Work Plan for OU 1098 7.1-6 May 1993
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7.2 BASELINE CHARACTERIZATION DURING PHASE | ACTIVITIES

7.2.1 Introduction

To properly assess the potential for contaminant movement within the
hydrogeological and geochemical systems of TA-2 and TA-41, a sufficient
technical understanding of the environmental setting (see Chapter 4) is
required. The available data discussed in Chapters 4 and 5 of this work plan
suggest that, in general, infiltration through the unsaturated zone is a pathway
of concem for OU 1098. Unsaturated- and saturated-zone characterization also
is important because soil excavation and long-term monitoring are likely
remedial alternatives for TA-2 and TA-41. Hydrogeological characterization is
an important investigative focus of this RFl because of the potential inventory of
tritium, fission products and other radiological constituents, and hazardous
wastes buried at TA-2 and TA-41, the extremely long period of time over which
they will remain hazardous, the existence of the Rendija Canyon and Guaje
Mountain faults, and the relative lack of subsurface characterization data that
would permit detection of potential contaminant movement.

Required baseline geological, geochemical, and hydrological studies of TA-2
and TA-41 include surface and subsurface characterization. During Phase |
activities at OU 1098, samples for baseline characterization will be collected
from soils, sediments, tuff, basalt, surface water, and groundwater within the
floodplain to the base of the canyon walls. Baseline data provide a basis against
which PRS constituent levels can be compared. Baseline data may also be
used in an initial assessment of risk, and to help evaluate remedial alternatives
for TA-2 and TA-41 that are based in part on the influence of natural geologic
barriers and pathways of contaminant movement.

7.2.2 Site Hydrogeologic Regulatory Requirements

Section P of the Laboratory’s Resource Conservation and Recovery Act
(RCRA) Part B Permit (EPA 1990, 0306) requires comprehensive
characterization of hydrogeological and geochemical properties relevant to
contaminant migration in soils and sediments above the regional aquifer (Santa
Fe Group). Baseline characterization of TA-2 and TA-41 is specified to include,
but not be limited to, the following hydrogeological and geochemical
information:

* Facility-specific geological/hydrogeological characteristics
affecting groundwater flow and quality beneath the facilities,

®  Topographic features that might influence the groundwater flow
system,

* Representative, accurate classification and descriptions of

near-surface hydrogeological units that may be part of the
migration pathways at the facility (that is, the aquifers and any
intervening saturated and unsaturated units),

RA Work Plan for OU 1098 7.2-1 May 1993
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Zones of near-surface fracturing or channeling in consolidated

or unconsolidated deposits, and zones of high or low

permeability that might direct and restrict the flow of
contaminants,

Representative description of water level or fluid pressure
monitoring, and

Man made influences that may affect the hydrogeology of the
site.

7.2.3 Background/Rationale for Baseline Characterization and
Potential Contaminants

Surface studies are an important component of this RF| because surface water,
groundwater recharge, and airborne processes can potentially expose and
transport contaminants to receptors. Phase | baseline characterization activities
for OU 1098 will focus on supporting PRS-specific activities by:

®* Providing indicator analyte, site-wide baseline levels against

which possible TA-2 and TA-41 and other source-term PRS
releases can be compared,

Assessing migration potential of contaminants from TA-2 and
TA-41 release sites,

Allowing the significance and potential of future surface
contaminant transport to be evaluated more accurately,

¢ Determining the lateral and vertical variability in

physicochemical properties related to surface and subsurface
transport,

® Delineating surface-water fiow paths,

Providing surface data to supplement subsurface structural
information obtained from characterization wells and boreholes.

Identifying potential contaminants not identified by archival
research of individual PRSs, and

® |dentifying areas of contamination outside the boundaries of the

PRSs (possibly arising from contaminant migration) which may
serve as potential secondary sources of contamination.

Indicator contaminants for baseline characterization of OU 1098 include
constituents which are likely to have been released in TA-2 and TA-41
operations as summarized in Section 7.1 of this work plan. All samples
collected for baseline characterization will be analyzed for all indicator
contaminants on the TA-2 and TA-41 lists. Additionally, 20% of all baseline
characterization samples will be analyzed for Appendix IX constituents to
assess the presence or absence of other COCs not expected in TA-2 or TA-41

operations. Table 7.2-1 summarizes the potential COCs for baseline
characterization.

RA Woric Plan for OU 1098 7.2-2 _ May 1993
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7.2.4 Baseline Characterization Plan

Baseline characterization activities of OU 1098 during Phase | will include
sampling of surface soil and sediment, installation of six characterization
boreholes to assess hydrologic characteristics, collection of surface water and
groundwater samples, and radiological (walkover) survey of the industrial areas
of TA-2 and TA-41 which are not addresed in the PRS-specific plans. These
activities will be performed following LANL Standard Operating Procedures, as
listed in Table 7.3-1. The total number of samples to be collected for baseline
characterization of OU 1098 is summarized in Table 7.2-2.

TABLE 7.2-1

POTENTIAL CONTAMINANTS OF CONCERN
BASELINE CHARACTERIZATION FOR TA-2 AND TA-41

Potential Contaminant
of Concern

Level Il Method

Gross alpha/beta
Cesium-137
Strontium-90
Technetium-99
Uranium (total)
Plutonium (isotopic)

Cobalt-60

Tritium

Mercury (soil/sediment)
Mercury (water)

Inorganics” (including lead
chromium, and beryllium)
Semivolatile organics”
Volatile organics”
Organochlorine pesticides”
Gross gamma

Gas flow proportional counter

Gamma spectrometry

Gas flow proportional counter

Gamma spectrometry

ICP (EPA method 6010)

Radiochemical separation and
alpha spectrometry

Gamma Spectrometry

Distillation and liquid scintillation

EPA Method 7470, Cold Vapor

EPA Method 245.1, Manual Cold
Vapor Technique

EPA Method 6010, ICP

EPA Method 8270
EPA Method 8240
EPA Method 8080
Gamma spectrometry

*20 percent of surface soil/sediment and transect samples will be analyzed for
Appendix IX inorganics, semivolatile organics, volatile organics, and

organochlorine pesticides.

RF1 Work Plan for OU 1098
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TABLE 7.2-2
SUMMARY OF SAMPLES FOR OU 1098
BASELINE CHARACTERIZATION FOR TA-2 AND TA-41

Number of Samples
Surface Sediment Subsurface Surface Ground

Soil Transects*  Soils Water*** Water****

Analytical samples 22 15 2 5 6
QA samples

Rinsate blank 1 1 1 1 1

Field duplicate 1 1 1 1 1

Field blank** 1 1 1 1 1

Trip blank****** 1 1 1 1 1
Total number of samples 26 19 6 9 10

*

Five sediment transects will be sampled at OU 1098, collecting three sediment samples per
transect, for a total of 15 sediment transect samples. These creek sediment samples will be collected
quarterly for one year for a total of 60 samples. The purpose of quarterly creek samples is to establish

contaminant distributions associated with sediment cycling along Los Alamos Creek within OU 1098.

* Field blanks will be submitted for non-radiological analyses only

*= gyrface water to be collected from five locations in the creek quarterly for one year for a total of 20
surface water samples. One of each type of QA sample will be taken at each quarter.

s+ Groundwater samples to be collected from the six characterization boreholes (five shallow alluvial

and one intermediate) quarterly for one year for a total of 24 groundwater samples. One of each type of
QA sample will be taken at each quarter.

s+ Trip blanks will be taken only for those sample locations requiring VOA analysis.

RFl Work Plan for OU 1098 72-4 May 1993
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72441 Radiological Survey

A radiation survey wil be conducted in the industrial areas of TA-2 and TA-41
(i.e., in immediate vicinity of structures and outfalls of each TA) not addressed
by PRS-specific plans, in order to identify potential radiological anomalies
associated with activities at TA-2 and TA-41. A walkover survey of these areas
will be performed. The locations of radiation anomalies above two standard
deviations from the mean radiation level detected in these areas, and the
corresponding activities, will be recorded on the field log. If point sources are
indentified on a case-by-case basis during these surveys, voluntary corrective
actions (VCAs) to remove point sources and subsequent surface sampling may
be implemented, after permitted ER disposal facilities are available.

7.24.2 Surface Soil and Sediment Sampling

Sampling of surface soil and sediment will be done in two stages. First, 22
surface soil samples will be collected at intervals of 500 ft to optimize sampling
locations from a cost-efficient perspective (Figure 7.1-1). Sample depths will
vary according to the thickness of soil and alluvium. Surface sampling will
generally be at an interval of 0 to 12 in., depending on soil and alluvium
thickness, without using a drill auger. This depth is preferred over sampling at
an interval of 0 to 6 in., particularly along stream banks and in the floodplain,
because there is a greater probability of detecting chemical substances
deposited by water during the earlier years during which TA-2 and TA-41 were
in operation. Note that surface soil sampling to greater depths may be
performed at a few selected locations. The sampling below 12 in. will be useful
in further delineating areas of historical deposition. These locations will
supplement the annual sampling done by the Environmental Surveillance Group
(ESG) of the 11 established surface stations in Los Alamos Canyon and will
augment surface sampling at individual PRSs, as described later in this chapter.

The second stage of soil and sediment sampling for baseline characterization of
OU 1098 will be five transects across Los Alamos Creek to assess constituent
concentrations and distribution in creek sediments. The locations of these
transects are shown in Figure 7.1-1. One transect will be located at the western
boundary of the OU, one immediately downstream of the sewage treatment
plant at TA-41, one immediately upstream of TA-2, one at the eastem boundary
of OU 1098, and one at the first major fine-grain depositional area downstream
of TA-2. Each transect will consist of three surface soil/sediment samples taken
at a depth of 0 to 12 in. The sampling locations of these three surface samples
will be taken from the active stream bed and both sides of the stream channel.
Transect samples will be collected quarterly for one year, at the time that
surface and groundwater samples are collected (Sections 7.2.4.3 and 7.2.4.4).

7.2.4.3 Characterization Borehole Installation and Sampling

Six characterization boreholes will be completed at OU 1098 to assess baseline
hydrologic characteristics. Five shallow characterization boreholes will be
completed into the alluvium at OU 1098, and one intermediate characterization
borehole will be completed to a possible perched water zone in the Basalt-Puye
Formation (250-300 ft). The locations of these boreholes are shown on Figure

RA Work Plan for OU 1098 7.2-5
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7.2-1. One shallow borehole will be installed at the western boundary of OU
1098 to assess the quality of incoming groundwater. The next shallow (<50 ft)
borehole will be installed below the sewage treatment plant at TA-41 to evaluate
the impact of the plant on alluvial groundwater quality. Two additional shallow
boreholes will be installed on either side of the Guaje Mountain fault zone west
of the main buildings of TA-2 to assess the effect on water flow through the fauit
zone. The last shallow borehole will be placed east of the main buildings at
TA-2, on the south side of the stream, to evaluate groundwater quality
downstream of the main TA-2 operations.

The intermediate characterization borehole will be placed at the eastern
boundary of TA-2. This borehole will be used to identify the existence of a
possible perched water zone in the Basalt-Puye Formation and to evaluate the
water quality of this water zone if it exists. During Phase Il activities, if additional
boreholes are completed in the Basalt-Puye Formation, the effect of the Guaje
Mountain fault zone on the anticipated perched water zone will be evaluated
using these boreholes by observing differences in water level elevations and in
groundwater quality within corresponding hydrologic units.

The shallow boreholes (except those on either side of the Guaje Mountain
Fault) will be completed as alluvial wells with 2-in diameter PVC, or suitable
equivalent, well screen expected to be approximately 5 to 10 ft in length. The
shallow boreholes on either side of the Guaje Mountain Fault will be completed
with 4-in diameter stainless steel casing. These boreholes will be completed in
accordance with applicable guidance from the EPA Technical Enforcement
Guidance Document (EPA 1985) and LANL SOPs listed on Table 7.3-1.

The intermediate borehole will be drilled to the Basalt-Puye Formation and
completed either as a characterization well (if water is present) or for vadose
zone characterization. The anticipated hole total depth is not expected to
exceed a nominal 300 ft below land surface. The borehole will be completed
with a minimum 4-in. diameter surface completion. The characterization well will
be constructed with a surface casing extending below the surface alluvial
aquifer and grouted in place prior to advancing the borehole to the planned hole
total depth. The borehole completion will be dependent upon the hydrogeologic
conditions encountered at the Basalt-Puye Formation. In the event perched
water is found, the borehole will be completed with a stainless steel screen, or
equivalent, 5 to 10 ft in length and stainless steel casing to the boundary of the
perched zone. From the perched zone boundary to the surface, an alternate
casing, such as standard steel or PVC may be used, with a dielectric, to
minimize cost. A permanent ground water pump suitable for the collection of
defensible groundwater data may be installed. In the event that perched water
is not encountered, the borehole may be instrumented with a porous cup
vacuum lysimeter or alternative vadose zone monitoring instrument. The
borehole will be completed in accordance with the applicable guidance in the
EPA Technical Enforcement Guidance Document (EPA 1985) and applicable
LANL SOPs listed in Table 7.3-1. If water is encountered below the alluvial
aquifer but at a depth more shallow than the Basalt-Puye Formation, completion
of the borehole to the Baslt-Puye Formation will be reassessed.

Core material from all characterization boreholes will be field screened for

radioactivity. |f sections of core are found to have anomalous radioactivity,
samples will be collected and analyzed for the baseline potential contaminants
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outlined in Section 7.2.3. At least four samples will be collected for analysis
between the alluvium and Basalt - Puye formation, with sampling biased
towards the shallower depths. Additionally, at least one samplie will be collected
from the intermediate characterization borehole from the Basait-Puye Formation
and analyzed for baseline potential contaminants.

7244 Groundwater Sampling

Groundwater from the shallow boreholes will be sampled on a quarterly basis
for the first year to determine if the groundwater quality is affected by seasonal
variation. Water samples will be coliected in accordance with LANL SOPs listed
in Table 7.3-1, and will be analyzed for the list of constituents provided on Table
7.2-1. The need for additional quarterly sampling will be evaluated on the basis
of the first four quarters of sampling. In the event the first four quarters do not
indicate that seasonal changes affect the groundwater chemistry, sampling may
be curtailed to once every six months in coordination with the needs of the
environmental surveillance group (ESG) of the laboratory. Alternatively,
significant fluctuations in the observed groundwater chemistry may necessitate
continued quarterly sampling for environmental restoration requirements in
preparation for further characterization activities.

Groundwater will also be collected from the intermediate borehole and will be
analyzed for the constituents shown on Table 7.2-1 on a quarterly basis or as
water is available for collection. Data from this borehole will not provide PRS-
specific information, but will indicate whether additional characterization of the
perched zone is necessary at OU 1098.

Samples collected from all boreholes will undergo field analytical measurements
of temperature, specific conductance, pH, alkalinity, turbidity, and dissolved
oxygen, as described in LANL-ER-SOP-06.02. Groundwater samples will also
be analyzed for major anions (chloride, sulfate, phosphate, and fluoride) as
determined by ion chromatography, and major cations (calcium, magnesium,
potassium, and sodium) determined by ,ICP-MS, minor trace elements
determined by CP-MS, and environmental isotopes including
hydrogen/deuterium and oxygen-16/oxygen-18 (see Appendix C, Section C.3
for a complete listing of isotopes). These isotopic analyses are required to
determine the recharge flux and source(s) of groundwater, for example tritium-

contaminated alluvial groundwater, within the potential Basalt-Puye Formation
groundwater.

7.2.4.5 Surface Water Sampling

Surface water samples from Los Alamos Creek will be collected at the five
locations of the stream sediment transects. Water samples will be collected
quarterly for one year, and will be analyzed for the constituents shown on Table
7.2-1. Additionally, surface water samples will be analyzed for major anions
(chloride, sulfate, phosphate, and fluoride) as determined by ion
chromatography, and cations (calcium, magnesium, potassium, and sodium)
determined by ICP-MS, and will also undergo field analytical measurements of
temperature, specific conductance, pH, alkalinity, and dissolved oxygen.
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TABLE 7.2-3
SUMMARY OF ANALYSES FOR OU 1098
BASELINE CHARACTERIZATION

Level Ill Method Number of analyses
Surface Sediment Subsurface  Surface Ground-
Soil Transects* Soils Water* water**
Gas flow proportional counter 24 17 4 7 6
Gamma spectrometry 24 17 4 7 6
Radiochemical separation and 24 ' 17 4 7 6
alpha spectrometry (plutonium)
Distillation and liquid scintiliation 24 17 4 7 6
EPA Method 6010, 25 18 5 8 6
EPA Method 245.1, Manual - - - 8 6
Cold Vapor Technique
EPA Method 8270*** 4 3 1 1 1
EPA Method 8240**** 5 4 2 2 2
EPA Method 8080*** 4 3 1 1 1

*

Samples at sediment transects and surface water to be collected from five locations in the creek quarterly for
one year. Totals in these columns should be multiplied by four to account for the number of analyses to be done for
one year.

*k

Groundwater will be collected from six characterization boreholes (five boreholes completed in alluvium, one

borehole completed in Basait-Puye Formation) quarterly for one year. Totals in this column should be multiplied by
four to account for the number of analyses to be done for one year.

s+ 20 percent of all samples will be collected for Appendix IX analysis (includes semivolatile organics and
organochlorine pesticides).

s+ 20 percent of all samples will be collected for Appendix IX analysis of volatile organics. One extra sample is
counted to include the trip blank required for sample locations with volatile organic analysis.
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7.24.6 Sample Screening and Analysis

All sample packages will be screened for radiation using an alpha scintillometer,
micro R meter, and pancake GM counter, prior to shipment to the laboratory for
analysis.Table 7.2-3 summarizes the number of samples to be analyzed for
each specified method of analysis in Table 7.2-1 for baseline characterization
samples. Present screening action levels, practical quantitation limits, analytical
methods, and required sample size for each analyte are presented in Table 5.1
in the Quality Assurance Project Plan for OU 1098 (Annex il).

7.2.5 Additional Phase | Baseline Characterization Activities
7.2.5.1 Geotechnical Analysis of Soils and Sediments

Soil and sediment samples identified during baseline characterization which are
representative of different soil types within Los Alamos Canyon will be analyzed
for geotechnical properties. These data will be collected in support of a baseline
risk assessment. Geotechnical properties to be analyzed are:

® ASTM soil classification,

® mineralogical composition,

® bulk density,

® porosity (total and effective),

® total organic carbon,

® permeability or hydraulic conductivity, and

Kg (distribution coefficient).

7.2.5.2 Geologic Base Map

Releases of tritium resulted from a leak in the primary cooling water system at
OWR. The leak occurred from a break in a weld seam in a section of the delay
line running from TA-2-1 to the surge tank. This release was discovered in
January 1993 and was within the Guaje Mountain fault zone. Tritium was
leaking from the delay line at a rate of up to 70 gallons per day until March 1993
when the cooling water was drained from this line. Typical concentrations of

tritiumn in the cooling water ranged from 15.7 X10° to 20.2 X 106 pCilL.

Although Vaniman and Wohletz prepared a general geologic map in 1990 that
included TA-2 and TA-41 and other areas of Los Alamos Canyon (see Figure
45-2) as discussed in Chapter 4, more detailed fracture-density mapping is
required to characterize the Rendija Canyon and Guaje Mountain faults in
sufficient detail for the purpose of the TA-2 and TA-41 RFI. Additional data are
necessary to evaluate hydraulic properties relevant to modeling the movement
of groundwater at OU 1098 (due to this documented tritium release). By
incorporating new data from the TA-2 and TA-41 RFI, as well as other
information which was not available in 1990, an updated hydrogeological map
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of TA-2 and TA-41 will be produced.

Surface geological field work will be camied out at the TA-2 and TA-41 OU and
outcroppings to supplement data obtained from boreholes. The geological map
will be updated from Vaniman and Wohletz (1990, 0541) as additional
information is accumulated during the RFI and will summarize existing baseline
geological information to support subsequent site characterization that may be
required. The geological map will show the distribution of TA-2 and TA-41 rock
units and surficial materials as well as the orientation and dip of contacts,
bedding planes, foliations, faults, and other discontinuities. The geological map
also will show the lateral extent and thicknesses of rock units and major
subunits, including their relative offsets, orientations, and fracture density. In
addition, the TA-2 and TA-41 soil maps shown in Figure 4.3-1 will be updated
as additional information is obtained during the RFI.

7.253 Geomorphic Characterization

Geomorphic characterization of Los Alamos Canyon will identify significant
erosional processes that may compromise the stability of TA-2 and TA-41 PRSs
over varied time scales. This characterization will generate a 1:3600-scale map
(based on aerial photographs) emphasizing erosion and deposition areas
relevant to TA-2 and TA-41. This map will include landforms and drainage
patterns, sites of active and potential erosion, and potential infiltration areas.
Soil series, colluvium and artificial fill, and the degree of soil profile development
will be identified.
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7.3 FIELD INVESTIGATION METHODS

7.3.1 Field Surveys

Phase | PRS investigations will begin with an engineering survey and
environmental survey (radiological, metal detector, and/or inorganic and
organic) to characterize each site before samples are collected. Specific
methods for conducting these surveys are discussed further in Appendix C
(Field and Laboratory Investigation Methods) of this work plan, and in specific
LANL Standard Operating Procedures (SOPs) listed in Table 7.3-1.

7.3.1.1 Engineering Survey

Each PRS will be surveyed according to procedures documented by Los
Alamos National Laboratory Facilities Engineering. The survey will locate
facilities and components associated with the PRS and surface features.
Additional features, grids, or locations will be staked according to sampling
plans discussed later in this chapter. The grids will be used to locate radiation
surveys (walkovers) and, in some cases, to select sample locations. Results of
the engineering survey will be recorded on the site base map, and all located
points and survey lines will be recorded by the New Mexico State Plane
(NMSP) coordinate system. This survey data will be incorporated into the
Facility for Information Management Analysis and Display (FIMAD) data base.

73.1.2 Environmental Suryey

An environmental survey for radioactivity will be conducted at each PRS. At
specific PRSs, surveys for organics| may also be conducted. The grid pattern
established during the engineering surveys will be followed during the
walkovers so that observations can be referred back to base maps of the site.
This grid-pattem search will ensure effective coverage of the areas having the
maximum likelihood of elevated surface and subsurface contamination levels.

A preliminary radiological survey will be conducted at each site and in the
industrial areas of TA-2 and TA-41 prior to sampling activities. This survey will
be done using a variety of instruments, including an alpha scintillometer, micro
R meter, field instrument for detection of low-level radiation (FIDLER), 2 x 2 Nal
detector, and pancake Geiger-Maller (GM) counter. Additional metal detector
surveys and surveys for semivolatile organic compounds (SVOCs) and volatile
organic compounds (VOCs) will be conducted as described in the individual
sampling plans. Any positive results or observations will be recorded on the
base map of the PRS. In addition to characterizing the PRSs, these surveys will
ensure the health and safety of personnel working at the sites.

The environmental survey will be used to select locations for biased sampling,

the purpose of which is to maximize the chances of detecting contaminants at
the site. The results of the environmental survey will be used as a preliminary
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assessment for areas in which contaminants are not expected. Negative
environmental results do not constitute conclusive evidence of the absence of
contaminants:; however, positive results obtained at the beginning of PRS
characterization will allow for convenient redirecting of the investigation plans.

7.3.2 Field Screening

All collected surface and subsurface samples will be field screened for gross
alpha, beta, and gamma radioactivity. Samples may aiso be screened for
organics if required in PRS-specific sampling plans. Field screening differs from
field surveys in that field surveys cover the entire PRS area, whereas field
screening is done at the point of sample collection. Lithologic logging of core
samples is also only done at the point of sample collection.

7.3.3 Field Laboratory Measurements

Samples from areas identified as radiological anomalies (as defined in section
6.1.4) will be collected for mobile field lab measurement of gross alpha, beta,
and gamma radiation. This measurement will provide a quantitative check on
field survey and screening measurements.

7.3.4 Sampling Methods

Types of samples to be collected for Phase | PRS investigations include surface
soil/sediment samples, subsurface samples, sediment transects, and surface
and groundwater samples. Methods for collecting these samples are listed in
Table 7.3-1, and are briefly described in Appendix C of this work plan. Detailed
instructions for sampling are described in the specific LANL SOPs referenced in
Table 7.3-1.

7.3.5 Drilling and Sampling Strategy for Field Operations

Personnel who are conducting subsurface investigations will utilize drilling
techniques that are dependent upon the type and quantity of sample material
required, the planned borehole total depth (TD), the constituents of interest,
type of contamination controls, and rigor associated with maintenance of the
sample integrity. In general, two primary forms of drilling are routinely utilized at
the Laboratory: hollow stem augers with 5-ft-long split barrel samplers to depths
of a nominal 250 ft below ground surface (BGS) and rotary systems to depths
greater than 250 ft. The following discussion identifies key components
associated with the selection of the appropriate drilling and sampling strategy to
be incorporated into the decision process for this RFl Work Plan.

Hollow-Stem Auger Systems. Hollow-stem augers with 5-ft-long split-barrel
samplers are used routinely for drilling and sampling (coring) to depths of up to
250 ft below ground surface (BGS) in volcanic tuff. Hollow stem augers with
split barrel samplers can be used to obtain HX- or CP-size (variable diameter)
core material for radiochemical and/or chemical analysis. Fluid circulation is not

RFI Work Plan for OU 1098 73-5
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required to drill and sample with a hollow stem auger, a significant advantage
over conventional rotary applications. In some cases, deionized water may be
introduced directly to the borehoie with a decontaminated stainless-steel dart
bailer system. The prime disadvantages to the system are its depth limitation
(may be less than 300 ft if basalts are encountered), rate of penetration, and
disturbance to core material associated with the sampling process, and

generation of relatively large volumes of "cutting” materials that may include
contaminants at some sites.

Quality assurance (QA) procedures will be implemented and are critical to the
implementation of this sampling strategy. This type of equipment is expected to
be used for shallow drilling and sampling.

Rotary Drilling Systems. Driling and sampling operations to depths greater
than 250 ft (in volcanic tuff) will generally utilize a rotary drilling strategy. Rotary
systems with wireline coring systems, capable of providing HX- or CP-size
cores may be employed. In general, the core barrel will be lined to facilitate
sample handling and containment at the surface. Several forms of rotary
wireline systems may be used and will include, but are not limited to, a punch
core, modified pitcher barrel, and conventional rotary wireline system. Fluids to
be circulated in the rotary systems may include, but are not limited to, air, water,
and inert gases (e.g., argon). Sidewall cross-contamination will be minimized by
utilizing conventional circulation (through the bit). In general, circulation fluids
will rely upon air filtered through a high-efficiency particulate air (HEPA) system
or upon an air mist using deionized water. The inert gas may be introduced to
those environments where the redox potential is a significant concem. The
process by which the appropriate circulation fiuid is selected will be based on
the target analytes, target sample depth, and site-specific borehole conditions.
Steps to avoid the introduction of muds, special polymers, and other proprietary
constituents will be minimized and will be utilized only after field personnel have
determined that the hole cannot be advanced without the special additives.

Rotary systems facilitate drilling and sampling to greater depth and completion
of larger diameter boreholes than those systems typically associated with
hollow stem auger equipment. In general, rotary applications have a greater
rate of penetration than that of hollow stem auger tooling and can be used to
collect core from hard rock systems. The primary disadvantages of rotary

systems are the need to circulate a fluid in the borehole and potential impacts
associated with the circulation of the fluid.

Borehole particulate and gaseous tracers will be utilized, as appropriate, to
assist with the process of determining sample integrity and overall adequacy of

the sampling program. Drilling and sampling procedures will be implemented
and documented for all field operations.

Alternative Drilling Systems. In some cases, specialty drilling systems may be
considered. Alternative systems that may be considered include, but are not
limited to, sonic drilling, horizontal drilling, and dual-wall reverse air systems.
These systems will be considered for applications that are difficuit to
accommodate with the systems discussed above. The sonic system will be
considered in those environments that require minimal to negligible generation
of dust and cuttings at the land surface. The horizontal systems will be utilized
to access areas beneath existing structures, and the dual-wall reverse air
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systems will be employed when circulation loss is a problem in the borehole. In
general, these systems are not well developed for coring applications, but the
applicable technology is evolving rapidly.
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74 SWMU NO. 2-003, DESCRIPTION OF DECOMMISSIONED
. REACTOR WASTE UNITS
7.4.1 Site Description and History

There have been three types of nuclear reactors located in building TA-2-1
since its establishment in 1944. The first reactor was the "Water Boiler," which
was in operation from 1944 to 1974. SWMU 2-003 investigations address
potential contamination associated with Water Boiler operation, as described
further in this section. The second reactor was known as Clementine and was in
operation from 1946 until its decommissioning in 1953. There are no known
SWMUs directly associated with this reactor. The third reactor is the Omega
West Reactor (OWR), which has operated from 1956 to the present. SWMU
2-004 investigations address potential contamination associated with OWR, and
is described in section 7.5 of this work plan.

The Water Boiler reactor, a liquid-uranyl compound fueled reactor, was in
operation from 1944 to 1974, and was decommissioned and decontaminated in
1986-87. Primary reactor water from the reactor contained a uranyl nitrate
solution which underwent fission processes, resulting in a wide variety of fission
products including cesium-137, strontium-90, and technetium-99. Secondary
reactor cooling water, which contained small amounts of fission products, was
routinely discharged to Los Alamos Creek. In 1964, a water hold-up tank
[SWMU 2-003(e)] and alarm was installed to collect secondary cooling water in
the event a break occurred in the reactor cooling coils with subsequent

. infiltration of primary reactor solution into secondary cooling water. Prior to
1964, if such a break occurred, primary cooling water containing uranium and
fission products would have been discharged into Los Alamos Creek with the
secondary cooling water.

Off-gases from the Water Boiler, which contained low levels of gaseous fission
products including cesium-137, strontium-90, technicium-99, and iodine-131
were routed through an underground gaseous effluent line to the mesa top
south of the reactor, where they were discharged through a stack. The following
units were associated with the Water Boiler for off-gas handling:

1. The stack gas valve house (TA-2-19) [2-003(a)] and a 4-
in. cast-iron pipe, through which three smaller lines passed
from TA-2-1 to TA-2-19 (line 117), were decommissioned in
1986. Line 117 was part of the filtered gaseous effiuent line that
ran from the Water Boiler to the stack on top of the mesa south
of TA-2. The stack gas valve house was a heavy, reinforced
concrete structure mostly above ground, with dimensions of 11
ft by 9 ft by 10 ft high, and 18-in.-thick walls. Its purpose was to
provide valves, pumps, and a shielded tank where condensate
from the gaseous effluent line could be collected and handled
(Figure 7.4-1). When they were removed, line 117 and
building TA-2-19 showed a contact reading of 36 mR/h, but the
soil beneath them was reported to be clean (Elder and Knoell

. 1986, 14-0014),
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2. 205 ft of 3-in. stainless steel gaseous effluent transport line

(line 119) and condensing trap TA-2-48 [2-003(b)] were
removed in 1986 (Figure 7.4-1). Line 119 was used to carry
gaseous effluent from TA-2-19 to the intersection with the
Omega West Reactor (OWR) vent line (behind warehouse TA-
2-50). TA-2-48 was a condensing trap and consisted of a
concrete manhole superstructure and a small-diameter
standpipe that intersected the gaseous effluent line (line 119) at
its low point between TA-2-19 and its junction with the OWR
vent line. About four times a year until 1961, materials with an
average activity of about 12 pCi of cesium-137 and iodine-131
were cleaned from the trap of the stack and dumped on the
alluvium in the canyon (DOE 1987, 0264). Soil was excavated
around the site to expedite the removal of both structures, and
cesium-137 contamination of the soil was found. Final
radioactivity concentration in the leachfield at the site was 1000
pCi/g left at a depth greater than 5 ft. Much of the area was left
under 7 ft of clean fill (Elder and Knoell 1986, 14-0014).

A delay system [2-003(c)] (Figure 7.4-1) consisted of two
stainless steel tanks in series (each 1 ft in diameter, 20 ft long,
and 4 ft underground). The delay tanks lay parallel to each
other and provided extra volume to the effluent line to allow
greater decay time for the short-lived radionuclides in the gas.
The tanks were not a source of large amounts of radiation (8
mR/h maximum at contact) (Elder and Knoell 1986, 14-0014).
No radioactivity was detected beneath the delay system when it
was removed in 1986 (Elder and Knoell 1986, 14-0014).

A gaseous effluent transport line [2-003(d)] leading to the mesa
top to the south consists of one section of 2 in.-diameter pipe
and another section of 0.5 in.-diameter pipe (Figure 7.4-1). The
SWMU report indicates that a line was removed sometime in
the past, and low levels of residual activity were found where
the line was located. However, a former supervisor of TA-2
operations indicated that there has been only one gaseous
effluent line leading up to the stack on the mesa top. He did
state that before the stack to the mesa top was built, gaseous
effluents from the Water Boiler were discharged via a "garden
hose" that was tied to a nearby tree (Neely 1992, 14-0008)
(Figure 7.4-1). The residual contamination to which the SWMU
report is alluding could have originated from this pre-mesa-top
stack gaseous effluent line. This SWMU [2-003(d)] will address
this "garden hose" line since the former water boiler effluent
line (lines 117 and 119) is addressed in other portions of this
SWMU [2-003(a) and (b)].

A holding tank, TA-2-62 [2-003(e)], was located near the Water
Boiler for holding any reactor fluid if necessary (Figure 7.4-1)
(DOE 1987, 0264). The tank was stainless steel (800-L
capacity) and was placed adjacent to TA-2-19 to collect the
reactor cooling water in case the water became contaminated
through a breach in one of the cooling coils inside the reactor
sphere. The tank was housed inside a 6 ft by 4 ft by 3 ft
wooden shed. Before the tank and associated piping and
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valves were removed, the radiation levels were not above

background. Water found in the tank was sampled and found to .
be uncontaminated. The tank was drained and removed as a

unit, with the exception of 40 ft of line remaining inside building

TA-2-1. Soil samples taken from beneath the tank showed low

activity level (63 pCi/g). This soil was removed to establish

surface levels that were derived at the time to be de minimus

(less than 25 pCi/g) (Elder and Knoell 1986, 14-0014). The

repont does not specify whether these radioactivity levels are

due to alpha, beta, or gamma emitters.

7.4.2 Sampling Objectives and Potential Contaminants

Previous decontamination and decommissioning activities at the Water Boiler
reactor have removed some of the potential contaminants of concern (COCs);
however, residual contaminants were left in the soil and sediments in the areas
of the SWMU sites. Therefore, a Phase | sampling plan will be initiated at
SWMU 2-003 locations to confirm the presence or absence of contaminants
above screening action levels, and to determine which SWMU units can be

recommended for NFA and which units should undergo VCAs or Phase ||
investigation.

Based on the history of operations of the Water Boiler reactor at TA-2, the
contaminants that are likely to be present today in soil and groundwater include
tritium, cesium-137, strontium-90, technetium-99, and total uranium. lodine-131,
manganese-56, and sodium-24 were also identified as primary fission products
of the reactor; however, these constituents have short half-lives and have
mostly decayed into their stable, non-hazardous daughter products (xenon-131,
iron-56, and magnesium-24). Therefore soil and sediment samples collected for
this SWMU will be analyzed for gross alpha/beta radiation, cesium-137,
strontium-90, technetium-99, and uranium as well as the other potential TA-2
contaminants as explained in Section 7.1 (see Table 7.4-1).

TABLE 7.4-1
POTENTIAL CONTAMINANTS FOR
SWMU 2-003
Potential Contaminant Level li Method
Gross aipha/beta Gas flow proportional counter
Gross gamma Gamma spectrometry
Cesium-137 Gamma spectrometry
Strontium-90 Gas flow proportional counter
Technetium-99 Gamma spectrometry
Uranium (total) ICP
Plutonium (isotopic) ‘Radiochemical separation and
alpha spectrometry
Cobalt-60 Gamma spectrometry
Tritium Distillation and liquid
scintillation
Chromium (total) EPA Method 6010, ICP .
Mercury EPA Method 7470, Cold Vapor
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While there are no known SWMUs directly associated with the Clementine
reactor, its operational history is important to environmental investigations of
SWMU 2-003 and other TA-2 SWMUs due to the use of mercury and plutonium
in its operations. The Clementine reactor was a plutonium-fueled, mercury-
cooled, seif-contained reactor. Documentation suggests there were no
plutonium or mercury releases to the environment while the reactor was in
operation (DOE 1987, 0264). However, both plutonium and mercury are
considered extremely hazardous to the environment in very smail amounts, and
efforts should be made to confirm the absence (or presence) of these
contaminants in the vicinity of TA-2. Therefore, soil and sediment samples
collected for this SWMU, as well as other TA-2 SWMUs, will also be analyzed
for plutonium (isotopic) and mercury.

In addition to these constituents there are likely to be other contaminants in the
soil/sediment sampling locations for SWMU 2-003 due to the operations of the
Omega West Reactor. As discussed in section 6.1.2, these contaminants
include cobalt-60, tritium, and chromium (total and hexavalent). Therefore, all
samples collected for SWMU 2-003 will include analyses for these constituents,
as summarized in Table 7.4-1, an<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>