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Executive Summary

EXECUTIVE SUMMARY

In 1989, the US Department of Energy (DOE) created the Office of Environmental
Restoration and Waste Management {(EM). The goal of this office is to implement
the department’s policy of ensuring that its past, present, and future operations do
not threaten human health, safety, or the environment. The EM Office implements
procedures to meet these goals through three associate directorates: Environmen-
tal Restoration (ER), Waste Operations, and Technology Development. The ER
Program is responsible for assessing, cleaning up, decontaminating, and decom-
missioning sites at DOE facilities and at sites formerly used by DOE. This Installation
Work Plan (IWP) describes how the DOE and the University of California (UC) will
conduct the department's ER Program at Los Alamos National Laboratory (the
Laboratory).

The Laboratory and the neighboring residential areas of Los Alamos and White Rock
are located predominantly in Los Alamos County, north-central New Mexico,
approximately 60 mi north-northeast of Albuquerque and 25 mi northwest of Santa
Fe. The 43-mi2 Laboratory site and the communities adjacent to it are situated on
the Pajarito Plateau. The ephemeral and intermittent streams that drain the plateau
have created numerous narrow finger-like mesas, whose tops range in elevation
from approximately 7,800 ft on the flank of the Jemez Mountains to about 6,200 ft at
their eastern termination above the Rio Grande valley. The eastern margin of the
plateau stands 300 to 900 ft above the Rio Grande.

Since its inception in 1943, the Laboratory’s primary mission has been nuclear
weapons research and development. in the fall of 1992, in recognition of the end of
the cold war and the ascendancy of non-defense-related problems both at home and
abroad, the Laboratory’s management announced a reorientation of Laboratory
priorities. In September, the director introduced a revised mission statement for the
Laboratory that reflects its new, expanded role:

“Los Alamos National Laboratory is dedicated to developing
world-class science and technology and applying them to the
nation’s security and well-being. The Laboratory will continue
its special role in defense, particularly in nuclear weapons
technology, and will increasingly use its multidisciplinary capa-
bilities to solve problems in the civilian sector.”

To this end, the Laboratory will, over the next 3-5 years, continue its defense
programs as directed by Congress and will focus on developing new programs in
three nationally significant areas for which it has special capabilities: health and
biotechnology, environmental technologies, and industrial partnerships. Other
Laboratory programs include applied photochemistry, astrophysics, earth sciences,
lasers, computer sciences, energy resources (including solar and geothermal), and
nuclear waste management research.

Since the early 1970s, the Laboratory has reported the results of an environmental
surveillance program that routinely samples air, water, soil, and foodstufts through-
out the Los Alamos area to determine levels of contamination. The data collected
under this program are published annually for distribution to the public and to local,
state, and federal agencies. These data indicate that Laboratory operations do not
currently threaten human health or the environment. The ER Program at the

November 1992 i IWP, Revision 2



Executive Summary

Laboratory augments the environmental surveillance program by identifying poten-
tial future threats to human health and the environment and by mitigating them
through efficient corrective actions that comply with applicable environmental
regulations. Corrective actions include such measures as source containment to
prevent contaminant migration, controls on future land use, and excavation and
treatment of the source to remove hazards to heaith and the environment.

The ER Program at the Laboratory responds to two primary laws: the Resource
Conservation and Recovery Act (RCRA), which is the statutory basis for the ER
Program at the Laboratory, and the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA), which provides a framework for
remediating certain hazardous materials at the Laboratory that are not covered by
RCRA. The hazardous waste provisions of RCRA govern the day-to-day operations
of hazardous waste management, treatment, storage, and disposal (TSD) facilities.
The law established a permitting system and set standards for all hazardous-waste-
producing operations at a TSD facility. Under this law, the Laboratory qualifies as
a treatment and storage facility and must have a permit to operate. In 1984,
Congress amended RCRA by passing the Hazardous and Solid Waste Amend-
ments (HWSA). Section 3004(u) of RCRA (as amended by HSWA) mandates that
permits for TSD facilities include provisions for corrective action to mitigate releases
from facilities currently in operation and to clean up contamination in areas desig-
nated as solid waste management units (SWMUs).

Congress conceived and passed CERCLA to clean up the nation’s most hazardous
abandoned waste sites. Under CERCLA, the Environmental Protection Agency
(EPA) ranks abandoned facilties that have hazardous waste sites according to their
potential threat to human health and the environment. The high-scoring sites are
listed on the National Priorities List and are cleaned up in accordance with CERCLA
regulations. The Laboratory has not yet been evaluated to determine whether it
should be included on the National Priorities List.

DOE/UC’s RCRA permit includes a section called the HSWA Module, which
prescribes a specific corrective action program for the Laboratory and provides the
primary guidance for the Laboratory's ER Program. This IWP has been prepared in
accordance with the HSWA Module and with the corrective action requirements
proposed for incorporation in EPA’s standards for hazardous waste. EPA proposed
Subpart S of 40 CFR 264 in July 1990 to implement the cleanup program mandated
in Section 3004(u) of RCRA. This IWP describes how each of the following steps in
the cormrective action process will be implemented at the Laboratory.

« The RCRA facility investigation (RFl)—The goal of this step is
to identify the nature and extent of contamination at sources
and in environmental pathways that could lead to exposure of
human and environmental receptors. This step is being
implemented by characterizing the extent of contamination in
the detail necessary to determine what corrective measures,
if any, need to be taken. The Laboratory is answering only
those questions relevant to deciding further actions.

« Corrective measures study (CMS)—If characterization indi-

cates that corrective measures may be needed, this study will
evaluate alternatives that might be reasonably implemented.
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Corrective measures will be evaluated based on their pro-
jected efficacy in reducing risks to human and environmental
health and safety in a cost-effective manner.

» Public hearings are part of the formal EPA review process.
Additional public involvement is provided by the Laboratory’s
ER Program.

» Corrective measuresimplementation (CMI)—This step effects
the chosen remedy, verifies its efficacy, and establishes ongo-
ing control and monitoring requirements.

This IWP includes

» aprogram management plan that describes the organization
and management of the Laboratory’s ER Program, including
projected schedules and costs;

« anoverview of the ER Program’s quality program plan, which
integrates DOE Order 5700.6C, Quality Assurance, and QAMS
004180, Interim Guidelines and Specifications for Preparing
Quality Assurance Programs, to ensure implementation of
basic quality management requirements by the ER Program;

» a health and safety program plan that describes measures to
ensure health and safety during implementation of the
Laboratory's ER Program;

« arecords managementprogramplanthat describesthe mecha-
nisms to be used to track information and data throughout the
ER Program;

« a community relations program plan that describes how the
Laboratory will provide information to and receive recommen-
dations from the public throughout the life of the ER Program;

= a proposal to integrate RCRA closure and corrective action
requirements; and

» a strategy for conducting interim remedial measures.

The HSWA Module defines the principal requirements with which DOE/UC must
comply in implementing the ER Program at the Laboratory. However, RCRA does
not address several issues of concern at Los Alamos. For example, source, by-
product, and special nuclear materials are exempt from RCRA's definition of solid
waste and are therefore not subject to the provisions of the HSWA Module. DOE/
UC recognize that these radioactive constituents are of concern and cannot be
separated from concerns about hazardous wastes. Thus, DOE/UC’s ER Program
addresses radioactive as well as other hazardous substances not regulated by
RCRA. This approach is intended to implement a technically comprehensive
program that covers potential liabilities at sites that may contain hazardous sub-
stances regulated under CERCLA and radioactive materials regulated under the
Atomic Energy Act; however, it is understood that language in this IWP pertaining to
subjects outside the scope of RCRA is not enforceable under the RCRA permit.
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The HSWA Module provides a schedule for addressing 603 SWMUs that the EPA
has selected from potential release sites (PRSs) identified by DOE/UC. The
schedule requires these units be addressed in RFI work plans by May 23, 1994, and
that the CMS reports be complete by May 23, 2000. DOE/UC have aggregated into
operable units all SWMUs to be taken through the corrective action process. Thus,
the permit schedule for completing work plans willbe met by submitting one RFlwork
plan for each of the 23 operable units that contain SWMUs.

DOE/UC propose to extend the RFI process by an amount that will delay completion
of the CMS reports to the year 2002. This extension is necessary because the 603
SWMUs in the HSWA Module are only a subset of the approximately 2,000 PRSs
that the ER Program must address to meet all applicable environmental regulations.
In addition, the extended schedule allows the spread of effort over a period
compatible with the availability of national resources, including funding.

Current risks from known PRSs are low; hence, at this time, no operable unit or set
of PRSs has priority for action over others based on health or environmental
concerns. The orderinwhich operable units are being addressed has therefore been
established to meet the annual percentages of completion specified by the HSWA
Module. In addition, in response to requests from local property owners, the ER
Program is giving priority to field work at former Laboratory locations inthe townsite,
which are no longer owned by the DOE.

In accordance with the provisions of the HSWA Module, this IWP is revised annually
to reflect the current status of the ER Program at the Laboratory.
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Chapter 1

Introduction

1.0 INTRODUCTION

In 1988, the US Department of Energy (DOE) created the Office of Environmental
Restoration and Waste Management (EM). The goal of this office is to implement
the department’s policy of ensuring that its past, present, and future operations do
not threaten human or environmental health and safety (DOE 1991, 0549: DOE
1991, 0524). The EM Office implements procedures to meet these goals through
three associate directorates: Environmental Restoration (ER), Waste Operations,
and Technology Development. The ER Program is responsible for assessing,
cieaning up, decontaminating, and decommissioning sites at DOE facilities and sites
formerly used by DOE and its predecessors. Asa facility operated by the DOE, Los
Alamos National Laboratory (the Laboratory) is a part of this program.

The Laboratory is administered for the DOE by the University of California (UC).
Historically, the principal mission of the Laboratory has been the design, develop-
ment, andtesting of weapons forthe nation’s nuclear arsenal. This effort is supported
by research programs in nuclear physics, hydrodynamics, conventional explosives,
Chemistry, metallurgy, radiochemistry, and biology. In addition to the weapons
program, Laboratory personnel are involved in medium-energy physics; space
nuclear systems; controlled thermonuclear fusion: laser research; environmental
research; geothermal, solar, and fossil energy research; nuclear safeguards;
biomedical research; and space physics. Appendix A summarizes activities at the
Laboratory’s 49 active technical areas (TAs), which are shown in Figure 2-2.

In the fall of 1992, in recognition of the end of the cold war and the ascendancy of
non-defense-related problems both at home and abroad, the Laboratory’s manage-
ment announced a reorientation of Laboratory priorities. In September, the director
introduced a revised mission statement for the Laboratory that reflects its new,
expanded role:

“Los Alamos National Laboratory is dedicated to developingworld-class
science and technology and applying them to the nation’s security and
well-being. The Laboratory will continue its special role in defense,
particularly in nuclear weapons technology, and will increasingly use its
multidisciplinary capabilities to solve problems in the civilian sector.”

To this end, the Laboratory will, over the next 3-5 years, continue its defense
programs as directed by Congress and will focus on developing new programs in
three nationally significant areas for which it has special capabilities: health and
biotechnology, environmental technologies, and industrial partnerships.  Other
Laboratory programs include applied photochemistry, astrophysics, earth sciences,
lasers, computer sciences, energy resources (including solar and geothermal), and
nuclear waste management research.

Many of the processes used in carrying out the Laboratory’s mission involve the use
of hazardous and radioactive materials. During World War Il and for a while
thereafter, some of these materials were disposed on the Laboratory site or were
otherwise released into the environment. Beginninginthe 1970s, Congress enacted
basic legislation to protect the environment. In that period aiso, the DOE and the
Laboratory began to conduct surveys and to clean up areas where spills and casual
disposal had occurred.

The current investigation being conducted at Los Alamos under the ER Program is
intended to permit a definitive determination as to the presence or absence of
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hazardous and radioactive wastes and to restore any sites where such materials are
still found to exist. The ER Program at the Laboratory is committed to excellence In
carrying out its responsibilities for investigating and remediating hazardous waste
disposal sites. To accomplish this quality, the ER Program defines its mission as

“bringing together multidisciplinary, world-class science, engineering,
and state-of-the-art management practices to remedy environmental
problems resulting from 50 years of Laboratory activity in Los Alamos
by meeting boththe letter and spirit of applicable environmental statutes
and regulations. “

This updated Instaliation Work Plan (IWP) describes how the DOE and the University
of California (UC) are conducting the DOE’s ER Program at the Laboratory.

In 1980, Congress passed the Comprehensive Environmental Response, Compen-
sation, and Liability Act (CERCLA) to clean up the nation’s most hazardous
abandoned waste sites. Under CERCLA, the Environmental Protection Agency
(EPA) ranks abandoned facilities that have hazardous waste sites according to their
potential threat to human health and the environment. The high-scoring sites are
listed on the EPA’s National Priorities List and are cleaned up in accordance with
CERCLA regulations. The Laboratory has not yet been evaluated to determine
whether it should be included on the National Priorities List.

Data for this determination included the results of the Laboratory’s environmental
surveillance program that routinely samples air, water, soil, and foodstuffs through-
out the Los Alamos area to determine levels of contamination. The data collected
under this program are published annually for distribution to the public and to local,
state, and federal agencies. These data indicate that Laboratory operations do not
currently threaten human health or the environment. The ER Program at the
Laboratory augments the environmental surveillance program by identifying poten-
tial future threats to human health and the environment and by mitigating them
through efficient corrective actions that comply with applicable environmental
regulations. Corrective actions include such measures as source containment to
prevent contaminant migration, controls on future land use, and excavation and
treatment of the source to permanently eliminate hazards to health and the
environment. The formal ER Program at the Laboratory took effect in 1990 through
provisions of a permit issued by the EPA to the DOE/UC. The EPA retains oversight
and approval authority for the program at Los Alamos.

The ER Program is reguiated by the Resource Conservation and Recovery Act
(RCRA). The hazardous waste management provisions of RCRA as enacted in
1976 govern the day-to-day operations of hazardous waste treatment, storage, and
disposal (TSD)facilities. Sections 3004(u) and {v) of RCRA established a permitting
system and set standards for all hazardous-waste-producing operations at a TSD
facility. Under this law, the Laboratory qualifies as a treatment and storage facility
and must have a permit to operate.

In 1984, Congress amended RCRA by passing the Hazardous and Solid Waste
Amendments (HSWA). Sections 201, 202, 203, 206, 207, 212, 215, and 224 of
HSWA modified the permitting sections of RCRA (Sections 3004 and 3005). In
accordance with these provisions of HSWA, the Laboratory’s permit to operate
includes a section that prescribes a specific corrective action program for the
Laboratory, which includes provisions for mitigating releases fromfacilities currently
in operation and for cleaning up inactive sites. This portion of the permit is known
as the HSWA Module.

IWP, Revision 2 1-2 November 1992




Chapter 1

Introduction

The HSWA Module specifies a three-step corrective action process (Figure 1-1):

» The RCRA facility investigation (RFI)—The goal of this step is

to identify the extent of contamination at the source and the
environmental pathways alongwhich contaminants couldtravel
to human and environmental receptors. This step is being
implemented by characterizing the extent of contamination in
the detail necessary to determine what corrective measures,
if any, need to be taken. This approach focuses on answering
those questions relevant to deciding further actions in a cost-
effective manner.

Corrective measures study (CMS)—If characterization indi-
cates that corrective measures are needed, this study will
evaluate alternatives that might reasonably be implemented.
These measures will be evaluated based on their projected
efficacy in reducing risks to human and environmental health
and safety in a cost-effective manner.

Corrective measures implementation (CMI)—This step will
implement the remedy chosen by the regulatory authority,
verify its effectiveness, and establish ongoing control and
monitoring requirements. .

This IWP has been prepared to comply with the HSWA Module of the Laboratory’s
RCRA permit (EPA 1990, 0306). The major components of this IWP that address
the requirements of the HSWA Module are shown in Table 1-1.

TABLE 1-1

REQUIREMENTS OF THE HSWA MODULE

BRequirement
Programmatic elements of the RCRA facility
investigation (RFI) work plan

Location in IWP
Chapter 3 and Annex |

Installationwide description of the current Chapter 2
conditions of the Laboratory
Tabular summaries of the Laboratory’s potential Appendix F

release sites

RFl investigation work schedule

Annex | and Appendix N

Outlines for the task specific RI/FS documents Chapter 3
Installationwide overview of the hydro-geological Chapter 2
environment of the Laboratory

Project Management Plan Annex |
Data Collection Quality Assurance Plan Annex Il
Data Management Plan Annex IV
Health and Safety Plan Annex lll
Community Relations Plan Annex V
Waste Minimization Plan Appendix B
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Figure 1-1. RCRA corrective action process at the Laboratory.
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The fundamental unit to which these requirements apply is the solid waste mana-
gement unit (SWMU), defined by EPA in the HSWA Module as

“...any discernible unit at which solid wastes have been placed
at any time, irrespective 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.”

The HSWA Module defines the principal requirements with which DOE/UC must
comply in implementing the ER Program at the Laboratory. However, RCRA does
not address several issues of concern at Los Alamos. For example, source, by-
product, and special nuclear materials (defined inthe Atomic Energy Act) are exempt
from RCRA's definition of solid waste and are therefore not subject to the provisions
of the HSWA Module. DOE/UC recognize that these radioactive constituents are of
concern and cannot be separated from concerns about hazardous wastes. Thus,
DOE/UC’s ER Program addresses radioactive as well as other hazardous sub-
stances not regulated by RCRA. The sites that contain potentially hazardous
materials but no hazardous substances defined by RCRA are called areas of
concern (AOCs). In this document, SWMUs and AOCs are collectively referred to
as “potential release sites” (PRSs). This approach is intended to implement a
technically comprehensive program that covers potential liabilities at sites that may
contain hazardous substances regulated under CERCLA and radioactive materials
regulated under the Atomic Energy Act; however, it is understood that language in
this IWP pertaining to subjects outside the scope of RCRA is not enforceable under
the RCRA permit.

DOE/UC are using the operable unit (OU) approach defined in CERCLA for
organizing and managing the various PRSs. OUs are aggregates of PRSs that will
be addressedtogether. The details foreach step requiredunder the corrective action
process will be presented individually for each OU.

The HSWA Module provides a schedule for addressing 603 SWMUs that the EPA
has selected from PRSs identified by DOE/UC. The schedule requires that these
units be addressed in RFI work plans by May 23, 1994, and that any CMS reports
that are necessary be completed by May 23, 2000. The permit schedule for
completing work plans will be met by submitting one RFI work plan for each of the
23 operable units that contain SWMUs. An additional requirement of the permit is
that a subset of the 603 SWMUs, consisting of 187 SWMUs, were to be addressed
by work plans submitted by May 23, 1993. The aggregation of SWMUs in work plans
is such that the 187 priority SWMUs will be addressed as required by the permit.

DOE/UC propose to extend the RFI process by an amount that will delay completion
of the last CMS reports to the year 2002. This extension is necessary because the
603 SWMUs in the HSWA Module are only a subset of the approximately 2,000
PRSs that the ER Program must address to meet all applicable environmental
regulations. In addition, the extended schedule allows the spread of effort over a
period compatible with the availability of national resources, including funding.

Current risks from known PRSs are low; hence, at this time, no OU or set of PRSs
has priority for action over others based on health or environmental concerns. The
order inwhich OUs are being addressed has therefore been established to meet the
annual percentages of completion specified by the HSWA Module. In addition, in
response to requests from local property owners, the ER Program is giving priority
to field work at former Laboratory locations in the townsite, which are no longer
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owned by the DOE. The program is designed to identify sites for no further action
or cleanup under EPA’s provisions for voluntary corrective action as early in the
process as possible.

This program will be conducted to meet the requirements of applicable DOE
environmental orders, including 5400.1, General Environmental Protection Pro-
gram; 5400.3, Hazardous and Radioactive Mixed Waste Program; 5400.4, Compre-
hensive Environmental Response, Compensation, and Liability Act Requirements;
5400.5, Radiation Protection of the Public and the Environment; and 5400.2A,
Environmental Compliance issue Coordination. Additional DOE orders that are
incorporated in this program are listed in Annex I.

This IWP provides generic information about the ER Program at the Laboratory;
thus, each RFI work plan need discuss only information specific to individual OUs.
Chapter 2 of this document contains a description of the environmental setting and
a brief history of the Laboratory. Chapter 3 describes the regulatory framework and
structure of the ER Program, including the addition in 1992 of the Laboratory’s
Decontamination and Decommissioning Program to the ER Program. Chapter 4,
which is new in this version of the IWP, describes the technical approach used
throughout the ER Program at the Laboratory.

This document contains five annexes consisting of plans required by the HSWA
Module: the Program Management Plan, an overview of the ER Program’s Quality
Assurance Program, the Health and Safety Program Plan, the Records Manage-
ment Program Plan, and the Community Relations Program Plan. In addition, it
contains several appendices that supplement, as needed, information provided in
Chapters 1-4 and the annexes. The appendices are followed by a list of contributors,
a glossary, and a table showing conversion of metric to English units of measure.

In accordance with the provisions of the HSWA Module, this plan is revised annually

to reflect the current status of the ER Program at the Laboratory, future plans, and
near- and long-term schedules. This document is the second revision.
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Chapter 2 Installation Description

2.0 INSTALLATION DESCRIPTION

2.1 Geographic Setting

Los Alamos National Laboratory (the Laboratory) and the neighboring residential
areas of Los Alamos and White Rock are located predominantly in Los Alamos
County, north-central New Mexico, approximately 60 mi north-northeast of Albu-
querque and 25 mi northwest of Santa Fe (Figure 2-1). The 43-mi? Laboratory site
and the communities adjacent to it are situated on the Pajarito Plateau, which
consists of a series of fingerlike mesas separated by deep canyons containing
ephemeral and intermittent streams that run from west to east. Mesa tops range in
elevation from approximately 7,800 ft on the flank of the Jemez Mountains to about
6,200 ft attheir easterntermination above the Rio Grande valley. The easternmargin
of the plateau stands 300 to 900 ft above the Rio Grande (DOE 1979, 0051). The
Department of Energy (DOE) controls the area within the Laboratory's boundaries
and has the option of completely restricting access.

2.2 Mission of Los Alamos National Laboratory

The Laboratory is administered for the DOE by the University of California (UC).
Since its inception in 1943, the principal mission of the Laboratory has been the
design, development, and testing of weapons for the nation’s nuclear arsenal. This
effort is supported by research programs in nuclear physics, hydrodynamics,
conventional explosives, chemistry, metallurgy, radiochemistry, and biology. In
addition to the weapons program, Laboratory personnel are involved in medium-
energy physics; space nuclear systems; controlled thermonuclear fusion; laser
research; environmental research; geothermal, solar, and fossil energy research;
nuclear safeguards; biomedical research; and space physics. Appendix A summa-
rizes activities at the Laboratory’s 49 active technical areas (TAs), which are shown
in Figure 2-2.

In August 1977, the Laboratory site was dedicated as a National Environmental
Research Park. The ultimate goal of programs associated with this research facility
is to encourage environmental research that will contribute understanding of how
people can best live in balance with nature while enjoying the benefits of technology.
Park resources are available to individuals and organizations outside the Laboratory
to facilitate self-supported research on these subjects.

In 1992, the Laboratory expanded its mission to include development of new
programs in three nationally significant areas for which it has special capabilities:
health and biotechnology, environmental technologies, and industrial partnerships.

2.3 History of Los Alamos National Laboratory

In 1942, the US Army Manhattan Engineer District was established to develop the
atomic bomb. The research quickly progressed to a point that necessitated a remote
site for experimental work, and the Army selected the Los Alamos Ranch School for
Boys as an appropriate location. The Undersecretary of War directed acquisition of
the school site, which consisted of a group of some 50 log buildings on a 790-acre
site northwest of Santa Fe. The project ultimately acquired an additional 3,120
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privately owned acres and 45,666 acres of public land managed by the US Forest
Service. In 1943, this land became known as the Los Alamos Site, later Los Alamos
Scientific Laboratory.

Since its inception, UC has operated the Laboratory for the federal government.
Research activities were established inwooden buildings south ofthe original Ranch
School buildings in what is now downtown Los Alamos. Additional Laboratory
buildings were constructed; army-style barracks, temporary and prefabricated,
provided housing.

With the end of World War Il and the growth of international competition, a national
policy of maintaining superiority in the field of atomic energy was established.
Congress chose to sustain the Los Alamos site; the Atomic Energy Commission
(AEC) received control of the Laboratory from the Army and renewed the operating
contract with UC. Thereafter, amajor construction programwas started south of Los
Alamos Canyon. During subsequent years, the Laboratory continued to expand at
a steady rate, first under the AEC and later under the Energy Research and
Development Administration. Since 1978, the Laboratory has operated under the
control of the DOE and is currently officially known as Los Alamos National
Laboratory.

2.4 Waste Management Practices

Activities atthe Laboratory have generated and will continueto generate three types
of hazardous wastes: (1) wastes from processing operations, (2) wastes from
research and development (R&D) activities, and (3) high-explosive waste. These
three main groups of hazardous wastes result from processing effluents, separating
isotopes, manufacturing, conducting R&D programs in basic and applied chemistry,
testing and manufacturing explosives, cleaning chemically contaminated equip-
ment, and processing radioactive materials. Table 2-1 lists the hazardous wastes
generated at Los Alamos, which are categorized by generation process.

Since 1972, the Waste Management Group (EM-7) has prepared waste manage-
ment site plans annually. These plans identify and describethe areas and processes
that generate significant radioactive and hazardous wastes. Treatment facilities,
material disposal areas (MDAs), and storage facilities are also described, as are the
volumes of waste treated during the year and the alpha activity of radioactive waste
and effluents. The plans also describe decontamination and decommissioning and
future waste management plans and budgets. The Laboratory is required to
minimize the waste its processes generate. The plan for meeting this requirement
is included as Appendix B.

To accommodate wastes generated during the course of the corrective action
process, the ER Program proposes to construct a Mixed-Waste Storage and
Disposal Facility (MWSDF). This facility will operate under the appropriate federal
and state permits and will meet all relevant federal and state poliution control
requirements.

IWP, Revision2 2-4 November 1992



Chapter 2

Installation Description

JABLE 2-1

Hazardous Wastes at Los Alamos Identified by
Generation Process and Waste Characterization

Process or Operation
Generating Hazardous Wastes

Wastes

Approximate
Generated  Annual Volume (Ib)

Hazard EPA Hazardous
Code Waste Number®

Baslic and Applied Chemistry
R&D Program

Chemistry and Metallurgy Numerous Organic 50,000 Varies Many
Research Building chemical wastes  Inorganic 40,000
Radiochemistry Laboratory
- Health Research Laboratory
Electrochemistry Processing
Materials Technology Group  Cyanide and 2,000 Toxic, F007, FOO9
chromate plating reactive
solutions
Printed Circuit Board Shop Acid/base copper 40,000 Corrosive D002
etching/plating .
solutions
lsotope Separation
Isotope and Structural Concentrated nitricc 80,000 Corrosive D001, D002
Chemistry Group and sulfuric acid
Shops (Mechanical
Fabrication Division)
Lithium hydride, 3,500 Reactive D003
lithium metal
Halogenated <1,000 Toxic F0O01, FO02
solvents
Nonhalogenated <1,000 Ignitable  FOO03
solvents
Explosives
Dynamics Testing and Design  High explosives, 50,000 Ignitable, D001, D003,
Engineering potential for reactive D005, and
» barium K044
Contaminated 10,000 TcLPb  DOOS
burn pad sand toxic
Chemically Contaminated
Equipment
LANL Facilities Empty drums, 12,000 Varies  Many
tanks, cylinders, 5
etc.

a. 40 CFR Part 261, Identification and Listing of Hazardous Wastes.
b. Toxicity characteristic leaching procedure.
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2.5 Overview of the Environmental Setting

2.5.1 Land Use Patterns

Most Laboratory and community developments are confined to mesa tops. Large
tracts of land north, west, and south of the Laboratory site are managed by the Santa
Fe National Forest, Bureau of Land Management, Bandelier National Monument,
General Services Administration, and Los Alamos County (Figure 2-3). The San
lidefonso Pueblo borders Los Alamos County to the east.

Laboratory land is used for building sites, experimental areas, waste disposal
locations, roads, and utility rights-of-way. However, these uses account foronly a
small part of the land. Most of the land controlied by the Laboratory serves as abufier
zone for Laboratory facilities, providing security and safety, and as a reserve for
future construction. The Laboratory's long-range site development plan (Pava 1990,
0368) ensures adequate planning for the best possible future uses of available
Laboratory lands.

The public is allowed limited access to certain areas of the Laboratory site. Anarea
north of Ancho Canyon between the Rio Grande and State Road 4 is opento hikers,
boaters, and hunters, but woodcutting and vehicles are prohihited. Portions of
Mortandad and Pueblo canyons are also open to the public. An archaeological site
(the Otowi tract), northwest of State Road 502 near the White Rock Y, is opento the
public, subject to restrictions imposed by regulations to protect cultural resources.

2.5.2 Ecology

Understanding ofthe structural and functional relationships among Los Alamos area
ecosystems is limited, partly because of the wide diversity of ecosystems. This
diversity has been created by the pronounced 4,920-ft elevation gradient that
extends from the Rio Grande on the east to the Jemez Mountains 12 mi to the west.
Many canyons, with abrupt changes in surface slope, parallel this gradient. The
pronounced east-west canyon and mesa orientations, with concomitant differences
in soils, moisture, and solar radiation, produce an interlocking finger effect among
ecological life zones, resulting in many transitional overlaps of plant and animal
communities within small areas. Maps of the topography, wetlands, and flood plains
at Los Alamos are contained in Appendix C. Section 2.6 provides adetailed overview
of the hydrogeological environment at Los Alamos.

25.2.1 Flora

Six major vegetative complexes (community types) are foundinLos Alamos County.
A pifion-juniper forest surrounds most of the Laboratory. Within the confines of the
Laboratory’s border, the predominant community types are ponderosa pine wood-
land (6,900 to 7,500 ft in the western third of the reservation), pifion-juniper (6,200
10 6,900 ft in the central third), and juniper-grassland (5,600 t0 6,200 ft inthe eastern
third). Most of the environmental surveillance, waste operations, and R&D activities
affect physical, chemical, and biological components ofthe pifion-juniper woodland.

Less is known about ecosystems otherthan the pifion-juniper woodland. Hakonson
et al. (1973, 0118) provide a general description of the Laboratory and environs.
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Almost 350 plant species have been identified, and species lists have been prepared
(DOE 1979, 0051). Special studies have described the pastand current status ofthe
flora of the complex (Foxx and Tierney 1980, 0101; 1984, 01 02; 1985, 0103). Past
and present uses of the Laboratory and adjacent lands have resulted in structural
changes in plant communities. Laboratory uses have had, and will continue to have,
important consequences for local ecosystems. Few construction and waste dis-
posal activities have occurred in the flood plains of canyons in and near the
Laboratory. Natural wetland areas occur in some canyons, and more extensive
wetlands have developed as a result of effluent outfalls.

The grama grass cactus, which is proposed for inclusion in the federal endangered
species list, has been found onthe dry mesatops of Los Alamos County at elevations
of about 6,000 to 6,400 ft. However, it has not been found on Laboratory property.
Penalties exist for transporting plants protected under the 1985 New Mexico Rule
No. NRD:85-3. Among the species protected under this rule, nine have been
documented in the vicinity of Los Alamos County. To date, none has been found on
Laboratory property.

25.2.2 Fauna

Before the Laboratory was established, Native Americans and European settlers
farmed the mesas, disturbing areas that are now in various stages of succession.
These areas afford suitable feeding locations for herbivores, especially deerand elk,
and adjacent timbered canyon slopes provide cover for these species. Sheer
canyonwalls at lower elevations serve as important nesting habitats forbirds of prey.
Generally, larger mammals, reptiles, and invertebrates are most sensitive to
variations in elevations and are confined to smaller ranges.

Information on the fauna within the Laboratory complex is largely qualitative.
Species lists have been compiled from observational data and published data (DOE
1979, 0051), but the occurrence of some species has not been verified. Only one
limited fauna survey has been conducted on Laboratory grounds (Miera et al. 1977,
0148). Special studies are currently under way to provide a more comprehensive
survey of vertebrate fauna.

Based on published reports and ongoing surveys, one federally listed endangered
animal species, the peregrine faicon, is known to inhabit Los Alamos County. A
peregrine aerie exists in Pueblo Canyon. The nesting peregrines from this aerie, as
well as other raptors, hunt on Laboratory lands; however, no critical habitats have
been defined. The Jemez Mountain salamander has been found in the moist upper
reaches (above 8,000 ft) of the canyons that dissect the plateau, usually at an
elevation higher than that of the Laboratory. In 1985, one specimen was collected
and recorded as having been found on Laboratory property. This species is listed
as endangered by the state and federal governments.

2.5.3 Cilimate

Bowen (1990, 0033) has compiled and interpreted climatological data for the Los
Alamos area, and this information is summarized below.

Los Alamos has a semiarid, temperate mountain climate. Forty percent of the 18-
in. annual precipitation normally occurs from thundershowers during July and
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August. Winter precipitation falls primarily as snow, with accumulations of about 51
in. annually.

Summers are generally sunny, with moderate, warm days and cool nights. Maxi-
mum daily temperatures are usually below 90°F. Brief afternoon and evening
thundershowers are common, especially in July and August. High altitude, light
winds, clear skies, and dry atmosphere allow night temperatures to drop to the 50s
(°F) after even the warmest day. Winter temperatures typically range from about
15°F to 25°F during the night and from 30°F to 50°F during the day. Occasionally,
temperatures drop to 0°F or below. Many winter days are clear with light winds,
allowing strong sunshine to make conditions comfortable even when air tempera-
tures are cold. Snowstorms with accumulations exceeding 4 in. are common in Los
Alamos, and some of these storms are associated with strong winds, frigid air, and
dangerous wind chills, especially in the mountains.

The climate from 1961 through 1988 had slightly cooler temperatures and higher
precipitation than those recorded from 1911 through 1988 (entire record). The only
significant difference between the period between 1961 and 1988 and the entire
record period is the large amount of snowfall.

Because of complexterrain, surface winds in Los Alamos often vary greatly withtime
of day and location. With light winds and clear skies, a distinct daily wind cycle often
exists: a light southeasterly to southerly upslope wind during the day and a light
westerly to northwesterly drainage wind during the night. However, several miles to
the east toward the edge of Pajarito Plateau near the Rio Grande valley, a different
daily wind cycle is common: a moderate southwesterly up-valley wind during the day
and either a light northwesterly to northerly drainage wind or moderate southwesterly
wind at night. The predominant winds are southerly to northwesterly over western
Los Alamos County and southwesterly and northeasterly toward the Rio Grande
valley.

Historically, no tornadoes have been reported to have touched down in Los Alamos
County. Strong dust devils can produce winds up to 75 mph at isolated spots in the
county, especially at lower elevations. Strong winds with gusts exceeding 60 mph
are common during the spring.

Lightning is common over the Pajarito Plateau. Fifty-eight thunderstorm days occur
during an average year, mostly during the summer. Lightning protection is an
important design factor for most facilities at the Laboratory. Hail damage can also
occur. Hailstones with diameters up to 0.25 in. are common; 0.5-in.-diameter
hailstones are infrequent.

The irregular terrain at Los Alamos affects atmospheric turbulence and dispersion,
sometimes favorably and sometimes unfavorably. Enhanced dispersion promotes
greater dilution of contaminants released into the atmosphere. The complexterrain
and forests create an aerodynamically rough surface, forcing increased horizontal
and vertical dispersion. Dispersion generally decreases at lower elevations, where
theterrainbecomes smootherandless vegetated. Thefrequent clearskies andlight,
large-scale winds cause good vertical daytime dispersion, especially during the
warm season. Strong daytime heating during the summer can force vertical mixing
up to 3,000 to 6,000 ft above ground level, but the effectiveness of the generally light
winds in diluting contaminants horizontally is limited.

Clear skies and light winds have a negative effect on nighttime dispersion, causing
strong, shallow surface inversions to form. These inversions can severely restrict
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near-surface vertical and horizontal dispersion. Inversions are especially strong
during the winter. Drainage winds canfill lower areas with cold air, thereby creating
deeper inversions, which are common toward the Rio Grande valley on clear nights
with light winds. Canyons can also limit dispersion by channeling air flow. Strong,
large-scale inversions during the winter can limit vertical mixing to under 3,000 ft
above ground level.

Dispersion is generally greatest during the spring, when winds are strongest.
However, deep vertical mixing is greatest during the summer. Dispersion is
generally low during summer and autumn, when winds are light. Even though low-
level winter dispersion is generally greater, intense surface inversions can cause
least-dispersive conditions during the night and early morning.

During the winter, the frequencies of atmospheric dispersive capability (sampled at
TA-59) are 52% unstable (Stability Classes A through C), 21% neutral (Class D), and
27% stable (Classes E and F). The frequencies are 44%, 22%, and 34%, respec-
tively, during the summer. These stability category frequencies are based on mea-
sured vertical wind variations. Stability generally increases (the winds become less
dispersive) toward the valley.

2.5.4 Population Distribution

Los Alamos County had an estimated 1989 population of approximately 19,300
(based on the 1980 census adjusted for 1989). Two residential areas (Los Alamos
and White Rock) and their related commercial areas exist in the county (Figure 2-1).
The Los Alamos townsite (the original area of development that now includes
residential areas known as Eastemn Area, Western Area, North Community, Bar-
ranca Mesa, and North Mesa) has an estimated population of 12,100. The White
Rock area (including the residential areas of White Rock, La Senda, and Pajarito
Acres) has about 7,200 residents. About one-third of the people employed in Los
Alamos commute from other counties. Population estimates for 1990 place about
208,000 persons within a 50-mi radius of Los Alamos (Table 2-2).

2.6 Geologic and Hydrologic Setting

This overview of the hydrogeologic environment at the Laboratory and in the
northern New Mexico region is intended to describe the major geologic, hydrologic,
and hydrogeologic features and their conceptual interrelationships. It addressesthe
regional and installation-wide geologic setting andthe hydrologic characteristics that
affect surface water and groundwater occurrence and movement and their interac-
tions as they relate to the potential for contaminant transport. This overview is
intended as a guide to the significant literature in these areas rather than as a
technical summary. The sources cited here and additional literature on the
hydrology and geology of the Los Alamos region may be found in an annotated
bibliography of geologic, hydrogeologic, and environmental studies related to solid
waste management units at the Laboratory LANL (1990, 0143). This bibliography
was submitted to EPA in September 1990, and it and the literature it describes are
available for review in the ER Program’s public reading room located at 2111 Trinity
Drive, Building 2, Room 10, in Los Alamos.
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JABLE 2-2
1990 POPULATION WITHIN 80 KM OF LOS ALAMOS
Distance from TA-53 (km)

Direction 1-2 2-4 4-8 8-15 15-20 20-30 30-40 40-60 60-80
N 1 0 0 0 0 0 1,136 0 368
NNE o] o] (] 565 0 ‘542 1,730 1,797 221
NE 1 0 0 0 317 15352 1,009 1,135 3,846
ENE 0 o] 0 1840 1563 2716 2729 1,187 2214
E 0 0 83 25 5§56 1,145 696 0 1,402
ESE 0 0 0 0 0 293 23,151 1,067 1,476
SE 0 0 6757 0 0 0 53,520 2,443 8
SSE 0 0o 0 0 0 0 426 4,347 05
S 0 0 0 50 (o] 318 614 6,775 0
SSwW (o] (o] (o] 20 (o] 817 201 8,238 33,485
SW 0 0 0 0 0 0 315 4,157 0
wsw 0 0 0 0 0 315 313 2,545 207
w 0 0 0 0 0 0 0 164 132
WNW 0 1,435 6,535 0 0 0 (¢} 0 3,081
NW (o] 523 1,721 o ] 0 0 1,438 0
NNW (o] 5§78 5§79 o 0 0 o] 64 62

1990 Population 2 2,536 15675 2,600 2,436 21,497 85838 35357 46,597
Distribution

Total population within 80 km of Los Alamos is 213,000.

2.6.1 Geology

2.6.1.1 Regional Setting

The Laboratory is situated on the Pajarito Plateau on the east flank of the Jemez
Mountains and on the west side of the Rio Grande valley (Figure 2-4). The Jemez
Mountains are part of the Jemez volcanic field, which consists of some 432 mi3 of
volcanic rocks erupted from numerous vents, including a giant, multistage caldera
(Gardner et al. 1986, 0310). The Jemez volcanic field occurs at the intersection of
the Jemez lineament, a northeast-trending alignment of volcanic fields, and the Rio
Grande rift, a major north-trending zone of extensional tectonics (Aldrich. 1986,
0554).

Two major volcanic eruptions in the Jemez Mountains that occurred about 1.5 and
1.13 million years ago produced widespread and voluminous ash flow sheets: the
Otowi and Tshirege members of the Bandelier Tuff (Smith and Bailey 1966, 0377;
Spell et al. 1990, 0607). The morphology of the Pajarito Plateau is dominated by a
gently eastward-sloping surface, formed on top of the Bandelier Tuff, which is
dissected by numerous steep-sided canyons. The Otowi and Tshirege Members of
the Bandelier Tuff were erupted concomitantly with the collapse of the Toledo and
Valles calderas, respectively. Following formation of the calderas, volcanism
continued with the extrusion of domes along ring fractures. The latest eruption inthe
Jemez Mountains occurred about 130,000 years ago, producing the El Cajete
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pumice and Banco Bonito rhyolite flow (Gardner et al. 1986, 0310; Self et al. 1988,
0500). Vestiges of volcanic activity continue today, as evidenced by solfataric and
hot spring activity both within and outside of the Valles caldera (Goff et al. 1989,
0774). Studies of P-wave arrivaltime delays suggest the presence of partially molten
rock beneath the Valles caldera, possibly the remnants of the cooling Bandelier
magma chamber (Roberts et al. 1991, 0775).

The Pajarito Plateau is in the western part of the Espafiola basin of the Rio Grande
rift, a major tectonic feature of the western United States. The Espafiola basin lacks
distinct major faults on its eastern margin, but faults of major vertical offset may exist
within Precambrian rocks of the Sangre de Cristo uplift (Vernon and Riecker 1989,
0558; Biehleretal. 1991, 0528). The western marginis characterized by a prominent
zone of major faults, which cuts Miocene to Quaternary rocks of the Jemez volcanic
field (Smith et al. 1970, 0776; Gardner and Goff 1984, 0719; Goff et al. 1990, 0557).
These border faults exerted strong control on the location and development of the
volcanic field (Gardner and Goff 1984, 0719; Gardner et al. 1986, 0310).

Rocks formed before the rift developed are exposed around the margins of and
underlie the Espafiola basin. These rocks consist of Mississippian to Permian
marine limestones, sandstones, and shales; Mesozoic marine to terrestrial sand-
stones and shales; and Eocene sandstones, shales, and freshwater limestones.
Precambrian rocks—predominantly quartzite, granitic gneiss and schist, and green-
stone—are exposed in the cores of the flanking Sangre de Cristo, Nacimiento, and
Brazos uplifts (Kelley 1978, 0641). The earliest sediments deposited in the Tertiary
Espafiola basin are those of the Abiquiu, Picuris, and Los Pifios formations, which
consist of tuffaceous sandstones and volcaniclastic conglomerates derived largely
from volcanic highlands to the north and northeast. These units range in age from
about 28 to 17 million years old (Baldridge et al. 1980, 0527; May 1984, 0536;
Ingersoll et al. 1990, 0533).

2.6.1.2 Stratigraphic Units

‘Beneath a veneer of soils and alluvial deposits, the mesas of the Pajarito Plateau are
immediately underlain by the Bandelier Tuff of Pleistocene age, which is exposed in
the canyon walls and is penetrated by numerous drill holes. Beneath the Bandelier
Tuff, a sequence of interstratified sedimentary and volcanic rocks of Miocene to
Pleistocene age occur, which have been penetrated by water supply wells and which
have been studied where they outcrop in canyons on the margins of the Pajarito
Plateau. These rock units include volcanic rocks of the Paliza Canyon Formation,
Tschicoma Formation, and the Cerros del Rio volcanic field, and sedimentary
deposits of the Puye Formation, the Totavi Formation, the Cochiti Formation and the
Santa Fe Group. These units are briefly discussed below.

2.6.1.2.1 Santa Fe Group

The Santa Fe Group of Miocene and early Pliocene age (formed 18 to 4.5 million
years ago) is a thick series of terrestrial conglomerates, sandstones, and mud-
stones, with minor limestones, evaporites, volcanic tuffs, and intercalated basalts.
These rocks are the most extensive units filling the Rio Grande rift, and most
production from water wells at Los Alamos is from the Santa Fe Group (Griggs and
Hem 1964, 0313; Purtymun 1984, 0196). Sedimentary rocks usually dominate the
Santa Fe Group, although basalts constitute up to 45% of the section penetrated by
water supply wells at the Laboratory (Purtymun et al. 1984, 0713). inthe Espafiola
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basin and underlying the northern part of Los Alamos County, the Santa Fe Group
\is subdivided into two formations (Tesuque and Chamita formations) and several
members, which reflects the diversity of the coalesced alluvial fans depositedinthe
Espafiola basin (Galusha and Blick 1971, 0108; Ingersoll et al. 1990, 0533). Early
investigators inferred that all Santa Fe Group rocks exposed around the flanks ofthe
Pajarito Plateau and intersected by water wells beneath the plateau belonged tothe
Tesuque Formation (Griggs and Hem 1964, 0313; Cooper et al. 1965, 0495),
although more recent investigations suggest that some oftheupper Santa Fe Group
in the vicinity of Los Alamos is instead Chamita Formation (Turbeville et al. 1989,
0221).

2.6.1.22 Keres Group

Two formations ofthe Keres Group (Bailey et al. 1969, 0019, and Gardner et al. 1986,
0310 discuss formational relations in the Keres Group) may be important in the pre-
Bandelier Tuff subsurface in the southern parts of the Laboratory. These are the
Paliza Canyon and Cochiti formations, each about 13 million to about 6 or 7 million
years old. The St. Peter's Dome area lies about 3 mi from the southern boundary
of the Laboratory and was a major center of Keres Group volcanism (Goffetal. 1990,
0557). Large volumes of Paliza Canyon andesite were erupted fromthe St. Peter's
dome center and spread to the east and north. It appears that some of the volcanic
units encountered in wells at TA-49 (Weir and Purtymun 1962, 0228) may be Paliza
Canyon lavas that have been misidentified as Tschicoma and Cerros del Rio units,
as discussed below.

Beneath the southern Pajarito Plateau, sedimentary deposits of the Cochiti Forma-
tion compose the Miocene basin fill and are therefore laterally equivalent to the
sedimentary rocks of part of the Santa Fe Group and possibly also to those of the
Puye Formation (Section 2.6.1.2.3) to the north (Gardner et al. 1986, 0310). The
Cochiti Formation consists dominantly of basin fill gravels derived from the volcanic
centers of the southern and central Jemez Mountains volcanic field. The transition
between the Cochiti, Santa Fe, and Puye formations probably occurs somewhere
beneath Los Alamos County, but it is very poorly defined.

2.6.1.2.3 Tschicoma Formation

The Tschicoma Formation consists of a sequence of dacitic domes and lavas that
were erupted from vents in the central to northeastern Jemez Mountains between
about 7 and 3 million years ago, (Gardner et al. 1986, 0310). These volcanic rocks
outcrop extensively in the mountains immediately west of the Laboratory and are
reported inthe subsurface beneath the western and southern part ofthe Laboratory
(Weir and Purtymun 1962, 0228; Griggs 1964 and Hem, 0313; Dransfield and
Gardner 1985; 0082).

2.6.1.24 Puye Formation

The Puye Formation consists of a Pliocene-to-Pleistocene fanglomerate that was
shed eastward from Tschicoma volcanic centers inthe northeastern Jemez volcanic
field between about 4 and 1.7 million years ago. Earlier workers (e.g., Griggs 1964
and Hem, 0313) included the Totavi Lentil, now considered a separate formation
(Section 2.6.1.2.5), as part of the Puye Formation. Most of the Puye conglomerates
contain cobbles of dacitic to andesitic composition in a volcanic sand matrix. The
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beds include stream flow deposits, debris flow deposits, volcanic ash and block flow
deposits, and ash fall and pumice fall deposits (Waresback and Turbeville 1990,
0543). The Puye Formation is best exposed north of the Laboratory, but lithologically
similar rocks have been penetrated in drill holes as far south as Frijoles Mesa (Weir
and Purtymun 1962, 0228; Dransfield and Gardner 1985; 0082). Under parts of the
Laboratory, the Puye Formation is interstratified with basalts of the Cerros del Rio
volcanicfield. In Los Alamos water supply wells, the top of the main aquifer is usually
within the Puye Formation. _

2.6.1.2.5 Totavi Formation

Immediately beneath the fanglomerates of the Puye Formation, unconformably
overlying the Santa Fe Group, is a section of poorly consolidated fluvial gravels,
which Griggs originally named the Totavi Lentil of the Puye Formation (Griggs and
Hem 1964, 0313). The gravels contain clasts that differ lithologically from those in
the Puye, including abundant well-rounded cobbles and boulders of quartzite,
granite, and pegmatite that record a source area distant from the Jemez Mountains;
this unit probably represents axial channel gravels of an ancestral Rio Grande.
Recently, Waresback and Turbeville (1990, 0543) redefined these fluvial gravels as
a separate formation, the Totavi Formation, which also includes lacustrine sedi-
ments that are complexly interstratified with the upper Puye Formation (“old
alluvium” of Griggs and Hem 1964, 0313). in some water supply wells beneath the
Laboratory, the Totavi was reported between the Santa Fe and the Puye, occurring
at lower elevations in the eastern wells (Cooper et al. 1965, 0495; Purtymun et al.
1983, 0712; Purtymun et al. 1984, 0713). The presence of the Totavi atthese levels
suggests that Rio Grande river gravels were deposited on erosional surfaces, a
setting analogous to Quaternary terraces of the Rio Grande in the Espafiola basin
described by Dethier et al. (1988, 0773) before deposition of the Puye fans, which
unconformably overlie older formations.

2.6.1.2.6 Cerros del Rio Basalts

Basaltic flows, breccias, and scoria of the Cerros del Rio occur in the subsurface
beneath much of the Pajarito Plateau (Dransfield and Gardner 1985, 0082) and.
outcrop in the east and southeast parts of Los Alamos County (Griggs 1964 and
Hem, 0313). These volcanic rocks are associated with the Pliocene-to-Pleistocene
Cermrosdel Riobasaltfield, east ofthe Rio Grande, and rocks fromthis field have been
dated at 4.6 to 2.0 million years old (Gardner et al. 1986, 0310). The youngest lava
flows in this area occurred between the two Bandelier Tuff eruptions, 1.5 and 1.13
million years ago (“basaltic andesite of Tank Nineteen” described by Smith et al.
1970, 0776). Part ofthis volcanic field is also known as basaltic rocks of Chino Mesa
(Griggs and Hem 1964, 0313). The top of the main aquifer beneath the Laboratory
is locally within this section of basaltic rocks.

2.6.1.2.7 Otowi Member, Bandelier Tuff

The Otowi Member of the Bandelier Tuff underlies the Tshirege Member in the
subsurface beneath much of the Pajarito Plateau and outcrops in many of the
canyons (Griggs and Hem 1964, 0313). The Otowi Member is mostly a nonwelded
ash flow tuff (ignimbrite) that was erupted from the Jemez Mountains 1.5 million
years ago (Spell et al. 1990, 0607). It is highly porous and poorly indurated and is
composed of multiple flow units. Where it outcrops, cooling joints are typically absent
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because of relatively low emplacementterﬁperatu res andthelack of induration. The
Guaje Pumice Bed generally occurs at the base of the Otowi Member and consists
of sorted pumice fragments that average 0.8 to 1.6 in. in size (Crowe et al. 1978,
0041).

26.1.2.8 Cerro Toledo Rhyolite and Interbedded Sediments

Aninterbedded sequence of rhyolitic tuffs and sediments commonly occurs between
the Otowi and Tschirege members of the Bandelier Tuff. The rhyolitic tuffs were
eruptedbetween 1.5and 1.2 millionyears ago, predominantly fromthe Cerro Toledo
domes in the northeastern Jemez Mountains (Heiken et al. 1986, 0316). Beneath
the Pajarito Plateau, the sediments are epiclastic sands and sandy gravels that
lithologically resemble Puye Formation fanglomerates. At the Laboratory, deposits
in this interval have sometimes been referred to as “Tsankawi pumice” or “T sankawi
member.” These units may play an important role in the migration of water in the
subsurface beneath the Laboratory (Stoker et al. 1991, 0715).

2.6.1.2.9 Tschirege Member, Bandelier Tuff

The most widespread rock unit on the Pajarito Plateau is the Tschirege Member of
the Bandelier Tuff (Griggs and Hem 1964, 0313), which was erupted fromthe Valles
caldera in the Jemez Mountains about 1.13 million years ago (Spell et al. 1990,
0607). The Tschirege Member is composed of multipie flow units of crystal-rich ash-
flow tuff (ignimbrite) and displays significant variations inwelding and alteration, both
in a single stratigraphic section and with varying distance fromthe caldera. Individual
units tend to be more welded and thicker tothe west. Flow units are locally separated
by volcanic surge deposits of well-sorted, fine-grained, cross-bedded crystal and
pumice fragments. Vapor phase alteration, caused by postemplacement cooling
and migration of entrained magmatic gases, occurs in much of this unit. The base
of the Tschirege Member is often marked by 1.5 to 10 ft of bedded, unconsolidated,
pumice-rich ash falltuff of the Tsankawi Pumice Bed (Bailey et al. 1969, 0019; Crowe
etal. 1978, 0041). The Tsankawi Pumice Bed is generally poorly recognized in drill
bit cuttings because rotary drills commonly grind the soft materials into dust.

The Tschirege Member has been subdivided into a sequence of mappable units
based on either erosional characteristics (Weir and Purtymun 1962, 0228; Baltz et
al. 1963, 0024; Purtymun and Kennedy 1971, 0200) or on primary cooling units
(Crowe et al. 1978, 0041). These units have been correlated over large distances
on the Pajarito Plateau. However, the boundaries between the units are not always
distinctinthe field and can be difficult to recognize indrill holes, causing investigators
to place the contacts between units at different locations. Furthermore, in the
absence of geologic mapping in the intervening areas, the validity of the correlations
is uncertain.

Stratigraphic features inthetuff, such as volcanic surge deposits, may locally provide
a preferential migration pathway for moisture and contaminants in the subsurface
(Purtymun 1973, 0710; Crowe et al. 1978, 0041). Purtymun (1973, 0710) noted
increased rates of vapor phase migration of tritium away from storage shafts at TA-
54 along a stratigraphic boundary that includes surge layers. Individual flow units
inthe Tschirege Member contain vertical cooling joints that may or may not cross flow
unit boundaries. In ash flow tuffs, cooling joint spacing varies primarily with the
thickness of the unit, emplacement temperature, substrate temperature, and topog-
raphy. Joint density tends to be greatest in welded tuff and least in nonwelded tuff.
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Hydraulic conductivities are generally greatest in the fractured, welded parts of ash
flow tuffs and ieast in the nonwelded parts (Crowe et al. 1978, 0041).

2.6.1.2.10 Post-Bandelier Units

Stratigraphically overlying the Bandelier Tuff are discontinuous Quaternary alluvial
units that occur as thin deposits (typically less than 15 ft thick) on mesatops and as
deposits in canyons. Alluvial fans consisting mostly of dacite debris are being shed
over the Bandelier Tuff at the western boundary of the Laboratory. Well-sorted to
poorly sorted sandy and gravelly alluvium occurs in the major drainages of the
Pajarito Plateau, ranging up to at least 70 ft thick in some drillholes (Baltz et al. 1963,
0024). Additional, older alluvium occurs on stream terraces on the sides of the
canyons, which can be buried by colluvial deposits from the canyon walls. The
distribution of alluvial deposits on the mesas has not been mapped, but these
deposits are most widespread on the western part of the Pajarito Plateau. Post-
Bandelier alluvial units represent a range of ages from 1.1 million years ago to the
present. Generally, alluvial units on the surface of the mesas are probably oldest,
becoming inactive as drainages were incised into the plateau. Those units lowest
in the drainages grade into the active alluvium along canyon bottoms.

The alluvial sediments in the canyon bottoms probably record a complex history of
erosion and deposition, in part related to regional climatic changes. In Cabra
Canyon, immediately north of Los Alamos, several cycles of erosion and deposition
of sediment occurred over the last 6,000 years, during which most of the previously
stored sediment was eroded (Gardner et al. 1990, 0639). Similar cycles of erosion
and deposition have been documented in many parts of the southwestern United
States, and the older alluvial units in the vicinity of Los Alamos may also record the
effects of regional climatic changes (Dethier et al. 1988, 0773).

The mesas of the Pajarito Plateau are also covered in part by deposits of the El
Cajete pumice, erupted from El Cajete crater in the Jemez Mountains. Deposits of
pumice on the mesas have not been mapped, but at the Laboratory they are
generally most common to the south, and the axis of the volcanic dispersal plume
is south of Los Alamos County. Available data suggest that the El Cajete pumice
is 130,000 to 170,000 years old (Self et al. 1988, 0500). :

2.6.1.3 Soils

A large variety of soils have developed on the Pajarito Plateau as the result of
interactions of the underlying bedrock, slope, and climate (Nyhanetal. 1978,0161).
The mineral components of the soils are inlarge part derived fromthe Bandelier Tuff,
but dacitic lavas of the Tschicoma Formation, basalts of the Cerros del Rio volcanic
field, and sedimentary rocks of the Puye Formation are locally important. Alluvium
derived from the Pajarito Plateau and from the east side of the Jemez Mountains
contributes to soils in the canyons and also to those on some of the mesa tops.
Layers of pumice derived from El Cajete in the Jemez Mountains and windblown
sediment derived from other parts of New Mexico are also significant components
of many soils on the Pajarito Plateau.

Soils formed onthe tops of mesas on the Pajarito Plateau include the Carjo, Frijoles,
Hackroy, Nyjack, Pogna, Prieta, Seaby, and Tocal series. These soils typically have
loam or sandy loam surface horizons and clay or clay loam subsurtace horizons.
Some, including the Frijoles, Hackroy, and Seaby soils, contain abundant pumice.
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Others, including the Prieta soils, contain abundant wind-deposited sediment. Soils
on the mesas can vary widely in thickness and are typically thinnest near the edges
of the mesas, where bedrock is often exposed. Soils formed from alluvial and
colluvial deposits include the Potrilio, Puye, and Totavi series and are generally
loose and sandy. The slopes between the mesa tops and canyon bottoms often
consist of steep rock outcrops and patches of shallow, undeveloped colluvial soils.
South-facing canyon walls are steep and usually have little or no soil material or
vegetation; in contrast, the north-facing walls generally have areas of very shallow,
dark-colored soils and are more heavily vegetated (Nyhan et al. 1978, 0161).

Soil-forming processes extend along fractures in bedrock, and coatings of clay and
calcium carbonate on fractures record the transport of water to significant depthsin
the tuff. For example, at TA-54, Area G, calcium carbonate has been observed as
deep as 39 ftand clay coatings as deep as 46 ft below the ground surface (Purtymun
etal. 1978,0207). Roots have also been observed at similar depths along fractures
in core holes and pits, suggesting that these soil-forming processes continue at
depth today.

2.6.1.4 Geologic Structure

As mentioned earlier, the Laboratory is on the Pajarito Plateau, which lies at the
western margin of the Espafiola Basin of the Rio Granderift, a maiortectonic feature
ofthe North American continent. The Pajarito fault system forms the western margin
of the Espafiola basin and exhibits Holocene movement and historic seismicity
(Gardner and House 1987, 0110; Gardner et al. 1990, 0639; Gardner and House, in
preparation, 0720). The fault systemis made upof over 65 miof mapped faulttraces
and connects with regional structures that extend at least as far as Cochiti to the
south and Taos to the northeast (Gardner and House 1987, 0110).

Within Los Alamos County, the Pajarito fault system consists of three active, or
potentially active, fault segments: the Frijoles Canyon, Rendija Canyon, and Guaje
Mountain segments. The Frijoles Canyon fault segment is a zone of faulting over
0.25 mi in width, whose major scarp forms the western boundary of the Laboratory.
Near the southwestern corner of the Laboratory, the major scarp of the Frijoles
Canyon segment is over 410 ft high in rocks about 1 million years old. Movement
on this fault segment is normal-oblique, and the fault’s eastern side is relatively
downdropped. Where exposed north of Los Alamos Canyon, the Rendija Canyon
and Guaje Mountain faults are characterized by zones of gouge and breccia
generally 100 to 150 ft wide. Both fault segments produce visible offsets of
stratigraphic horizons and are dominantly normal-oblique faults whose west sides
are downdropped. There are some indications of strike-slip movements on the
Guaje Mountain fault segment (Wachs et al. 1988, 0502; Aldrich and Dethier 1990,
0017: Gardner et al. 1990, 0639). The youngest movements onthe Guaje Mountain
segment have been constrained to between roughly 4,000 and 6,000 years ago
(Gardner et al. 1990, 0639). Displacement on the Guaje Mountain and Rendija
Canyonfaults apparently decreases southof Los Alamos Canyon, and narrow zones
of faulting are replaced by wide (over 300 ft) zones of intense brecciation and
fracturing superimposed on the network of cooling joints in the Bandelier Tuff
(Vaniman and Wohletz 1990, 0541). In contrast to cooling joints, these tectonic
fractures cross flow unit and lithologic unit boundaries; thus, tectonic fractures may

% provide more continuous and more deeply penetrating flow paths for groundwater
migration than do cooling joints.
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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. 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. However, where detailed fracture studies have

. beendoneontheplateau, they have shownthat fracture abundances and apertures -
increase in the Bandelier Tuff over fault projections, which indicates the tectonic
fracturing mentioned above (Vaniman and Wohletz 1990, 0541). In addition, small-
scale offsets along fractures have been observed in various parts of the Laboratory, ¢
including Area G at TA-54 (Rogers 1977, 0216), that suggest additional unmapped
fault zones. Unfortunately, detailed fracture studies on the Pajarito Plateau are few.

2.6.1.5 Seismicity and Volcanism

The Laboratory lies within a region that possesses a long and rich history of volcanic
and tectonic activity that dates from the distant past into the Late Pleistocene and
present, respectively. Volcanism began inthe Jemez Mountains volcanic field more
than 13 million years ago and continued without significant hiatus up through about
130,000 years ago (Gardner et al. 1986, 0310). Reports of questionable reliability
describe what were apparently phreatic explosions and possible associated earth-
quakes within the volcanic field around 100 years ago (Santa Fe Daily New Mexican
1882, 0780). Regardiess, given the long history of spatially focused, geologically
continuous volcanic activity, future volcanism is expectable. Although volcanic
activity directly affecting the Laboratory may prove unlikely, sufficient data to quantify
the probabilities and nature of future volcanism are lacking.

Direct effects of future seismicity atthe Laboratory are likely, although quantification
of probabilities is not possible at present. Numerous small earthquakes are recorded
in the Los Alamos area and northern New Mexico each year (Sanford 1979, 0540;
Cash and Wolff 1984, 0530; Gardner and House 1987, 0110). Since establishment
ofthe Laboratory, several earthquakes of Richter magnitude 3 to 4 have shaken Los
Alamos (Gardner and House 1987, 0110). Recent work has shown that three fault
segments in Los Alamos County are seismically active and that they are capable of
generating large earthquakes of about 7 or more on the Richter scale (Gardner and
House 1987,0110;House and Cash 1988, 0132; Gardner et al. 1990, 0639; Gardner
and House in preparation, 0720). Unknown at this time are how frequently these
large earthquakes occur and what their potential is for generating surface rupture
and mass wasting (occurrences such as rockfalls and landslides, which are not
caused primarily by the movement of water) within the confines of the Laboratory.

2.6.1.6 GeomorphicProcesses

Significant geomorphic processes active on the Pajarito Plateau include (1) erosion
of mesa top soils by run-off, (2) retreat of canyon walls by rockfall and landsliding,
(3) colluvial transport on sloping portions of canyon walls, and (4) erosion and
deposition of sediments by streams in the canyon bottoms. Few data exist on the
rates of erosion and landscape change caused by these different processes onthe
Pajarito Plateau. Estimates of long-term vertical erosion rates on mesa tops have
been made based on stripping of overlying units (Purtymun and Kennedy 1971,
0200), but these estimates may be of limited value because the resistant, cliff-
forming units may be eroded primarily by lateral cliff retreat rather than by vertical
erosion. Erosion rates vary considerably on the mesa tops; the highest rates occur
in and neardrainage channels and in areas of locally steeper slope gradient, and the
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lowest rates occur on relatively gently sloping portions of the mesa tops removed
fromchannels. Areas where run-offis concentrated by roads and other development
are especially prone to accelerated erosion.

The rates and processes of erosion may differ significantly between the north and
south slopes of canyons. Given current vegetation and climate, the more extensive
exposures of bedrock on south-facing sides and greater soil cover on north-facing
sides suggest that erosion rates of fine-grained material that can be transported by
run-off are higher on the drier, less-vegetated, south-facing sides of canyons,
although this material is largely retained on the north-facing slopes. However, no
studies have been conducted to quantify the rates and processes of erosion on
canyon sides.

Cliff faces retreat primarily by dislodgement of blocks bounded by joints and, to a
lesser extent, by large-scale landsliding, including the formation of huge toreva
blocks in White Rock Canyon. At present, the rates of cliff retreat have not been
documented. Neither is it known to what extent cliff retreat rates may vary with
climatic changes, with evolution of the canyons, or with proximity to side drainages.

Thicknesses, detailed stratigraphy, and ages of alluvium in canyon bottoms are, in
general, poorly known, and therefore the rates of deposition, erosion, and transport
of sediments through canyons are largely unknown. Available studies that have
examined alluvial stratigraphy on the Pajarito Plateau reveal multiple cycles of
extensive erosion of sediment, followed by renewed deposition, in the past 6,000
years (Gardner et al. 1990, 0639). At Cabra Canyon, north of Los Alamos, the last
few hundred years has been marked by the net accumulation of sediment in the
canyon bottom (Gardner et al. 1990, 0639), but it is not known how long this sediment
will stay in storage before being mobilized by floods and transported downcanyon.
Itis possible thatthese erosional cycles are climatically driven and regionalin extent,
but more extensive data from additional canyons are needed before this determina-
tion can be made. On a longer time scale, evidence from the adjacent Espafiola
basin does suggest a strong climatic control on periods of alluviation and canyon
incision over the last million years (Dethier et al. 1988, 0773).

2.6.2 Hydrology

2.6.2.1 General Surface Water Conditions

The Rio Grande is the master stream in north-central New Mexico. All surface water
drainage and groundwater discharge from the Plateau ultimately arrives at the Rio
Grande. The Rio Grande at Otowi, just east of Los Alamos, has a drainage area of
14,300 mi? in southern Colorado and northern New Mexico. The discharge for the
period of record has ranged from a minimum of 60 cubic feet per second (cfs) in 1902
to 24,400 cfs in 1920. The river transports about one million tons of suspended
sediments past Otowi annually.

Essentially all Rio Grande flow downstreamofthe Laboratory passes through Cochiti
Reservoir, which began filling in 1976. It is designed to provide flood control,
sediment retention, recreation, and fishery development. Flood flows are tempo-
rarily stored and released at safe rates. The dam is expected to trap at least 90%
of the sediments carried by the Rio Grande.
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Los Alamos surface water occurs primarily as intermittent streams in canyons cut
into the Pajarito Plateau. Perennial flow to the Rio Grande occurs in the Rito de los
Frijoles tothe south ofthe Laboratory and in Santa Clara Canyontothe north. Spring
discharges in lower Pajarito and Ancho Canyons in White Rock Canyon also are of
sufficient volume to supply perennial flow into the Rio Grande.

Springs between elevations 7,900 and 8,900 ft mean sea level on the flanks of the
Jemez Mountains supply base flow throughout the year to the upper reaches of
Cafion de Valle and in Guaje, Los Alamos, Pajarito, and Water Canyons (Purtymun
1975, 0194). These springs discharge water perched in the Bandelier Tuff and
Tschicoma Formation at rates from 2 to 135 gal./min (Abeele et al. 1981). The
volume of flow from the springs is insufficient to maintain surface flow within more
than the western third of the canyons before it is depleted by evaporation, transpi-
ration, and infiltration into the underlying alluvium.

Eleven drainage areas, with a total area of 82 mi2, pass through the Laboratory’s
easternboundary. Run-off from heavy thunderstorms and heavy snowmelt reaches
the Rio Grande several times a year in some drainages. Los Alamos, Pajarito, and
Water Canyons have drainage areas at the east boundary of greater than 10 mi2.
Pueblo Canyon has 8 mi2, and allthe rest have lessthan 5 mi2. Theoretical maximum
flood peaks range from 24 cfs for a 2-year frequency to 686 cfs for a 50-year
frequency (McLin 1992, 0825). The overall flooding potential is low because nearly
all community and Laboratory structures are located on the mesa tops, which drain
rapidly into the deep canyons. J :

Contaminants enter the surface water drainages by surface run-off, by liquid
discharges, and occasionally by air deposition (Becker 1985, 0029; 1986, 0027).
Run-off-derived contaminants are largely bound to sediments; their rate of down-
stream travel is governed by the scouring and carrying power of subsequent run-off
events (Lane et al. 1985, 0140). Given sufficient time, these sediments eventually
will be moved across the Laboratory boundary.

Nearly every drainage has received liquid industrial or sanitary effluents discharged

from the Laboratory. The effluent discharges determine the flow and water quality
characteristics indrainages that contain littie natural water. Withtraveldownstream,

most of the effluent-derived metals and radionuclides become sediment bound and
remain near the surface of the stream channel; other contaminants, such as nitrate,

are lost by evaporation or move downward into the alluvium. Detailed field
investigations in Mortandad Canyon, for example, demonstrate that generally more ¥
than 99% of the residuals from the treatment plant effluents are associated with
sediments in or immediately adjacent to the stream channel (Stoker et al. 1991,
0751).

In canyons that have received treated, low-level radioactive effluents (Acid-Pueblo,
DP-Los Alamos, and Mortandad canyons) concentrations of radioactivity in the
alluvium are generally highest nearthe treated effluent outfalland decrease downhill
inthe canyon as the sediments and radionuclides are transported and dispersed by
other treated industrial effluents, sanitary effluents, and surface run-off.

A study of transport of plutonium by snowmelt run-off was published in 1990
(Purtymun et al. 1990, 0215). The conclusions include the finding that most
plutonium moved by run-offin Los Alamos and Pueblo canyons that reached the Rio
Grande is transported with sediments—about 57% with suspended sediments and
40% with bed sediments. A total of about 600 uCi of plutonium was carried to the X
Rio Grande by five snowmelt run-off events studied during the years 1975 to 1986.
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Environmental monitoring for chemical and radiochemical quality in surface water
began with US Geological Survey (USGS) investigations (Purtymun 1964, 0183;
1975, 0194; Purtymun and Kunkler 1967, 0202; Purtymun 1967, 0188) and have
been continued by the Laboratory (ESG 1970-1991).

2.6.2.2 General Groundwater Conditions

Groundwater occurs in three modes in the Los Alamos Area: (1) water in shallow
alluvium in some of the larger canyons, (2) as perched water (groundwater body
above a less permeable layer that separates it from the underlying main aquifer by
an unsaturated zone), and (3) the main aquifer of the Los Alamos area.

2.6.2.2.1 Alluvial Canyon Aquifers

intermittent and ephemeral streamflows in the canyons of the Pajarito Plateau have
deposited alluvium that ranges in thickness to as much as 100 ft. The alluvium in
canyons that head on the Jemez Mountains is generally composed of sands,
gravels, pebbles, cobbles, and boulders derived fromthe Tschicoma Formation and
Bandelier Tuff on the flank of the mountains. The alluvium in canyons that headon
the plateau is comparatively more finely grained, consisting of clays, silts, sands, and
gravels derived from the Band%lier Tuff. Saturated hydraulic conguctivity of the

alluvium ranges from 1.65 x 10" mvs for a sand aquiferto 5.8 x 10" nv's for a silty
sand aquifer (Abeele et al. 1981, 0009).

In contrast to the underlying volcanic tuff and sediments, the alluvium is quite
permeable. Ephemeral run-off in some canyons infiltrates the alluvium until
downward movement is impeded by the less permeable tuff and sediments, which
results in a buildup of a shallow alluvial groundwater body. Depletionby evapotrans-
piration and movement into the underlying rocks limits the horizontal and vertical
extent of the alluvial water (Purtymun et al. 1977, 0206). The limited saturated
thickness and extent of the alluvial groundwater preclude its use as a viable source
of municipal and industrial supply to the community and the Laboratory. Lateral flow
in the alluvial aquifers is in a easterly, down-canyon direction. Tracer studies in
Mortandad Canyon have shown that the velocity of water ranges from about 60 ft/
day in the upper reach to about 7 ft/day in the lower reach of the canyon (Purtymun
1974, 0192).

The water quality in the alluvial aquifers is variable, depending on the location and
history of effluent discharges. In Mortandad Canyon, for example, plutonium
concentrations fluctuate up and downin responseto variations in the treatment plant
effluent and storm run-off water, which cause some dilution in the shallow aliuvial
aquifer. The tritium concentrations have fluctuated almost in direct response to the
average annual concentration of tritiuminthe TA-50 effluent, witha lagtime of about
one year (Environmental Protection Group 1992, 0740).

Good reviews of alluvial aquifers by drainage area are have been written by
Purtymun (1975, 0194; 1973, 0191). The results of an extensive monitoring study
ofthe alluvial aquifer in Mortandad Canyon are presented by Abrahams et al. (1962,
0231), Baltz et al. (1963, 0024), Purtymun (1973, 0191), Purtymun (1974, 01 92),
Purtymun et al. (1977, 0206), Purtymun et al. (1983, 0209), and Stoker et al. (1991,
0751).
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2.6.2.2 Perched Water in Volcanic Sediments and Basalts

Perched water bodies occur in the conglomerates and basalts beneath the alluvium
in the mid- and lower reaches of Pueblo and Los Alamos Canyons and in the lower
reach of Sandia Canyon. Depth to perched water ranges from about 90 ft in the
midreach of Pueblo Canyon to about 450 ft in lower Sandia. The vertical and lateral
extent of the perched aquifers, the nature and extent of perching units, and the
potential for migration of perched waterto the main aquifer have not been addressed
by investigators to date. Only the body in lower Pueblo and Los Alamos Canyons
has been studied in some detail.

Patterns of chemical quality and water level measurements indicate that the lower
Pueblo Canyon perched aquifer is hydrologically connected to the stream in Pueblo
Canyon (Abrahams 1966, 0014). Water fromthis perched aquifer discharges atthe
base of the basalt at Basalt Spring, which is off the Laboratory site in lower Los X
Alamos Canyon on the San lidefonso Pueblo. The rate of movement in the aquifer

in this vicinity has been estimated at about 60 ft/day or about 6 months from recharge

to discharge (Abrahams 1966, 0014).

It is unknown if the perched water systems are hydraulically interconnected. Avail-
able data however suggest that most of the systems are of limited extent: testing of
the perched system in mid-Pueblo Canyon resulted in depletion of the aquifer after R
about an hour’s pumping at 2 to 3 gal./min (Weir et al. 1963, 0395). Additionally, .- e IR 2
perched water was encountered in mid-Los Alamos Canyon during the drilling of the
Otowi-4 supply well (Stoker et al. 1992, 0826). This perched aquifer may be of limited
extent because it was not encountered in an adjacent well (Test Well 3) located 300
ft to the east.

T
AW

Some perched water occurs in volcanics on the flanks ofthe Jemez Mountains offsite
to the west of the Laboratory. This water discharges in several springs (American
and Armistead Springs) and provides flow for the gallery in Water Canyon. The
gallery contributed to the Los Alamos water supply for 41 years, producing 23 to 96
million gallons annually.

2.6.2.2.3 Main Aquifer

The main aquifer of the Los Alamos area is the only aquifer capable of large-scale
municipal water supply (Purtymun 1984, 0196). In 1989, water for the Laboratory,
the communities of Los Alamos and White Rock, and Bandelier National Monument
was supplied from 16 deep wells in three well fields and from the Water Canyon
gallery. The wells are located on the Pajarito Plateau and in Los Alamos and Guaje
canyons east of the plateau. Municipal and industrial water supply during 1989 was
1.69 billion gallons, with individual well yields ranging from about 300 to 1,300 gpm
(Stoker et al. 1992, 0826). Purtymun (1984, 0196) summarizes aquifer hydraulic
characteristics as determined during aquifer tests or during periods of production of
supply wells and test holes.

The surface of the main aquifer rises westward from the Rio Grande withinthe Santa
Fe Group into the lower part of the Puye Conglomerate beneath the central and
western part of the plateau. The depths to water below the mesa tops range from
about 1,200 ft along the western margin of the plateau to about 600 ft at the eastern
margin. The main aquifer is separated from the water in the alluvium and perched
water in the volcanics by 350 to 620 ft of tuff and volcanic sediments (Environmental
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Protection Group, in preparation, 0829). The main aquifer is unconfined in the
western part of the plateau and exhibits semiartesian to artesian conditions in the
eastern part along the Rio Grande (Purtymun 1984, 01 96).

Available hydrologic data indicate that the major recharge area for the main aquifer
is west of the Laboratory, presumably in the Jemez Mountains (Figure 2-4). The
water in the aquifer moves from its major recharge area toward the Rio Grande,
where a part is discharged into the river through seeps and springs (Purtymun et al.
1980, 0208). Springs fed by the main aquifer discharge an estimated 4,30010 5,000
acre-ft of water annually into White Rock Canyon along an 11-mi reach between
Otowi Bridge at State Road 502 and the mouth of Rito de Frijoles (Cushman 1965,
0042). Goff and Sayer (1980, 0824) indicate through stable-isotope data that
groundwater in the lower part of the Los Alamos well field may be recharged from
somewhere else, possibly the Sangre de Cristo Mountainstothe east across the Rio
Grande.

The hydraulic gradient of the aquifer averages about 60 to 80 ft /mi within the Puye
Conglomerate but increases to 80 to 100 f/mi along the eastern edge of the plateau
as the water in the aquifer enters the less permeable sediments of the Santa Fe
Group. The rate of movement of water in the upper section of the aquifer varies,
depending on the aquifer materials. Aquifer tests indicate the movement ranges
from 20 ft/yr in the Tesuque Formation to 345 fU/yr in the more permeable Puye
Conglomerate (Purtymun 1984, 0196).

In an effort to better understand the nature of recharge to the main aquifer in the Los
Alamos area, a series of isotope and age-dating measurements on selected water
samples have been initiated by Laboratory and other DOE researchers. To date,
low-detection-limit tritium analyses have been completed on 12 samples from
springs in White Rock Canyon and on 5 samples from wells into the main aquifer
(Environmental Protection Group, in preparation, 0829).

The values for tritium in the water range from less than detectable to about 18 pCi/
L. The values are all less than values fortritiumin contemporary precipitation (about
30 to 60 pCi/L) and much less than the roughly 700 pCi/L that would be present now
in water precipitated in northern New Mexico during 1962 and 1963, when tritium
from atmospheric nuclear weapons testing was at its maximum (Environmental
Protection Group, in preparation, 0829). The conclusion is that there cannot be any
significant component of recharge from water precipitated during the last several

% decades in the water from the main aquifer. The inference is that the water is
considerably older.

2.6.2.3 Hydrologic Properties and Conditions of the Bandelier Tuff

At the central portion of the Laboratory, there is in excess of 1,000 ft of unsaturated

- volcanic tuff, sediments, and basalts of the Bandelier Tuff, the Puye Conglomerate,
andthe basaltic rocks of Chino Mesa. Because of its extent and great thickness, the
Bandelier Tuff is the most important geologic unit at Los Alamos from a waste
management perspective.

Numerous investigations focusing on hydrologic characterization of the upper 100
ft of the Bandelier Tuff have been conducted in the Los Alamos area since the 1950s
(e.g., Abrahams et al. 1961, 0015; Weir and Purtymun 1962, 0228, Abrahams 1963,
0011; Purtymun and Koopman 1965, 0201; Purtymun and Kennedy 1971, 0200;
Purtymun et al. 1978, 0207; Abeele et al. 1981, 0009; Kearl et al. 1986, 0135;
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Purtymun et al. 1989, 0214; Stoker etal. 1991, 0751). The vadose zone below about
100 ft has not been adequately characterized. (The vadose zone is the zone
between the ground surface and the main aquifer, excluding the alluvial and perched
aquifers).

Most of the investigations of hydrogeologic properties of the Bandelier Tuff have
been conducted on samples of crushed or disturbed tuff. Hydrologic property tests
conducted since the mid-1980s largely have been on undisturbed cores (e.g., Kearl
et al. 1986, 0135; Stoker et al. 1991, 0751).

2.6.2.3.1 Effects of Physical Characteristics

Physical characteristics of the tuff that affect fluid flow result primarily fromthe degree
of welding and jointing. The degree of welding, which varies markedly within and
between tuff units, influences the nature and variability of hydrologic characteristics.
Welding results in increased density, decreased porosity, and decreased hydraulic
conductivity of the rock matrix (Purtymun and Koopman 1965, 0201). However,
welded tuffs tend to be more highly fractured (jointed) than nonwelded tuff, and the
overall permeability of the welded tuff may be locally enhanced (Crowe et al. 1978,
0041).

2.6.2.3.2 Porosity

Porosity measurements by Abrahams (1963, 0011) range from 20% to 60% by
volume, generally decreasing with increasing degree of welding. Measurements
reporied by IT Corporation (1987, 0327) are higher, from approximately 39%1t0 74%.
A great deal of the high porosity occurs when pumice fragments are incorporated in
the tuff. The higher porosities are comparable to those of the upper ranges found
infine clays. Such high porosities, however, are unusual for consolidated materials.
Extreme changes in porosity over a short vertical distance have been observed
(Abrahams 1963, 0011).

2.6.2.3.3 Moisture Content

A number of hydraulic properties of the Bandelier Tuff vary with changing moisture
content. The tuff is only partially saturated throughout the Laboratory, even beneath
stream channels containing alluvial aquifer systems. The moisture contents of the
tuff beneath mesa tops are very low, typically less than 5% by volume (Abrahams
1963, 0011). Studies by Abrahams (1963, 0011) show that tuff moisture contents
are higher beneath disturbed soils than undisturbed soils and, generally, moisture
content decreases with depth. At sites with relatively high near-surface moisture
contents, the volumetric moisture content decreases rapidly with depth to less than
5% (Abrahams 1963, 0011). Moisture contents of the tuft beneath the canyon
bottoms are considerably higher than those beneath the mesas, typically ranging
20% to 50% by volume (Weir and Purtymun 1962, 0228; Stoker et al. 1991, 0751).
Field studies in Mortandad, Sandia, and Potrillo canyons show that moisture content
varies greatly with depth, depending on texture (Stoker et al. 1991, 0751; Environ-
mental Protection Group, in preparation, 0829). Generally, moisture content
decreases with depth below stream channels.
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2.6.2.3.4 Moisture Characteristic Curves

The relationship between moisture content and soil-water potential has been
obtained from undisturbed mesa top cores at TA-54 (Kearl et al. 1986, 01 35). Their
data indicate (1) extremely high residual moisture contents ranging up to 80%, and
(2) a low air-entry pressure head. Purtymun and Stoker (1987, 0204) indicate that
at TA-49 specific retention (residual moisture content) ranged from 11% to 27%.
These latterresults are fairly consistent with recent tests on undisturbed tuff samples
in Mortandad Canyon (Stoker et at. 1991, 0751). However, detailed analyses in
Mortandad Canyon show that there are significant differences in moisture retention
characteristics between and within formational units. The energy relationship with
moisture content of a moderately welded tuff was determined by Abrahams (1963,
0011). The saturated moisture content of the tuff was about 41% by volume. When
moisture contents are below about 4%, there is no movement of water; from about
4% to 8%, moisture is redistributed by diffusion; from about 8% to 23%, distribution
is by gravity and capillarity, and above 23%, the movement is by drainage from
gravity.

2.6.2.3.5 Hydraulic Conductivity

Hydraulic conductivity is the parameter that describes rate of flow of fluid through a
porous medium in response to a hydraulic gradient; it is a function of both the fluid
and the medium. Saturated hydraulic conductivities have been measured for tuff
many times under laboratory and field conditions, with values ranging from 1.9x 10"
5102.3x 10-2cnvs (0.05410 6.5 ft/day), comparable tothose of silty sand. Ingeneral,
nonwelded tuff has greater saturated conductivity than welded tuff, and horizontal
conductivities are greater than vertical conductivities (Abrahams 1963, 0011).
Unsaturated hydraulic conductivities may be many orders of magnitude lower,
typically ranging from 10 to 10! crs (Stoker et al. 1991, 0751; 1T Corporation
1987, 0327), depending on in-situ moisture contents. The lower unsaturated
hydraulic conductivities are comparable to those of marine clay.

2.6.2.3.6 Joints

Joints formed by cooling of the ash flows or by later faulting typically divide the tuff
into irregular blocks. The major joint sets are vertical or near vertical, with dips
greater than 70°, and joint frequency increases with the degree of welding. Joints
and fractures in moderately welded tuffs generally terminate in nonwelded tuffs
(Baltz et al. 1963, 0024). The joints are often vertically limited to a single ash flow
or ash fall unit (Purtymun and Kennedy 1971, 0200). Joint apertures range from
closed to open as much as several centimeters. The joints are commonly filled with
caliche near the surface, grading downward to clay, and may be open to depths
greaterthan 30 ft (Purtymun et al. 1978, 0207; Abeele et al. 1981, 0009). Examina-
tion of cores obtained from horizontal drilling beneath a waste disposal site at TA-
54 showed that about 80% of the joints were filled or plated with clay or secondary
mineralization (Purtymun et al. 1978, 0207).

2.6.2.4 Movement of Moisture in the Bandelier Tuff

The movement of moisture inthe Bandelier Tuff is governed by acomplex interaction
of many factors. Climatic and site-specific land use factors control the supply of
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moisture available for infiltration, and hydrogeological characteristics control the
redistribution of moisture in the tuff.

Perhaps the most significant aspect of the tuff is its ability to act as a sponge. Most
of the pore spaces in the tuff are of capillary size and have a strong tendency to hold
water against gravity by surface tension forces. Thus, a slug of water entering dry
tuff is slowed or retained by capillary tension forces.

Water moves through the tuffintwo ways: (1) by liquid and vapor movement through
the pores of the tuff and (2) by movement through open, interconnected joints
(Abrahams, 1963, 0011). When moisture content is low, movement in the vapor
(gaseous) phase becomes more preponderant and liquid movement through the
rock matrix is extremely slow. Water entering open, interconnected joints might
move rapidly downward through the joints; however, to maintain continual flow
through the fractures, it is likely that large volumes and a continuous supply of water
are necessary because of the sponge effect of the adjacent tuff that forms the wall
ofthefracture. The existence of alow-permeability coating onthe wall ofthe fracture,
onthe other hand, could increase the travel depth of water flowing through fractures
(Thomaetal. 1992, 0827). Ifthe joints are not continuous through contacts between
subunits of the tuff, the water might be perched above the contact and would tend
to move laterally.

These factors are discussed as they pertain to subsurface contaminant transport
beneath the mesa tops and canyon bottoms. a

2.6.2.4.1 Migration of Moisture Beneath Mesa Tops

The natural moisture content of the tuff forming the mesas between the canyons is
generally less than 5% by volume at depths greater than a few tens of feet, the zone
affected by seasonalinputs of moisture and evapotranspiration. Weir and Purtymun
(1962, 0228) attributed the low moisture content to the protective cap of clay soil
derived by weathering of the tuff near the surface, low rainfall, and high evapotrans-
piration. The existence of low moisture content is further supported historically by
the absence of weathering below 10 m (Wheeler et al. 1977, 0828) and the overall
absence of perched water in the tuff at potential perching horizons.

Kearl et al. (1986, 0135) concluded that vapor phase transport is the predominant
transport mechanism controlling the potential subsurface movement of contami-
nants beneath the mesa top at TA-54. Their evidence includes the low overall
moisture content of the tuff and the relatively high moisture retention characteristics
of the underlying rock. They also conclude that there is no interconnection or
movement of liquid water in the interval of Bandelier Tuff examined (upper 100 ft of
Tshirege Member). Laboratory analyses on cores of moderately welded tuff support
the possibility of vapor phase dominance at most mesa top locations (Abrahams
1963, 0011).

From a waste containment perspective, the possibility of vapor phase dominance is
significant: in extremely dry rock, only contaminants existing in a gaseous state,
such as tritium or volatile organic solvents, migrate through the rock matrix. Other
radionuclides and metals can be removed from their original location only under
wetter conditions, when the movement of liquid water (i.e. capillarity) is more
predominant.
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Unfortunately, there are no definitive field measurements that quantify natural
recharge through mesa tops. However, the flux of liquid water through the rock
matrix that could eventually become recharge can be estimated as being approxi-
mately equal to the unsaturated hydraulic conductivity at the field moisture content
(Kearl et al. 199_g \ 065@). A likely range for natural recharge through the rock matrix
therefore is 10 °to 10" ' cmvsec (1 ft/yr to 0.00001 ft/yr ) based on the hydraulic
conductivity values discussed above. At TA-54, Kearl et al. (1986, 0135) calculated
maximum downward flux rates of 0.5 fiyear. These calculated flux rates are
relatively low and camry the implication of very little water movement from the mesa
tops to the main aquifer under natural conditions, which probably also applies to a
one-time spill of contaminants at the land surface.

The greatest concern about subsurface migration is the potential for a large volume
of enriched contaminant source to be chronically released in the vicinity of open and
interconnected joints, which could occur beneath a surface impoundment ora leaky
chemical storage tank. The movement of water through joints would negate the
protection provided to the groundwater when water moves only through pores inthe
tuff (Abrahams 1963, 0011).

Filled fractures strongly inhibit moisture movement. Open fractures are effective
barriers to liquid phase unsaturated flow but may provide preferential flow paths for
vapor transport or rapid movement of liquid under saturated or near-saturated
conditions (Abeele et al. 1981, 0009). Roots have been found in joints to depths of
at least 58 ft (Weir and Purtymun 1962, 0228), which suggests that joints may be
important local infiltration pathways. Several fracture zones at TA-54 show an
increase in moisture content relative to adjacent porous media (Kearl et al. 1986,
0135).

Although fractures have a local effect on infiltration in the upper portions of the
mesas, itis less clearto what depththey play arole forthree key reasons. First, water
passing through a fracture system has a tendency to be “wicked"” into the adjacent
rock matrix by capillary suction forces inthe tuff, provided the fracture/rock interface
is not sealed with material of low permeability (Thoma et al. 1992, 0827). Second,
most of the open fractures occur in the moderately welded to welded Tschirege
Member of the Bandelier Tuff, and the underlying nonwelded Otowi Member is
significantly less fractured (Baltz et al. 1963, 0024). Flow inthe lower portions ofthe
Bandelier Tuff, therefore, is far more likely to be dominated by the relatively slow
process of capillarity.

Finally, although fractures may initially provide a pathway for movement ofwaterinto
the mesas, they may later play a role in removing water (as water vapor) from within
the mesa. Under low barometric pressure conditions, transfer of air occurs fromthe
tuff to the atmosphere through boreholes Purtymun et al. 1974, 0651. ltis possible
that barometric and air pressure variations along the canyon walls could cause the
exchange of gas and water vapor between the atmosphere and the mesas,
especially via interconnected fractures and joints, which are highly permeableto air.
Air transfer has been documented in boreholes penetrating the tuff at TA-49
(Purtymun et al. 1974, 0651) and has been observed elsewhere onthe plateau, but
studies at TA-54 have beeninconclusive (Abeele etal. 1981, 0009; Kearl et al. 1986,
0135).

In conclusion, the combination of the Bandelier Tuff's low moisture content beneath
the mesatops, its associated hydraulic characteristics, and itsthickness providesthe
main aquifer a substantial degree of protection from the mesa tops. At suspected
waste sites at which contaminated liquids have not been disposed, the risks to the
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main aquifer are quite low. Detailed characterization of the subsurface probably is
not warranted for most such sites. Nonetheless, at waste sites with large potential
contaminant source terms, such as material disposal areas, phased subsurface
investigations should be conducted to verify that the waste is sufficiently contained
as judged by risk analyses.

Waste disposal activities that chronically released large volumes and highly contami-
nated liquids or that contain volatile contaminants have the potential for migration
within the mesas and should aiso be investigated for subsurface transport. Open
fractures may be a key factor in determining whether contaminants migrate to deeper
sections of the tuff or travel laterally to release areas onthe mesa walls. All of these
subsurface investigations should initially focus on the upper 100 to 200 ft of the
vadose zone.

2.6.2.4.2 Migration of Moisture Beneath Canyon Bottoms

The canyons with alluvial aquifers are presumed to represent a greater potential for
downward movement than do the mesa tops because there is a constant driving
force, and the moisture content of the tuff below the saturated alluviumis significantly
higherthan that beneath the mesas. The effect ofthis greater potential for fluid fiow,
though, is somewhat compensated by the general lack of highly concentrated
contaminant sources in the canyon bottoms. The depth to the main aquifer in the
canyons is several hundred feet less than from the adjacent mesa tops.

Recent investigations provide some important information on the movement of
moisture and contaminants in the unsaturated tuff. The best field evidence that can
be usedto estimate potential downward rates of movement beneath canyon bottoms
is obtained from corehole data collected by Stoker et al. (1991, 0751) in Mortandad
Canyon. Because treated liquid radioactive effluents have been discharged to the
canyon for almost 30 years, the radioactive constituents in effluent from the
Laboratory serve as accurate tracers for fiuid and contaminant migration studies.

The basic conclusions of the Mortandad study regarding the movement of radioac-
tive contaminants below the alluvial aquifer are (1) soluble and particulate radioac-
tive constituents have moved less than about 10 ftintothe unsaturated zone beneath
the alluvial aquiter and (2) tritium, as tritiated water (HTO), has moved at least 150
ft below the alluvial aquifer to a total depth of 195 ft. Tritium concentrations in
Corehole MCM-5.9 (the deepest corehole drilled so far in the canyon) decrease by
a factor of about 100 between 150 and 195 ft, suggesting the possibility that tritium
has not moved much deeperinthe almost 30 years since effluents were first released
from the TA-50 treatment plant (Stoker et al. 1991, 0751). The tritium data suggest
a downward rate of movement of at least 6 ft/yr . However, this conclusion must be
considered tentative until additional, deeper coreholes can confirm the pattern.

Stoker et al. (1991, 0751) evaluated the moisture content in tuff beneath the alluvial
aquifer in Mortandad Canyon. Most values for gravimetric moisture content in the
Tschirege tuff beneath the alluvial aquifer ranged from 10% to 30%, corresponding
to about 20% to 60% of saturation. Several peaks occurred at higher values,
approaching 90% of saturation near the contact with orin the Tsankawituff and fluvial
Cerro Toledo rhyolite deposits on the top of the Otowi member of the tuff at depths
around 100 ft. In the Otowi tuff, the gravimetric moisture content decreased and
leveled off at about 12% to 18%, which corresponds to 20% to 40% saturation. A
similar pattern occurredin a corehole fartherdownstreamin Mortandad Canyon past
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the end ofthe alluvial aquifer (Stokeret al. 1991,0751) and also in Sandia and Potrilio
canyons (Environmental Protection Group, in preparation, 0829).

The data suggest that there are complex variations in hydrologic properties in the
layers from the base of the Tschirege through to the top of the Otowi tuff that
significantly affect the movement of moisture inthe unsaturated zone. There is also
asuggestionthat moisture conditions inthe Otowituff become very uniform withonly
moderate differences in magnitude, depending on whether there are saturated
conditions in overlying layers (Environmental Protection Group, in preparation,
0829). Additional field data and theoretical interpretation are required to confirmthe
patterns and quantify movement.

2.6.2.5 Hydrologic Conditions at the Fenton Hill Site

The Fenton Hill site is located about 40 mi west of Los Alamos on the western flank
of the Valles Caldera. Investigations in progress at this site are focused on the
extraction of heat from dry geothermal reservoirs known as hot dry rock. Because
site conditions here are significantly different from those on the Pajarito Plateau,
Fenton Hill is briefly discussed separately.

Work at Fenton Hill is based on the concept of extracting heat from dry geothermal
reservoirs by developing hydrothermal systems. The site contains a system of two
deep holes completed in dry but hot Precambrian granite rock. The holes are
connected by a series of large cracks created by hydraulic fracturing. Water
circulated under pressure in the cracks recovers heat fromthe geothermalreservoir.
Two separate systems, one at 9,000 ft depth and another at 15,000 ft, have been
constructed and are being evaluated for potential energy development (Heiken
1985, 0131; Murphy et al. 1980, 0149).

Water for drinking and industrial supply needs at the Fenton Hill site is furnished by
Well FH-1, which taps a perched aquifer at a depth of about 450 ft. An aquifer test
conducted in 1980 determined that this aquifer is of limited extent (Becker etal. 1981,
0028). The water levels in FH-1 vary according to the amount of pumpage, which
reflects the demand for drilling or testing at the site. The water level declined from
365 ftin 197610 382 ftin 1986. The declineinwater levelindicates thatthe withdrawal
of water has exceeded the amount of recharge to the aquifer. Water quality in the
well is good, where concentrations of total dissolved solids (TDS) generally range
from 350 to 450 mg/L.

Environmental monitoring is performed in the vicinity of the site to assess any
impacts from the geothermal operations. Water quality studies of surface and
groundwaters, which include mineral and hot springs, wells, and streams, began
before construction and testing of the hot dry rock reservoir. The resuits of water
sampling are published in the Laboratory’s annual surveillance reports (e.g., ESG
1989, 0308) and in reports on waterquality inthe vicinity of FentonHill(e.g. Purtymun
et al. 1988, 0212). Purtymun et al. (1988, 0212) concluded that there were no
significant changes from previous years in the chemical quality of surface and
groundwater at the individual stations.

Surface and groundwater quality is generally good to excellent, with TDS concen-
trations ranging from less than 100 to about 450 mg/L. Two hot springs yield saline
water typical of geothermal settings, with TDS concentrations ranging from about
2,000 to 4,500 mg/L.
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2.6.3 Review of Studies on the Geohydrology of Mesa Tops and Vadose
Zone

2.6.3.1 Middle Mesa

From 1945 through 1967, liquid radioactive wastes at TA-21, DP West, were
discharged into a series of four seepage beds excavated in porous tuff underlying
MDA T. Nyhanetal. (1984, 0165) provide details. MDA T is located on Middie Mesa
between Los Alamos and DP canyons (Appendix C). About 98% of the estimated
10 Ci of plutonium discharged to adsorption beds was added between 1945 and
1952 (ESG 1974, 0094; Rogers 1977, 0216). Since 1945, several studies have been
conducted to determine the vertical distribution of radionuclides beneath the
adsorption beds at Area T. Nyhan et al. (1984, 0165) discuss and summarize the
findings of earlier studies. The results of selected studies are briefly discussed here.

In 1953, the United States Geological Survey (USGS) drilled five 10- to 20-ft-deep
holes in and around the adsorption beds. Analysis indicated that vertical migration
of plutonium had occurred within 20 ft of the surface of the adsorption beds. Initial
laboratory studies of the interaction of radionuclides in the liquid wastes with local
soils and geologic materials were performed. Cores of Bandelier Tuff that had been
. exposed to waste solutions of plutonium retained essentially all of the radionuclides
in the top few millimeters of the core (Christenson et al. 1958, 0244).

in 1959, the Laboratory initiated a field study to determine the distribution of
plutonium previously discharged into an adsorption bed at MDA T (Christenson and
Thomas 1962, 0039). This study indicated that plutonium had penetrated as far as
28 ft along fissures in the tuff.

In 1960 and 1961, researchers added 67 ft of water and wastewater to Adsorption
Bed 1 in an attempt to change the distribution of plutonium beneath the bed from that
shown in the 1953 and 1959 studies (Christenson and Thomas 1962, 0039;
Abrahams 1963, 0012). This work concluded that water apparently moves through
open joints. After the slug of water added to Adsorption Bed 1 had migrated for 17
years, plutonium and 24'Am were detected to sampling depths of 100 ft; however,
these contaminants were only found at depths of 21 to 45 ft in an adjacent adsomption
bed that had not received water in 1960 and 1961 (Nyhan et al. 1983, 0164). The
results of a comprehensive field study by Nyhan et al. (1984, 0165) indicate that the
vertical distributions of radionuclides and water are related to the occurrences of
fractures and to variations in the geologic properties of the tuff units in each profile,
as well as to the amount of water received.

2.6.3.2 Mortandad Mesa

2.6.3.2.1 PHt Infiltration Studles

In 1956, a test pit 2 ft in diameter by 1 ft deep was constructed on the mesa top
between Mortandad and Pajarito canyons (Appendix C) to evaluate the infiltration
properties of soil and tuff materials under ponded conditions (Abrahams et al. 1961,
0015). The pit penetrated only the upper portion of the 6-ft-thick soil cover. Water
was introduced into the pit, and a constant water level was maintained at 0.75 ft for
99 days. Soil moisture measurements showed that, although the surficial soils
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became saturated (38% by volume), the moisture content in the underlying tuft
remained very low (4% by volume) 97 days after the test.

Although the quantity of water used during the study was equivalent to almost 50
years of precipitation on the Pajarito Plateau, the moisture content of the tuff below
8 ft was unchanged. The fact that water did not penetrate the dense transition zone
between the soil and tuff during the study or during the following year indicates that
the soil cover impedes vertical movement into the underlying tuff (Abrahams 1963,
0011).

2.6.3.2.2 Injection Well Studies

The USGS and UC began a study in 1964 to determine the hydrologic characteristics
of the unsaturated Bandelier Tuff at TA-50 through the use of injection wells. Two
injection wells and seven neutron moisture probe observation wells were completed
to depths of between 60 and 295 ft in the Tschirege Member. (Water was injected
at rates up to 16 gal./min for periods up to 89 days, and the movement of moisture
from the injection zone into the adjacent tuff was monitored for periods approaching
1 year after the tests had ended (Purtymun et al. 1989, 0214).

in the longest of the tests, 335,000 gal. of water was injected over a period of 89
days. Wheninjection ceased, a limited zone of saturation developed adjacenttothe
injection horizon. Gradually, however, the saturated zone dissipated as capillary
forces redistributed the moisture in the unsaturated tuff until no further movement
occurred. The downward movement of moisture was nearly arrested at a depth of
about 210 ft.

The test results led the authors to conclude that the hydrologic characteristics of the
unsaturated tuff can cause retention or arrest the movement of water-soluble
contaminants originating from liquid or solid wastes stored inthe tuff. A sufficientand
nearly continuous water supply would have to be available before water-soluble
contaminants could be rapidly mobilized to completely penetrate the unsaturated
tuft.

2.6.3.2.3 Area C Studies

Five neutron moisture probe access holes were drilled in 1978, and moisture
conditions were monitored for 16 months (Abeele et al. 1981, 0009). Moisture
contents below 100 ft averaged 6% to 10% by volume and showed no significant net
gradient.

2.6.3.3 Mesita del Buey

During the last 20 years, numerous subsurface investigations have been performed
on Mesita del Buey between Pajarito Canyon and Cafiada del Buey (Appendix C).
These studies have been conducted to ensure that the mesita terrain can safely
contain hazardous and radioactive wastes, specifically at MDAs G and L.
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2.6.3.3.1 Hydrology and Geology Study

The stratigraphy of Mesita del Buey is typical of the remainder of the Pajarito Plateau.
The mesa is covered by a clay-like soil and is underlain by a series of ash falls of
rhyolite tuffs from 240 to 590 ft thick (Purtymun and Kennedy 1971, 0200). The tuffs
are above the main aquifer of the Los Alamos area, which lies at depths of
approximately 950 and 850 ft below Areas G and L, respectively, and has an average
saturated thickness of 1,470 ft (Purtymun 1984, 0196). Purtymun and Kennedy
(1971, 0200) provide detailed descriptions of the various ash flow and ashfall layers
atthe mesita. Three of the boreholes onthe mesa are of sufficient depth to penetrate
formations underlying the Bandelier Tuff.

The hydrologic characteristics and conditions of the soil, tuff, and material used to
coverthe wastes indicate no recharge to the stream-connected aquifer in the canyon
south of the mesa or to the main aquifer through the soil, buried wastes, or tuff at
Mesita del Buey (Purtymun and Kennedy 1971, 0200).

2.6.3.3.2 Fracture Orientation Patterns

The most prevalent structural features in the rocks of Mesita del Buey are the
fractures or joints in the volcanic rocks caused by shrinkage during cooling. -
Purtymun and Kennedy (1971, 0200) describe the suite of joint patterns found onthe

mesa. They conclude that the heterogeneous characteristics of the tuff (varying
temperatures and moisture content of the ash, etc.) are the cause of the multiple
fracture patterns in the tuff.

Investigations of the subsurface at Areas G and L have also provided descriptions
of jointing inthe tuff. Purtymun et al. (1978, 0207) drilled a number of horizontal core
holes beneath a waste disposal pit at Area G (Section 2.6.3.6.6). The borings
encountered near-vertical joints at frequencies ranging from about 3 to 6 ft in
recovered core. Most of the joints were filled or plated with brown clay. Many of the
drillholes sunk by Bendix Field Engineering Corp. encountered similar conditions,
in which the fractures were partially or completely filled with caliche, brown clay, or
limonitic material (Rush and Dexter 1985, 0397).

2.6.3.3.3 Moisture Studies

Abrahams et al. (1961, 0015) studied moisture relationships of the Bandelier Tuff
on Mesita del Buey during the late 1950s and 1960s. They measured the physical
properties (density, porosity, etc.) and hydrologic properties (permeabilities, mois-
ture tension curves, etc.) of tuff samples and conducted field experiments to
investigate infiltration under high-moisture conditions. Data onthe natural moisture
conditions in the tuff were also collected, which showed values of 5 to 10% by volume
below a depth of a few meters.

Purtymun and Kennedy (1971, 0200) show that variable amounts of precipitation
percolate through the tuff and soil. Where the soil has not been disturbed, little if any
water from precipitation has infiltrated the underlying tuff. Where the soil has been
disturbed, as in the waste disposal areas, the moisture content of the tuff indicates
. a much higher degree of infiltration than it does in the undisturbed tuff. Infiltration
studies in the disturbed tuff that composes the pit overburden show that moisture
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from a single storm may reach depths nearing 6.5 ft but that, in subsequent weeks,
it is returned to the atmosphere by evaporation.

Abeele (1978, 0001) used a neutron moisture probe to monitor the moisture content
of fill material overlying waste disposal pits and solid tuff in a field of disposal shafts.
Inthe fill material, the data show significant seasonal fluctuations in moisture content
to a depth of 13 ft and a downward moisture flux below that depth. Inthe solid tuff,
the data also show seasonal fluctuations in moisture content in the upper 13 ft but
no significant changes below that depth.

2.6.3.3.4 Tritium Migration Studies

Migration of tritium from wastes deposited at Area G was detected as early as 1970.
One study showed that the tritium concentration in the tuff around an unlined shatft
(Number 13, Area G) increased to a maximum between depths of 10 and 30 ft and
then decreased again with depth (Purtymun 1973, 0191). The pattern of tritium
concentrations in the subsurface indicated that open joints in the tuff influence
migration and provide a pathway for migration of tritiated water in the vapor phase.
Additional studies (Abeele et al. 1981, 0009) indicate that tritium also migrates from
asphalt-lined shafts into adjacent soils. in both studies, tritium activity decreases
logarithmically with distance from the shatt.

2.6.3.3.5 Horizontal Hole Study

Purtymun et al. (1978, 0207) collected samples for radiochemical analysis along
horizontal core holes beneath Pit 3 in Area G. Adrill pad was constructed in a small
canyon east of the pit, and five horizontal holes were cored under the pit. The
analytical results from samples obtained beneath the pit were then compared
statistically with the analytical results from samples obtained beside the pit. The
results showed conclusively that the manmade radionuclides known to be present
in the pit were not present at concentrations above the minimum detection limits in
the samples collected beneath the pit. There were no statistically significant
differences in gross alpha or gross beta radiation or in individual radionuclide
concentrations between the sampling locations.

2.6.3.3.6 Vadose Zone Studies

In 1985, detailed vadose zone characterization studies were undertaken in Areas G
and L to permit quantitative analysis of moisture movement and chemical character-
ization of the Bandelier Tuff (IT Corporation 1987, 0327). The investigators used a
two-tiered approach to quantify moisture movement in the tuff: (1) measurements of
rock characteristics and hydraulic head to calculate seepage velocity and rates of
moisture flux and (2) measurement of moisture content of the tuff after precipitation
events to determine changes in moisture content with depth.

Eighteen 100- to about 135-ft-deep boreholes were drilled into the Bandelier Tuft
from the top of Mesita del Buey, and approximately 1,700 ft of core were obtained.
Selected core samples were analyzed for numerous parameters, and hydrologic
testing and geophysical logging were performed in the boreholes. Selected
boreholes were completed for pore gas sampling, neutron moisture probe monitor-
ing, and psychrometer installation. In addition, holes were drilled in the adjacent
canyonstodetermine whetheran alluvial aquifer was presentunder Mesita del Buey.
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The combination of very low moisture content in the tuff, empirical determinationthat
moisture from precipitation does not infiltrate below a depth of 10 to 22 f, and very
low calculated flux rates suggests that aqueous transport of contaminants through
Bandelier Tuff is not a viable mechanism for contaminant migration at Areas G and
L (Rush and Dexter 1985, 0397). Calculated maximum downward flux rates for
Areas G and L were 0.25 and 0.49 ft/yr, respectively.

2.6.3.3.7 Organic Plume Migration Studies

in 1985 and 1986, seventest locations were selected for core and pore gas analyses
of the Bandelier Tuff at Mesita del Buey. One background hole was selected atthe
western end of the mesa. Of the remaining six test holes, two were located at Area
G and four at Area L.

The results indicate that volatile organic waste constituents have migrated fromland
disposalunits at Areas G and L (Devaurs 1985, 0046; Devaurs and Bell 1986, 0048).
Volatile organic vapors have been detected at depths up to 100 ft. The highest pore
gas concentrations of volatile organic compounds have been detected in the test
holes nearest the organics disposal shafts at Area L. Organics are more likely to
migrate in the vapor phase than in the aqueous phase. Metal contamination from
the land disposal units at Areas G and L was detected in only two samples from
shallow depths (20 ft or less) at Area L (Devaurs 1985, 0046).

2.6.3.4 AreaP

The monitoring described below is currently being conducted in support of interim
status closure and postclosure care plans atthe landfillin Area P, TA-16. These data
are presently being summarized in a final report. Other investigations, including an
areageological characterization (Brown et al. 1988, 0034) and a water balance study
(Nyhan 1989, 0154), summarize historical site conditions.

The vadose-zone-monitoring system, consisting of eight separate wells clustered in
four well nests, was installed in and below the Area P landfill during the fall of 1988.
Each well nest consists of either a single- or dual-completion pressure-vacuum
lysimeter borehole and an adjacent neutron moisture probe access well. The four
lysimeter boreholes contain a total of seven independent lysimeters located at
varying depths in and below the landfill; the neutron access wells penetrate the
underlying native Bandelier Tuff to a maximum depth of 30 ft.

Core samples of soil and tuff collected during these installations have been analyzed
for landfill-related contamination. in addition, four of the seven lysimeters have
yielded small volumes of water at routine sampling intervals over a 1-year period; all
of these lysimeters are adjacent to the landfill. The three remaining lysimeters that
did not yield water are all located below the contact of the landfill and tuff. Monthly
measurements of neutron moisture taken at the access well have shown a consis-
tently stable moisture distribution in four landfill access wells and five perimeter
access wells. However, volumetric moisture contents typically vary between
individual wells and overdepth. Detailed analyses ofthese vadose-zone-monitoring
data will assist in evaluating current site conditions and will be summarized in a final
report.
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2.6.3.5 Frijoles Mesa

2.6.3.5.1 Hydrogeologic Study

In 1959 and 1960, before the Laboratory began hydronuclear experiments involving
radioactive and high-explosive materials at TA-49, the USGS performed a detailed
geologic and hydrologic investigation of Frijoles Mesa between Ancho and Water
canyons (Appendix C). The USGS investigations were conducted in large (3- and 6-
ft-) diametertest holes atdepths ranging from 30to 120 ftbelow ground su rface. The
hydrogeologic investigation of the mesa consisted of geologic mapping, performing
subsurface geologic studies, interpreting geophysical logs of holes, conducting
pumping tests, and measuring water level and soil moisture in boreholes.

The investigators concluded that “recharge to the ground water from Frijoles Mesa
is very small or nonexistent; thus no contaminants in solution are likely to be carried
to the ground water beneath TA-49" (Weir and Purtymun 1962, 0228). Data from
three deep test wells indicated that the top of the main aquifer near the center of the
experimental areas was at a depth of about 1 ,1701t. Geologic examination revealed
that noperched water is present. The absence of perched water and moisture intest
holes indicates that water rarely infiltrates the mesa surface to depths greater than
the thickness of the soil (Weir and Purtymun 1962, 0228).

Groundwater quality has been monitored routinely since the time the experiments
were initiated (Appendix C). The measurements confirm that there has been no
contamination of groundwater (Purtymun and Stoker 1987, 0204).

2.6.3.5.2 Hole Examinations

As a part of its investigation, the USGS collected rock samples and sent them to
USGS laboratories for petrographic description, chemical and x-ray analysis, and
measurement of physical properties. Rock samples have been stored in archives
for future study, and large- (3- and 6-ft-) diametertest holes have been photographed
for future reference.

2.6.3.5.3 Moisture Movement Studies

Tomeasure moisture, the USGS drilled 23 access holes ranging from 1010 49ftdeep
from the surface of the mesa. Soilthickness was measured and mapped. The holes
were logged with a neutron probe to determine the moisture content of the soil and
tuff near the mesa surface. The studies indicated little if any movement of
precipitation into the tuff underlying the soil cover (Abrahams et al. 1961,0015). The
natural moisture content of the tuff ranges from less than 4% to about 8% by volume,
indicating that movement of water could occur only by diffusion in the vapor phase.
Weir and Purtymun (1962, 0228) concluded that the soil cover “...forms an almost
perfect seal over the mesa surface and the near-surface joints.”

2.6.3.5.4 Special Monitoring

In 1961, the Laboratory undertook, in cooperation with the USGS, a program of
environmental surveillance of TA-49, which the Laboratory has conducted alone
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since 1970. This surveillance includes analyzing sediment and surface run-off,
measuring water levels, and sampling the water in the main aquifer via wells and
springs. Measurements confirm that there has been no contamination of groundwa-
ter. Minor plutonium contamination of the surface soil dating from the time of
hydronuclear experiments has been detected in small surface drainages near the
experiment area (Purtymun and Stoker 1987, 0204).

In 1975, routine monitoring at the site detected the presence of about 50 ft of water
in the bottom of Core Hole 2, located adjacent to hydronuclear Test Hole 2-M.
Analysis of water samples from the core hole showed the presence of plutonium,
indicating that water had moved plutonium from the experimental hole into the core
hole.

Concern relating to the presence of water in the core resulted in a special hydrologic
investigationin 1980 to locate the source ofthe water to determine whetherit resulted
from infiltration through a broken asphalt surface above Test Hole 2-M or whether
water was moving into the tuff beneath the experiment area on a larger scale.
Plutonium and moisture contents were evaluated in test borings, and it was
determined that the water in the core hole came through the asphalt surface cover
(Purtymun and Stoker 1987, 0204). The hole was bailed dry in 1980 and remained
dry through 1986, the time of the last inspection.

2.6.4 Geohydrology of Canyon Surface Waters and Alluvial Aquifers

2.6.4.1 General Conditions

Figure 2-5 shows the location ofthe major surface water drainagesinthe Los Alamos
area. IntheLos Alamos area, surface wateroccurs primarily as ephemeral streams.
Springs onthe flanks of the Jemez Mountains supply base flow inthe upper reaches
of some of the canyons that extend through Laboratory lands; perennial flow occurs
inthe upperreaches of Cafionde Valle and Los Alamos, Pajarito, and Water canyons
(Appendix C) (Purtymun 1975, 0194). The amount of discharge is insufficient to
maintain surface flow across the Laboratory site before depletion by evaporation,
transpiration, and infiltration. Surface flow can occur for more than a mile as the
result of releases from industrial waste treatment plants, sanitary sewage, and
cooling tower blowdown. Several times a year, run-off from heavy thundershowers
and heavy snowmelt reaches the Rio Grande.

All of the canyons on the Pajarito Plateau contain alluvium that is quite permeable,
ranging in thickness from 3to 100 ft. Only canyons that originate in the Sierrade Los
Valles (Figure 2-4) or that receive significant quantities of industrial effluent have
alluvial aquiters. These criteria are met in lower Pueblo, Los Alamos, Mortandad,
and Pajarito canyons (Appendix C). Water infiltrates through the alluvium until the
downward movement is impeded by the less permeable tuff and sediments.
Depletion by evapotranspiration and movement into the underlying voicanics limits
the horizontal and vertical extent ofthe alluvial aquifers (Purtymun et al. 1977, 0206).

2.6.4.2 Bayo Canyon

Bayo Canyon originates on the Pajarito Plateau and is tributary to the lower reach
of Los Alamos Canyon (Appendix C). It has a drainage area of 33.8 mi2 and an
average slope 0f 0.03. The canyon cuts into the Bandelier Tuff, the Puye Formation,
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Figure 2-5. Location of major suface water drainages in the Los Alamos area.
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and the Tesuque Formation. The flow in the canyon is ephemeral, and most of the
run-off is caused by heavy summer thundershowers. The run-off generally lasts no
longer than several hours (Purtymun 1975, 0194; 1979, 0371). There are nogaging
stations in this canyon.

In 1961, three test holes were drilled in Bayo Canyon to determine whether water
occurred in the alluvium or in the tuff at the Puye Formation contact. The test holes
indicated no water in the channel alluvium or perched in the tuff. Three test holes
weredrilledin 1973, and 12test holes weredrilled in 1974; allweredry. Theseresults
indicate that the movement of contaminants by groundwater in Bayo Canyon is very
unlikely (Purtymun 1979, 0371).

2.6.4.3 Pueblo Canyon

Pueblo Canyonoriginates onthe flanks ofthe Sierra de Los Valles and has cutadeep
canyon into the Pajarito Plateau (Appendix C). It drains 8.6 mi2.

2.6.4.3.1 Surface Water and Sediments

Release of treated sewage effluent from the Bayo treatment plant causes perennial
streamflow in the lower reaches of Pueblo Canyon. Run-off from winter snowmelt
and summer thunderstorms adds to the volume of flow. From 1951 through 1963,
industrial effluents from the Laboratory treatment plant at TA-45 were released into
Acid Canyon, a tributary to Pueblo Canyon. A former industrial waste water
treatment plant released effluents into the middle reach of the canyon from 1947
through 1966. Measurements of flow in Pueblo Canyon and a history of effluent
discharge are provided by Weir et al. (1963, 0395), Abrahams (1966, 0013),
Abrahams and Purtymun (1966, 0014), Purtymun (1975, 0194), and LANL (1981,
0141). Sediment discharges are reported by Purtymun et al. (1990, 0215). Run-off
events have redistributed sediments from Pueblo Canyon into lower Los Alamos
Canyon, and this transport is likely to continue. No major flooding events have
occurred in Pueblo Canyon during the last 40 years.

Current streamflow in Pueblo Canyon consists primarily of sewage effluent; there-
fore, the chemical quality of the surface water is determined by this source (Weir et
al. 1963, 0395; Abrahams 1966, 0013; Abrahams and Purtymun 1966, 0014;
Purtymun 1975, 0194; ESG 1976-1989). From 1943 through 1951, untreated
effluent containing radionuclides—mainly plutonium, uranium, tritium, and fission
products—was released into Acid Canyon. Treated radioactive wastes were
released into Pueblo Canyon from the treatment plant at TA-45 between 1951 and
1964. The quality of surface water has beenreported since monitoring beganin 1945
(Weir et al. 1963, 0395; Abrahams 1966, 0013; Abrahams and Purtymun 1966,
0014; Purtymun 1975, 0194; LANL 1981, 0141; ESG 1971-1989).

Concentrations of radionuclides in surface water and sediment decreased as the
treatment plants began to operate. In addition, radionuclide concentrations in the
canyon generally decrease downstream from the effluent outfalls because sedi-
ments in the stream channels adsorb the radionuclides and the sediments disperse
(Weir et al. 1963, 0395; Abrahams 1966, 0013; Abrahams and Purtymun 1966,
0014; Purtymun 1975, 0194; LANL 1981, 0141; Nyhan et al. 1980, 0162). Most of
the radioactively contaminated sediments lie in lower Pueblo Canyon. Dose
calculations indicate that the dose received from the sediments would slightly
exceed the dose received from background levels (LANL 1981, 0141).
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From 194910 1967, the USGS studied the effects ofthe release of industrial effluents
on the environment and geohydrology (Weir et al. 1963, 0395; Abrahams 1966,
0013; Abrahams and Purtymun 1966, 0014; Purtymun 1966, 0184; 1966, 0186;
Purtymun and Enyart 1966, 0198; Purtymun and Kunkler 1967, 0202; 1969, 0202;
LANL 1981, 0141). Environmental data gathered subsequently by the Laboratory
are summarized in a series of reports issued from 1967 through the present (ESG
1971-1989). Chemical and radiochemical analyses show that drinking water
standards for chemical and radiochemical constituents are exceeded; however, this
water is not used for municipal, agricultural, or industrial supply.

An extensive field monitoring and sampling program to evaluate the radiological
conditions in Acid and Pueblo canyons was conducted during 1976 and 1977 aspart
ofthe Formerly Utilized Sites Remedial Action Program sponsored by the DOE. This
study reviewed historical records and used new sampling methods to obtain data.
It considered potential radiation exposure under current and future conditions and
maximum doses (LANL 1981, 0141). Residual radioactivity was found on sedi-
ments, although the indicated dose to the public was found to be small (LANL 1981,
0141).

A number of investigators have studied the distribution of radionuclides in channel
sediments and radionuclide transport in snowmelt run-off (Purtymun et al. 1990,
0215). The USGS has conducted seepage runs for discharge measurements
(Abrahams and Purtymun 1966, 0014). Purtymun et al. (1988, 0213) sampled
surface and groundwaters for organics from pesticides and othier sources. Snow-
melt run-off was found to carry plutonium, primarily in the sediment fraction.
Concentrations of piutonium were low. Volatile organics, base neutral acid, and
cyanide were detected in a few instances. No semivolatile organics, pesticides,
herbicides, or PCBs were detected.

2.6.4.3.2 Alluvial Aquifer

The streamflow in Pueblo Canyon recharges a shallow body of groundwater in the
alluvium. As the water in the alluvium moves downgradient, water is lost to
evapotranspiration and through recharge into two shallow perched water bodies in
the Puye Formation and the basaltic rocks of the Chino Mesa Formation (Purtymun
1975, 0194).

From 1954 1o 1965, the USGS installed 14 shallow wells and collected samples (Weir
etal. 1963, 0395; Abrahams and Purtymun 1966, 0014; Purtymun 1966, 01 84;1966,
0186; Purtymun and Enyart 1966, 0198; Purtymun and Kunkler 1967, 0202). Storm
run-off destroyed most of the wells. In 1965, sampling of the alluvial aquifer was
discontinued because of the great chemical and radiochemical similarity of surface
and groundwater. Sampling was resumed in 1990 to study inorganic and organic
compounds, heavy metals, and pesticides, which had not been investigated earlier.

Special studies of the alluvial aquifer consist of reconnaissance sampling for
organics, pesticides, and herbicides (Purtymun et al. 1988, 0213). The studies were
performed by sampling only the surface water, because the compositions of the
surface and groundwater were similar.
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2.6.4.4 Los Alamos Canyon

2.6.4.4.1 Surface Water and Sediments

Los Alamos Canyondrains a 10.6-mi2 area that extends fromthe divide onthe Sierra
de Los Valles down to the Rio Grande near Otowi Bridge (Appendix C). Its major
tributaries are Pueblo Canyon near the eastern edge of the plateau and DP Canyon
near the center of the plateau. Perennial surface flow occurs in the upper reaches
and is partially impounded by Los Alamos Reservoir. Surface flow in the middle and
lowerreaches is intermittent. Some coolingtower and sewage effluents are released
from TA-2 and TA-41. During the summer, storm water run-off occasionally reaches
the Rio Grande. In some years, snowmelt run-off also reaches the Rio Grande.
Streamfiow in DP Canyon is intermittent, consisting of industrial and sanitary
effluents and storm water run-off.

Discharge measurements collected by the USGS (Abrahams and Purtymun 1966,
0014) and the Laboratory (Purtymun 1974, 0193; Purtymun 1975, 0194) have been
reported. Two stream gages are located in Los Alamos Canyon and one in DP
Canyon. Discharge of flow and sediment load for snowmelt run-off is reported by
Purtymun et al. (1990, 0215). Purtymun (1975, 0194) describes sediment discharge.
Summer run-off and snowmelt discharge were found to carry radionuclides in
solution as well as in sediment. :

Water quality measurements of surface water were collected as early as 1952
(Purtymun 1975, 0194) and continue today as part of the annual environmental
surveillance program (LANL 1981, 0141; ESG 1971-1989). Samples attwo surface
water stations and at the Los Alamos Reservoir are analyzed for radiochemical and
chemical constituents, andthe results are reported annually (ESG 1971-1989). The
results of radiochemical analyses from 11 soil-sampling stations in Los Alamos and
DP canyons are reported in the annual surveillance report. Radionuclide concen-
trations decrease downgradient in the canyon because of dilution and absorption by
alluvial sediments.

Special studies that have been conducted in Los Alamos and DP canyons include
investigations of radionuclide transport in run-off by Purtymun (1974, 0193; 1966,
0184; 1966, 0186); Hakonson and Bostick (1976, 0315); and Purtymun et al. (1990,
0215). Investigations for organics, pesticides, and herbicides have been performed
(Purtymun et al. 1988, 0213). Measurements taken between 1975 and 1986 show
that plutonium has been transported into the Rio Grande from snowmelt run-off.
None of these studies detected organic compounds, pesticides, or herbicides inthe
Rio Grande at its confluence with Los Alamos Canyon.

2.6.4.4.2 Alluvial Aquifer

The surface water in Los Alamos Canyon consists of sanitary sewage effluent,
cooling tower blowdown, storm and snowmelt run-off, and inflow of water from the
alluvium in DP Canyon. The surface water recharges alluvial water perched on the
_ tuff. Asthe water in the alluvium moves downgradient, some is lost to evaporation,
transpiration, and vertical movement into the underlying tuff, conglomerate, and
basalts. Alluvial water extends fromthe upper reaches of Los Alamos Ganyon down
to a point near its confluence with DP Canyon.
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DP and Los Alamos canyons have received treated industrial effluents that contain
some radionuclides. Six observation holes located along the length of Los Alamos
Canyon are sampled for chemical and radiochemical water quality (Appendix C).
The results are reported annually inthe Laboratory’s annual environmental surveil-
lance report (ESG 1971-1989). The shallow grou ndwater contains measurable but
low amounts of radioactivity.

Purtymun et al. (1990, 0215) have studied the loss of groundwater from the alluvial
aquifer into the underlying tuff, have determined surface water data from transport
of plutonium during snowmelt run-oft, and have estimated snowmett losses in the
channel. They have also calculated storage in the alluvial aquifer and have esti-
mated losses into the underlying tuff and volcanic rocks. Sampling for organics,
pesticides, and herbicides has been performed (Purtymun et al. 1988, 021 3).Theal-
luvial aquifer is recharged by streamflow. Inafew instances, volatile organics, sem-
ivolatile organics, and base neutral acids were found in the shallow groundwater.

2.6.4.5 Sandia Canyon

Sandia Canyon has a small (2.7-mi2) drainage area that originates on the Pajarito
Plateauin TA-3 (Appendix C). The canyonreceives cooling towerblowdown fromthe
TA-3 power plant and treated sanitary effluents from the sanitary waste treatment
plant at TA-3. The treated effluents forma perennial stream in a short reach of the
upper canyon. Only during heavy summer thundershowers in the drainage area
does streamflow reach the Laboratory boundary at State Road 4. Two monitoring
wells in the lower canyon west of State Road 4 indicate no perched water in the
alluviuminthis area. Three surface-water-sampling stations are located inthereach
of the canyon that contains perennial flow. The samples are analyzed for radio-
chemical and chemical constituents and are reported in the Laboratory’s annual
environmental surveillance reports (ESG 1971-1989). Samples of surface waters
have been analyzed for organics, pesticides, and herbicides (Purtymun et al. 1988,
0213). Measurable amounts of radioactivity have beendetectedinthe surface water;
cyanide has also been detected, but no organic compounds have been found.

2.6.4.6 Mortandad Canyon

Mortandad Canyon drains a 1.8-mi2 area west of the Los Alamos Countylineandis
located entirely onthe Pajarito Plateau (Appendix C). An industrial waste treatment
plant at TA-50 collects and processes liquid wastes containing radionuclides. After
treatment, which removes most of the radioactivity, the effluents are released into
Mortandad Canyon.

Hydrologic studies began in 1960 before the time the waste treatment plant at TA-
50 began to operate. Since thattime, there has been no surface flow in Mortandad
Canyon beyond the Laboratory's boundary because the small area drained by the
canyon produces little run-off and a thick section of unsaturated alluviuminthe lower
canyon permits rapid infiltration and storage of effluent and run-off. This alluvial
aquifer extends up to 130 ft below the ground surface. Monitoring stations include
one surface-water-monitoring station and six observation wellsinthe shallow alluvial
aquifer (Appendix C). The wells in the lower reaches of the canyon are dry.
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2.6.4.6.1 Surface Water and Sediments

The USGS conducted preoperational studies of streamflow to establish the back-
ground surface flow conditions before the installation of the TA-50 radioactive waste
treatmentplant (Baltz et al. 1963, 0024; Purtymun 1964, 0183). After operations had
begun, a stream gage was installed, and discharge studies continued (Purtymun
1967, 0188; Purtymun and Kunkler 1967, 0202). Hakonson (1981, 0314) has
studied sediment transport. ‘

Environmental monitoring for chemical and radiochemical quality in surface water
began with USGS investigations (Purtymun 1964, 0183; 1967, 0188; Purtymun and
Kunkler 1967, 0202; Purtymun 1975, 0194) and have been continued by the
Laboratory (ESG 1970-1986). Radioactivity and elevated nitrate concentrations are
present as a result of the effluent discharged into this canyon.

Special studies of plutoniumin surface water and in sediments have been conducted
(Purtymun 1975, 0194; Putymun et al. 1977, 0206; Purtymun 1971, 0190; Hakonson
et al. 1979, 0119; Hakonson 1981, 0314; Nyhan et al. 1976, 0160). Purtymun et al.
(1988, 0212) have studied organic compounds in groundwater. Studies performed
in 1979 sampled channel and bank sediments and vegetation for chemical constitu-
ents alongthe stream channel fromthe waste outfall at TA-50to adistance of 10,000
ft (Ferenbaugh and Gladney, in preparation, 0427).

2.6.4.6.2 Alluvial Aquifer

Perennial flow from industrial and sewage effluents and intermittent storm and
snowmelt run-off recharge a small body of water in the alluvium, which is perched
on the underlying tuff. As the water in the alluvium moves eastward, steady losses
to evapotranspiration and minor losses into the tuff occur, limiting the amount of
waterin the alluvium. The alluvial aquifer does not extend beyond the surface water
discharge boundary at the Los Alamos/Santa Fe county line (Appendix C).

The USGS conducted a preliminary study of the geology and hydrology ofthe alluvial
aquiferin 1960 and 1961 (Baltz et al. 1963,0024), whichwas followedby USGS and,
later, by Laboratory studies (Abrahams et al. 1962, 0231; Purtymun 1964, 0183;
Purtymun 1967, 0188; Purtymun 1975, 0194; Devaurs and Purtymun 1985, 0049).
Thirteen observation wells collect information on groundwater level and chemical
and radiochemical quality (Appendix C).

The USGS began environmental monitoring of alluvial water with preoperational
surveys of chemistry and radiochemistry (Purtymun 1964, 0183). Environmental
monitoring of the chemistry and radiochemistry of alluvial water continued under the
USGS (Purtymun and Enyart 1966, 0198; Purtymun 1967, 0188; Purtymun 1967,
0188; Purtymun 1969, 0189) and by the Laboratory (Purtymun 1975, 0194; ESG
1971-1989). The shallow groundwater contains elevated levels of radioactivity and
nitrates because of the waste effluent discharged into this canyon. The aquifer lies
entirely within Laboratory boundaries.

Numerous special studies have been conducted on the water quality of this shallow
aquifer. Tritium and chloride concentrations have been used to calculate the rate of
water movement in the aquifer. Using the resulting data, investigators have
determined the aquifer’s permeability and storage capacity and have inventoriedits
chemical constituents and radionuclides (Purtymun 1973,0191; 1974,0192; Purtymun
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etal. 1984, 0210). Concentrations of radionuclides decrease downgradient fromthe
waste outfall. Some radionuclides have migrated into the tuff underlying the alluvial
aquifer.

Purtymun and others have also performed radiochemical studies (Purtymun etal
1983, 0209; 1984, 0210) and chemical studies (Purtymun 1975, 0194; 1988, 0213,
Purtymun et al. 1977, 0206). The samples collected were analyzed for organics,
pesticides, and herbicides (Purtymun et al. 1988, 0213). Cyanide was detected, but
there were no organic compounds in the groundwater.

2.6.4.6.3 Extent of Saturation in Mortandad Canyon

A recent special study evaluated the extent of saturation in Mortandad Canyon; the
occurrence of radioactive, inorganic, and organic contaminants in the perched
alluvial water in the bottom of the canyon; and the unsaturated tuff beneath the
saturated alluvium (Stoker et al. 1991, 0715). The study was conducted in part to
comply with a special condition of the HSWA Module (EPA 1990, 0306)

The saturated aquifer is of limited extent because the recharge is sufficient only to
maintain a saturated zone in the alluvium extending about 2.2 mi downstream from
the TA-50 outfall. Saturation extends eastward fromthe outfall to within abouta mile
ofthe Laboratory boundary. Test holes drilledorcored throughthe alluvium indicate
that the underlying tuff is not saturated. Moisture content generally declines to less
than 50% of saturation, both transverse to the canyon axis and at depth.

Generally more than 99% of the residuals from the treatment plant effluents are
associated with sediments inorimmediately adjacenttothe streamchannel. Asmall
fraction of the residuals, on the order of 1% or less, are present in the perched water
in the alluvium. Except for tritium, radioactive constituents have apparently moved
lessthan about 10 ft intothe unsaturated zone. Tritium, astritiated water, has moved
to depths of at least 195 ft in the tuft. '

2.6.4.7 Cafiadadel Buey

Cafiada del Buey originates on the Pajarito Plateau. ltdrainsa 3.4-mi2area andlies
entirely inthe Bandelier Tuff (Appendix C). Streamflow inthe canyon is intermittent.
One small stretch near TA-46 receives cooling tower blowdown. The alluviuminthe
canyon is quite thin and contains no water (IT Corporation 1987,0327; Devaurs and
Purtymun 1985, 0049).

* Since 1973, the Laboratory has sampled the radiochemical and chemical content of
the surface waters in Cafiada del Buey as part of a routine environmental program
(ESG 1974, 0094). Limited radiochemical sampling has been performed in sedi-
ments (Purtymun 1975, 0194). Since 1982, the Laboratory has routinely monitored
stream sediments for radionuclides (ESG 1983-1989) and for hazardous and toxic
constituents (Purtymun and Maes 1987, 0203; 1988, 0372). Although sediments
transport some cesium and plutonium from the active waste management area at
TA-54, radionuclide concentrations in sediments were not detectable atthe Labora-
tory boundary at State Road 4. Organic compounds 1,1 ,2,2-tetrachloroethane and
1,1,1,2-tetrachloroethane were detected in sediments in Cafiada del Buey at State
Road 4. No metals, pesticides, or herbicides were measured above the limits of
detection.
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2.6.4.8 Pajarito Cariyon

Pajarito Canyon originates on the flanks of the Sierra de Los Valles and drains an
area of 10.6 mi2 (Appendix C). The stream channel is cut into the Bandelier Tuff
across the Pajarito Plateau. Streamflowinthe canyonis ephemeraland results from
storm run-off and snowmelt. This ephemeral flow moves downgradient and
recharges the alluvium overlying the tuff (Purtymun and Kennedy 1971, 0200). The
alluvial water in Pajarito Canyon is confined to the alluvium in the canyon and does
not extend horizontally or vertically under Mesita del Buey (Devaurs and Purtymun
1985, 0049; IT Corporation 1987, 0327). A minor amount oftreated sewage effluent
is released into the canyon below TA-18.

Since 1973, the Laboratory has routinely sampled surface water for chemical and
radiochemical constituents (ESG 1974, 0094). Purtymun (1975, 0194) provides
limited data on radiochemical and chemical surface water data and radiochemical
analyses of sediment. Beginningin 1986, stream sediments have been analyzed for
hazardous and toxic constituents (Purtymun and Maes 1987, 0203; 1988, 0372).
Radiochemical and chemical concentrations in alluvial water showed no effect from
Laboratory operations. Analyses of sediments collected at the Laboratory boundary
at State Road 4 showed no elevation in radionuclide concentrations. Results of
analyses of sediments for metals, pesticides, and herbicides were below the limits
of detection. The compound 1,1,2,2,-tetrachloroethane was detected in sediments
in Pajarito Canyon at the Laboratory boundary at State Road 4. .

2.6.4.9 Potrillo Canyon

Potrillo Canyon originates onthe Pajarito Plateau and drains an area of about 2.4 mi2
upstream of State Road 4 (Appendix C). The stream channel is cutintothe Bandelier
Tuff. The ephemeral streamflow in the canyon results from thunderstorms and
snowmelt. Potrillo Canyon drains five firing (explosives detonation) sites; conse-
quently, depleted uranium from testing activities is found in the watershed. Studies
have been made to characterize uranium concentrations in sediments (Hanson and
Miera 1977, 0128; 1978, 0129) and to determine transport of uranium through run-
off mechanisms (Becker et al. 1985, 0029; Becker 1986, 0027). The Laboratory
began routinely monitoring radionuclides in sediments in 1977 (ESG 1978-1989).
Monitoring for hazardous and toxic constituents in sediments began in 1986
(Purtymun and Maes 1987, 0203; 1988, 0372). Levels of uranium in solution and in
suspended sediments in run-off samples are within background concentrations at
State Road 4. The compound 1,1,2,2-tetrachloroethane was detected in sediments
at the Laboratory boundary at State Road 4. Levels of metals, pesticides, and
herbicides were below the limits of detection.

2.6.4.10 Water Canyon

Water Canyon originates on the flanks of the Sierra de Los Valles, where it has cut
canyons into the Tschicoma Formation and the Bandelier Tuff. Where it crosses the
Pajarito Plateau, it cuts into the Bandelier Tuff. Alongthe eastern edge ofthe plateau
near the Rio Grande, the canyon is cut into the basalts of the Chino Mesa and
underlying Tesuque Formation. Cafion de Valle is tributary to Water Canyon inthe
upper reach, and Fence and Potrillo canyons are tributary south of State Road 4.
Water Canyon drains an area of 12.8 mi? (Appendix C). Perennial flow occurs inthe
upper reaches, and waste water from S-Site is released to the canyon, also in the
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upper reaches. Streamflow moves into the alluvium for a short distance. in the
remainder of the canyon, streamflow is ephemeral and results from storms and
snowmelt.

Routine radiochemical analyses of surface waterin Water Canyonare performed as
part of annual environmental monitoring activities that began in 1973 (ESG 1974,
0094) and continues today. Purtymun (1974, 01 92) provides some earlier data on
the chemical and radiochemical components of surface water and on the radio-
chemical components of sediments. Beginning in 1977, the Laboratory’s annual
environmental monitoring program included studies of the radiochemistry of sedi-
ments in Water Canyon (ESG 1978-1989). Some heavy metals in the canyon have
been investigated (Kasunic et al. 1985, 0134; Becker 1986, 0027). Radionuclide
concentrations in sediments are atbackground levels. Radionuclide concentrations
in surface water are at the limits of detection (ESG 1989, 0308). The compounds
1,1,2,2-tetrachloroethane and 1,1,1,2-tetrachloroethane were detected in sedi-
ments in Water Canyon at State Road 4, and some nickel was reported in sediments
from Fence Canyon at State Road 4. No pesticides or herbicides were detected in
Water Canyon or in its tributary canyons.

2.6.4.11 Ancho Canyon

Ancho Canyon originates in the middle of the Pajarito Plateau (Appendix C). The
canyon is cut into the Bandelier Tutf on the plateau and through the basalts of the
Chino Mesa and the Tesuque Formation on the eastern edge of the plateau as the
channel drops into the Rio Grande. Stream flow on the plateau is ephemeral,
although, in the lower reaches of the canyon, perennial flow originating from springs
inthe Totavi Lentilreaches the Rio Grande. Probably some smallvolumes of alluvial
water occur seasonally in the upper reach of the canyon (Purtymun 1975, 01 94).

In 1977, the annual environmental monitoring program began sampling sediments
in Ancho Canyon for radiochemical constituents (ESG 1978, 0095), and this program
continues today. Beginning in 1977, spring flow in Ancho Canyon was sampled for
chemical and radiochemical constituents (ESG 1978-1989, Purtymun et al. 1980,
0208). Special studies have included sediment sampling for depleted uranium
(Beckeret al. 1985, 0029), plutonium (Purtymun et al. 1987, 0211), and radionuclide
and chemical components of sediments (ESG 1989, 0308). Radiochemical constitu-
ents in water and sediments and chemical constituents in sediments are within
background values.

2.6.4.12 ChaquehuiCanyon

Chaquehui Canyon originates in the eastern part of the Pajarito Plateau (Appendix
C). Itdrains anareaof 1.8 miand cuts intothe Bandelier Tuff and throughthebasalts
of the Chino Mesa and the Tesuque formations as the channel drops steeply intothe
Rio Grande. Littleto no alluvium occurs inthe upperor middle reaches of the canyon.
Streamflow in the canyon is ephemeral. Near the eastern end of the canyon, above
the Rio Grande, water from springs and seeps in the Tesuque Formation (main
aquifer) maintains a small stream and several large pools that infiltrate into the
alluvium before the water reaches the Rio Grande. These springs have been
sampled annually as part of the routine environmental monitoring program (ESG
1978-1989, Purtymunet al. 1980, 0208). Sediments have beensampled since 1978
as part ofthe same program (ESG 1979-1989). Cesium, plutonium, tritium, and total
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uranium activity in water was low; chemical concentrations were within drinking
water standards. Radiochemical concentrations in sediments were also low.

2.6.5 Perched Water

Perched water occurs in conglomerates andbasalts beneaththe alluviuminalimited
area about 120 ft beneath the surface in the midreach of Pueblo Canyon and in a
second area about 150 to 200 ft beneath the surface near the confluence of lower
Pueblo and Los Alamos canyons. The perched water in these two locations does
not connect hydrologically with the main aquifer (LANL 1981, 0141).

The only known body of water perched inthe Puye Formation above the main aquifer
occurs in the midreach of Pueblo Canyon. The horizontal extent of the aquifer is
limited. Changes in water levels over time indicate that the aquifer is hydraulically
connected to the streamflow in Pueblo Canyon. The aquiferis sampled annually for
chemical and radiochemical constituents (ESG 1977-1989, Purtymun 1975, 0194).

Perched water has been encountered inthe basaltic rocks of Chino Mesainthe lower
part of Pueblo Canyon, as well as in lower Sandia Canyon. Recharge to the aquifer
occurs in the midreach of Pueblo Canyon, as well as in the midreach of Los Alamos
Canyon. Surface flow from sanitary waste water from the Bayo treatment plant in
Pueblo Canyon and storm run-off in Los Alamos Canyon contribute to the perched
water. Water moves eastward, as shown by some discharge from the basaltic rocks
at Basalt Springs (Purtymun 1975, 0194). Early surveillance activities by the USGS
and later by the Laboratory document the quality of water from these two perched
water bodies (Weir et al. 1963, 0395; Abrahams 1966, 0013; Abrahams and
Purtymun 1966, 0014; Purtymun 1969, 0189; ESG 1971-1989). The concentrations
of chlorides, nitrates, and total dissolved solids in these two perched aquifers have
. increased. Concentrations of radioactivity are below the limits of detection.

2.6.6 Hydrology of the Main Aquifer

2.6.6.1 General Conditions

The main aquifer of the Los Alamos area is the only aquifer capable of supplying
municipal and industrial water. The surface water and groundwater in the alluvium
are separated from water in the main aquifer by several hundred feet of unsaturated
volcanic tuff and sediments. The upper surface of the main aquifer rises westward
from the Rio Grande through the Tesuque Formation beneath the central and
western parts of the plateau (Figure 2-6). The water in the aquifer moves from its
major recharge area in the Valles Caldera eastward toward the Rio Grande, where
a part is discharged into the river through seeps and springs.

The major recharge area for the aquifer is the intermontane basin formed by the
Valles Caldera. The upper parts of the sediments inthe basin are lacustrine deposits
of clay, sand, and gravels, which are underlain by volcanic debris that resulted from
collapse of the caldera. The sediments and volcanics are highly permeable and are
saturated. The saturated “basin fill” recharges the main aquifer in the sediments of
the Tesuque Formation. Minoramounts of recharge may occur inthe deep canyons
that contain perennial streams on the flanks of the mountains. The ephemeral
streams in the canyon, which are cut into the plateau, add little if any rechargeto the
main aquifer (Purtymun 1984, 0196). Purtymun summarizes general hydrologic
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characteristics, pumping rates, specific capacities, transmissivities, and field coef-
ficients of permeability as determined during aquifer tests or during periods of
production of supply wells and test holes.

2.6.6.2 Water Supply

The Laboratory and the communities of Los Alamos and White Rock are supplied by
water pumped from deep wells in three well fields located in Los Alamos Canyon,
Guaje Canyon, and on the Pajarito Plateau (Appendix C). These wells draw water
from the main aquifer of the Los Alamos area, which lies at depths varying from
several hundred to more than 1,000 ft below the mesa tops.

The six original wells in the Los Alamos Field were drilled and completed between
1946 and 1948. An additional well was completed in 1960. Five additional wells
completed in 1950 and 1951 form the Guaje Field. Two more wells were added in
1954 and 1965. The Pajarito Field consists of five wells developed between 1965
and 1982. In addition, the original surface water sources still contribute a small part
of the Los Alamos water supply. The radiochemical and chemical quality of the
supply wells is also described in the Laboratory’s annual surveillance reports.
Annual reports since 1970 summarize hydrologic data of individual wells from 1948
through 1989 (e.g., Purtymun and Stoker 1988, 0205).

The Laboratory and the communities of Los Alamos and White Rock are supplied by
water pumped from deep wells that range in age from 7 to 43 years. The production
in these wells has declined significantly in the past few years. Failed attempts to
rehabilitate older wells have focused attention onthe need for acomprehensive plan
to ensure a reliable water supply for the long term.

Purtymun and Stoker (1988, 0205) provide the history, capacity, and production of
each well field. They also evaluate the potential for obtaining additional water
through new wells by considering the geologic and hydrologic variables in each well
field. As a result of this report, two new wells were added to the system in late 1989
and early 1990.

2.6.6.3 Test Wells

Eleven deep test holes have been drilled on the plateau and in canyon locations to
investigate the potential for groundwater contamination. The test holes were also
used to determine the geologic units, water-bearing formations, and hydrologic
properties of the main aquifer. The wells were drilled into the main aquifer in 1949,
1950, and 1960. Seven of the original 11 are sampled for radiochemical and
chemical constituents as part of the annual environmental monitoring program
reported inthe annual environmental surveillance report (ESG 1989, 0308) (Appen-
dix C).

2.6.6.4 Springs in White Rock Canyon

Twenty-seven springs discharge from the Totavi Lentil and the Tesuque Formation
in White Rock Canyon (Purtymun 1966, 0187). The water from these springs
generally acquires its chemical characteristics from the rock units that compose the
spring aquifer. Twenty-two of the springs fall into three groups of similar chemical
composition. The five remaining springs make up a fourth group, whose chemical

November 1992 2-49 IWP, Revision 2



Installation Description Chapter 2

componentsdiffer fromthose of the firstthree groups because of localized conditions
in the aquifer. These localized conditions may be related to recharge or discharge
in or near basalt intrusions or through faults.

" The chemical composition of water from individual springs varies slightly in samples
collected from 1964 tothe present. The variations aretraceableto seasonalchange
and are not considered significant. Radiochemical quality has also been analyzed.
Purtymun et al. (1980, 0208) and the Laboratory’s annual environmental surveil-
lance reports provide water quality data.

2.6.7 Fenton Hill Site

The Fenton Hill site is located about 40 mi west of Los Alamos on the western flank
of the Valles Caldera (Figure 2-4). Investigations at this site are focused on the
extraction of heat from dry geothermal reservoirs known as hot dry rock.

2.6.7.1 Water Supply

Water for drinking and industrial needs atthe Fenton Hill site is furnished by Well FH-
1, a perched aquifer at a depth of about 450 ft. An aquifer test conducted in 1980
determined that this aquifer is of limited extent (Becker et al. 1981. 0028). Thewater
levels in FH-1 vary according to the amount of pumpage, which reflects the demand
for drilling or testing at the site. The water level declined from 365 ftin 1976 t0 382
ftin 1986. The declinein waterlevel since 1976 indicatesthatthe withdrawal of water
has exceeded the amount of recharge to the aquifer. Overall, there have been no
significant changes in the chemical quality of water (ESG 1989, 0308).

Environmental monitoring is performed in the vicinity of the site to assess any
impacts from the geothermal operations. Water quality studies of surface and
groundwaters, which include mineral and hot springs, wells, and streams, began
before construction and testing of the hot dry rock reservoir. There have been no
significant changes in the chemical quality of the water. The results of water
sampling are published in the Laboratory’s annual surveillance reports (e.g., ESG
1989, 0308) and in reports on water quality in the vicinity of Fenton Hill (e.g.,
Purtymun et al. 1988, 0212).

2.6.7.2 Experimental Geothermal Holes

Investigations at the Fenton Hill site are based on the concept of extracting heat from
dry geothermal reservoirs by developing artificial hydrothermal systems. The site
contains a system of two deep holes completed in dry but hot Precambrian granitic
rock. The holes are connected by a series of large cracks created by hydraulic
fracturing. Water circulated under pressure in the cracks recovers heat from the
geothermal reservoir. Two separate systems, one at 9,000 ft and another at 15,000
ft, have been constructed and are being evaluated for potential energy development
(Heiken 1985, 0131; Murphy et al. 1980, 0149).
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2.6.8 Special Studies
2.6.8.1 Disposal Site Hydrology

2.6.8.1.1 Capping Studies

Research activities at the Laboratory have concentrated on evaluating the design
and performance of different soil and rock materials used in trench cap and landfill
covers (Appendix D). The studies have included both modeling and evaluating field
performance. The design of trench caps and landfill covers for managing water
movement and biota intrusion has been evaluated by Nyhan et al. (1990, 0173),
Perkins and Cokal (1986, 0175), Hakonson et al. (1987, 0127), and Nyhan et al.
(1989, 0172). The effectiveness of trench caps as biobarriers to both flora and fauna
has been investigated by Hakonson et al. (1987, 0127), Nyhan (1989, 0154), Nyhan
etal. (1986,0170), Hakonson et al. (1983, 0125), and Hakonson and Gladney (1982,
0116). Nyhan et al. (1983, 0163) have evaluated the effectiveness of trench caps
in preventing erosion. Trench cap effectiveness has also been evaluated through
model simulation studies (Devaurs 1989, 0047). Most studies have concentratedon
investigating those scenarios that permit penetration through the trench caps,
causing exposure of the buried waste.

2.6.8.1.2 Studies of Moisture and Contaminant Migration

The movement of water and dissolved contaminants through the unsaturated zone
has been investigated at Los Alamos in field studies using large-diameter caissons
anddifferent soil sequences and contaminant combinations. Lane (1983, 0137) and
Polzer et al. (1986, 0181) have performed tracer studies, and Nyhan and Barnes
(1989, 0156) have modeled storage of soil water in waste storage trenches.

2.6.8.2 Geochemistry

Since the late 1950s, the Laboratory has been investigating local geochemical
conditions using cations, anions, and actinides. These investigations aimed at
understanding the chemistry and resultant mobility of actinides, ions, and elements
associated with wastes and included tracer simulation studies. Early investigations
addressed soil adsorption of radioactive wastes (Christenson et al. 1958, 0224);
more recent studies have concentrated on adsorption processes. The latter studies
include batch studies (Polzer and Fuentes 1985, 0179; Fuentes et al. 1984, 0106),
batch and column studies (Fowler et al. 1979, 0100), and modeling adsorption
(Fuentes and Polzer 1987, 0105; Polzer et al. 1984, 0180). Leaching studies have
examined ion exchange resins buried in Bandelier Tuff (Essington et al. 1986, 0496).
The mobility of actinides has been examined (Polzer et al. 1984, 0180), as well as
their association with colloids (Penrose et al. 1990, 0174; Polzer et al. 1983, 0370).
One-dimensional, steady-state, unsaturated models have been used to determine
chemical mobility (Fuentes and Polzer 1987, 0105; Fuentes and Springer 1987,
0429). Combined geochemical/geohydraulic modeling has also been used to
investigate geochemical isolation (Gruber 1988, 0113).
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2.6.8.3 Run-Off and Erosion

Limited simulation studies of run-off and erosion processes have been performed.
They range from use of the universal soil loss equation to predict movement of
plutonium from faliout sources (Foster and Hakonson 1987, 0428); to development
of hydrologic and sediment transport models to follow contaminants in alluvial
channels (Lane and Hakonson 1982, 0139); to mathematical models of run-off,
sediment yield, and contaminant transport on the scale of watersheds in semiarid
regions (Lane et al. 1985, 0140).

26.8.4 Geochemical Studies of Soils and Bandelier Tuff

Many of the contaminants present at Los Alamos, especially organic and actinide
contaminants, do not occur naturally. The media most susceptible to contamination
are soils (Nyhan et al. 1978, 0161) and the Bandelier Tuft (Griggs and Hem 1964,
0313), which are exposed over most of the area affected by Laboratory operations.
The purpose of the geochemical studies (Appendix E), is to determine the range of
background concentrations of important contaminants, such as barium, beryllium,
chromium, lead, and uranium, in several soil series and sediments and in the
Bandelier Tuff at the Laboratory. Evaluation of these elemental concentrations is
required for establishing the extent of soil, sediment, and Bandelier Tuff contamina-
tion at the various operable units. '

In orderto develop a chemical background model for soils, it is necessary to assess
the chemical variability among the soil series. Each soil consists of several soil
horizons that show different physical properties and that are chemically distinct. The
soils havethe potential to be rather highly chemically variable because of the varying
content of clay minerals, ferric oxyhydroxides, humic acids, silicate minerals,
carbonate minerals, and glass. lfthere are variations within a soil series, a significant
portion of the variation is present at each sample location.

The Bandelier Tuff is made up of an upper (Tschirege) and lower (Otowi) member.
Each member consists of an airfall tuff at the base, followed by ash flows. The ash
flows of the lower member have not been subdivided, but Crowe et al. (1978, 0041)
recognize three cooling units within the ash flows of the upper member. More
recently, Vaniman and Wohletz (1990, 0541) separated the upper member of the
Bandelier Tuffinto four cooling units. The uranium concentrations inthe airfallofthe
lower member range from 14.0to 17.8 ppm, averaging 16.9ppm, although, omitting
sample 18/12, values for the lower member, ash falls range from 4.9 to 17.6 ppm,
averaging 10.0 ppm (Kuentz 1986, 0602). Inthe upper member, uranium concen-
trations range from 6.86 to 11.35 ppm in Cooling Unit 1 (excluding Sample 4250.1)
and average 8.8 ppm. In Cooling Unit 2, the uranium concentrations range from 4.0
10 4.9 ppm, (Crowe et al. 1978, 0041). The data set for the ash flows of the lower
member is the only one in which samples were obtained from several locations. The
large range of uranium concentrations in this unit, however, is not caused solely by
lateral compositional variations within the unit. A significant portion of the variation
is present at each sample location.

2.6.8.5 Geohydrologic Modeling

Combined discharge and transport models have been developed and used in
laboratory settings to predict the movement and redistribution of contaminants. One
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model that predicts run-off, sediment yield, and contaminant transport on a water-
shed-sized scale in semiarid environments was used to predict plutonium transport
(Lane et al. 1985, 0140).

Other models were developed to predict flow in porous media. The TRACR3D code
(Travis and Birdsell 1991, 0523; Travis and Nuttall 1984, 0385), developed at Los
Alamos, models transient and two-phase flow and multicomponent transport in
porous media. This model has been applied to field and laboratory simulations
(Perkins et al. 1985, 0176). In addition, TRACR3D has been used to model
radiocolloid transport (Travis and Nuttall 1984, 0385). CREAMS has been used to
model vertical transport of radionuclides (Devaurs and Springer 1988, 0050).
Unsaturated flow and contaminant transport (a different, unnamed code) have been
modeled at a former waste disposal area (HydroGeolL ogic 1989, 0133).

2.6.8.6 Flood Plains

The HSWA Module requires that all 100-yr flood plains for major watersheds within
the Laboratory complex be defined. Because maps of 100-yr flood plains do not
exist, they must be generated for the entire facility. The computational methodology
used to define these flood plains conforms to all requirements specified in 40 CFR
270.14(b)(11)(iii) (EPA 1990, 0432). The computermodels HEC-1 (Flood Hydrograph
Package) and HEC-2 (Surface Water Profiles) prepared by the Army Corps of
Engineers and Dodson & Associates (1990, 0235; 1982, 0236) will be used to
complete this task. These models are recognized as standard industrial and
regulatory compliance tools for ungaged watersheds.

The HEC-1 computer code simulates the rainfall run-off process in a given water-
shed and produces a stream discharge hydrograph in response to a single-storm
hydrograph. The HEC-2 model usesthe peak discharge fromthis hydrograph, along
with known flood plain geometry, to hydraulically compute water surface profiles.
These computed profiles at numerous cross sections along a stream channel define
the 100-yr flood plain. All input data requirements for both models are currently
available or may be computed from known hydrologic relationships. The HEC-2
model input data consist of digitized topographic information for stream channels,
which have been automatically extracted from the Laboratory’s AUTOGIS MOSS
mapping system using software developed specifically for this task. Oncethe HEC-
2 simulations have been completed, definitions of the 100-yr flood plain for each
major watershed will be automatically entered back in the MOSS system. This
procedure will ensurethatthe Laboratory can meet the HSWA Module requirements
for 100-yr flood plain maps for the entire facility. All flood plain definitions will be
specified in standard New Mexico plane map coordinates.

A map at a scale of 1:2000 showing all 100-yr flood plains is presented in Appendix
C; however, upon request, scale maps at 1:400, or smaller, can also be made
available fromthe MOSS system. These flood plain definitions willbe archivedinthe
MOSS mapping system for future reference. Inaddition, acomprehensive report will
document HEC-1 and HEC-2 model input data for each watershed. Explanations of
data used in these simulations will be documented, and all assumptions will be
justified by citing the professional literature. The Environmental Protection Group
(EM-8) will maintain model input data files on computer disks for future reference and
will make this information available to the DOE, EPA, NMED, or the Army Corps of
Engineers upon request.
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3.0 DESCRIPTION OF THE ENVIRONMENTAL RESTORATION PROGRAM

This chapter of the Installation Work Plan (IWP) describes the Environmental
Restoration (ER) Program that the Department of Energy (DOE)/University of
California (UC) are implementing for Los Alamos National Laboratory (the Labora-
tory). The processes presented in the following sections are designed to meet the
following goals of the ER Program at the Laboratory:

« to ensure that the environmental impacts associated with past
and present activities at the Laboratory are thoroughly inves-
tigated and that appropriate corrective action is taken to
protect human health and the environment;

+ to comply with the Resource Conservation and Recovery Act
(RCRA), the Comprehensive Environmental Response and
Liability Act (CERCLA), the National Environmental Policy Act
(NEPA), the Atomic Energy Act (AEA), their implementing
regulations, DOE orders, and other applicable rules by estab-
lishing procedures and schedules for efficiently developing
and implementing corrective actions at the Laboratory and
monitoring the results of those actions; and

« to provide both formal and informal mechanisms through
which allinterested parties, [e.g., DOE, Environmental Protec-
tion Agency (EPA) Region VI, New Mexico Environment
Department (NMED), and the public] can participate in the
corrective action review process at the Laboratory.

The Hazardous and Solid Waste Amendments (HSWA) Module provides the
principal framework for implementing the ER Program at the Laboratory. However,
sites to be investigated and evaluated include not only the solid waste management
units (SWMUs) described in the HSWA Module but sites that contain radioactive
materials and other substances not addressed by RCRA. The latter sites are called
areas of concern (AOCs). In this document, SWMUs and AOCs are coliectively
referred to as potential release sites (PRSs).

3.1 The Department of Energy’s Environmental Restoration Program

In 1984, DOE's Albuquerque Operations Office (DOE/AL) (now called the Albuquer-
que Field Office) created an environmental cleanup program entitied the Compre-
hensive Environmental Assessment and Response Program (CEARP) (DOE 1987
0264) to fulfill DOE's obligations under several statutes and regulations, including

+ CERCLA, as amended by the Superfund Amendments and
Reauthorization Act;

» RCRA (40 CFR 260-270 and 40 CFR 300), as amended by
HSWA in 1984;

» NEPA (40 CFR 1500-1508); and

+ the AEA of 1954 (10 CFR 200-1060).
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DOE/AL began to implement CEARP at the Laboratory in 1984. CEARP provided
guidance for implementing and conducting assessment and remediation activities
from 1984 until March 1987, when DOE Headquarters (DOE/HQ) created a national
ER Program for all DOE Defense Program facilities at the request of the House
Armed Services Committee. This request arose from congressional concern over a
1987 General Accounting Office report that indicated that DOE could not account for
funds used to conduct cleanup activities. In addition, public concern over environ-
mental problems at DOE facilities was increasing throughout the country.

Responsibility for the ER Program is currently located in the Office of Environmental
Restoration and Waste Management at DOE/HQ (DOE 1991, 0549). The authority
to implement the ER Program is derived from the following DOE orders:

« Radioactive Waste Management [DOE Order 5820.2A (DOE
1988, 0074];

» Hazardous and Mixed Waste Management[DOE Order5400.3
(DOE 1989, 0526);

« Comprehensive Environmental Response, Compensation, and
Liability Act Requirements [DOE Order 5400.4 (DOE 1989,
0078)];

. Environmental Compliance Issue Coordination [DOE Order
5400.2A (DOE 1989, 0077);

» Environment, Safety and Health Program for Department of
Energy Operations [DOE Order 5480.18 (DOE 1990, 0730));

- Environmental Protection, Safety, and Health Protection Stan-
dards [DOE Order 5480.4 (DOE 1984, 0059]; and

« National Environmental Policy Act Compliance Program [DOE
Order 5440.1D (DOE 1991, 0815) and AL Order 5440.1B
(DOE/AL 1982, 0430)].

The primary purposes of DOE’s ER Program are to

« implement RCRA Sections 3004(u) and (v), RCRA facility
assessment (RFA), RCRA facility investigation (RFl), RCRA
corrective measures study (CMS), and RCRA corrective mea-
sures for existing SWMUs;

- implement CERCLA preliminary assessment/site investiga-
tion, remedial investigation, feasibility study, remedial design,
and remedial action, as appropriate;

- carry out corrective actions at RCRA-regulated land units in
operation before March 1987, including those at which under-
ground storage tanks are located,;

« decontaminate and decommission surplus facilities;

+ develop and demonstrate the technologies necessary to clean
up;
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« manage expenses associated with cooperative multiparty
cleanup plans and activities;

+ protect natural resources and restore those damaged by
contamination from past release of hazardous substances;

» install long-term environmental monitoring systems; and

- conduct any CERCLA assessments necessary before real
property is considered for disposition.

Significant items explicitly excluded from DOE's ER Program include
« RCRA compliance for active waste streams;

+ emergency response to spills and releases and reporting of
releases under CERCLA 103(a) and (b);

« new waste management facilities, except as an integral part of
remedial actions; and

« routine monitoring of the postclosure environment and main-
tenance of postclosure monitoring systems.

To implement the ER Program, DOE/HQ require that a five-year plan be prepared
for allfacilities. That plan is designed to consolidate the plans for all DOE installations
into a single plan to coordinate all DOE ER activities and is reviewed and revised
annually. The five-year plans for FYs 91-93 have been prepared and released to the
public. The plan prioritizes ER activities and is used by DOE for scheduling and
budgeting purposes.

The Laboratory’s Decontamination and Decommissioning (D&D) Program is inte-
grated withthe ER Program. The two programs were integrated because PRSs and
D&D projects at the Laboratory are often collocated; thus, operations of these
programs often affect the operations of the other, and integrating the two programs
is intended to make cleanup more efficient.

Under the integrated approach, the Environmental Restoration Group (EM-13)
retains oversight of all remediation mandated by RCRA and CERCLA. However,
when this remediation is associated with D&D projects, OUPLs delegate to the
Waste Management Group (EM-7) cleanup responsibilities that are ordinarily
directed by EM-13, and EM-13 transfers the funding necessary to accomplish this
work. Annex | provides additional discussion of these arrangements.

3.2 The Environmental Restoration Program at Los Alamos National
Laboratory

inthe 1970s, DOE/UC began a formal program to identity contamination problems
resulting from early defense activities, and, in 1983, they began a formal program to
characterize these contaminated sites. As a result, the Laboratory remediated
several sites, implemented institutional controls, and collected the information that
serves as a starting point for current investigations.

November 1992 3-3 IWP, Revision 2



Description of the Environmental

Restoration Program

Chapter 3

Between 1984 and 1987, the Laboratory was evaluated under CEARP. A major
objective of this program was to determine whether past waste disposal practices—
practices in effect before 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 results are summarized inthe 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.

After establishing the ER Program at DOE/HQ, DOE/UC established the ER Pro-
gram Office in the Laboratory's Environmental Management (EM) Division to
implement the program at the Laboratory. Although the ER and CEARP programs
differ somewhat in scope, the intent is to fulfill DOE/UC’s obligations under both
CERCLA and RCRA. The ER Program retains the need for agency approval and
oversight and for public review and comment during site characterization activities
(RFI), selection of the appropriate remedial alternative (CMS), and implementation
of the selected remedial action. SWMUs identified by EPA for corrective action have
been included in the Laboratory’s ER Program.

The DOE/UC ER Program at the Laboratory has been modified to address the
requirements of the HSWA Module, which became effective May 23, 1990, and to
incorporate site-specific needs, as well as DOE’s requirements for organizing,
managing, reporting, funding, and tracking the program.

3.3 Structure of the Environmental Restoration Program at Los Alamos
National Laboratory

The plan for managing DOE/UC's ER Program is presented in Annex | of this IWP.
The HSWA Module requires inclusion in the program of four additional planning and
implementing elements, which are discussed in Annexes Il through IV: anoverview
of the ER Program’s Quality Program Plan, the Health and Safety Program Plan, the
Records Management Program Plan, and the Community Relations Program Plan.

The Laboratory is organized by divisions, program directors, and otfices that report
through associate directors to the director of the Laboratory (Figure 3-1). The EM
Division reports to the Associate Director for Operations for all line management
activities. All programmatic activities are managed throughthe Applied Environmen-
tal Technologies Program Director's office, which reports to the Associate Director
for Energy and Environment. The ER Program Office (EM-13) tracks and manages
the ER Program. The group leader of EM-13 serves both as the line manager for the
group reporting to the EM division leader and as the program manager for the =R
Program reporting to the Applied Environmental Technoiogies Program director.
The program manager is responsible for the effective implementation of the ER
Program throughout the Laboratory.

The deputy group ieader of the Environmental Restoration Group (EM-13) reports
to the program manager and functions as the deputy program manager for the ER
Programinthe programmanager's absence. Other responsibilities include assisting
the program manager in managing the program, interfacing with the Laboratory’s
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Figure 3-1. Organization of Los Alamos National Laboratory.
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upper management, interfacing with DOE and regulatory personnel, and interacting
with the public. In addition, the deputy group leader oversees programmatic support
in information management, records processing, risk assessment and decision
analysis, health and safety, community relations, and document preparation ser-
vices.

The senior programmatic project leader (SPPL) reports to the ER Program manager,
supervises ER programmatic project leaders and the Planning, Scheduling, Cost-
Estimating, and Reporting Team, and provides technical and programmatic guid-
ance for the participants in the ER Program at the direction of the program manager.
The SPPL has direct responsibility for developing the annual technical and cost/
schedule baseline, the Five-Year Plan, and monthly cost/schedule progress reports.

Programmatic project leaders (PPLs) are the principal points of contact betweenthe
operable unit project leaders (OUPLs) and technical team leaders (TTLs) and the
ER Program Office. Working with the ER Program Office, PPLs provide technical
and administrative guidance to the OUPLs and TTLs. The PPL assists OUPLs and
TTLs in obtaining appropriate and sufficient resources to perform their assigned
duties; reviews the progress of OUPLs and TTLs; performs technical and policy
reviews of documents prepared for the ER Program by OUPLs, TTLs, and affiliated
staff; and reviews and recommends management action as appropriate for scopes
of work, proposals, and requests for work to be supported by the ER Program.

OUPLs, who report to the program manager through PPLs and the SPPL, are
responsible for ensuring that the work they perform for the ER Program meets all
regulatory requirements. OUPLs are responsible for managing the corrective action
process fortheir respective operable units. The project leadersforquality, healthand
satety, records management, the Facility for Information Management, Analysis,
and Display (FIMAD), and community relations are responsible for managing their
areas to support the OUPLs. The responsibilities of project leaders are presented
in detail in the Environmenta! Restoration Group's (EM-13's) Administrative and
Quality Procedures for Environmental Restoration.

The ER Program is a large, interdisciplinary program that will continue for several
decades. To assist the OUPLs, the Laboratory is creating technical teams from
various groups and divisions of the Laboratory (Figure 3-2). External support (from
various contractors, universities and DOE facilities) may be included. The technical
teams provide the ER Program Office with technical resources for implementing the
program. Team members interact with all OUPLs to provide them with the expertise
(e.g., geochemistry) needed to meet programgoals. Foreachteam,the ER Program
Office has appointed a PPL, who is responsible for establishing and overseeing the
team. The PPL interacts with the TTLs to assign personnel to projects, to schedule
effort, and to resolve conflicts among programs. Outside contractors are used for
programactivities when limitations in Laboratory resourcesthreatenthe Laboratory’s
ability to meet the requirements of the HSWA Module or when outside contractors
can perform the required work more economically or otherwise more advanta-
geously than would be possible if the work were performed by the Laboratory.

The composition and function of each technical team are described in the following
subsections.
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Figure 3-2. Organization of the Environmental Restoration Program at Los Alamos National Laboratory.
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3.3.1 Community Relations Team

The ER Community Relations Teamintegrates the community relations needs of the
ER Program with existing community relations and pubilic affairs programs and
policies at the Laboratory in an efficient and cost-effective manner (Annex V). The
primary function of the Community Relations Team is to keep the public informed of
ER activities and to receive and respond to public input on those activities, which it
does by means of the Community Relations Program Plan (Annex V). The plan
includes provisions for (1) providing the community with information about ER
Program activities in a timely manner, (2) establishing two-way communication
between interested parties and the Laboratory, (3) being proactive in providing
information to the public and in soliciting participation, (4) affording opportunities for
public input on ER Program activities, and (5) providing for effective management of
public involvement.

3.3.2 Decision Support Team

The Decision Support Team provides assistance to both ER Program management
and individual OUPLs in the areas of decision analysis, cost/benefit analysis, and
related methodologies, which can be used to streamline RCRA investigations and
decision-making processes. Decision analysis helps program management and
OUPLSs to identify and evaluate remediation alternatives, to adapt programmatically
defined evaluation criteria to specific OUs and PRSs, and to integrate cost and
resource constraints when evaluating investigation and remediation alternatives.
The results of these tasks provide guidance for activities such as archiving, defining
data needs, developing data quality objectives for those data needs, and integrating
environmental data with other information to select appropriate corrective measures.

3.3.3 Document Preparation Team

The Document Preparation Team is composed of members of the Writing and
Editing Group (IS-11), supported as necessary by the Systems Technology Support
Group (IS-5), the Photography and Printing Group (IS-9), and the fHlustration,
Design, and Video Group (1S-12). The goal of this team is to produce readable and
technically sound documents for the ER Program. The Classification Office (OS-
6) reviews all documents to ensure that no classified information is released.

3.3.4 Earth Sciences Team

The Earth Sciences Team is headed by a TTL who is supported by principal
investigators for geology, geophysics, hydrology, and geochemistry. The TTL is
responsible for providing personne! resources to OUPLs for the RFI/CMS process
and for the development of a geologic, hydrologic, and geochemical baseline for the
Pajarito Plateau area (framework studies), which is required by the HSWA Moduie.
This information is used to guide certain site characterization activities and is
especially useful for evaluating data necessary for risk assessment as sites are
being assessed for radiological or hazardous constituents above natural jevels.
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3.3.5 Environmental Assessment Team

This technical team, which is composed of members from the Environmental
Protection Group (EM-8), ensures that ER Program activities comply with regulatory
requirements, including NEPA. The NEPA assessments include, at a minimum, an
evaluation of the short- and long-term beneficial and adverse effects of the remedial
actions selected, any adverse effects on environmentally sensitive areas, and an
analysis of measures to mitigate adverse impacts.

3.3.6 Facility for Information Management, Analysis, and Display Team

The FIMAD Team has been established to support the electronic information needs
of the ER Program. The principal task of the FIMAD is to provide all program
participants and the general public with access to all data related to ER Program
activities. A network of UNIX work stations and X terminals at various sites
throughout the Laboratory and townsite provides access to the ER Program's data
base. Data-processing activities currently supported on the network include
geographical analysis and technical data management and analysis. Future support
and tools that will be provided through the FIMAD include document management,
video and image management, visualization through two- and three-dimensional
graphics, data compression and conversion, geostatistics, data integration, and
possibly project and program management. '

The FIMADteam has the responsibility for acquiring and maintaining the programwide
electronic data base and for generating maps. The FIMAD is being developed as an
open, upgradable system, and current efforts are directed toward developing a user-
friendly interface to data and data analysis tools.

3.3.7 Health and Ecological Risk Assessment Teams

The Health and Ecological Risk Assessment teams are composed of staff from EM,
Earth and Environmental Sciences, and Analysis divisions. The Laboratory recog-
nizes the need for risk assessment teams that consist of representatives of all
pertinent disciplines. The heart of any comparison of alternative corrective mea-
sures, including the no-action alternative, is a risk assessment. Risk assessmentis
also necessary to establish the baseline risks to be addressed at each site. A well-
done risk assessment could preclude the costs of studying and implementing
alternatives based on overly cautious estimates. The risk assessment teams are
interdisciplinary teams whose functions are to define pathways of exposure for the
public, to define ecologically sensitive areas, to developrisk criteriato be used inthe
decision-making process, and to make preliminary risk assessments based on
available data so that priorities for cleanup can be set.

3.3.8 Mixed-Waste Storage and Disposal Facility Team

The goals of the Mixed-Waste Storage and Disposal Facility (MWSDF) Team are to
select a suitable site, develop facility and operating criteria, and design and construct
a proposed new MWSDF at Los Alamos. Associated tasks include preparing
appropriate documentation in accordance with NEPA and site suitability studies,
obtaining required state (NMED) and federal (EPA) permits, and ensuring compli-
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ance with all required quality assurance (QA) and healh and safety (H&S) require-
ments. When constructed, the MWSDF will be used primarily for waste generated
by the Laboratory’s ER Program activities. The need for treatment facilities to
accommodate the ER Program is yet to be fully addressed, but existing waste
treatment facilities will be used to the extent they are available.

3.3.9 Planning, Scheduling, Cost-Estimating, and Reporting Team

The Planning, Scheduling, Cost-Estimating, and Reporting Team consists of mem-
bers of the ER Program Office (EM-13), the Technical Engineering Support Group
(MEE-4), and contracted support. The goal of the teamisto provide the ER Program
with the planning, scheduling, cost-estimating, and reporting needed to ensure
effective implementation of the ER Program. The ER Program Office has prepared
acomprehensive listing of the Laboratory’s PRSs, which is being used for FY94 Five-
Year Plan resource planning and scheduling purposes.

This team develops detailed cost estimates for all program activities. The cost
estimators work closely with ER Program project leaders to identify the activities and
elements that require cost estimates and to ensure that such estimates are
developed, when needed. The planning and tracking functions are described in
Annex |.

3.3.10 Records Management Team

The Records Management Team supports ER Program participants in handling
significant volumes of record packages, including technical data generated by the
ER Program. Implementation of the Records Management Program Plan (Annex V)
accommodates the ongoing need for coordinated protection of ER Program records.
Activities conducted under the Records Management Program Plan ensure that ER
Program records are handled in a manner demonstrably consistent with regulatory
guidelines and include integration of quality program guidelines, standardized
documentation controls, and development of the administrative record required
under CERCLA.

3.3.11 Sample Coordination Facility Team

It is projected that several hundred thousand samples will be collected for chemical
analysis to support the ER Program. The coordination between the proposed
sampling activities and the requested analytical support for each sampling project
is critical to the success of these programs.

3.3.12 Statistics and Data Quality Objectives Team

The Statistics and Data Quality Objectives Team provides supportto the OUPLs, as
well as to programmatic data collection and analysis activities such as framework
studies. Specific areas of support include

- development of data quality objectives, that is, requirements

for sampling and analysis plans that must collect information
for well-specified purposes, including making decisions about
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the need for or effectiveness of corrective measures, or
providing background information in a form suitable for ex-
trapolation to all sites;

- statistical design of sampling and analysis plans to meet
specified data quality objectives;

- statistical data analysis for all phases of data evaluation:
evaluation of preliminary field screening information for the
purposes of making final sampling decisions, data quality
assessment, and statistical hypothesis-testing to support a
decision.

3.3.13 Subsurface Studies Team

The Subsurface Studies Team is responsible for all drilling, borehole geophysical
logging, and sample management activities in support of RFi and CMS investiga-
tions. A drilling package written for each OU is site-specific and responds to the
sampling needs of individual OUs. The drilling package consists of a detailed drilling
plan and drilling specifications, a borehole geophysical logging plan, and a sample
management plan. The team is responsible for preparing and overseeing all drilling
and borehole geophysical logging contracts. The team is designing and will operate
a permanent sample management facility and mobile support facilities. In addition,
the team performs pilot studies to validate new drilling technologies.

3.4 Approach to Remediation

3.4.1 Grouping of Potential Release Sites

PRSs exist throughout the Laboratory, and severai exist off Laboratory land. Under
the ER Program, the sites have been aggregated into OUs so that site characteriza-
tion and potential remediation can be addressed in an efficient, cost-effective
manner, as required by the HSWA Module. These OUs are logical groupings of
PRSs. Such groupings may include geographical aggregations that have similar
physical features, contaminant sources or types, schedules, or likely response
actions. The geographical boundaries of OUs and Laboratory technical areas (TAS)
do not necessarily coincide. Some OUs may encompass more than one TA (e.g.,
OU 1071 includes TAs -0, -19, -26, -73, and -74). Because DOE's management
structure relies on OUs for funding and tracking purposes, the ER Program Office
needs to meet the requirements of the HSWA Module through the use of OUs.

3.4.2 Schedule for Completing RFI Work Plans

Each OU has a separate work plan. The schedule shown in Table 3-1 is derived from
Tables A and B in the HSWA Module, and the schedules in each work plan are
incorporated in the permit and become enforceabie upon EPA approval.

Table B is a subset of Table A and includes all SWMUs that EPA considers to have
high priority. Currently, Table A contains 603 SWMUs and Table B contains 182, but
this number will change as EPA modifies the HSWA Module during the RFI/CMS
process.
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SCHEDULE FOR WORK PLAN COMPLETION
SWMU HSWA Module HSWA Module
Due Date Table A SWMUSs (%) Table B SWMUSs (%)
5/23/91 10 20
5/23/92 35 55
5/23/93 55 100
5/23/94 100 100

in compliance with HSWA Module Section H.(3)(a), DOE/UC have prepared nine
work plans—the first was delivered to EPA in May 1991, the remaining eight in May
1992—to meet the requirement to address 35% of the SWMUs in Table A and 55%
of the SWMUs in Table B by May 23, 1992. This work is continuing to meet the RFi
work plan requirements for additional SWMUs, as defined in Section H.(3)(b) of the
HSWA Module.

3.4.3 Potential Release Site Data Base

In early - 387, EPA Region VI performed an RFA to identify all potential SWMUs at
the Laboratory. The RFA was completed in August 1987 but was not formally
released. 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 inthe 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.

In 1989, the Laboratory further revised and verified existing information, which was
compiled in a data base (Appendix G, LANL 1990, 0145) completed in November
1990. This undertaking involved site visits and discussions with operating groups.
No sites were eliminated, but many were combined, some were added, and AOCs
were included. The field information was coupled with an extensive search of maps
and archives. Each PRS is coded with a unique identification number that ties it to
a particular TA.

The primary function of the PRS data base is to provide a baseline of PRSs from
which the RF! for each OU will be developed. In most cases, the scope of the RFI
will be to confirm or deny the presence of a release and to determine the nature and
extent of contamination. In some cases, sufficient historical information may be
available to justify a recommendation of no further action. These options are
discussed turther in Chapter 4.
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3.4.4 Notification of New Units

As new PRSs are identified during the RFI process, environmental surveillance,
audits, or other activities, DOE notifies EPA of a proposed new PRS within 15 days
of its concurrence with identification of the new PRS. This notificationincludes aPRS
summary data sheet containing all information available at that time [e.g., location,
type of unit, dimensions, waste types (known and suspected), and period of
operation]. In addition to this technical information, DOE submits to EPA a plan for
future action. If required by EPA, an action plan will be prepared, which may include,
as appropriate,

» completing the PRS summary data sheet, using historical and
operational information from records searches and interviews
with long-term employees;

+ assigning the new PRS to an existing OU for which an RFl is
to be conducted; and

» addressing proposed interim remedial measures.

This procedure is outlined in Administrative Procedure (AP) LANL-ER-AP-04.1,
“Identification and Reporting of Solid Waste Management Units and ldentification of
Other Areas of Concernfor the Environmental Restoration Program,” in accordance
with Section F of the HSWA Module. After reviewing the action plan, EPA either
approves it or instructs DOE/UC to prepare a formal SWMU assessment plan.

Because DOE/UC have been identifying and investigating SWMUs for the past few
years, it seems unlikely that SWMUs posing a significant environmental threat have
yet to be discovered. In the unlikely event that a potentially significant threat to
human health or the environment is discovered, DOE/UC will prepare a formal
SWMU assessment plan. Upon receipt of information on the newly identified
SWMU, EPA will notifty DOE/UC of its selection of the proposed action as discussed
in the SWMU assessment plan. EPA may, at that time, request a SWMU assess-
ment plan. DOE/UC would prepare this plan to be consistent with Section F.2-6 of
the HSWA Module. The assessment plan will contain a sampling and analysis plan
adequate to determine the nature and extent of contamination. EPA will either
approve the proposed assessment plan, provide comments for revision, or revise the
plan. DOE/UC will implement the plan within 15 days of receipt of a written notice
of approval.

Within 60 days of completion of the SWMU assessment, DOE/UC .ill submit a
SWMU assessment report. The report will present the findings of the investigation
and will include, as appropriate for each unit,

- location,

» type and function,

» description of the structure(s),

« period of operation,
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- type and volume of wastes managed, and
« results of sampling and analysis.

EPA will review the assessment report and will determine the need for additional
investigation or corrective measures. DOE/UC may be required to prepare an
additional plan for these activities, which will be incorporated in an RF1 work plan for
EPA review and approval.

Discovery of new releases of hazardous materials from existing SWMUs or sites
previously identified as needing no further action will be reported to EPA within 24
hours of discovery. DOE/UC will follow oral notice with a written notification that
presents existing information related to the location, nature, and type of release and
proposed corrective measures. For the purposes of the DOE/UC ER Program, a
release is considered to exist when hazardous wastes are found adjacent to a
SWMU in concentrations exceeding the action levels in proposed Subpart S of 40
CFR 264 (EPA 1990, 0432) as criteria for determining that no further corrective
action is required at a SWMU after an RFI. These levels are discussed further in
Section 3.5. DOE/UC propose that most newly discovered releases at existing
SWMUs be incorporated in the RFI work plan for the OU in which the SWMU is
located. For those few instances when it is impractical to incorporate the PRS in an
RF1 (e.g., when the RFI is almost complete), an assessment plan will be prepared
if EPA so requests.

This process is described in detail in LANL-ER-AP-04.2, “Reporting of Newly
Identified Releases from Solid Waste Management Units” (June 25, 1991) to meet
the requirements of Section G of the HSWA Module.

3.4.5 Summary Data Sheets for Potential Release Sites

The summary data sheets for PRSs are contained inthe Potential Release Site Data
Base, which is maintained at the FIMAD. These sheets summarize the status of
currently known PRSs and provide a brief description of each SWMU and of the
potential environmental problems to be addressed by the ER Program. A detailed
discussion of PRSs is provided in the SWMU report (LANL 1990, 0145), which was
submitted with the original IWP (LANL 1990, 0144).

In October 1992, the OUPLs were asked to examine available information about
PRSs according to regulatory definitions of SWMUs. The result of this examination
is a new list of PRSs, which has been incorporated in a request to EPA for a permit
modification. The PRSs identified in Appendix F do not reflect the results of this
latest change inthe PRS list. Itis expected thatthe listin the next revision of this IWP
will show the PRSs that EPA deems to be SWMUs.

3.5 Requirements of the Corrective Action Process

3.5.1 Requirements for the RFI

To comply with applicable regulations and to keep all interested parties informed of
progress made during the corrective action process, the ER Program prepares
several types of plans and reports. The schedule for preparing the RFI, CMS, and
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CMi plans and reports varies from OU to OU and is provided in individual RFl work
plans. The schedule for preparing reports is given in Table I-7 of Annex 1.

3.5.1.1 RFI Work Plan

The ER Program is preparing work plans for conducting RFls. The generic
requirements for preparing RF] work plans can be found in proposed Subpart S
regulations (EPA 1990, 0432). The specific requirements are described in detail in
the HSWA Module (Table 1-1), and EPA has provided specific guidance in Volume

| of the interim final RFI guidance (EPA 1989, 0088). This IWP provides the
framework for the preparation of individual work plans for the 24 OUs. Information
of general nature is contained in this IWP so that RFI work plans need not repeat
generic material.

Each RFlwork plan must include a description of the overall approach, technical and
analytical approaches and methods, QA procedures, and data management proce-
dures. The HSWA Module also specifically requires the concurrent development of
five plans as part of the RFI work plan: the Program Management Plan, Quality
Project Plan, Records Management Project Plan, the Health and Safety Project
Plan, and the Community Relations Project Plan. 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.

It is the policy of the ER Program Office to adhere to Section 2, Volume |, of EPA's
RF1 guidance document to the extent practicable (EPA 1989, 0088). To facilitate
compliance with this detailed guidance while complying with the HSWA Module’s
requirements, the ER Program has developed a standard outline {(Table 3-2) for RFI
work plans. Theoutline isintendedto provide flexibility in work plan preparation while
incorporating the information required by the HSWA Module. The outline may be
modified to accommodate the variations in OUs, but each plan must comply with RFi
guidance, permit requirements, and regulatory requirements. DOE/UC RFls willalso
comply with the substantive requirements of CERCLA. The outiine is designed to
guide the development of the RFI toward a logical and reasonably minimized
sampling program by moving from the analysis of existing data to identifying data
gaps in the conceptual model and finally to proposing a sampling plan to fill those
gaps. One of the first responsibilities of the OUPL during the development of the work
plan is to identity logical aggregations of PRSs in a manner that facilitates the RFI
in accordance with the definition in proposed Subpart S.

3.5.1.2 Phase Reports and RFI Reports

Within 60 days of the completion of the RFI, the Laboratory is required to submit an
RFI report and a summary report. The 60-day period begins at the time DOE
determines that the RFI has been completed (i.e., approval of RFI report). The
Laboratory proposes to include an executive summary as a stand-alone section of
the RFi report to fulfill the obligation to submit a summary report. The executive
summary will also be submitted to interested parties on the ER Program mailing list.

Duringthe course of the RFI, the data collected sometimes indicate that the sampling
plans presented in the RFI work plans should be modified. Phase reports are
prepared to document the resuits of the initial sampling plans and the reasons for
subsequent modifications. The requirements for the content of phase reports and
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JABLE 3-2

OUTLINE OF WORK PLANS FOR RESOURCE CONSERVATION
AND RECOVERY ACT FIELD INVESTIGATIONS

EXECUTIVE SUMMARY

1.0

2.0

3.0

4.0

5.0

INTRODUCTION

1.1 Statutory and Regulatory Background
1.2 Installation Work Plan

1.3 Description of OU

1.4 Organization of This Work Plan

BACKGROUND INFORMATION FOR OPERABLE UNIT

2.1 Description
2.2 History
2.3 Waste Management Practices

ENVIRONMENTAL SETTING

3.1 Physical Description

3.2 Climate

3.3 Biological and Cultural Resources

3.4 Geology

3.5 Conceptual Hydrologic Model :

3.6 Conceptual Three-Dimensional Geologic/Hydrologic Model of OU

TECHNICAL APPROACH

4.1 Aggregation of Potential Release Sites

4.2 Approaches to Site Characterization

4.3 Conceptual Exposure Modeis

4.4 Potential Response Actions and Evaluation Criteria
4.5 Sampling Strategies and Sampling Methods

4.6 Field Surveys

EVALUATION OF POTENTIAL RELEASE SITES
5.1 First PRS or PRS Aggregate

5.1.1 Background

5.1.1.1 Description and History

5.1.1.2 Conceptual Exposure Model
5.1.1.2.1 Nature and Extent of Contamination
5.1.1.2.2 Potential Pathways and Exposure Routes
5.1.1.2.3 Potential Public Health and Environmental

Impacts

5.1.2 Remediation Decisions and Investigation Objectives
5.1.3 Data Needs and Data Quality Objectives

5.1.3.1 Data Needs for Evaluating Health and Safety Risks
5.1.3.1.1 Source Characterization
5.1.3.1.2 Environmental Setting
5.1.3.1.3 Potential Receptors

5.1.3.2 Data Needs for Evaluating Other Impacts

5.1.4 Sampling and Analysis Plans
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TJABLE 3-2 (continued)

OUTLINE OF WORK PLANS FOR RESOURCE CONSERVATION
AND RECOVERY ACT FIELD INVESTIGATIONS

5.2 Second PRS or PRS Aggregate, efc.

6.0 UNITS PROPOSED FOR NO FURTHER ACTION
6.1 First Unit Proposed for No Further Action

6.1.1 Description and History
6.1.2 Rationale for Recommendation of No Further Action

6.2 Second Unit Proposed for No Further Action, etc.
ANNEX | Project Management Plan
ANNEX Il Quality Assurance Project Plan
ANNEX Ill Health and Safety Project Plan
ANNEX IV Records Management Project Plan
ANNEX V Community Relations Project Plan
APPENDIX A List of Preparers

Other appendices, as appropriate.

RFI reports are given in the HSWA Module, Section P, Task V—Reports. The
purpose of the reports is to “describe the procedures, methods, and results of all
investigations of SWMUs and their releases, including information on the type and
extent of contamination at the facility, sources and migration pathways, and actual
or potential receptors.” A Phase | report is normally prepared to describe proposed
modifications to the RFI work plan to perform Phase |l investigations. A Phase |I
report presents the resulits of all investigations performed under the approved RFI
work plan in Phase | and provides adequate information to support further corrective
action decisions at the site. If all PRSs inthe OU are proposed for no further action,
the Phase | report can serve as the final RFI report.

Each phase or final RFI report is accompanied by a summary report that provides
the same technical information in a briefer format. These reports stand alone so that
the reader does not have to consult other documents, such as the RFI work plans,
for details of the investigation. However, some information, such as site and program
descriptions, is presented in summary form, and the reader is referred to the IWP for
more details. The ER Program proposes to use the outline in Table 3-3 for the Phase
| and Phase Il (or final RFI) reports. The same outline can be used for both reports,
with the exception that the Phase 1l or final RFI report does not contain the sections
pertaining to proposals for additional investigations before a CMS.) In some
instances, the RFlI may be done in more than two phases, resulting in reports for
Phase I, Phase i, etc., and final RFI report.
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JABLE 3-3
DRAFT OUTLINE FOR PHASE REPORT AND RFI REPORT

EXECUTIVE SUMMARY

1.0 INTRODUCTION

1.1 ER Program Basis and Description
1.2 Technical Approach to Site Characterization

1.2.1 Decision Strategies
1.2.2 Screening Action Levels and Risk Assessment Methodologies
1.2.3 Potential Response Actions and Evaluation Criteria
1.2.4 Methods for Establishing Data Quality Objectives
1.3 Overview of RFI Results

1.3.1 Potential Release Sites (SWMUs and AOCs) previously identified
1.3.2 PRSs investigated by the RFI
1.3.3 PRSs Proposed for No Further Action, for Phase !l Investigation, or for
Corrective Measures Studies
(This information could be presented in a table instead of subsections.)
2.0 DESCRIPTION OF OPERABLE UNITS AND PRS s INVESTIGATED

2.1 History and Description of Operable Unit
2.2 Description of PRSs (SWMUs and AOCs)

2.2.1 Physical Description and Opeiations at the PRSs
2.2.2 Suspected and Known Contaminants

2.3 PRS Aggregates and Basis for Aggregation

3.0 DESCRIPTION OF RFI
3.1 PRS Aggregate No. 1
3.1.1 Investigation of Health and Safety Risks

3.1.1.1 Methods and Procedures Used For investigation
3.1.1.2 Surveys, Sampling, and Analysis Performed
3.1.1.3 Results of Sample Analysis

3.1.2 Investigation of Environmental Pathways

3.1.2.1 Methods and Procedures
3.1.2.2 Surveys, Sampling, and Analysis Performed
3.1.2.3 Resuits of Sample Analysis

3.1.3 Other Data Collection Programs
3.2 PRS Aggregate No. 2 (Etc.)

4.0 RESULTS OF INVESTIGATION
4.1 PRS Aggregate No. 1

4.1.1 Nature and Extent of Contamination

4.1.2 Environmental Pathways and Potential Receptors
4.1.3 Health Risks and Other impacts on Potential Receptors
4.1.4 Recommendations

4.2 PRS Aggregate No. 2 (Etc.)
5.0 PRSsPROPOSED FOR NO FURTHER ACTION
6.0 PROPOSED PHASE il INVESTIGATIONS
7.0 PROPOSED CORRECTIVE MEASURES STUDIES
APPENDIX A Analytical Results and Data Validation
APPENDIX B Sampling Locations
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3.5.2 Requirements for the CMS

This section provides information to satisfy the requirements of Sections K, L, M, N,
and parts of O and Q of the HSWA Module. The CMS process willbe developed and
implemented in accordance with EPA guidance (EPA 1988, 0295).

If required by EPA, DOE/UC will submit for review and approval a CMS work plan
(CMS plan) that lays out the activities to be conducted during the CMS. The draft
CMS planis due at EPA within 90 days of notification of the requirement to conduct
a CMS. EPA will review and approve the CMS plan or will suggest revisions to DOE/
ucC.

DOE/UC will begin to implement the study no later than 15 days after receiving
written notice that EPA has approved the CMS plan. DOE/UC will conduct the CMS
in accordance with the approved CMS plan, and the CMS will include

« evaluating performance of the remedy(ies),

» assessing effectiveness,

= assessing time required for implementation,

= estimating costs for implementation, and

+ assessing institutional requirements.
A draft CMS report will be prepared within 60 days after the CMS has been
completed. The draft report will be based on the results of the study, evaluating
corrective measures and recommending the final corrective measure for the release
site or groups of sites. EPA will approve the proposed DOE/UC remedy based on
the proposed remedy’s ability to meet the criteria established for selecting the

remedy. The criteria will be developed through implementation of the CMS process
as discussed in the following sections. At a minimum, these criteria will address

standards for remedies,

» remedy selection criteria,

- schedule for implementing the remedy,

» media cleanup standards, and

« compliance with media cleanup standards.

Because of the wide variety of PRSs at the Laboratory, each study will be tailored
to the needs of each site. In many cases, site conditions may not require extensive
evaluation of several alternatives. Often, a study as detailed as that discussed inthe
following sections will not be necessary. Inthose cases in which the number of
possible remedies is limited, the process will be as focused and streamiined as
possible, consistent with the nature and extent of contamination, to expedite the
cleanup process. In those instances in which there is only one obvious remedy,
DOE/UC will propose that single option, which will be a conditional remedy. For
example, in-place stabilization with long-term monitoring and institutional controls

November 1992 3-19 IWP, Revision 2



Description of the Environmental

Restoration Program

Chapter 3

will be proposed for several MDAs at the Laboratory. Proposed implementation of
a conditional remedy approach is discussed in Section 3.8.

3.5.2.1 Corrective Measures Study Work Plan

Thefirst step inthe process of selecting alternatives for remedial action is to prepare
the CMS plan. The CMS planis used to identify and develop a scheme for evaluating
aternatives for final remediation of the PRSs. The plan will provide sufficient
information to allow EPA to evaluate the appropriateness and adequacy of the
activities proposed for evaluating potential cleanup alternatives. The CMS istobe
flexible enough to allow evaluation and proposal of only one alternative whenever
site-specific conditions permit. Each OU-specific CMS will be unique to the
environmental setting and nature of contamination in the unit. o

The ER Programwilldevelop an outline forthe OU-specific CMS plan as the program
approaches the CMS phase and will include it in a later IWP for EPA review and
approval. The overall Laboratory RFI/CMS schedule is such that no OUs will be in
or near the CMS phase of the process before the mid-1990s. The CMS plan will be
consistent with the scope of work for a CMS, Section Q, Task VI, of the HSWA
Module. The planwill also be consistent with proposed Subpart S (EPA 1990, 0432),
as applicable, and will be incorporated in the IWP when Subpart S becomes final.

At a minimum, the plan will contain

« a description of the general approach to investigating and
evaluating potential alternatives (e.g., only reasonable alter-
natives will be considered);

« adefinition of the overall objectives of the study;
- adescription of the specific remedial alternatives to be studied;

« aplanforconducting treatability (bench- or pilot-scale) studies
to determine the suitability of alternatives for site restoration;

- a plan for evaluating remedial alternatives to ensure compli-
ance with the standards for remedies as specified in EPA
guidance;

- a schedule for conducting the CMS; and

. a proposed format for the presentation of the results (CMS
report).

In addition to the requirements discussed above, the Environmental Protection
Group (EM-8) will review the outline of each CMS plan to ensure that adequate
information will be available to determine whether the plan complies with NEPA
requirements. DOE/UC propose to integrate RCRA and NEPA compliance through
the CMS process. The CMS plan will be used to trigger a determination of whether
an environmental assessment (EA) is required. The CMS report will fulfill the
requirement for an EA, if an EA is required. In the eventthat a full environmental
impact statement is required, the CMS report will be a support document for that
effort. In addition, natural resource damage assessments will be considered during
the CMS process.
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After receiving written approval of the CMS plan and after the plan has been revised
as necessary, DOE/UC will initiate the study within 15 days. The conduct of the OU-
specific CMS will comply with the CMS plans approved by EPA, consistent with the
scope of work for a CMS provided in Section Q of the HSWA Module, Task Vi, and
other specified permit requirements. The scope and level of technical detail in the
study will be adequate to allow DOE/UC to propose a remedy based on the results
of the study and to allow EPA to review and approve that choice. The evaluation of
the alternative(s) will be based on technical, environmental, human health, and
institutional concerns.

3.5.2.2 Corrective Measures Study Report

Within 60 days of completing the CMS, a draft report will be prepared that
summarizes the results of that study. The results of the study will be provided to EPA
by the CMS report. The format of the CMS report is not presented here but will be
developed as part of the CMS plan. At a minimum, the report will present the
evaluation of alternatives consistent with the scope of work for a CMS report
described in the HSWA Module.

The primary purpose of the CMS report is to enable DOE/UC to justify and
recommend a corrective measure alternative for EPA approval. The report will
include a detailed description of the remedies assessed and will describe how the
proposed remedy meets the standards for remedies specified inthe CMS plan. The
primary criteria from which the standards for selecting the remedy will be developed
are

- long-term reliability and effectiveness;

» reduction of toxicity, mobility, or volume of contaminants;

» short-term effectiveness;

« implementability; and

« cost.
Within 120 days of receipt of the draft report, EPA will approve or request a revision
of the CMS report. EPA’s response will consider comments received from NMED

and the public. DOE/UC wil! finalize the draft CMS report, incorporating comments
received from EPA within 30 days of receipt.

3.5.2.3 Selection ot the Remedy

In selecting a final remedy, the EPA will evaluate the proposed alternative in light of
several criteria to determine whether the alternative meets EPA guidance (EPA
1988, 0295). The basic decision factors to be used in this evaluation are discussed
in the following sections and include

- general standards for remedies,

« factors considered in selecting the remedy,

« schedule for implementing the remedy,
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« standards for cleaning up various media,

« determination that remediation of a release is not required,

. demonstration of compliance with cleanup standards, and

» conditional remedies.
If the selected remedy should leave in place residual contamination that couid
adversely impact natural resources, the DOE/UC may carry out a natural resources

damage assessment under the provisions of CERCLA (EPA 1990, 0559, pp. 8665-
8865; DOE 1991, 0560).

3.5.2.3.1 Standards for Remedies

The CMS will generate data sufficient to evaluate potential remedies for their ability
to meet the following standards:

« protection of human health and the environment,

- attainment of established cleanup standards,

« control of the source of release, and

« compliance with waste management requirements.

These standards are broad and include the major technical requirements for
controlling sources, conducting waste management activities, and cleaning up the
environment. Waste management requirements for those sites that require excava-
tion may be met through the proposed MWSDF. The Laboratory will comply with
media cleanup standards to the extent practicable. In all cases, however, the
overriding concern in selecting remedies will be protection of human heaith and the
environment.

3.5.2.3.2 Decision Factors

in order for DOE/UC to propose and for EPA to select a remedy, five specific criteria
will be considered for the four general standards presented above. Because
conditions at the OUs vary, the decision factors for each proposed remedy may be
weighed differently at different OUs. Tradeoffs may be possible for some factors, but
the overriding concern in selecting a remedy is protection of human health and the
environment.

3.5.2.3.3 Schedule for Implementing the Remedy

DOE/UC will provide a schedule for implementing the proposed remedy to EPA for
approval. As appropriate, the schedule will address the following factors, although
additional factors may infiuence the timing of the implementation:

- extent and nature of contamination,

« DOE/UC'’s ability to implement the remedy,
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« availability of treatment technology,

- desirability of currently unavailable technologies that may offer
significant advantages,

« potential risks related to implementation of the remedy, and
» any other relevant factors.

DOE/UC recognize the need for innovative and more cost-effective remedial
technologies. New technologies developed at the Laboratory should ofter distinct
advantages over currently available technologies. Although DOE/UC recognize that
work must begin now on new and improved technologies (e.g., downhole monitors
and stabilization techniques), it is conceivable that the desired technologies will not
be fully developed at the time the remedy is selected. In such cases, DOE/UC may
propose that EPA postpone selecting a remedy until these technologies are
functional if there is a distinct technical, time, or cost advantage.

3.5.2.3.4 Media Cleanup Standards

Media cleanup standards will define contaminant levels that protect human heaith
and the environment. Existing standards primarily address drinking water. There-
fore, DOE/UC will use health-based risk assessments to determine the effort
needed to clean up most contaminated soils, sediments, and soil vapor. Factors to
be considered in determining cleanup standards include multiple contaminants,
sensitive receptors, site-specific exposures, the effectiveness of the proposed
treatment, and current and future land uses.

Risk-based determinations will be consistent with proposed Subpart S, which
proposes that “cleanup standards for carcinogens shall be established at leveis
which represent an excess upper-bound lifetime individual risk between 1 x 104 and
1 x 10-8." Cleanup standards for noncarcinogenic toxicants will be established to
allow daily exposure without appreciable risk of deleterious effects during a lifetime.

Cleanup levels may be raised or lowered, depending on the circumstances at
individual sites. Such circumstances may include a determination that concentration
levels of certain contaminants must be lowered to protect human health and the
environment, that higher concentrations will be permitted because background
levels are elevated, and that groundwater that is not a potential source of drinking
water or is not hydraulically connected to a drinking water source need not meet
drinking water standards. In addition, the technical feasibility of remediation will be
taken into account.

DOE/UC will propose for EPA approval the specifics for compliance with established
standards. This proposal will address the point of compliance, monitoring and
sampling locations, analytical parameters and methods, statistical analyses, and
the period required for monitoring restored sites.

3.5.2.3.5 Determination That Cleanup Standards Cannot Be Met

Some sites at the Laboratory may require cleanup to action levels; i.e., soil exca-
vation, treatment, or some other method that physically removes the contaminant
fromthe environment. However, there are sites at the Laboratory fromwhichitwould

November 1992 3-23 IWP, Revision 2



Description of the Environmental

Restoration Program

Chapter 3

be impractical to physically remove all contaminants. Therefore, the definition of
cleanup must include other remedies that involve controlling migration of contami-
nants from a source.

Cleanup refers to any measure taken to ensure protection of human health and the
environment, not to total removal of a contaminant. Areas of widespread, very-low-
level contamination, such as the canyons that drain the Laboratory site, are locations
that may not be required to attain total cleanup. For example, low levels of risk to
human health resulting from contamination in local canyons would not be signifi-
cantly reduced by cleanup because contaminant concentrations are so close to
background levels. Thus, cleanup will be approached on a case-by-case basis, and
it will be the responsibility of DOE/UC to demonstrate to EPA that remediation would
provide no significant reduction in risk.

One of the primary remedial measures that the Laboratory intends to propose for
several MDAs is in-place stabilization followed by long-term monitoring and institu-
tional control, when an RFI supports such an approach. Appendix D describes
landfill cover technology. This choice wouid not meet media cleanup criteria
because the contaminants would remain in the environment. However, remediation
of these large, mixed-waste landfills would be an extremely large, complex, and
perhaps risky undertaking. Inthese cases, DOE/UC intend to propose that technical
impracticability precludes attainment of media cleanup standards.

3.5.2.3.6 Demonstration of Compliance with Media Cleanup Standards

DOE/UC will propose for EPA approval several conditions for demonstrating that
implementing a remedy complies with the cleanup standards. Those requirements
include identifying

- the location where compliance levels must be achieved,

+ the sampling and analytical methods that will be used to
determine compliance, and

- the length of time that DOE/UC must monitor a site to demon-
strate that levels of contamination after cleanup do not exceed
standards.

The primary limiting cleanup standards for the Laboratory will be those for soils and
sediments. In general, the point of human exposure will be the likely location for
demonstrating compliance. However, it may be that the point of compliance for some
sites will have to be determined on a case-by-case basis. The program may provide
innovative and unique methods and instrumentation for monitoring compliance,
including a variety of downhole sensors and high-speed analytical units foruse inthe
fieid. EPA approval of these methods and nstruments for several OUs will be
requested in future revisions of this IWP. Approval of those methods specific to an
OU will be proposed in the CMS report for the individual unit.

3.5.2.5 Conditional Remedies

When EPA cannot select a final remedy orwhen DOE/UC and EPA agree that it is
in the interest of the environment to delay implementation of the final remedy (e.g.,
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to complete technology development or when reasonable DOE disposal capacity is
not available), conditional remedies may be proposed and approved. Such remedies
include prompt corrective measures that can reduce risk or incomplete cleanup
when atotal cleanup is impractical. Conditional remedies are appropriate for actively
managed, financially viable facilities such as the Laboratory. When a conditional
remedy is used, the site must be revisited after a pre-established period to determine
whether the remedy can be considered final and centified as complete before
terminating the specified schedule of compliance. Several criteria must be met
before implementation. These criteria include

- protecting human health and the environment,

= achieving media cleanup standards beyond the facility bound-
ary,

= preventing further significant environmental degradation,
+ implementing institutional controls,

+ continuing monitoring, and

« complying with waste management standards.

DOE/UC will propose site stabilization and long-term monitoring and institutional
controls as a conditional remedy for some of the large MDASs, which are similar to
large municipallandfills. The concentrations of contaminants in hazardous materials
in the MDAs that meet criteria for conditional remedies do not currently threaten
human heaith. Institutional controls currently provide long-term control of access
and prevent potential exposure of Laboratory workers. The potential for contamina-
tion of the main aquifer is limited throughout the Laboratory site and is even more
limited at the MDAs. Forthese reasons, DOE/UC believe that site stabilization and
institutional controls will protect human health. Long-term monitoring will be
conducted as necessary.

.As practicable, the conditional remedy will be identified inthe RFiwork plan, and data
collection will focus on obtaining information adequate to evaluate the effectiveness
of the likely remedy. The RFI will be structured to support the ultimate selection of
the proposed remedy. When possible, a treatability study will be incorporated inthe
RFiwork plan, and the findings of that study will be presented inthe RFirepont. Data
generated through the RFI will provide EPA with a basis for selecting a remedy
sufficient to protect human health and the environment. When the results of the RFI
support a single obvious remedy, which could include extensive pilottesting, a formal
CMS will not be conducted but the proposed remedy will be presented to EPA as part
of anRFlreport. Based onthe results of the RFI, DOE/UC will request that the permit
be modified to allow a conditional remedy. Upon EPA approval, DOE/UC will prepare
a CMl plan for impiementing the remedy. The CMI plan will provide for obtaining
information adequate to design and implement the remedy, maintenance plans,
schedule, QA program, progress reports, and a proposal for determining a complete
and final remedy.

Because DOE/UC intend to propose in-place stabilization with long-term monitoring
and institutional control as a remedial alternative for some PRSs, it is acknowledged
that, to ensure compliance, sensitive and dependable instruments will be required
for long-term monitoring; therefore, DOE/UC have initiated several efforts to develop
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appropriate equipment, such as polymerfilmfield sensors, opticalfiber-tlow optrode,
fieldable Raman with fiber optics, and tritium plume detectors.

DOE/UC realize that conditional remedies may not be final remedies; therefore, they
propose that the remedy decision be reviewed after a period of implementation to
compare the performance of the conditional remedy with established remedy
standards. The conditional remedy may be declared the final remedy at that time,
or EPA may require further corrective action to supplement or replace the conditional
remedy. Final selection of the remedy and termination of the permit will comply with
the procedures described in Section 4.5.

3.5.2.6 Permit Modification for Selection of the Remedy

The preliminary selection of the remedy based on EPA's response to the CMS report
will be finalized by a major modification of the schedule of compliance given in the
HWSA Module. The EPA will modify the permit to specify the remedy selected
through the CMS process. The permit modification will be conducted according to
the procedure established in Section N of the HSWA Module. The modification
process will include a formal public comment and revision period before the written
notice of the permit modification is issued, not before reissuance of the permit.

The remedy specified may be separated into phases, and the preposed modification
will include '

» a description of the technical features of the remedy;

- the media cleanup standards established through the CMS
process;

+ requirements for achieving compliance with media cleanup
standards;

« requirements for complying with waste management stan-
dards, land disposal restrictions, etc.;

» requirements for final disposition of the equipment used to
implement the remedy;

+ schedule and major milestones for impiementing the remedy,
including submission of the CMI plan; and

« reports and documentation to be submitted by DOE/UC during
the implementation of the remedy.

3.5.3 Requirements for the CMI

DOE/UC will prepare a CMI plan after approval of the permit modification and upon
request of EPA. The outline for the DOE/UC CMI plan has not been developed but
will be submitted for approval in a future revision of this IWP. In general, the CMI
plan will include

« remedy design; i.e., detailed construction plans and specifica-
tions to implement the selected remedy;
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- type and frequency of reports to be submitted on the progress
of implementation;

« type of EPA reviews of implementation;
» requirements for completion of the remedy;
» determination of technical impracticability; and

« verification plans.

3.5.3.1 Remedy Design

The CMI plan will contain a section that provides detailed construction plans for
implementing the remedy. In some cases, the technical details may have been
provided in the CMS report. The CMI plan may cite those specifics and propose to
EPAthat they be adopted in the final design. In either case, EPA approval of the CM!I
plan will constitute approval of the remedy design and schedule. The remedy design
should include :

 design specifications for PRSs,

» implementation and long-term maintenance plans,

* major milestones,

» project schedule, and

« a QA plan for the construction.
EPA will approve or revise the CMI plan, and DOE/UC willimpiement the remedy as
approved. The approved CMI plan will be placed in the ER Program’s community
reading room (Annex V). DOE/UC will provide written notice of the availability of the

approved plan to all individuals on the ER Program mailing list. In addition, the cost
estimate provided in the CMS report will be revised as necessary.

3.5.3.2 Progress Reports

DOE/UC will submit quarterly technical progress reports as required by the HSWA
Module. Depending on the type of remedial action being implemented, it may be
necessary to provide frequent and detailed information about the effectiveness and
progress of the remedy. The data on which the reports are based are maintained in
the Records-Processing Facility and are available for public review.

The schedule and content of the progress reports will be developed in the CMI plan
and wili thus be tailored to each OU. The reports may include

+ summaries of progress,
» problems encountered and resolutions,

« personnel changes,
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- upcoming work for the next reporting period, and

. laboratory and field sampling reports.

3.5.3.3 Review of Remedy Implementation

EPA will periodically review the progress of the remedy and may recommend
modification of the schedule of compliance or additional remedial measures. The
reviews may consist of reviews of the progress reports and visits. Because each
remedy will require varying levels of EPA oversight, CM! plans will be tailored to each
site according to the level of review and progress evaluation required.

3.5.3.4 Completion of Remedies

The CMI plan will contain the criteria to be used to demonstrate completion of the
remedy. Upon completion of the remedy, DOE/UC will submit a request for
termination of the schedule of compliance for the corrective action. The request will
contain a certification that DOE/UC have met or exceeded all of the criteria
established for this purpose. The request to EPA will include verification that

» all media cleanup standards have been achieved.
« actions required for source control have been satisfied, and

- procedures for final disposition of equipment and materials
associated with the remedial action have been followed.

EPA will review the request, along with public comments, to determine whether the
remedy has been completed in accordance with the requirements of the HSWA
Module and CMI pian. After such determination, the EPA will modify the HSWA
Module to terminate the schedule of compliance for the corrective action (Section
3.11).

3.5.3.5 Determination of Technical Impracticability

For numerous reasons, it may be technically impractical to achieve compliance with
the requirements for the remedy. DOE/UC expect to minimize such situations
through the use of new and innovative remedial technologies developed by and for
the Laboratory. However, if compliance is impossible for technical reasons, DOE/
UC will propose that EPA modify the permit so that additional or alternate methods
may be used. This approach will be developed further in an update of this plan.

3.6 Other Requirements

3.6.1 Coordination of Corrective Actions with Resource Conservation
and Recovery Act Closures

Several SWMUs listed in the HSWA Module are subject to both the corrective action
and closure provisions of RCRA (e.g., RCRA hazardous wastes were intentionally
managed at these sites after November 19, 1980). DOE/UC willmanage all of these
sites in a manner consistent with the management of all of the other PRSs listed in
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the Laboratory’'s PRS data base. As aresult, the corrective action process will occur
concurrently with the closure process, thereby satisfying both sets of regulations. It
is understood that the NMED will maintain its role as the lead regulatory agency for
these sites in spite of the change in approach.

DOE/UC willimplement this strategy for several reasons: (1) The RFI/CMS portions
of the corrective action process ensure that releases are identified and mitigated as
part of a final remedy (simple compliance with closure standards does not always
guarantee mitigation). (2) The strategy allows for a consistent, coherent approach
to environmental restoration {(e.g., some OUs currently contain PRSs subject only to
RCRA corrective action and PRSs subject to both corrective action and closure). (3)
This strategy prevents duplication of effort. (4) The strategy is consistent with the
preamble to proposed Subpart S, which states EPA’s intent to allow extension of
closure deadlines as necessary to complete corrective actions.

The OUPLs will incorporate the closure sites in RFI work plans. The final remedy for
these sites will be consistent with closure performance standards, and postclosure
monitoring will continue if waste remaining in these sites releases concentrations of
contaminants that exceed closure standards.

There are two categories of closure sites: (1) sites at which field work has been
initiated or completed and (2) sites at which work has not been initiated. For those
sites atwhich closure activities have already beeninitiated (eitherunderan approved
closure plan or in accordance with institutional controls before a closure plan has
been approved), DOE/UC will complete closure activities according to the standard
approach and will document the work in the RF! work plans as voluntary corrective
actions (VCAs). Because DOE/UC intendto close all of these sites in clean condition
orto acceptabile risk-based criteria, the RFI work plans will probably not recommend
further action. Except for the TA-40 scrap detonation site, which will be cleaned to
acceptable risk-based criteria, sites at which corrective action has not yet been
initiated will follow the integrated approach outlined above, which will involve
delaying completion of closure activities until the RF/CMS process has been
completed. DOE/UC will pursue a letter of agreement with the state that delays at
these sites are acceptable, thereby eliminating the need to revise existing closure
plans.

3.6.1.1 Surface Impoundment for Burning Ground at TA-16

The approved closure plan for this task was received from the NMED on February
21, 1990, and the closure was completed on September 20, 1990, according to the
mandated schedule. To adhere to the strategy outlined above, the closure report will
be used for justification to remove the site from further consideration because it has
met the cleanup requirements for a RCRA closure.

3.6.1.2 TA-35 Waste Qil Storage Pits

The DOE/UC submitted closure plans for two waste oil pits (#85 and #125) at TA-
35in October 1988, and NMED gave oral approval to proceed with closure activities.
In late March 1989, the contents of the pits were removed for incineration. In April,
samples of the underlying soils at #125 obtained by chiseling through the liner
showed contamination. Discussions between the Laboratory and NMED indicated
that a clean closure could be achieved, even if residual contamination remained in
place, provided that residual contaminant levels were below a health-based limit.
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NMED agreed to leaving the contamination in place and calling it a “clean closure”
if the Laboratory would restore the site to less than 1 ppm (volatile and semivolatile
organic compounds) and would prove that the residuals were not a threat to human
health. This strategy was adopted, and the closure, including backfilling, was
essentially completed early in FYS0.

Samples were taken during excavation to determine whether the contaminant levels
in the remaining soil were acceptable. A review of the sampling results, however,
indicated some weaknesses. First, holding times were exceeded for some of the
volatile constituents. Second, detection limits for some analyses were skewed
because of the presence of waste oil. Hence, a second set of verification samples
was obtained in FY91 by drilling through the fill. The purpose of the second analysis
was to determine the extent of contamination caused by waste oil (total hydrocar-
bons from petroleum) and to duplicate the analyses of volatile and semivolatile
components. The second analysis showed no evidence of contaminants present
above analytical capabilities, natural background levels, or health-based action
levels for cleanup. In response to a request from NMED, the Laboratory delivered
a sampling plan for the canyon south of the former location of Surface Impoundment
TSL-125. The plan was submitted September 4, 1992, and the Laboratory is
awaiting approval of this plan before proceeding.

The closure plan for this site has been updated to reflect activities that actually
occurred in the field. The RFI work plan for TA-35 (OU 1129) reported these
activities as VCAs performed for two SWMUs at TA-35. Because the corrective
actions will result in a clean closure, the RF1 work plan did not recommend further
action.

The closure report and closure certification letters for the TSL-125 waste oil surface
impoundment were completed as of July 31, 1991, and were submitted to NM EDin
August 1991. The closure report and closure certification letters for TSL-85 were
submitted December 20, 1991. DOE/UC are awaiting regulatory approval from
NMED for both of these closures.

3.6.1.3 TA-16 Area P Landfill

The closure of Area P presents a significant technica! challenge. Clean closure
seems impractical at this site, but it would also be difficult to encapsulate the landfill
because it is located on a canyon rim. The existing closure plan, submitted in
November 1985 and supplemented in 1987, proposed leachate collection and partial
encapsulation. The Laboratory has asked that the NMED not approve the existing
closure plan because of the need for additional data to support and ensure the
selection of the best closure alternative.

This site is an excellent example of the need for the integrated approach discussed
above. Inthiscase, athorough RFI/CMS will resotve any outstanding issues and will
lead to implementation of the most protective, cost-effective solution. The RFI/CMS
could include a series of studies, inciuding (1) an analysis of existing data and a
proposal to define the extent of barium contamination, (2) an engineering study to
develop the most effective cap design, and (3) bench-scale studies to determine the
potential effectiveness of in-situ chemical fixation and/or leaching.

Thus, each of the RFI/CMS documents prepared during implementation of the

corrective action process for TA-16 would be submitted to NMED as modifications
of, or supporting information for, the existing, unapproved closure plan. Approval of

IWP, Revision 2 3-30 November 1992



Description of the Environmental
Chapter 3 Restoration Program

the final closure plan could then occur when the NMED agrees with the corrective
action alternative indicated in the CMS. NMED has agreed to this strategy.

3.6.1.4 TA-40 Scrap Detonation Site

The original closure plan forthis site (amended December 1985) implied anintention
to use the scrap detonation site as an active firing site, but the goal has changed to
clean closure with no further use. In FY90, the ER Program Office prepared an
updated closure plan. The revised closure plan was submitted as an amendment to
NMED in November 1990 and was approved with an official start date of September
30, 1991. This closure is proceeding four months behind the schedule in the
approved closure plan because the NEPA documentation was heid up at DOE/HQ.

3.6.1.5 TA-54 Areas H,L,and G

Certain trenches, pits, and shafts in Areas H, L, and G qualify as hazardous waste
landfili cells subject to partial closure. However, other units in these areas last
received hazardous waste before 1980 and are therefore subject to corrective action
under RCRA Section 3004 (u). Thus, two different sets of cleanup regulations apply
to units that are similar in content and geographic location.

The situation at TA-54 is similar to that at the Area P landfill, where the integrated
approach is most appropriate, and TA-54 will be treated similarly. Alithough two
separate closure plans have aiready been submitted, one for Areas L and H and one
for Area G, an agreement with NMED will delay implementation until the RFI/CMS
has been completed and the closure plan has been revised.

3.6.1.6 TA-54 Area L Waste Qil Storage Tanks

With the oral approval of NMED, six aboveground storage tanks containing waste oil
were pumped out in FY83 and were moved from Area L to Area G to make room for
new facilities. Although closure of these tanks was originally scheduled that same
year, it was delayed to FY90 because NMED had not approved the ciosure plan in
FY89.

In order to decontaminate the tanks as quickly as possible, it was decided that the
tank closure would not include any associated contaminated soil that may exist in
Area L; any of this contaminated soil would be treated during closure and corrective
action at Area L. The decontamination of these tanks was compieted in FY30, and
a closure report was submitted to NMED in June 1991. The closure report
documented the work as it actually occurred in the field and will be used in the RFI
work plan for OU 1148 to justify recommending the tanks for no further action. The
contaminated soil will have to be characterized and possibly cleaned up.

3.6.2 Interim Remedial Measures

The HSWA Module provides for interim remedial measures (IRMs). The paragraphs
below discuss the two types of IRMs to which EPA refers in Section | of the HSWA
Module. The DOE/UC will modify this section to make it consistent with the VCA
provisions in the preamble to proposed Subpart S.
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3.6.2.1 Interim Remedial Measures Based on Health Risks

If EPA determines that a release of hazardous waste or its constituents poses a
threat to human health or the environment, it may mandate that DOE/UC implement
IRMs to mitigate the risk. EPA may also specify a schedule (by modifying the HSWA
Module) for implementing the interim measure and may require the Laboratory to
prepare and submit a work plan to be approved before action is initiated. To date,
EPA has not required the Laboratory to take any IRMs because no imminent threats
to human health or the environment have been identified. However, in the unlikely
event that EPA requires an interim measure in the future, DOE/UC would modify the
work plan. DOE/UC may at that time request EPA to modify the schedule of
compliance for the corrective action.

In determining the need for IRMs based on health risks, at least the following factors
will be considered:

- the time required to implement a final remedy,

« actual and potential exposure of human and environmental
receptors,

- actual and potential contamination of drinking water supplies
and sensitive ecosystems,

. the presence of hazardous waste that may pose a threat of
release,

« the presence of hazardous waste or constituents in soil that
have the potential to migrate to groundwater or surface water,

« weather conditions, and

« risks of fire, explosion, or accident.

3.6.2.2 Interim Remedial Measures Based on Institutional Needs

Other IRMs referred to in the HSWA Module are triggered by institutional need. The
HSWA Module states, “If, for institutional reasons not related to permit work, i.e.,
routine construction, 