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Jnited States Government @ Department of Ener
Albuquerque Operations Office

memorandum

oate  March 1‘5. 1096
mave EPD: KSM

sunsect - Approval of the Groundwater Protection Management Program Plan for Les Alamos National
Laboratory

T Joseph C, Vozella, Assistant Area Manager, Office of Environment and Projects, LAAQ

The Groundwater Protection Management Program Plan (GWPMPP) for Los
Alamos National Labaratory i3 approved following our review. The approved
GWPMPP is the March 8, 1895 Draft Plan including revisions dated January
31, 1996. This Plan fulfills the three year update of the GWPMPP as requircd

in DOE Order 5400.7. The next thres yezr update of the GWPMPP will be
required in 19899,

If you have any questions, please call Karen McAda at (S05) 845-5588.

Crmshn e Sl

Constance L. Soden
Director )
Environmental Protection Division
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Groundwater Protection Management Program Plan

Executive Summary

The Groundwater Protection Management Program Plan (GWPMPP) provides 2 detailed
framework for consolidating and coordinating groundwater protection activities at Los Alamos
National Laboratory. The purpose of the plan is to monitor and protect the main aquifer underlying
the Pajarito Plateau from contamination or other adverse impacts resulting from Laboratory
operations, and to preserve the quality of water for Los Alamos and surrounding communities in
northern New Mexico for furure generations.

The GWPMPP addresses the following issues concerning the groundwater situation at the
Laboratory: (1) hydrogeological characterization, (2) potential contamination, (3) groundwater
monitoring network, (4) water supply, (5) information management, (6) quality assurance, and (7)
regulatory compliance. These issues have been discussed in audits, reports, and assessments, and
various deficiencics regarding current Laboratory operations have been identified. To remedy the
problems, hydrologists, geologists, and consultans, as well as representatives of the New Mexico
Environment Department and the Environmental Protection Agency, have examined these issues
and have recommended solutions as they pertain to Laboratory operations,

Many of the deficiencies result from a lack of scientific data. Laboratory hydrologists do not have
enough information to fully characterize the hydrogeology of the region or the contuminant flow
from the technical area sites because the existing network of monitoring wells is not adequate. The
primaryv solution to these problems, therefore, will be to expand the current groundwater
monitoring network. By increasing the number of monitoring wells and boreholes and by
constructing the wells at select Jocations across the Pajarito Plateau, hydrologists will be able to
collect sufficient data to fully characterize the groundwater of the area, The GWPMPP includes a
map of proposed well locations and rationale for each new site,

Other deficiencies involve the collection, dissemination, and accessibility of groundwater
information. Groundwater efforts arc currently spread among several organizations at the
Laboratory: one organization often follows sampling procedures or well construction techniques
that are sometimes different from another organization. To remedy these problems, the GWPMPP
details the development of a computer database network to ensure that timely groundwater-related
information will be accessible to internal and external organizations and other interested parties.
Consistency of sampling procedures, well construction and abandonment techniques, and other
procedures will also be implemented so that the sharing of groundwater-related information will be
facilitated.

The GWPMPP also presents a business plan detailing the organizational hierarchy, roles and
responsibilities, accountability and autharity, funding allotments, and other financial considerations
involved in implementing the plan, The core of the business plan is a prioritized list of groundwater
activities, which ranks the activities according to their cost and overall importance. The final list of
priorities, then, represents the best attempt to enhance Laboratory environmental operations within
budgetary constraints.

In sum, the GWPMPP presents an organized approach to managing and protecting the groundwater
in the Los Alamos area. Through a dynamic process of coordinating its activities, the Laboratory
will use the plan as an effective guide in responding to changing environmental needs.

October 2%, 1998/ Rev, 2.0
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1.0 Introduction

1.1 Purpose and Scope

As a Deparmment of Energy (DOE) facility, Los Alamos National Laboratery (LANL or
Laboratory) is required to conduct its operations in an environmentally safe manner. DOE
Order 5400.1: “General Environmental Protection Program™ establishes environmental
protection program requirements, authorities, and responsibilities for all DOE facilities (DOE
1990). The goal of this order is to ensure that operations at DOE facilities comnply with all
applicable cnvironmental laws and regulations, executive orders, and departmental policies.

In accordance with the requirements of Chapter I, Section 4a, of DOE Order 53400.1, the
Laboratory has prepared this Groundwater Protection Management Program Plan (GWPMPP
or Plan), The Order requires establishment of a groundwater protection management program
which will provide: (1) documentation of the groundwater regime with respect to quantity and
quality; (2) design and implementation of a groundwater monitoring program to support
resource management and comply with applicable environmental laws and regulations; (3) a
management program for groundwater protection and remediation, including specific Safe
Drinking Water Act (SDWA), Resource Conservation and Recovery Act (RCRA) and
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) actions;
(¢) a summary and identification of areas that may be contaminated with hazardous substances;
(5) strategies for controlling sources of these contaminants; (6} a remedial action program that
is part of the site CERCLA program required by DOE 5400.4: “Comprehensive Environmental
Response, Compensation, and Liability Act Requirements”; and (7) decontamination and
decommissioning, and other remedial programs contined in DOE directives.

The GWPMPP has also been prepared to fulfill the requirements of Chapter IV, Section 9 of
DOE Order 5300.1. This section requires development of a Groundwater Monitoring Plan
(GMP) as a specific element of the GWPMPP. The GMP shall identify all DOE requirements
and regulations applicable to groundwater protection and include monitoring strategics for
sampling, analysis, and data management, The general requirements outlined in Section 9b
include: (1) determination of baseline groundwater quality and quantity conditions; (2)
demonstration of compliance with, and implementation of, all applicable regulations and DOE
Orders; (3) providing data that will allow early detection of groundwater pollution or
contamination; (4) providing a reporting mechanism for detection of groundwater pollution or
contamination; (5) identifying existing and potential groundwater contamination sources and to
maintain surveillance of these sources; and (6) providing data upon which decisions can be
made concerning land disposal practices and the manzgement and protection of groundwater
resources,

Section 9¢ of Chapter IV requires that groundwater monitoring needs be determined by site-
specific characteristics and, where appropriate, groundwater monitoring programs be designed
and implemented in accordance with 40 CFR Part 264, Subpart F, or 40 CFR Part 268,
Subpart F, The section also requires that monitoring for radionuclides be in uccordance with
DOE Orders in the 5400 series dealing with radiation protection of the public and the
environment,

This Plan focuses on protection of groundwater resources in and around the Los Alamos area
and ensures that all groundwater-related activities comply with the applicable federal, state, and
local regulations. These regulations are described in Appendix A.

Oclober 28, 1998/ Rev. 2.0 1el
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1.2 Laboratory Environmental Goals

The Laboratory's primary environmental goal is to protect the environment and public from
possible adverse effects arising from the Laboratory's operations, As documented in the
Laboratory's Environment, Safery, and Health Manual (LANL 1990), the Environment, Safety
and Health Division (ESH) maintains a comprehensive program to provide oversight of
environmental activities. Laboratory employees are required to observe environmental
protection procedures and requirements as specified by their supervisors,

Director's Policy No. 104 (September 1991) states the following:

Operations at the Laboratory shall be performed in a manner that protects the
environment and addresses compliance with applicable federal, state, and local
environmental protection regulations. Potential environmental degradation from
previous laboratory operations will be identified and mitigated as part of a graded
restoration program,

Appendix A lists the requirements of applicable environmental protection and restoration
regulations peraining to groundwater. It includes SDWA, CERCLA, RCRA, and the
Hazardous and Solid Waste Amendments (HSWA),

1.3 GWPMP Mission and Objectives

The mission of the Groundwater Protection Management Program (GWPMP or Program) is to
provide enhunced groundwater monitoring and program documentation in order to ensure long-
term protection of the local and regional groundwater supply.

The specific Program objectives are to:

o Consolidate the activities of different LANL environmental groups to ensure a
unified approach to groundwater protection and prevent duplication of effort.

o Establish an information system in which all groundwater-related data will be
stored and which will be accessible to different LANL groups and outside
customers,

o Address the requirements of the HSWA Permit, Module 8, Task Il

¢ Provide enhanced groundwater documentation to support a Laboratory-wide -
Environmental Impact Staternent as requested by the DOE under the National
Environmental Policy Act (NEPA).

¢ Mainrain ongoing groundwater protection activities and address new issues of
concern as they oceur,

The purpose of this Plan is to implement these objectives, As such, the Plan will address issues
of concern related 1o groundwater protection that exist at the Laboratory; define the management
structure and fiscal organization of the Program: and establish an initial list of prioritized
activities to be addressed for the purpose of expanded hydrologie knowledge and groundwater
protection in the Los Alamos area.

Qctober 25, 1995 / Kev. 2.0 =2
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2.0 Background

2,7 Historical Review

The Laboratory was established in 1943 as Project Y of the Manhattan Engineer District—the
secret World War II effort to develop the world’s first nuclear weapons, A physies professor at
Berkeley, J. Robert Oppenheimer, was selected to head the effort. To keep the project
developing in an academic atmosphere, the University of California (UC) was requested to
manage the Laboratory.

In 27 months, Oppenheimer and his colleagues successfully completed their mission, and the
war against Japan ended, After the war, Congress chose to sustain the Los Alamos site with
continued funding. The Atomic Energy Commission (AEC) received control of the Laboratory
from the Army and renewed the operating contract with UC, During subsequent years, the
Laboratory continued to expand at a steady rate, first under the AEC and later under the
Energy Research and Development Association. The Laboratory was designated a national
laboratory and has operated under the DOE since 1978,

From its origins during World War II, the Laboratory has evolved into a large, multiprogram,
multidisciplinary national laboratory. Table 2-1 shows the major milestones in scientific
research that have been accomplished over the years at the Laboratory.

Table 2-1, Milestones in the History of Los Alamos Nationol Laboratory

1943 The Los Alamos Laboratory, undet the ansteinium-253, and fermium-256 are
direction of J. Robart Oppenheimar, begins discoverad in the debris of the Mike shot,
operation as Project Y of the Manhattan
Project. The Bethe-Faynman formula, a 1953 The Lady Godiva cntical sssambly achieves
simple method for caiculating the yield of a prompt criticality, The Sa, or discrate
fission bomb, 1s derived, ordinates, mathod for solving Reutrons

1944 The worid’a third nuclesr raactor (a transpart problems s formulatec,

uraniume-solution-fueled “"Water Boiler” 1954

: The first thermonuciaar bombd con
named LOPQ) achiavas cnticality, thefmonuc onimnng

sohd tusion fuel 15 demonstrated in the

1945 The world's first nuclear bombs (Little Boy, Bravo shot of the Castie test serias,
8 gunstype uranium bomb, and Fat Man, an
implosion-typa plutonium bomb) prove 1965 The Rover Projact to investigate nuclear
succassful. Norns E, Bragbury 18 namead taactlorpowerad rockets 1a iMtiated,

sacond director of tha Laboratory. .
19568 The neutrino s detacted with the halp of a

1946 The world's first pluteniumsfualad nucinar racently developed liguid scintiliator, The
reactor (Clamentinel achisves criticality, MANIAC (I computar and the Omegs West
1947 The Monte Carlo techrique for particle- teactor become operational.

transport computations is formulated,
p . Y 1957 The particiasinsgoil (PIC) mathod for

1948  Halium-3 is first liquetied, numarical fluid dynamics is invanted,

1951  Firgt thermonucinar reaction 1s producad i

the George shot of the Gresnhouse test 1958 A helium-3 refrigerator providing

tompoeratures below 0,45 Keivin is

series. devaioped.
1952 Tho MANIAC computer becomes 1859  Plutomium-238 is used as a powar sourge In
operational, The first thetmonucionsr space,

explosion is achiaved by the Mike shot of -
the lvy tost series, The tirst tacility tor 1960 The KIWI nuclear reactor tor the Rover

handlng liquid hydrogen on a large scale Project 1s oparatad at full power.
becomas operational, Plutomiym-244, 1961 The Stratch computer 12 daveloped in
plutomum-246, amencium-246, collaboration with IBM,

t
»
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1863

1964

1965

1967

1968

1969

1870

1971

1972

1974

1976

1977

1978

1979

1980

Groundwater Protection Managemen! Program Pian

Table 2-1, Continued

Satellita«borne sensors to verity adharance
to the Limited Test Ban Traaty are
developed. PHERMEX, the worid's highest.
intensity xerav facility, is constructed.

The world's highest-voitage Van ge Groat
accelerator 1s completed,

The Phosbus +A Rover reactor is tested at
full power,

The sidescoupied cavity is developed fof tha
LAMPF linear accelerator.

Funging for construction of LAMPF ia
approved by Congress and President
Johnson,

The vitra-nigh-tampsrature nuclear reactor
{UHTREX) begins operation at 2400 *F,

Harold M, Agnew 18 namad third director of
the Laboratory,

Noturally occurring plutonium-244 is
isolated,

LAMPF acceletatos protons to design
enargy, |sotopas of uranium are separated
by selective |naer excitation 0! UFa.

Insansitive high explosives for use in
nuclear weapons are developed, The
Laboratory 18 named a national resource for
stable isotopes,

A portion of the Laboratory site is
designated a national environments)
tanasrch park,

Fusiom neutrons are detected in a plasma
confinad by radiation from a carbon-dioxide
{asar,

‘The Mot Dry Rock Program is initinted
(Fenton Hill),

Donalgd M, Kerr is named tourth ditector of
the Laboratory. Univarsality of the approagch
10 Chaos In deterministic systams is
discoverad.

The University af Calltornia establishes 2
branch of the Iastitute ot Geophvsics and

1889

1982

1983

1984

1985

1986

1987

1988

1089

1850

1991

1993

Planstary Physics, The center for Nonlinaar
Studies is establishad,

The Center for Materials Sciences is
astablished,

Tho Laboratory is deaignatad & national
rasource for flow cytomatry, GenBank, the
national database tor nucleic-acid
saquences, begings operation, A heavy-
tarrmion superconductor is discovered,

Congrass agproves |ong-term visits at
LAMPF tor citizens of the People's Republic
of China.

The radio-trequency quadrupole cavity 1
developed tor a neutral-particle accelerator,

A now technique (CORRTEX) s developad
to venty yields of underground nutiear
axplosions,

Siegtried S, Meckar is named fitth diregtor
of the Laboratory. The world's tirst tghs
temperature hotgdry-rock systam 8
sucensstully tested,

The first agition of nucieotide-saquance
aata for HiV samples is published,

Tha Laboratory is designated as one of
thrae national DOE centers for human
genomu studies. A new type of chamical
bond is discoverad in the binding of
molecular hydrogan to the central matal
atom in cortain metal complexas,

A beam Ot ansrgetic neutral particles s
created in space,

Superconducting tapas and thin films are
fabricated,

The Laboratory s designated as one of two
centers for ressatch on high performancs
computng.

Cross section for tha scattering of alectron
nautrinos by electrons ia deterrminad
oxparimentally,

2.2 Geography

October 25, 1095 / Rev, 2.0

The Laboratory is located in Los Alamos County in north central New Mexico. It is situated
approximately 100 km (60 mi) north-northeast of Albuguerque and 40 km (25 mi) northwest of
Santa Fe (Figure 2-1). Most of the Laboratory and community developments are confined to
mesa tops. The surrounding lang is largely undeveloped with large tracts of land north, west,
and south of the Laboratory site held by the Santa Fe National Forest, Bureau of Land
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Groundwaler Protection Management Program Plan

Management, Bandelier National Monument, General Services Administration, and Los
Alamos County. San Ildefonso Pueblo borders the Laboratory to the east.

Laboratory land is used for building sites, experimental areas, waste disposal locations, roads,
and utility rights-of-way. The facility is divided into technical areas (TAs) each of which has a
specific research function or other use (Figure 2-2), The developed sites, however, account for
only a small part of the total land area, Most land provides isolation for security and safety
purposes and is held in reserve for future use.

2.3 Geology

The 111-km® (43-mi®) Laboratory site and Los Alamos and White Rock communtties are
situated on the Pajarito Plateau, which consists of a series of fingerslike mesas separated by
deep, west-to-cast oriented canyons cut by ephemeral and interupted streams. Mesa tops range
in elevation from approximately 2,400 m (7,800 ft) on the flanks of the Jemez Mountains to
about 1,900 m (6,200 ft) at their eastern termination above the Rio Grande Valley (Figure 2.3),

Most of the mesas in the Laboratory area are made up of the Bandelier Tuff Formation which
consists of ash fall, ash fall pumice, and rhyolite tuff. The tuff, ranging from nonwelded to
welded, is more than 300 m (1,000 ft) thick in the western part of the plateau and thins to about
80 m (260 ft) castward above the Rio Grande. It was deposited as a result of a series of major
voleanic eruptions in the Jemez Mountains about 1.1 to 1.4 million years ago.

The wiff overlaps onto the Tschicoma Formation, which consists of older volcanic substances
that form the Jemez Mountains, The ruff is underlain by the conglomerate of the Puve
Formation in the central and eastern edge along the Rio Grande, Totavi Formation sediments
and Cerros del Rio basalts interfinger with the conglomerate. These formations ovetlay the
sediments of the Tesuque and Chamita Formations, which make up the Santa Fe Group. The
Santa Fe Group of sediments extends across the Rio Grande Valley and is more than 1,000 m
(3,300 ft) thick. The Pajarito Plateau is bordered on the east by the Rio Grande rift, Because
the rift is slowly widening, the area experiences frequent but minor seismic disturbances,

See Appendix B for a more technical discussion of the geology of the Pajarito plateau.
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Figure 2-2. Technical areas at the Los Alamos National Laboratory.
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3.0 Summary of Hydrogeological Environment

3.1 Surface Water

Surface water occurs as ephemeral and interrupted streams in the Los Alamos region.
Ephemeral reaches flow briefly in response to precipitation or snowmelt in the immediate
locality. Intermintent reaches flow scasonally (e.g., during snowmelt in the spring), and
perennial reaches flow continuously throughout the year,

Surface water occurs primarily as ephemeral reaches in all of the major canyons, including
Guaje. Rendija, Barrancas, Bayo, Pueblo, Los Alamos, Sandia, Mortandad, Pajarito, and
Water Canyons (Purtymun 1975), Figure 3-1 shows the major surface drainages in the Los
Alamos area, Some reaches of these streams are intermittent during the spring and fall,

Perennial reaches in the Los Alamos region are few. Springs on the flanks of the Jemez
Mountains supply base flow throughout the year to the upper reaches of Guaje, Los Alamos,
Pajarito, and Water Canyons, and Canyon del Valle, The volume of flow, however, from these
springs is insufficient to maintin surface flows across the Laboratory site before being depleted
by evaporation, transpiration, and infiltration, Runoff from heavy thunderstorms or heavy
snowmelt reaches the Rio Grande in some drainages. Effluents from sanitary sewage plants,
industrial waste treamment facilities, and cooling-tower blowdown are released into some
canyons at rates sufficient to maintain surface flows for varying distances. These discharges
typically do not miyrate across the eastern boundaries of the Laboratory.

3.2 Groundw ater

Groundwater ¢ccurs L1 three modes in the Los Alamos area: (1) shallow water perched in
alluvium in canyons, 12) intermediate depth water perched in voleanic sediments and basalts,
and (3) water containud in the regional aquifer, These three groundwater systems, depicted in
Figure 32, are described below,

3,2.1 Perched Groundwater in Canyon Alluvium

Canyans of the plateau have alluvium deposits that range from 1 m (3 ft) to as much as 30 m
(100 ft) in thickness, The composition of these deposits range from sands, gravels, pebbles,
cobbles, and boulders in canyons that head on the flanks of the Jemez Mountains to clays, silts,
sands, and gravels in canyons that head on the plateau. These aliuvial layers are highly
permeable, in contrast to the underlying volcanic ruff and sediments, As a result, storm runoff
forms shallow perched groundwater zones that move down gradient within the alluvium, As the
shallow alluvial perched groundwater moves down the cunyons, it is depleted by
evapotranspiration and infiltration into the underlying volcanics (Purtymun et al. 1977),

3.2.2 Perched Groundwater in Volcanic Sediments and Basalts

In the Los Alamos area, perched zones occur in the conglomerates and basalts beneath the
alluvium in the middle and lower reaches of Pueblo and Los Alamos Canyens and in the lower
reach of Sandia Canyon, Studies suggest that infiltration of shallow alluvial perched
groundwater is the main source of recharge to the intermediate depth perched groundwater
(Purtymun 1975; Abeele et al, 1981). Depth to perched water ranges from about 27 m (90 f1)
in the midreach of Pueblo Canyon to about 140 m (450 ft) in lower Sandia Canvon. The
vertical and lateral extent of these perched zones, the nature and extent of perching units, and
the potential for migration of perched water to the regional aquifer is not fully understood by
investigators to date.
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3.2.3 Regional Aquifer

The regional aquifer beneath the Pajarito Plateau serves as the municipal water supply for Los
Alamos and the surrounding communities, The surface of the regional aquifer rises westward
from the Rio Grande within the Santa Fe Group into the lower part of the Puye Formation
beneath the central and western part of the plateau, The depths to water below the mesa tops
range from 360 m (1,200 fr) ulong the western margin of the plateau to about 180 m (600 ft) at
the eastern margin, The regional aquifer is separated from the perched water in the alluvium
and the perched water in the volcanics by 110 m (350 ft) to 190 m (620 ft) of rff and voleanic
sediments which impede the downward migration of surface and perched water. The regional
aquifer responds as an unconfined aquifer in the western part of the plateau but exhibits
semiartesian to artesian conditions in the eastern part along the Rio Grande. Although the water
leve] in some places is dropping approximately two feet per year, after more than forty years of
use, the regional aquifer shows little observed depletion of resources: the piezometric surface
has not declined significantly and there are nearly complete water-level recoveries after the
wells are shut down,

The mechanism for recharge to the regional aquifer is not well understood. Three hyvdrological
models have been developed to show this mechanism. The first model, proposed by Conover et
al. (1963) and Griggs (1964), presents data which support the concept that groundwater
discharges from the Valles Caldera to the southwest away from the Los Alamos area, and that
the Tschicoma Formation in the Jemez Mountins is completely impermeable to groundwater
flow, In this model, Griggs (1964) suggests that the major source of recharge to the regional
aquifer is seepage from small streams and rivulets on the lower slopes of the Sierra del los
Valles and on the western part of the Pajarito Plateau. A second recharge model, described in
more recent Laboratory environment reports (Purtymun 1975; Purtymun et al, 1980: Purtymun
et al. 1984), proposes the opposite in that the regional aquifer is recharged primarily by the
caldera through the Tschicoma Formation in the Jemez Mountains, In the third model, flow
through the Tschicoma Formation from the Valles Caldera is considered likely; however, the
major source of recharge is thought to be through the Sangre de Cristo Mountains (Figure 3-3),

See Appendix B for a more detailed discussion of the hydrogeology of the Los Alamos area,
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4.0 Groundwater Protection Efforts at LANL

4.1 Background

The protection of groundwater in the Los Alamos area has been of paramount importance since
the end of World War I1, when the AEC needed to develop a reliable water supply. Beginning
in 1945, the United States Geological Survey (USGS) became extensively involved in
overseeing and conducting various srudies for the development of groundwater supplies.
Special studies specifically designed to protect and moniter groundwater quality were initiated
as joint efforts between the AEC, the Laboratory, and the USGS as carly as 1949,

Groundwater monitoring and protection efforts at the Laberatory have evolved from the carly
programs initiated by the USGS to present efforts including the Environmental Restoration
(ER) Project, the Decontamination and Decommissioning (D&D) Program, and emergency
management and response programs, Other protection efforts include RCRA closures und

compliance with the Laboratory's environmental permits (NPDES, RCRA Part B, and HSWA).

To comply with the National Pollutant Discharge Elimination System (NPDES) permit, the
Laboratory has four primary programs: the Sanitary Waste Water Systems Consolidation
(SWSC) Project, the Storm Water Pollution Prevention (SWPP) Plan, the Waste Stream
Identification and Characterization (WSC) Program, and the Spill Prevention Control and
Countermeasures (SPCC) Program. The Laboratory also maintains a groundwater monitoring
network in order to detect any effects that Laboratory activities may have on the quality of the
regional aquifer. The current GWPMPP addresses environmental monitoring, resource
management, aquifer protection, and hydrogeologic investigations,

4.2 Protection Programs

4.2.1 Environmental Restoration Project

The ER Project was established at the Laboratory in 1987 by the DOE, The ER Project
implements the DOE’s policy to protect natural resources and restore those damaged by
contamination from past and present releases of hazardous substances. The ER Project goals
include (1) insurance that the environmental impacts of Laboratory activities are thoroughly
investigated and that corrective actions are taken; (2) compliance with RCRA, CERCLA,
NEPA, the Atomic Energy Act (AEA), and other applicable regulations and orders: and (3)
provision of mechanisms through which interested parties can participate in the corrective
action raview process.

4,2.2 Decontamination and Decommissioning Program

The D&D Program at LANL was established in 1989 to manage nonoperational, contaminated
facilities. The D&D Program responsibilities include assessment and cleanup of facilities and
equipment not regulated under CERCLA or RCRA., The D&D Program has been integrated
with the ER Project to enhance cleanup efforts. All activities are conducted in accordance with
federal and state requirements and DOE Orders applicable to nuclear facilities and other
facilities that generate radioactive and hazardous materials and wastes,
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4.2.3 RCRA Closures

RCRA mandates a program to regulate hazardous wastes from generation through disposal,
The program emphasizes the reduction of hazardous waste volume and toxicity and requires
treatment of hazardous waste prior to disposal. Several potential release sites and other areas of
concern are subject to the corrective action requirements and the closure provision of RCRA.

All corrective measures conducted by LANL are to comply specifically with the RCRA
regulation. LANL sites are assessed and, if necessary, remediated by either voluntary
corrective actions, corrective measures implementation, or RCRA closure. These activities
ensure that releases are identified and either mitigated or eliminated (LANL 1995). The ER
Project is responsible for implementing corrective actions at RCRA-regulated land units and
RCRA closures, if needed.

4,2.4 Emergency Management and Response

LANL maintains an emergency management and response system that, through emergency
planning. preparedness, and effective response capabilities, is capable of responding to and
mitigating the potential consequences of emergencies,

4,2.5 Compliance with the NPDES Permit

NPDES was established by the Clean Water Act (CWA) and requires permitting of all point.
source effluent discharges into the nation's waters, The primary goal of the CWA is to restore
and maintain the chemical, physical, and biological integrity of the nation’s waters. Specific
criteria for an effluent must be met before that effluent can be discharged into the environment.
The Laboratory has two NPDES permits, one for Laboratory facilities and one for operations at
the Fenton Hill hot dry rock geothermal facility.

The Laboratory has established the SWSC Project to eliminate violations of the NPDES permit,
A ncw, centralized, sanitary waste water treatment plant was construeted at TA-46 to replace
the TA-3 waste water treatment plant and six smaller treatment facilities that consistently failed
1o meet NPDES discharge regulations, The new treatment plant will also eliminate
approximately 30 septic tank systems, and result in a significant savings in operating and
maintenance costs,

Storm water discharges associated with industrial activiry and storm water discharges from
construction sites fall under the NPDES regulations, Facilities covered by NPDES permits must
develop SWPP plans. Each plan must identify potential sources of poilution that may
recasonably be expected to affect the quality of storm water discharges. In addition, the plan
must deseribe and ensure implementation of practices used to reduce the polluwnts in storm
water discharges at the facility and ensure complianee with the terms and conditions of the
NPDES permit.

The WSC program was conducted during 1992 to verify that each waste stream is properly
monitored under the outfall category for which it is permitted and to identify and eliminate
noncomplying waste water discharges. Action plans are developed and implemented through
the WSC program to bring respective facilities into compliance with NPDES requirements.

The SPCC Plan is required by the CWA, 1t addresses facility improvements, operational
procedures, and mechanisms for reporting hazardous substances and oil spills to the authorities.
The SPCC program and LANL requires secondary containment for all above ground storage
tanks. The program also provides spill control on drum and container storage, chemical
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storage, and equipment containing oil. In 1989, eleven major sites were augmented with
secondary containment facilities, and spill prevention and control training lectures were given h

to more than a dozen operating groups (LANL 1954), -
4.2,6 Corrective Activities Program ps]
The Corrective Activities Program includes activities designed to bring active or standby
facilities into compliance with ambient air, water, and solid waste regulations and agreements, ~

The program is responsible for compliance with CWA and other requirements for effluent
discharge, including WSC and SPCC.

4.3 Monitoring Network

Groundwater protection activities at LANL include an extensive groundwater monitoring
systemn {or assessment of water quality and detection of contaminants in the water supply.,

The existing groundwater monitoring network in the Los Alamos area consists of a variety of
supply wells, test wells and springs located onsite and outside of the Laboratory boundary,
Scientists routinely sample and analyze wells and springs for radioactive and toxic constituents
for basic water quality and resource depletion. Results are published in the annual
environmental surveillance report, e.g., Environmental Surveillance at Los Alamos During
1992 (LANL 1994), and the annual water supply report, e.g., Water Supply at Los Alamos
During 1991 (LANL 1994),

Information on groundwater monitoring and sampling requirements, design criteria, and
sampling procedures and equipment can be found in the Groundwater Monitoring Plan which
exists as Chapter 8 of the Draft Environmental Monitoring Plan (LANL 19952) and as
Appendix F of this document. Networks for sampling the three principal groundwater zones are
summarized below. A list of the monitoring stations used for environmental surveillance, the
general locations, sampling rationale, and programmatic drivers is given in Table 4.1, Specific
locations for these stations are given in Appendix E.

4.3.1 Regional aquifer

The quality of water in the regional aquifer is tested at various locations in and around the
Laboratory at least once a year (Figure 4-1), There are cight deep test wells and 14 supply
wells which belong to the DOE. There are also several regional aquifer wells near the Rio
Grande which do not belong to the DOE. These wells are on San lldefonso Pueblo land and are
sumpled under the Memoranda of Understanding (MOU) between the Bureau of Indian Affairs
(BlA). the DOE, and the Laboratory. 1n addition there are many springs along the Rio Grande
which are sampled. Springs are discussed in Section 4.3.4.

Deep test wells include TW-1 and TW-2 in Pueblo Canyon, TW-3 in Los Alamos Canyon,
TW<3 near Acid Canyon, TW-8 in Mortandad Canyon, and DT-5A, DT-9, aund DT-10 on
Frijoles Mesa. Test wells TW-1, TW-2, TW.3, TW-4, and TW-8 are located in or near
canyons that have received or are now receiving industrial effluents. The test wells were
constructed between 1949 and 1960 using cable-tool drilling methods. All test wells are
cquipped with pumps and continuous recording transducers,
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DOE supply wells include the Guaje well field, the Pajarito Mesa wells, and the Otowi well O-
4, The Guaje wells are G-1, G-1A, G-2, G4, and G-5 in Guaje Canyon and G-6 in Rendija
Canyon. The Pajariio Mesa wells are PM-1 and PM-3 in Sandia Canyon, PM-2 in Pnjamo
Canyon, PM-d4 in Caflada del Buey, and PM-5 on Pajarito Mesa, Otowi well O-3 is in Los
Alamos Canyon. These wells are also equipped with dedicated pumps and either continuous
recording water-level transducers or airline recorders,

Two supply wells which are not currently being used to monitor the regional aquifer are Guaje
well G-3 and Otowi well O-1. Well G-3 was taken off line in 1993 because of decline in
production and sand in the pump. Well O-1 does not have a turbine pump due to being drilled
too crooked to allow for installation of one.

The depth to water varies between wells that are located in canyon bottoms and those located
on mesa tops. Depth to water also varies with location on the Pajarito Plateau, depending on
how close to the mountains or to the eastern edge of the plateau the well is located. Information
on well depths and screened intervals is given in Appendix E.

Regional aquifer wells are sampled for cight radiochemical constiruenis (**'¢s, tpu, 2 Mpy,
Tow! U, °H, gross gamma activity, gross alpha activity, and gross beta activity), metals (Ag,
Al, As, B, Ba, Be, Cd, Co, Cr, Cu, Fe, Hg, Mn, Mo, Ni, Pb, Sb, Se. Sn, St, TI, V, and Zn),
general inorganics (Si0a, Ca, Mg, K, Na, CO4, HCO,, PO, SO, NO4, CN, total dissolved
solids, total hardness, total suspended solids, pH, and electrical conductance), and organics
(volatiles, semivolatiles, the 129 priority pollutants, individual herbicides, pesticides, PCBs,
and oils or solvents), Regional aquifer supply wells are sampled annually for radiochemistry,
metals, and general Liorganics and triennially for organics. Regional aquifer test wells are
sampled annually for radiochemistry and general inorganies, and triennially for metals and
organics, See Table 4-1 for constituents and sampling {requencies associated with each well.

Regional aquifer wells on San Ildefonso Pueblo land which are sampled under the MOU
include LA-1A, LA-1B, LA-2, LA-5, Otowi House well, Halladay House well, New
Community well, Martinez House well, Sanchez House well, and Pajarito Well Pumps | and 2,
Wells LA-1A and LA-1B arc observation wells, while the others are supply wells for the San
lldefonso Pueblo. Annually, under the MOU it is determined which wells will be sampled.
Wells chosen for sampling will vary from year 10 year. Other San lidefonse Pueblo wells that
are sometimes sampled for special studies are the Old Community well, Westside Artesian
well, Easwside Artesian well, and Don Juan Playhouse well.

Under the MOU, wells are sampled .mnuallv for Lhc eight radiochemical constituents, metals,
and general inorganics, and triennially for ¥ Am, *Sr, and organics.

Analytical results from the sampling events are presented in the annual environmenta)
surveillance reports,

4.3.2 Inmtermediate Perched Groundwater

Perched groundwater systems of limited extent occur in the Guaje Pumace bed at the base of
the Bandelier Tuff as well as in the underlying conglomerates and basalts in portions of Pueblo,
Los Alamos, and Sandia Canyons, Sumples are routinely obtained from two test wells and one
spring (discussed in Section 4.3.4), Figure 4-2 shows these locations,

Test Well 1A is located in lower Pucblo Canyon and is completed at a depth of 225 ft into
basalts. These basalts are known to have been recharged by effluent from the sewage outfull in
Bayo Canyon.
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Table 4-1. Environmental Surveillance Groundwater Monitoring Stetions—Wells
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Table 4-1. Environmental Surveillance Groundwater Monitoring Stations—Wells
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Groundwater Protzction Management Program Man

Test Well 2A is located in the middle of Pueblo Canyon and is completed to a depth of 132 ft
into conglomerates,

Intermediate perched groundwater wells are sampled annually for the eight radiochemical
constiruents plus **'Am and %sr, and for general inorganics. They are sampled triennially for
metals and organics.

4,3.3 Shallow Perchad Groundwater in Canyon Alluvium

Figure 4-2 shows the Jocations of many wells, borings, and auger holes completed into the
alluvium, Shallow alluvial perched groundwater zones are known to exist in Pueblo, Los
Alamos, Mortandad, and Pajarito Canyons, The shallow alluvial perched groundwater zones
are sampled by means of 23 observation wells and one spring (discussed in Section 4,3.4),
Seventeen wells are sampled annually as part of the environmental surveillance activities, Seven
of the 17 and six other wells are designated for quarterly sampling in response to an EPA
requirement. There are also 14 other shallow alluvial wells which are monitored on a regular
basis but are not sampled because they are dry or do not contain enough water, The number of
stations sampled may vary from year 1o vear due to monitoring requirements or due to a well
being dry.

Shallow alluvial perched groundwater may exist in portions of Water, Sandia, and Potrillo
Canyons and Canyon del Valle, however there are no boreholes or wells in likely locations in
the canvons to confirm its presence. Again, many other wells and boreholes to the alluvium
exist, and some of the data available on them is given in the preliminary well list in Appendix
E.

Perched groundwatcer in the alluvium of Pueblo Canyon is sampled at one observation well
above the confluence with Los Alamos Canyon. Well APCO-1 was completed in 1990 as pan
of the HSWA Special Permit Condition requirements to evaluate the extent of the perched
groundwater zone. This and other well locations are shown on Figure 4-2,

Los Alamos Canyon shallow alluvial perehed groundwater is sampled at seven observation
wells, Well LAO-C is near the western Laboratory boundary, well LAO-4,5 is near the eastern
boundary, and wells LAQ-0.7, LAQ-1, LAO-2, LAO-3, und LAO-4 are spaced across the
length of the canyon between, Well LAO-1 is below the site where the Omega West Reactor is
located, Wells LAO-2, and LAO-3 are located near the confluence with DP Canyon which
received radioactive effluent from TA-21 prior to 1986.

Mortandad Canyon shallow alluvial perched groundwater is also sampled at observation wells,
Mortandad Cunyon receives waste water and treated effluent from the operations at TA-36 and
TA-50. It is the major release area for treated radiouctive effluents, Wells MCO-¢, MCO-5,
MCO-6, MCO-7, and MCO-7.5 are located in the upper part of the canyon and cover about a
two mile section corresponding to the known extent of saturation, Well MCO-7.5 is located
below the Mortandad Canyon sediment traps.

Pujarito Canyon shallow ulluvial perched groundwater is sumpled at three observation wells,
Wells PCO-1, PCO-2, and PCO-3 are located in the lower part of the canyon near the waste
storage and disposal Areas G and L at TA-54,

In Cadada del Buey, well CDBO-6 is the final well sampled as part of the annual environmental
surveillance activities, This well was completed in 1992 to monitor effluent releases from the
Sanitary Waste Water Systems Consolidation (SWSC) Project. Effluent from the SWSC Project
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has never been discharged into Cafada del Buey. The water in CDBO-6 is thought to be from
discharge during the start-up of the pump in supply well PM«4 (Purtymun, 1995).

As part of the environmental surveillance activities, shallow alluvml groundwatcr wells are
sampled annually for the eight radiochemical constituents plus *'Am and *°Sr, metals and
general inorganics, These wells are also sampled triennially for organics.

Three wells, MCO-8, PCO-3, and LAO<4.5 are sampled under requirements of Module 11 of
the RCRA permit. These wells are sampled annually for radiochemistry, metals, general
inorganics and organics.

Other shallow alluvial groundwater wells that were installed as part of the HSWA Special
Permit Condition requirements include LAO-3A, LAO<.5C, LAO-6A, MCO-4B, MCO-6B,
and MCO-7A. These wells and their pairs (LAO-3, LAO.5, LAO-6, MCO~4, MCO-6, and
MCO-7) as well as APCO-1 are sampled on a quarterly basis during 1995 in response to an
EPA requirement (DOE, 1994). These wells will be sampled for the 10 radiochemisty
constituents, metals, general inorganics, and organics. If no organics are detected in the first
sampling event, a more appropriate sampling schedule for organies will be chosen on a well-
by-well basis.

Other shallow alluvial wells at the Laboratory are monitored on a regular basis but are not
sampled because they are dry or do not contain enough water, These include wells LAO-4.5A,
LAQ-4.5B, MCO-¢A, MCO-6A, SCO-1, SCO-2, FCO-1, WCO-1, WCO-2, WCO-3, CDBO-
4, CDBO-5, CDBO-7, and CDBO-8, These wells will be sampled if water is ever present in
sufficient amounts.

4.3.4 Springs

There are 32 natural springs in and arcund the Laboratory which are used to monitor water
quality of the regional aquifer, the intermediate perched groundwater zones, and the shallow
alluvial perched groundwater zones, Figure 4«1 shows the regional aquifer springs, and Figure
4-2 shows the intermediate springs. Table 4-2 lists the springs, their general location, and
sampling constituents and frequencies.

Regional aquifer springs sampled include 24 springs in White Rock Canyon and five springs on
San lidefonso Pueblo land near the confluence of Los Alamos Canyon with the Rio Grande
(Figure 4-1). Whnc Rock Canyon spnngs are sampled annually for six radiochemical
constiruents (VCs, P*Pu, P%py Y, Totl U, and gross gamma activity) and general
inorganics and triennially for metals. Selected springs are sampled for PCBs on an annual
basis.

The intermediate perched groundwater zone is regularly sumpled at Basalt Spring (Figure 3-2),
This spring is located in lower Los Alamos Canyon just outside the L..xboratory boundury. As a
location specified in Module 11 of the RCRA o?cmung permit, this spring is sarnplcd annually
for the cight radiochemical components plus “°"Am and “Sr. metals, general inorganics and
organics,

One set of springs, the Water Canyon Gallery, is located near the western boundary of the
Laboratory and is used as part of the Laboratory water supply. The gallery collects discharge
from a perched water zone in the volcanics on the flanks of the Jemez Mountains, The gallery
is sumpled annually for the cight radiochemical constituents and for the general inorganics. The
spring is also sampled tricnnially for metals and for organics.
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There are many other springs located in and around the laboratory, There are 12 springs
situated on the eastern flank of the mountains and one on San lidefonso Pueblo land just east of
the Laboratory boundary in Los Alamos Canyon (Los Alamos Spring). There are additional
springs within the Laboratory boundary including DP Spring, Hamilion Bend Spring, Otowi
Seep, Homestead Spring, Stormer Spring, Charlie Spring, Skating Rink Spring, Bulldog
Spring, Burning Ground Spring, SWSC Line Spring, TA-16 Spring, and TA-18 Spring which
have not vet been surveyed for specific location information. Many of these springs are
sampled occasionally for special studies or background water chemistry but are not included as
part of the normal environmental surveillance activites.

4.4 Special Studies and Programs

In addition to overseeing the monitoring network, the Laboratory operates 8 number of special
studies and programs related to groundwater protection. These pregrams include hydrogeologic
studies, studies of the vadose zone, age-dating studies of the regional aquifer, surface water
studiss, and groundwater quality studies at San Ildefonso Pueblo and in the vicinity of the
Fenton Hill Geowermal Site, These programs are described below,

4.4,1 Mydrogeologic Studies

Since 1992, ER Project has drilled a number of boreholes to fill gaps in the knowledge of the
hydrogeology and the extent of intermediate perched groundwater. Many of the boreholes have
been drilled to 300 feet or more.

¢ Borehole LADP-4 was drilled to a total depth of 800 ft, in DP Canvon, No perched
groundwater was encountered, and core samples were analyzed for their hydrologic
properties,

s Well LADP-3, drilled to a depth of 350 ft. in Los Alamos Canyon, encountered
perched groundwater in the Guaje Pumice Bed of the Otowi Member,

» Well LAOI-1.1A in Los Alamos Canyon, drilled to a total depth of 300 ft,
encountered perched groundwater in both the Guaje Pumice Bed and the Puye
Fermation,

e A deep bore hole at MDA-V, TA-11, is partially completed. Located west of the
MDA, it has been drilled through the Guaje Pumice Bed. Some moist zones were
encountered but no saturated zones existed.

* At TA-54, there have been six boreholes drilled near MDA L and two deep angle
boreholes drilled from Cafada del Buey to beneath Mesita del Buey. One of the
deep angle boreholes encountered wet zones beneath Mesita del Buey in the Puye
Formation.

* A borehole at TA=39 waus drilled to 700 ft. No perched groundwater was
encountered,

* A 300 ft. borehole drilled to the top of the basalt at TA-33 encountered no perched
groundwater,
4.,4.2 Vadose Zone Studies

The occurrence and movement of water in unsaturated conditions (vadose zone) has been
studied at numerous locations within the Laboratory starting with special USGS studies in the
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1950s. Knowledge of vadose zone processes is relevant to understanding the potential for
downward movement of water that could constitute recharge to the regional aquifer and provide
a mechanism for downward migration of contaminants,

In general, the vadose zone studies show that there is less than 10% by volume of moisture
content in the tuff beneath the mesa tops at depths greater than a few meters, the zone affected
by seasonal moisture and evapotranspiration. This carries the implication that very little, if any,
recharge from the mesas is able to reach the regional aquifer (LANL 1995).

There is presumed to be greater potential for downward migration of water in canyons which
contain shallow alluvial perched groundwater because the perched water provides a
watersource, Since the mid 1980s, several studies have been conducted in canyons for RCRA
compliance requirements to further define the occurrence of shallow alluvial water and the
potential for movement of water or contaminants,

In 1985, vadose zone characterization studies were completed for Areas G and L (Pajarito
Canyon and Cafiada del Buey), The results indicate that aqueous transport of contaminants
through the rff is not a viable mechanism for contaminant migration at either Area G or L.
(LANL 1995).

A 1989 study in Sandia, Potrillo, Fence, and Water Canyons revealed no saturated conditions
in the alluvium, In 1987, observation wells were installed in Cafton del Valle adjacent to an
inactive waste disposal area. Monitoring of the wells revealed no saturation or evidence of
leachate or seepage from the landfill to the alluvium,

In 1992, a study in Cafiada del Buey was started to monitor conditions in and beneath the
alluvium. The SWSC project in Cantada del Buey may at some time discharge treated effluent
in the canyon drainage system, Five groundwater monitoring wells and two neutron moisture
logging holes were insialled within the upper and middie reaches of the drainage. Results of the
study, under predischarge conditions, indicate that there is limited shallow alluvial perched
groundwater in Caflada del Buey. Along the drainage system, saturation was found within only
a 0.8 km (0.5 mi) segment. The apparent source of saturation is purge water from the nearby
municipal water supply well PM<4. The alluvium is dry upstream from the point of purge water
entry. If effluents are eventually released into the drainage system, infiltration along the stream
bottom will create a narrow ribbon of saturation within the alluvium and weathered ruff that
will be perched on the underlying unweathered Bandelier Tuff. Continued monitoring of these
wells will further define the quality and extent of groundwater in the alluvium (LANL 1994,

Field investigations of the vadose zone under mesa tops are currently underway at five key
disposal sites and Solid Waste Management Areas. These include MDAs T and V at TA-21,
MDA AB at TA-49, MDAs G und L at TA-54, the proposed Mixed Waste Disposal Facility at
TA-67, and the Airport Landfill a1 TA-73,

At TA-54, angle and vertical boreholes have been drilled from the mesa top to obtain detailed
hydrologic and stratigraphic information. Boreholes to depths of 300 feet have been
instrumented to measure downhole gas concentrations and pressures and the significance of
vapor transport of contaminants, This information has been used for the initial design of a pilot
vapor extraction system for MDA L.

Preliminary analyses of hydraulic gradients in the vadose zone at TA-54 suggest that the
general direction of water movement within the exposed finger mesa may be upward, with
significant implications for long-term waste disposal (Gallaher and Rogers1995). This
hypothesis will require additional testing to verify. Movement of water below the adjacent
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canyon bottom elevation is downward. Cere samples of the Bandelier Tuff from each of the
areas have been submitted for hydrologic property testing.

A separate Performance Assessment is ongoing at MDA G. Critical geological, hydrological
and geochemical data have been assembled into a basic data report from which a conceprual
hvdrogeologic model for the site was formulated, Computer simulations forecast long-term
performance or the disposal area over thousands of years. The analysis will include an initial
evaluation of the role of fractures on contaminant migration within the mesa,

4.4.3 Age-of-Water and Recharge Source Studies

To better understand the nature of recharge to the regional aquifer, researchers have performed
age-dating measurements on selected water samples, This cooperative effort, involving several
Laboratory divisions and staff from another DOE installation, uses geochemical techniques
based on measurements of both radioactive and stable isotopes to help identify specific sources
and estimate the age of water in the regional aquifer. Preliminary interpretation of the data
indicates that the water ranges in age from more than 1,000 years to mere than 30,000 years,

Another series of tests on regional aquifer waters was initiated to sample for ultra-low levels of
tritium, chlorine-36, carbon-14, and plutonium and uranium isotopes. These tests can help
indicate whether recent recharge has occurred.

4.4.4 Measurement of Barometric and Earth Tide Responses in Test Welis

In QOctober 1992, the Laboratory began measuring and recording water level fluctuations at
wells completed in the regional aquifer. The dats, which are recorded at hourly intervals using
pressure transducers, suggest that the regiona) aquifer adjacent to the Rio Grande responds like
a confined aquifer to small barometric pressure and tidal perturbations, However, at locations
farther to the west of this regional groundwater discharge area, the regional aquifer apparently
behaves like a phreatic aquifer in some locations and a confined to leaky-confined aquifer in
other areas, Data from wells equipped with pressure transducers is given in the environmental
surveillance report for 1992 (LANL 1994) and suggest leaky-confined behavior as far west as
TA-16. These new data collection and interpretation efforts will continue as part of the
Groundwater Protection Management Program and will help to provide a more accurate
characterization of the regional aquirer.

4.4.5 Studies of Surface Water Characteristics

The Laboratory is conducting ongoing studies of the surface water characteristics in the Los
Alamos region (McLin 1991). These studies include Hydrologic Engineering Center (HEC)
computer-based flood models, which project the effects of severe thunderstorms on all of the
watersheds in the Los Alamos area. Different precipitation totals have been projected for 2-,5-,
10-, 25-, 50-, and 100-year storm events. The modeling effort predicts the effects of storm
runoff on floodplain elevations within canyons and on different Laboratory facilities and
structures.

Stream gages were installed in all the major drainages at LANL's upstream and downstream
boundaries, Other drainages were also equipped with stream gages on a site-specific basis.
These gages will contribute data to help understand the watershed and refine the above-
mentioned flood models.
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4.4.6 Environmental Studies at San lldefonso Pueblo

The Laboratory conducts an ongoing environmental studies program at the San Ildefonso
Pueblo. As previously mentioned, LANL and the DOE have entered into an MOU with the
Pueblo and the Bureau of Indian Affairs to conduct environmental sampling on Pucblo land.
Part of the sampling program includes monitoring the water quality in wells located on the
Pueblo land and ensuring that the water is safe for consumption and has not been adversely
impacted by Laboratory operations.

4.4,7 Studies at Fenton Hill Geothermal Site

The Laboratory operates a program for extracting thermal energy from the hot dry rock
geothermal! reservoir at the Fenton Hill Geothermal Site (TA-57), which is located about 60 km
(35 mi) west of Los Alamos (Figure 4-3). Two systems are located at the sise, The first system
contains two deep holes drilled into the dry Precambrian rock to a depth of about 3,040 m
(10,000 ft). The two holes are connected by a large fracture that was induced by hydraulic
pressurization, Water is circulated through this system to extract heat from the fracrured areas
in the granite, The second system uses a similar method and extracts heat from a depth of about
4,250 m (14,000 f1).

The Laboratory has conducted special studies of the chemical quality of surface water and
groundwaters in the vicinity of Fenton Hill since 1974, A preliminary study of the quality of
water in the drainage area of the Jemez River and Rio Guadalupe established background data
prior to any experiment, The data included chemical analyses from 17 surface water stations,
15 mineral and thermal springs, and 53 groundwater stations,

As a result of the preliminary study in 1974, the Laboratory established 13 surface and 20
groundwater stations to monitor the effects of Fenton Hill operations on the environment.
Locations of groundwater sampling at wells and springs are given in Table 4-3 and shown in
Figure &-4. The chemical quality of the surface water and groundwater has been published in a
series of yearly LANL reports entitled Water Quality in the Vicnity of Fenton Hill through
1988. After 1988, water quality data from Fenton Hill has been published in the environmental
surveillance reports. These reports show that the chemical quality of the samples has not
changed significantly from average values taken since testing began. Although variations in
chemical concentrations have occurred, these variations are within normal seasonal fluctuations
(Purtymun et al. 1991),

4.5 Reporting

The results of groundwater sampling and protection efforts at the Laboratory are published in
the annual environmental surveillance report and the annual water supply report, These two
reports are described below,

4.5.1 Annual Environmental Surveillance Report

The purpose of the environmental surveillance report is to provide a comprehensive source of
environmental data collected at the Laboratory. Since the eurly 1970s, the Laboratory has
performed routine samples of air, water, soil, and foodstuffs throughout the Los Alamos area to
determine any levels of contamination. The dats collected in this program are published
annually in the environmental surveillance report for distribution to the public and to local,
state, and federal agencies. Included in the report are sections which explain the groundwater
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Table 4-3. Fenton Hill Water Sampling Locations and Elevations

Type XsCoordinate Y-Coordinate  Elevation

Wells
FHs1 Supply 1515244,42 * 1775862.00 8675
FH-2 Observation 1515244,43 1775862.00 86882
Location 27 1524144 .37 1773681.99 7850
Location 42 1521644,38 1772301.98 7840
Location 48 1524844,36 177126198 7620
Location 53 1520044.34 1776762.00 7835
Location 54 1528444,34 1776262.00 7788
Location 55 152874424 1776662.00 7805
Location 4 152244438 1773061.85 77680
Location 47 152484436 17707681.98 7640

Springs
Location 6 1523844,37 1772881.89 7670
Location 31 149114457 1767261.88 7800
Location 39 1502144,50 1770361.99 7880
Location JF+1 162254437 175756193 6780
Location JF-5 1510844 41 1743661.88 6400
JS-243 1509544,40 1735761.86 8220
JS-4 -5 1511044 .40 1741161,88 8285
Rv-2 1523244,39 1796862.07 8360
RV=4 1528044,34 1764761.96 7380
RV-5 1528544.33 1753661.62 7340

monitoring and protection program at the Laboratory and the results of sampling that have
occurred in the subject year,

4.5.2 Annual Water Supply Report

The purpose of the Water Supply Report is to ensure a continuing historical record and to
provide guidance for the management of water resources in long-range planning for the water
supply svstem. The report publishes data on the amount of water supplied in the Los Alamos
area, The conditions of the water supply wells and the hydrologic conditions of the regional
aquifer are provided as part of this report. Special studies and documentation of new supply
wells arc included as well as detailed records of pumnping and water leve] measurements,

4.6 Conclusions

Environmental protection efforts at the Laboratory include the activities of several programs,
many of which are under the Laboratory’s ER Project. Remediation efforts conducted by these
programs help to protect the groundwater supply.

The groundwater monitoring network at the Laboratory has been used for determining the
qualicy of water in the regional aquifer since immediately following World War II. However,
because of its limited extent, questions are raised about the effectiveness of the network in
detecting early stages of contamination. The controlled development and production of the
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water supply has resulted in limited depletion of the resource as there is minor decline of the ,£:
. piczometric surface of the aquifer. Largest drawdowns are localized in the vicinity of the l&,
production wells and significant recoveries are observed when wells are shut down for routine T
maintenance, ’i',
The history of Laboratory groundwater protection efforts, however, raises complex issues 8
about the future viability of the groundwater monitoring network, These issues, which have oy
been addressed in the 1997 LANL Self-Assessmenz, the 1951 Tiger Team Assessment, and in =

other reports and assessments (Appendix I), demonstrate the need for enhancing the current
groundwater monitoring network. The issues and possible solutions are discussed in the next
section,
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5.0 lssues and Solutions

The following section discusses LANL's groundwater-related practices, policies. and
procedures, The issues are divided into seven major categories: (1) hydrogeological
characterization, (2) potential contamination, (3) groundwater monitoring network, (4) water
supply, (5) information management, (6) quality assurance, and (7) regulatory cempliance.
Possible corrective actions and solutions follow each discussion of an issue.

A number of reports, assessments, and correspondence memoranda between LANL, the DOE
and the NMED were used to prepare this section. The /997 Tiger Team Assessment (DOE
1991), the 1991 LANL Self-Assessment (LANL 1991), the 1993 New Mexico Environment
Department (NMED) Initial Assessment (NMED 1993), and the Hvdrogeologic Review for the
Environmental Restoration Program at LANL (Stephens et al, 1993) were all used as guides,
These documents are reproduced in Appendix 1, Comments and Recommendations, which has
been formatted to include reference numbers in the right-hand margins, The numbers
correspond to sections of the GWPMPP in which a particular issue is discussed.

5.1 Hydrogeoiogic Characterization

5.1.1 Hydrogeologic Characterization Issues
Recharge Meghanisms

The primary issuc concerning hydrogeologic characterization of the Pajarito Plateau is that the
rechiarge mechanisms for the regional aquifer are not well understood, The geologic setting is
relatively complex, and rescarchers have considered several potential rechurge areas to the
rezional aquifer. These areas include the Valles Caldera, the canyon bottoms, the mesa tops,
the Pajurito Fault Zone, other faults and fractures on the plateay, and the Sangre de Cristo
Mountains (Stephens et al. 1993; Purrymun et al. 1994; Goff 1991) as well as flow along the
Rio Grande rift, Studies of recharge to the regional aquifer are complicated because of the
numerous potential recharge sites and the lack of an extensive monitoring-well network.
Preliminary studies provide some information on probable recharge areas.

The potentiometric surface of the regional aquifer slopes downward toward the Rio Grande,
leading some investigators to conclude that underflow from the Valles Caldera through the
Tschicoma Formation is the primary recharge mechanism for the regional aquifer. However,
isotopic and geochemical studies show that the regional aquifer waters near the Rio Grande
differ from the waters in the Valles Caldera. Based on these studies, Stephens et al. (1993)
concluded that underflow through the Tschicoma Formation is not likely to be the major source
of rechurge to the regional aquifer.

Regiona! aquifer waters have been dated using a "C method. The dating suggests that water in
the aquifer is from 1,000 to 30,000 years old. But recent measurements of tritium in regional
aquifer waters at four locations (TW-1, -4, -8, and LA-1) by extremely low-detection-limit
analytical methods suggest recharge within the last 40 years. Although mechanisms for
recharge are not understood, the presence of tritium in the intermediate perched groundwater
zone (TW-1A, TW-2A, LADP-3, and Busalt Spring [Stoker 1994)) indicates some degree of
connectivity between the shatlow alluvial and intermediate perched zones.

Recharge to the regional aquifer may be oceurring through the canyon bottoms. A study in
Mortandad Cunyon determined that Laboratory-derived tritiated waters have infiltrated at least
60 m (200 ft) into the volcanic wif (Stoker et al, 1991). Low-level tritium analysis of samples
from a test well in Mortandad Canyon to the regional aquifer clearly shows the presence of
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recent recharge (Stoker 1994), Vadose zone studies show that the moisture content of the tuff
. beneath the canyons is greater than that beneath the mesa tops, and the depth to the regional 3
aquifer is several hundred feet less than on the mesa tops (LANL 1995). Also, because many of o
the canyons contain intermittent or ephemeral streams throughout the year, they are more likely 0
to contribute some component of recharge to the regional aquifer. 1
Stable isotopic studies (50, 8°H) indicate that the source of the regional aquifer water s pu)

meteoric water and has recharge components from both high and low elevations (Gof? 1991;
Stephens et al, 1993), These data have been used to postulate that the Sangre de Cristo
mountains may be the source for the waters in the castern portion of the aquifer, along the west
side of the Rio Grande,

i.

None of the studies described above are conclusive, and additional investigations will be
required to identity the recharge area(s). It is possible that recharge to the regional aquifer is
from multiple sources, and testing and evaluation should consider all of the potential recharge
areas that have been proposed.

Another issue concerning the regional aquifer is the lack of hydrogeologic data. Not enough
wells are completed to the regional aquifer to understand local and regional hvdrogeologic
properties. The depth and continuity of the regional aquifer is not well understood. Also,
information is not available on the vertical stratification of the aquifer materials. Studies of the
storage and transmissivity of the aquifer, as well as the physical characteristics of aquifer
materials, need to be performed.

In sum, little data are available for churacterizing recharge to and hydrogeology of the regional

. aquifer. Much of the available data are limited due to the age of the wells, the lack of
information on well construction, and the Jack of core samples for hydrologic property
analyses. Stephens et al. (1993) suggest that the availuble data indicate that there may be
multiple sources of recharge to the regional aquifer, It is also possible that the recharge
mechanisms operating today are diffcrent than those that were in place several thousand years
ago when much of the regional aquifer waters were introduced.

5.1.2 Hydrogeological Characterization Solutions

The primary solution to hydrogeological characterization problems is to construct a more
extensive monitoring well network, Construction of monitoring wells in potential recharge
areas will provide useful information in groundwater sampling and hydrologic testing and will
help to determine if the sites are, in fact, recharge areus for the regional aquifer.

The ESH Water Quulity and Hydrology Group has proposed construction of 23 wells to the
regional aquifer, 14 wells to the intermediate perched groundwater zone, and about 50 wells
into the shallow alluviul perched groundwater zone, Of the 23 wells to the regional aquiter, one
is a proposed ER Project well at TA<54, Area G, Information obtained from the drilling and
sampling of these wells should provide increased knowledge of recharge through the plateau.
Tables 5-1, 5-2, und 5-3 give the general locations, rationale, and sampling objectives for each
of the proposed wells, Figures 5-1, 5.2, and 5-3 show the plunned locations of the wells. The
DOE-OB (Oversight Bureau, formerly the NMED-AIP) has reviewed these proposed well
locations and has provided comments and recommendations (see Memorandum to Mr. Joseph
Vozella from W, Stone et al., July 11, 1995 in Appendix 1). Many of these recommendations
have been incorporated into Tables 5-1 and 5-2. Where LANL is not in agreement, reasoning is
. given in Appendix 1 next to the recommendation.
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Table 5-2. Proposed Intermediate Well Location Rationale and Sampling Objectives
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Table 5-3. Proposed Shallow Alluvial Well Location Rationale and Sampling Objectlives
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Two types of rationale were used to choose the initial proposed well locations, One type of
rationale includes contaminant monitoring and detection issues, Wells were proposed tor
location near treatment fucilities, locations downgradient of known areas of contamination, and
locations within groundwater flow paths so that chances of contaminant detection are
maximized on a facility site-specific basis. The other type of rationale includes needs for
hydrogeologic information, Wells were proposed in locations were hydrogeologic information
is needed. These wells will provide stratigraphic information and water level monitoring
capubilities. Where possible, an effort was made to locate the hydrogeologic information wells
in areas where they would also provide contaminint monitoring on a laboratory site-wide busis.

The procedure for siting proposed well locations will be an iterative one, The current
placement of proposed wells is bused on the best available information to date. These locations
are approximate and will change during the siting process. The {irst step of the process will be
the analysis of existing data and development of a preliminary hvdrogeologic conceptual model.
From the preliminary model, the need for further data and studies will be identified. Primary
locations will then be refined and wells will be sited appropriately,

The hyvdrogeologic conceptual model will be continuously updated with new information from
drilling and completed studies. In this fashion, the mode! will be used as 1 tool to further refine
remaining proposed well sites, The iterative process is shown in Figure 5+,

Drilling and sumpling objectives for regional, intermediate, and shallow alluvial wells will be
designed to provide as much multipurpose hydrogeologic data as reasonably possible, Muny
proposed well locations were chosen to fill known hvdrogeologic data gups. Objectives for
drilling and sumpling differ for each well at cach proposed location. The umount of
hydrogeologic information varies across the facility and even over small distances. {n some
areas the shallow alluvial system may be intensely studied while the lower zones have relatively
little information available, This variability of information means that the objectives of each
well must be examined on a case-by-cuse basis. Objectives for cach of the wells may include all
or some of the following:

»  Geohydrologic analyses of core samples (e.g., hydraulic conductivity, moisture
content, moisture characteristic curve, specific particle density, air permeability,
and unsaturated conductivity),

* Isotopic analyses and geochemical properties of core and aquifer water saraples
(e.g., *H/H, ™0/"%0, stable and rudicactive chlorine isotopes. tritium, and total
organic carbon/dissolved organic carbon, cation exchange capacity, bromine, pH,
and nitrogen}.

» Totwl hole air flow anemometry.

+ Borehole geophysics (e.g., epithermal neutron, gamma-gamma, natural gamma,
spectral gamma, magnetic susceptibility, and electro-magnetic induction).

» Full suite of rudiologic unulyses for selected sumples including groundwater,

» Full suite of geochemical analyses for selected water sumples (e.g., Na, K, Mg,
Cit, SO4, HCO,, CI, alkalinity, Fe, Mn, Al, S$iO,, trichlorosthene, trichloroethane,
and other volatile and semi-volatile organics).

« Aquifer testing (e.g.. testing of discrete water-bearing zones, pump tests, slug tests,
alc.).
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e Monitoring (sampling for geochemical, radiochemical, and isotopic constituents on
a quarterly basis for a sufficient amount of time to determine if variations in quality
exist, or monitoring to determine if fluctuations of the potentiometric surface exist),

Intermediate wells are proposed for the purpose of gathering perched groundwater data,
characterizing recharge and contauminant transport pathways, and determining extent and
character of intermediate perched groundwater zones. Construction and completion of proposed
wells will be dependent upon the main purpose of the well, information obtained during
drilling, and whether groundwater is encountered.

Shallow alluvial zone wells are proposed for the purpose of identifying and characterizing
shallow alluvial zone perched groundwater and for understanding connectivity between shillow
alluvial and intermediate zone groundwater, These wells are also proposed to evaluate the
hydraulic relationship between water-bearing zones under the mesas and cunyons. For these
reasons, drilling and completion of shullow alluvial zone wells is dependent on the information
desired at cach location. If groundwater is encountered, the well will be completed in
accordance with Environmental Protection Agency (EPA) Guidelines (EPA Technical
Enforcement Guidance Document [TEGD)), and applicable LANL Standard Operating
Procedures (SOPs). A Well Completion Matrix presenting criteria from current and proposed
LANL ER SOPs, New Mexico Monitoring Well Construction and Abandonment Well
Standards, the HSWA permit and EPA Guidelines is given in Appendix J.

Before any of the proposed wells are drilled, ER Project and WM Program needs should be
cvaluated so as to minimize duplication of effort. One role of the Groundwater Protection
Management Program is to coordinate groundwater protection activities at the Laboratory,
including installation of new wells. Final decisions on placement of the proposed wells will be
made by a Technical Review Committee (TRC) consisting of representatives from Laboratory
groups (c.g., the Water Quality and Hydrology Group, the ER Project, the WM Program, the
Utilities Program, and the Exrth and Environmental Sciences division) and other groups (e.g.,
the DOE-OB, the Pueblos und other stukeholders), The TRC is discussed in further detail in
Section 7.0 Implementation Plan,

In addition to these Laboratory cfforts, the USGS has proposed a study of groundwater
recharge and {low system (Appendix G). The study will specifically target the question of
recharge from the Sierra de los Valles to the west of the Laboratory and include several wells
on either side of the Pajurito Fuult Zone. The influence of the fault zone on surfuce-water flow
will be monitored through the use of stream gaging stations above and below the fault zone,
Downward migration of water will be monitored through well clusters. The estimated cost and
duration of these proposed USGS activities is $2.24 million over six years,

Information gathered from the installation of these monitoring wells will also help in the
development of a more comprehensive hydrogeologic model of the Pajarito Plateau and the
surrounding area. This modeling effort should include both busic water movement und
contaminant transport in saturated and unsaturated zones. The model should be updated as new
information is generated, All new wells installed should become part of the groundwater
monitoring network and be sampled as part of the Laboratory’s annual environmental
surveillance activities, Potentiometric surface maps should be generated from dat collected and
be updated as more information becomes available. Also, & geologic map at the water table
might be helpful in understanding potential recharge pathways,

Other activities are suggested for further evaluation and characterization of recharge to the
regional aquifer. Sampling of perched wiaters bencuth the canvon bottoms and within wff units
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bencath the mesas would be useful for determining the potential for regional aquifer recharge
from perched water, Additional '“C dating of water in the potential recharge areas, the regional
aquifer, perched zones, and seeps and springs would provide additional information on
potential recharge rates and mechanisms. An evaluation of flow and infiltration from perennial
and ephemeral streams will help assess whether the canyon bottoms are recharge areas,

Coordination of vadose zone studies conducted by different Laboratory groups and
consolidation of the data penerated would greatly augment the level of understanding of
possible recharge though the vadose zone. The number of vadose zone studies are increasing
but are being conducted over short intervals, Also, most of the study efforts do not extend
below 45 to 60 m (150 to 200 f), leaving a data gap between there and the top of the regional
aquifer. An extended field program, one capuble of spanning a time frame as long as a decude,
is necessary to understand unsaturated flow conditions at Los Alamos. Coordination of these
studies and consolidation of data is a planned activity of the GWPMP Program.

The ER Project has released the Draft Site-Wide Studies Plan for Environmental Restoration
(LANL 1995c). The plan is expected to be finalized by early 1996, The purpose of the plan is
to identify siteswide studies that will enhance the quality of technical work and reduce the
overall costs of supporting present and future environmental restoration activities at the
Laboratorv. The studies are designed to provide qualitative and quantitative knowledge of the
environmental setting and processes relevant to current and future distributions of
contaminants. Thus the plan identifies many studies with a direct bearing on hydrogeological
characterization,

Inputs for the plan came from many sources including representatives from ER Project Field
Unit teams. a Laboratory team of speciulists from the geclogical, hydrological, and
environmental sciences, risk assessment statisticians and analysts, and ER Project managers,
The studies comprise nine general topics: four topics concern the environmental setting: four
emphasizing environmental processes: and one focuses on uses of data collected during studies
in the above eight topics, The draft siteswide plan gives complete details of the proposed
studies. Studies which could aid in hydrogeological characterization are shown in Table 5-¢,

Currently underway is the development of a Site-Wide Hydrogeologic Work Plan. This work
plan, requested by the NMED, will be a source for relevant site-wide hvdrogeologic studies

once completed.
5.2 Potential Contamination

5.2.1 Potential Contamination Issues

Recent analyses of low-level tritium in samples from various wells definitely show parts of the
regional aquifer have recent recharge (Stoker 1994), Although the exact recharge mechanism(s)
hus not been proven, possible transport pathways suggest that the contamination issue should
address the possibility of (1) contaminants moving through the unsaturated (vadose) zone, (2)
contaminants infiltrating areas of high fault or fracture density, and (3) contaminants infiltrating
along well shafts or boreholes,

Rotentia] Sourges

Radioactive and hazardous waste has been generated and disposed at LANL since the
Laboratory's inception in 1943 (Kelly 1975). Twenty-three Mazerials Disposal Areas were
identified by Rogers (1977) and all such sites are considered potential sources of groundwinter
contamination, An extensive list of PRSs was identified early in the ER Project and is updated
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Table 5-4, Hydrogeologic Studies Included in the Draft Site-Wide Studies Plan
for Environmental Restoration

EP. Progrom Study

Major Beneflt

Evaluation of hydraulic properties of geclogic units
Location and nature of springs
Location and nature of perched aquifers

Surface geology=—Geologic mapping of the Banceliet
tulf

Surface geology=~Gaologic mapping of the posts
Banaelier tutf units

Surtace gaciogy==Bandelier IuHf siratigraphy studies

Subsurface geclogy~=Logging, sampling, and
analysis of selected desp boreholes

Subsurface geclogy=-=Gocchronology of pres
Bandelier tuff units

Geochemical setting==Natural background
¢istributions of elements and solutas

Hydrologic processes—Development and validation
of an integrated subsurfuce

Hydrologic processes—-Hydrologic connectivity

Hydrologic proceases==Fracture flow and transport
studies

Hygrologic processes—\apor-phase flow and
tranapon studies

Hygrologic processes—=Racharge of the regional
aquifer

Geochemical processes-=Inloraction ¢f
contaminants with the environme.t

Data analysis-=Thras-cimensional geohydrologic
medel

Dato analysis—=Data uncenamnties

Madal for prediction ¢f site-specific parametars
Denth and condition of uppermest groundwater

Information to construst site concaptunal gechydrologic
model

Surface and 3.0 geology mode!
Surface and 3.0 geology mocel

Suriace ang 3.0 geology model

3.0 geology model; validate site=wide stratigraphy and
background values

Enhance spatial reconstruction of agulfers
Prediction of background values

Define sub-surface pathwnys; provide t00ls to predict
contaminant migration

Input to 3-0 geonhygealogic mode!
Define imporance of fracture fiow as pathway

Defina processes cf vapor-phaae transporn and
importance as transpon pathway

Determine probable and eliminale unreasonable sources
of racharge,; input to
3-D geonhyarologie mode

Conceptual mode! of geochemical process televant to
contaminant migration; quantification of relevant
geochemical processes

Visualization of 3.D dats and models of contarmnation
migration and remediation

Resource 1o ingorporate gata and model uncertainties in
compiex pathways analyses

on a regular basis (see Appendix D), An additional possible source of groundwater
contamination is the historic and current practice of discharging treated effluents in canyons
near the northern boundary of the Laboratery, While all canvons have received some industrial
and sanitary discharges, Los Alamos, Sandia, Mortandad, and Pueblo Canyons are particular
areas of concern because they are considered to be the most likely areas of potential recharge to
the regional aquifer,

Limited ¢ Ing ,

The understanding of contaminant transport pathways is limited, Several reports (Purtymun

1984; Purtymun 1989; Purtymun and Stoker 1987; Devaurs and Purtvmun 1985) describe the
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regional aquifer as being isolated by a barrier of dry voleanic rock that inhibits infiltration or
downward migration of moisture from the surface or from perched water zones. However,
monitoring of the regional aquifer and intermediate perched zone has shown low levels of
teitium in Test Wells 1, 1A, 2, 2A, 4, and 8, observation well LA-1A, and former supply well
LA-2. The transport pathways through the Bandelier Tuff have not yet been determined and
could include saturated flow mechanisms as well as vapor phase migration through unsaturated
geologic materials, Vapor phase migration through unsaturated wiff is supported by the finding
of tritium down to 60 m (200 ft) below one mesa top at TA-33,

100 H
One of the possible transport pathways is along the well bore of inadequately constructed or
inappropriately designed wells, As mentioned before, many of the wells at the Laboratory were
constructed as eurly as the 1940s. These wells may be in poor condition due to age or just
because of an inappropriate construction for the type of monitoring which needs to be
conducted at the Luaboratory. Tritium has been detected in samples taken from observation wel)
LA-LA und Test Wells TW-1, 1A, -2, -2A, -4, and -8. In al] of these cases, it is possible that
tritiated waters from the surfuce have seeped along the well bore due to an inadequate scal.
This may be because there was insufficient grouting emplaced during the cable tool drilling.

These wells may need to be plugged and abandoned in accordance with the New Mexico
Environment Department (NMED) and New Mexico State Engineer Office requirements to
insure that contaminant transport pathways to intermediate depth perched groundwater and the
regional aquifer are properly closed off, These plugging and abandonment procedures need to
be applied to all wells that cannot be refurbished, as well as borings and coreholes that might
present a pathway for contamination,

Monitoring Well Network

The location and distribution of monitoring wells are initdequate for assessing contaminant
transport. Potential sources of contamination are often located in troublesome arcas — zones of
high fault or fracture density. near cliffs, and in canyon bottoms — in which few or no
monitoring wells are located. For example, there are no monitoring wells completed in the
zones of shullow alluvial perched groundwater near the Los Alamos County Landfill.

The characterization of contaminant transport into intermediate and shallow alluvial perched
zones is also not complete. The understanding of contaminant trunsport pathways is essential
for understanding canyon-specific perched water zones. For example, the Cerro Toledo alluvial
deposit within the Bandelier Tuff (“epiclastic unit™) outerops near the confluence of Acid and
Pucblo Canyons, and may serve as a pathway for discharges from the Larry Walkup Aquatic

Center and a decommissioned radioactive waste treatment facility, The charucterization of
contaminant transport into perched zones in Los Alamos Canyon, which may ultimately
outerop as seeps and springs near the Rio Grande, is also not complete.

5.2.2 Potential Contamination Solutions

The primary solution to understanding the extent of the effects of Luboratory activities on the
regional aquifer is to construct more monitoring wells (Figures 5-1, 5-2, and 5-3 are maps of
the proposed well locations), Once constructed, the new monitoring wells should provide daty
for rescarchers to gain 4 better understanding of how contuminants are transported from
discharge sites, The data will be used to model contaminant transport using hypothetical leaks
or spills,
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Analyses of subsurface data have shown that numerous faults cut across the Pajarito Plateau
(Dransfield and Gardner 1985), The major fault zones within the Laboratory are shown in
Figure 5-5. Although these fault zones have becn identified, they have not been fully
characterized as to their role in contaminant transport (i.¢., they could act as either contaminant

barriers or contaminant pathways). A site-wide study is needed to identity additional faults and
fractures that may exist and to characterize their role in contaminant transport, This
information is needed to support 4 contaminant transport model,

As previously mentioned, the USGS has proposed u study of groundwater recharge that
includes characterization of the Pajarito Fault Zone. In addition to this the USGS has also
proposed a study to collect, compile, and evaluate hydrologic data in and around the Los
Alamos urena, This data will be used for current and future studies, including groundwater flow
and contaminunt transport modeling. Estimated cost is about $1.7 M over five vears,

A special study of seeps and springs is being proposed for fiscal year 1995. This special study
should help to churacterize how contaminants travel downstream through the alluviun in select
canyons to dischurge points near the Rio Grande. This study should greatly assist in
understanding contaminant transport along the shallow alluvial perched zones, and it should be
among the highest priorities of the GWPMP,

More special studies of the vadose zone are needed to characterize the contaminant pathways
through unsaturated areas, These studies would provide u much better understanding of how
tritium percolated to 60 m (200 ft.) beneath the Mortandad Canyon bottorn and the mesa at TA-
33, These studies will also help to determine if tritium (and other contaminants) moves in the
liquid or vapor phase. Additional sampling and analyses for tritium in the vadose zone,
potential recharge arcas, and the regional aquifer waters are necessary to determine the
significance of tritium in the regional aquifer,

Core samples collected during vadose zone studies should be analyzed for both naturally-
occurring and anthropogenic isotopic tracers, This will provide an indication of infiltration
rates and depths in the vadose zone, and help to evaluate hydrologic properties uand whether
vapor-phase transport of contaminants to the regional aquifer is occurring.

Additional sumpling of groundwaters for Jow-leve] tritium analyses are being planned.
Continuing discussions with the Pueblos of San Ildefonso, Santa Clara, Cochiti, and Jemez, and
with the Pueblo Office of Environmental Protection are expected to lead to a major sampling
effort. This sampling will include groundwater sources on and adjacent to the pueblos that have
not previously been anaivzed for low-level tritium, Most of the groundwater sources in the
vicinity of Los Alamos will be resampled to add confidence to the validity of the
measurements,

Uranium and plutonium groundwater samples collected in 1994 are being analyzed by an
extremely sensitive mass spectrometry technique to identify specific isotopes of uranium and
plutonium, The ratios of uranium isotopes or merely the presence of some isotopes is an
indication of the source (e.g., anthropogenic or natural). The analyses can also indicate the
origin, such as atmospheric fallout or industrial effluent,

This information can also be used to resolve connectivity questions, Preliminary results indicate
no detectable plutonium in any of the samples {rom the regional aquifer as measured by low-
level mass spectrometry, Measurements of samples from the shallow alluvial perched
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Figure 5-5. Major fault zones in the Los Alamos aren
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groundwater in Pueblo, Los Alamos, and Mortandad Canyons contirm previous meusurements
by other methods and demonstrate the usefulness of the isotopic ratios to clearly distinguish
different sources, Extensive additional work using this analytic method is planned.

The Laboratory is currently in the process of developing standard procedures for well plugging
and abundonment. A program specifically designed to address plugging of contaminant
transport pathways (coreholes und borings) and abandonment of inadequate wells needs to be
developed. This program would be responsible for implementing the plugging and
abandonment SOPs. Initial funding has been requested for nine wells to be plugged and
replaced over the next five years, Additional funding will be requested as plugging and
abandonment needs arise,

Plugging and abandonment activities should be prioritized. Plugging of a well should not be
done until funding is availuble to replace that well, First priority should be given to those wells
in which the presence of tritium or other contaminants could be due to a leaking seal or
inadequate well construction, This could include the test wells discussed above (TW-1, -1A, -2,
-2A, -4, -8), TW-2B which is an open hole to the intermediate zone, and DT-5A in which Jead
was found at higher levels thun carlier background concentrations, Next priority should be
given to wells, coreholes, and borings that are most likely to provide a contamination pathwuy
to groundwater because of their location in areas thut receive or have received liquid or solid
waste. Final priority should be given to other wells that were constructed using cable tool
drilling methods but are not located in areas that directly receive waste, This includes TW-3,
DT-9, und -10, Table 5-§ is 4 prioritized list of wells considered for plugging and
abandonment, along with justification. A technicul discussion of the plugging and abandonment
procedures will be included upon completion of the Luboratory's plugging and abandonment
SOP.

Toble 5.5, Wells Considered for Plugging and Abandonment

Priority* Well ID Justification

1 T™W.28 Inadequate well construction, well open ta
intermediate 2one

2 TW-2A Prosence of tritium in well, inagequate wali
construction suspectad

3 TW.1A Presence of tritium in well, inageguate well
construction suspecled

4 TW.2 Presence of tritium in well, inpdeguate well
construction suspected

5 TW-1 Prosence of tritium in well, inadequate well
construclion suspecled

6 TWa4 Prasence of tritium in well, inadequate well
construchion suspecied

7 TW.8 Presence of tritium in well, inadequate well
construction suspected

8 DT-5A Presence of high Pb levels, inadequate well
construction suspected

8 TW.3 Inadequate well construction suspected

* Prienty subject to change upon collection of further information.
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5.3 Groundwater Monitoring Network

5.3.1 Groundwater Monitoring Network Issues
The muin issue concerning the groundwater monitoring network is that the number and
construction of wells used to characterize the hydrogeology in the Los Alamos region is
insufficient. A total of 22 wells constitutes the DOE-owned network for monitoring the regional
aquifer — 14 supply wells and 8 test wells, As shown earlier in the text (Figure 4-1), none of
these wells are located at the eastern or western ends of the facility, This absence means that
comprehensive data for water-level measurements, contaminant migration, and other
parameters cannot be collected.

1 V! int A r 3 ' H \' |
These issucs also apply to the shallow alluvial and intermediate wells, Not enough wells are
drilled into the shullow alluvial perched zones (Figure 4-2) to characterize how surface-tlow
contaminants infiltrate the shallow alluvial perched zones in some historically contaminited
canyons. More wells are also needed at intermediate depths, where groundwater may occur, 10
characterize the connectivity between shallow alluvial perched groundwater zones, and the
intermediate groundwater zones, This luck of wells limits the understanding of how seeps and
springs are recharged along the canyon bottoms,

Vi =112 irorine
Another issue of concern is the effectiveness of environmental surveillance monitoring etforts
at the Laboratory. There are not enough wells penetrating the regional aquifer that are
specifically for monitoring purposes, and those that do exist are not appropriately distributed
within the Luboratory boundary, Over half of the wells usec for environmental surveillance
monitoring at the Laboratory are also supply wells for Los Alamos County. The use of supply
wells for monitoring rarposes is a concern because supply wells are sereened over a much
larger depth interval than monitoring wells and the pumps are high capacity pumps, Also, the
continued pumping of these wells induces a large component of dilution of any potential
contaminants which might be introduced at the uppermost levels, As a result, water samples
from supply wells do not provide the same quality of data as do samples from monitoring wells
which produce from discrete intervals of the water bearing zone,

Routine environmental surveillance monitoring is conducted at LANL, The details and structure
of the Environmental Surveillence Program are outlined in the Draft Environmental Monitoring
Plan (1995) and the results of monitoring efforts are reported in the annual environmental
surveillanee reports (e.g., Environmental Surveillance at Los Alamos during 1992). In some
special cases, a well or spring may be sampled several times in one year for selected
constituents, The Laboratory intends to review records to best understand where the monitoring
frequency should be increased to more than annually. 1t is expected that the frequency of
monitoring for new wells and some existing wells that are in probable contamination areas, or
where contamination has already been found (e.g., tritium), or that exist as a transect or a well
nest, may be quarterly for a limited time to examine the variability of certain parameters.

v ze and Conditi

The condition of many of the wells is another problem with the existing groundwater
monitoring network, Many were constructed more than 40 years ugo and do not meet current

standards required by regulatory agencies, For example, the cusing on older wells is
inappropriate for the sampling of organics and trace metals; these older wells were not logged
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and cored according to contemporary standards. Many of the older wells are also not scaled
properly to prevent contaminant infiltration along the casing.

Springs

In addition to these well problems, there are some problems associated with the labeling and
sampling of springs. First, not all of the springs in and around Los Alamos have been
identified, named, and surveyved for location information so that they may be included as part
of the spring inventory. Secondly, in the past, designations of springs as groundwater rather
than surface water has not been consistent. Finally, spring sampling stations have not been
adequately marked in the field with o permanent monument to avoid major deviation in the
sampling points over time,

G I Monitoring PL:
In 1991, reviewers identified LANL's Groundwater Monitoring Plan as inadequate according
to the criteria in DOE Order 5400.1 (see Appendix [-Comments and Recommendations).
Although the plan addressed frequencics, locations, and radioactive and hazardous constituents
to be sampled, it needed to more fully address field SOPs and other procedures, The
Laboratory was also required to complete a full inventory and map of active, abandoned, or
sampled wells on the Pajarito Plateau,

5.3.2 Groundwater Monitoring Network Solutions

A complete inventory of all wells, active, abandoned, or plugged, was completed in 1995
(LANL 1995). As mentioned ubove, the Laboratory is expanding the groundwater monitoring
network to include more wells in the vicinity of contamination areas (Figures S-1, 52, and 5-
3). Two intermediate~-depth coreholes, and one monitoring well to the regional aquifer, are
being drilled near TA-54, Materials Disposal Arca G. In addition, the following projects have
been proposed and funded: two to six intermediate-depth core holes near TA-21, two
intermediate-depth core holes near TA-2 and TA-41, and two intermediate-depth coreholes near
TA-49, This program will help researchers to understand contaminant flow in the vicinity of
these sites, Monitoring wells have been proposed for other historically contaminated areas as
well,

All new monitoring wells will be included as part of the annual environmental surveillunce
activities at the Laboratory, The sampling frequencies for new wells should be determined
individually based on the presence of certain radiochemical constituents, 1f these constituents
are present, the well may be sumpled quarterly for these constiruents, If, after sufficient time
(e.g.. three years), no significant variations in groundwater quality are noted. the sumpling
frequency for these constituents may be adjusted to an annual or other appropriate basis.
Exceptions may include wells that are placed in known contamination areas or are part of a
transect or well nest, In this case, quarterly sampling for certain constituents may be
appropriate.

Sampling frequencics of existing wells may need to be altered on an individual basis, Wells that
are located in probuble contamination areas (e.g., locations where sources of contumination are
nearby) may have their sampling frequencies increuased to quarterly. Next priority for quarterly
sampling ure those weils which, from a review of existing data, show a variation in water
quality. Priority will also be given to wells where contamination has already been detected or
that are part of a transect or well nest, Many of the existing wells have shown no variation in
groundwater quality during several vears of sampling, therefore increased sampling of all wells
within and around the L.os Alumos area may not be appropriate at this time.
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The expanded network will include more wells at the east and west ends of the facility (Figures
5+1, 5-2, and 5-3). The GWPMPP includes provisions for replacing or refurbishing old wells in
the supply and monitoring-well network and outlines 2 drilling plan that will be implemented
over a S-year period, When complete, the expanded network will greatly assist hydrologists in
understanding the mechunisms of recharge to the regional aquifer, Sampling and monitoring of
new wells wil] become part of the annual environmental surveillance activities.

Two of the USGS proposals previously mentioned include the installation of monitoring wells
around the Los Alamos area.

The Laboratory will consider the following factors in the construction of new wells:

e Placement. Monitoring wells should be placed in areas that are historically
contaminated or that require greater hydrogeologic control, Laboratory
environmental groups should concur on well plucement, drilling methods, and
construction techniques to reduce costs and duplication of effort,

e Dedicated Eguipment. Monitoring wells should be outfitted with dedicated
equipment. This equipment should include transducers, pumps, access tubes,
and other devices that might become damaged if maintained as portable units,
This would also eliminate the concern of cross-contamination,

e Casing. Monitoring wells should be constructed with casing materials that
extend the lifetime of the well. Different casing materials (e.g., steel and
plastic) should be examined in selecting the most appropriate material for a
particular well,

e Screencd Intervals, Monitoring wells should be constructed to monitor discrete
hydrologic intervals. This techrique should eliminate the problem of 11sing
supply wells for monitoring purposes; these are screened over too large an
interval to collect appropriate data, The EPA recommends a screen interval less
than 15 feet to comply with RCRA.

A Well Completion Matrix presenting criteria from current and proposed LANL ER SOPs,
New Mexico Monitoring Welt Construction and Abandonment Well Sundards, the HSWA
permit and National EPA Guidelines is given in Appendix J.

Springs in and around the Los Alamos area should be identified, named and surveyed for
location information. This information should be included in a database along with sampling
information, All springs should be designated as groundwater sampling stations, All spring
sampling stations should be adequately marked in the field with as permanent a monument as

possible to avoid major deviation in sampling points through time,

The Groundwater Monitoring Plan (GMP) as it exists in the draft Environmental Monitoring
Plan (LANL 1995) has been approved by the DOE. As required by DOE Order 5400.1, the
GMP is updated on an annusl basis and the updated version is included as Appendix F of the
GWPMPP, Principal procedures and methodologies used to carry out the groundwater
monitoring program are described and information about stations, analytes, sampling
frequencies and analytical procedures is included. Currently, the Laboratory is developing a set
of standard procedures for constructing, maintzining, and abandoning wells. In addition, the
ESH Water Quality and Hydrology Group is developing a set of surfuce water and groundwater
sampling procedures,
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5.4 Water Supply

5.4,1 Water Supply Issues

. Isig
The main issue concerning water supply in Los Alamos is that the regional effects of supply-
well pumping are uncertain, Laboratory hydrologists are uncertain whether the regional uquifer
is being depleted faster thun it is being naturally recharged. An apparent 0.6 m (2 t) per year
water-level decline has been observed in some wells, Other supply wells, however, show no
decline in water levels (Purtvmun et ul, 1994),

Another issue concerning water supply is the decline in productivity of supply wells over time.
Many of the supply wells at the Laboratory have been used as 2 water source for over 40 veurs,
After years of pumping, the production of the well and quality of the water supply begins to
decline due to build-up of sediment in the bottom of the well. Production from wells G-1 and
G-1A hus decreased noticably over the last 3 years and well G-3 was taken off-line in 1993
because of excess sediment production.

The problems associated with the monitoring-well network have already been described
(Section §.3.1). Water level measurements taken from pumping wells are questionable, and it is
not possible to measure hydraulic gradients and direction of flow under pumping conditions,
Data trom test wells is sparse, Most of the regional aquifer wells are located in the northeast
portion of the facility or offsite to the north and east, Three test wells, DT-5A, -9, and -10, are
located on mesus near the southwestern boundary of the Laboratory, This well arrangement
dogs not provide adequate data for mapping the potentiometric surface and determining
groundwater flow near the west and southeast portions of the Laboratory, This inforrnation is
important for understanding how much water will be available for furure Laboratory and
townsite activities,

Drevious C o

Another issue involves contamination observed in some supply wells, Noncoliform bacteria
have been found in some of the Luboratory's production wells, and high levels of nuturally
occurring arsenic were found in a supply well (LA-6) in Los Alamos Canyon. The source of
the bacteria and reasons for fluctuation in counts are unknown, Well LA-6 has since been
plugged, and the LA Well Field has been replaced.

5.4.2 Water Supply Seolutions

Currently, three new supply wells are proposed for the Guaje and Otowi Well Fields. Two of
the wells are proposed to replace or supplement existing wells in the Guaje Well Field and one
well is proposed for the Otowi Well Field, 1f the first well drilled in the Guaje Well Field does
not meet production expectations, then the remaining two wells will be drilled in the Otowi
Well Field instead,

Ir; conjunction with the drilling activity, an atempt will be made to bring well O-1 on line. As
previously mentioned, this well was drilled too crooked to allow the installation of & standard
high-volume production pump. A smaller submersible pump may fit and provide some
production from the well,

When the new production wells are on line, decisions will be made as to the future status of the
existing Guaje wells; i.e., maintain them as monitoring wells, or plug and abandon them.
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Recently the Laboratory has supplied all regional aquifer test wells with continuously-recording
pressure transducers to monitor changes in water level. This data will allow & better
understanding of pumping effects on the aquifer and on the longsterm water supply. Still more
pumping and observation wells to the regional aquifer need to be constructed to ensure a viable
water supply for the Laboratory and townsite, The observation wells should be distributed
inside and outside Jaboratory boundaries in order to gain better potentiometric control and
constructed with dedicated transducers or access ports {or water-level measurernents,

As previously discussed, the ESH Water Quality and Hydrology Group has proposed installing
23 monitoring wells to the regional aquifer over the next five years, some of which are
specifically intended to increase knowledge of the water supply, as well as monitor water
quality (Figures 5-1, 5-2, und 5-3), The ER Project has also proposed the installation of wells
strictly {for monitoring purposes (Table 5-1).

A special study relating to long-range water supply for the Los Alamos area was completed in
1986 by the U.S. Corps of Engincers for the DOE. In this report, waters from the Sian Juan and
Chamu rivers were considered as a short-term supplement to the water supply, Other special
studies are needed to answer questions pertaining to naturally oceurring biological and mineral
contaminants in the regional aquifer wells,

5.5 Information Management

5.5.1 Information Management Issues

Cenrral Database

The main issuc concerning information management is that the Luboratory does not have a
recognized, central databuse for storing bydrologic, geologic, water quality, and other related
data, Each group uses its own unique manual or electronic method for storing basic
groundwater data, Some groundwater information is obtainable by contacting a specific
supplier or the Facility for Information Management, Analysis, & Display (FIMAD), However,
greater centralization and coordination of this information management process is needed so
that external and internal customers can access the relevant groundwater data.

Data_Format

The process of centralizing information is complicated by other factors. Groundwater data
conventions, such as units, labels, or qualifying remarks, are often unique to a particular
LANL group, resulting in a lack of consistent data reporting. In addition, the use of different
hardware and software applications throughout the Laboratory makes sharing, access, and
integration of data difficult,

QA Procedure

Quality assurance of data is another issue concerning a central database, Different LANL
groups use different methods for evaluating data quality, but centralization of data would
require an approved and speedy method of data quality assurance. In uddition, much of the
historic data from Luboratory activities is contszined in various publications and reports. many
of which are out of print or unobtainable, These data need to be centralized so that interested
parties, internal and external, can have access.

+ 4 ntr

Stakeholders and other groups outside of the Laboratory often do not have timely access to
LANL database information, The turnuround time for many of the Laboratory environmental or
groundwater reports is up to two years after the information was originally collected, Also,
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Laboratory groups do not have timely access to hydrogeologic data collected in the Los Alamos
area by the NMED or USGS.

5.5.2 Information Management Solutions

The ER Project is in the initial stages of implementing a computer network database system,
This database could serve as a central repository and archive for all groundwater-related data
and provide appropriate access for internul and external customers. Presently, some water
quality and hydrogeologic data is stored in the ORACLE and ARC/INFO datbases through
FIMAD., The computer database will be shured with the USGS and the NMED, who will
supply hydrologic data, well information, and other data to the database.

The following are suggested features of the database:

Dual system. In the dual databuse system (shown in Figure 5-6) the rough data is {irst
supplied to a dralt dawbase, After being reviewed, the daw is then transferred to 4 quality-
assured database accessible by customers,

Information management standards, Standard nomenclature and units of measure should
facilitate the transter of information. Standard file formats (e.g., ASCII files) should be
used for data that must be trunsferred electronicatly.

Quality assurance process. The quality ussurance process for groundwater data should be
established and criteria developed, The quality assurance process needs to be timely,
stepwise, and cumulative, The data should be qualified with remurks of validity by the
source and users of the data, and then pass through a timely, formal process of approvil
before input to the quality-assured database, Criteria need to be developed for the quality
and acceptance of the data,

Database content and access, The database should incorporate data from all groundwater
programs at LANL, including spatial data (mapping), relevant hydrogeologic data, well-
completion information, results of chemical analyses, radiological data, and modeling data
and results, The database should be accessible to Luboratory emplovees, universities,
regulators, and stakeholders. Use of the database should facilitate communication and co-
ordination of efforts between groups and individuals that are studying groundwater issues.

The FIMAD group is currently entering historical environmental surveillance, water
quality, and other data from old or out-of-print LANL reports into the database where it
can be accessed by interested groups or individuals.,
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Figure 5.6, Structure of Dual Database System
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5.6 Quality Assurance Plan

5.6.1 Quality Assurance Plan [ssues

A Quality Assurance Plan (QAP) needs to be developed for the GWPMP. A QAP is needed to
provide a procedural framework for the program and to document program management
activities, No method exists for planning management and group activities, monitoring progress
of the program or projects, or defining roles and responsibilities of contributing Laboratory
groups,

In addition to documenting management activities, the QAP needs to provide field SOPs, These
procedures would describe methods for sampling, constructing wells, purging wells,
matntaining and abandoning wells, and interpreting sampling dati. Currently, each Laboratory
groaup operates under its own unique set of procedures for field operations.

The GWPMP also lacks a Quality Assurance Officer to implement the QAP, Such a designated
officer would be necessary to achieve quality technical performance and reliable data
collection. In addition, the Quality Assurance Officer would ensure that all activities receive
proper documentation for traceability and stzndard defensibility of data,

5.6.2 Quality Assurance Plan Solutions

A QAP will be implemented for the GWPMP, The QAP will be designed to comply with the
requirements for structure and content of DOE Order 5700.6C, Quality Assurance, (DOE
1992). The QAP will integrate all management, technical, and quality aspests of the program to
include planning, implementation, and assessment, and will document the sampling,
monitoring, analysis, and reporting processes to ensure quality data,

The document will include four clements:

e Program management. This element states the program objective and goals, roles
and responsibilities of participants, and program planning documentation
requirements.

s Measurement/data acquisition. This element ensures thut appropriate methods for
sampling, analysis, data handling, and quality control are used and documented.

o Assessment, This element ensures the QAP is implemented as prescribed.

s Data validation and usabiliey. This element ensures that data elements conform to
specified criteria,

The QAP will ensure the collection and analysis of data that are valid, complete, traceable, and
defensible. The following quality assurance documents are udditional references for guidance
and content in the preparation of the GWPMP QAP;

e 923-C006, QAPP/LANL, “QAPP for Technical Support Services to LANL
Environmental Restoration Program,”

e LA-UR-61-1844, "QAPP and QAPjP for the Environmental Restoration Program.”

Standard operating procedures will be established for calibration and control of test and
measurement equipment; handling, storage, shipping and preservation; inspection, test and
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3

operating status; and documentation, The SOPs for sampling and well drilling, maintenance,
and abandonment are to be adapted from the ER SOPs, Table 5-6 is a partial listing of the
applicable field SOPs,

p -
L

Table 5-6, Environmental Restoration (ER) Field Procedures

Procedure Numbers

Procedure

General instructions

LANL-ER-SQP-01.02,R0
LANL-ER-SQOP-01,03.R1
LANL-ER-SOP-01,04,R2
LANL-ER-SOP-01.05,R2

Orilting, Excavating, sampling and

Logging
LANL-ER-SQOP-04,01,R2

Woll Installation/Development And Water

Sampling Technigues

LANL-ER-SOP-05.01,R2
LANL-ER-S50P-05.02,R2

Sampling Techniques
LANL-ER-SOP-06,01,R0

LANL-ER-SOP-06.02,R0
LANL-ER-SOP-06,03,R0

LANL-ER-SQOP-06.04,R0
LANL-ER-SQOP-08.05,R0

Subsurface Hydrogeological Site

Characterization

LANL-ER-SQP-07.01,R0
LANL-ER-SQP.07.02,RD
LANL-ER-SOP-07.03,R0
LANL-ER-SQP-07.04,R0

Geotochnical Analysis
LANL-ER-SQP-011.01,R0

LANL.-ER-SOP-011.02,R0
LANL-ER-S0OP-011.03,R0
LANL.ER-SOP-011.04,R0
LANL-ER-SCP-011.05,RD
LANL-ER-SCP-011.06,R0

Curatorial Managemant Activities

LANL-ER-SOP-12.01,R0
LANL-ER-50P-12-02,R0

Sample Containers and Preservation

Handling, Packaging, and Shipping of Samples
Sampls Control and Field Documentation

Field Quality Control Samples

Drilling Methads and Crill Site Management

Monitor Well Construction
Wel! Development

Purging of Wells for Representative Sampling of
Groundwater

Field Analytical Measurements of Groundwater
Samples

Sompling for Volatile Qrganics

Sampling Commercial/Municipal/Domastic Walls
Soil Water Samples

Pressura Transducers
Fluid Leve! Mepsurements
Well Slug Tests

Aquifer Pumping Tests

Measuremont of Bulk Density, Dry Density, Water
Content, ang Porosity in Seil

Particle Size Distribution of Seil/Roex Samples
Permeability of Granular Sails

Seil and Cora pH

Total Organic Carbon

Cation-Exchange Capacity

Field Logging, Handling, and Documentation of
Borehole Materials

Transporiation, Receint, and Agmittance of Borehole
Samples for the Sample Management Facility
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5.7 Regulatory Compliance

5.7.1 Regulatory Compliance Issues

DOE Order 5400.1

In accordance with DOE Order 5400.1 (DOE 1990). the Laboratory is required to comply with
all of the applicable federal, state, and local environmentul regulations. The three primary
regulatory drivers for the Laboratory’s groundwater related activities are (1) RCRA, (2)
HSWA, and (3) New Mexico Water Quality Control Commission (NMWQCC) regulations,
(See Appendix A for other pertinent regulatory drivers.) The Laboratory's compliance with
these three regulations is discussed below,

RCRA_Permi

The RCRA permit requires the Laboratory to follow specific procedures in the handling,
treatment, monitoring, and disposal of hazardous waste, RCRA was amended in 1984 with
HSWA to include requirements for hazardous waste volume and toxicity reduction and to
minimize the land disposal of huzardous waste.

HSWA Permit

The HSWA permit (Task 1] of Module VIII) requires the Luboratory to conduct a program to
evaluate hydrogeologic conditions at the facility to supplement and verify existing information
on the Laboratory’s environmental setting, Because most of the wells completed in the regional
aquifer are located in the northeast and cast section of the Laboratory, regional data for
hyvdrogeologic characteristics affecting groundwater flow beneath the facility eannot be
obtained, Many of the existing wells are used for water supply purposes and are therefore not
adequate for obtaining hydrogeologic dats required for compliance with this section of the
HSWA permit (e.g., water-level measurements), Sufficient hvdrogeologic data have not been

collected to understand possible contaminant migration pathways through unconsolidated sund
and gravel deposits, zones of fracturing or channeling, or zones of high or low permeability as
required by the HSWA permit.

The Laboratory also needs to comply with present and anticipated state regulatory require-
ments, Under the NMWQCC regulations, which pertain to industrial and municipal discharges
onto or below the surface of the ground, the NMED can request 2 Groundwater Discharge Plan
for new and existing facilities. The plan would require a site investigation, characterization of
the waste stream, and justification that discharge activities will not degrade groundwater.

The Laboratory has two sanitary treatment facilities and over 100 industrial outfalls, A
Groundwater Dischirge Plan could be requested by the NMED for any of these {acilities, and
the Laboratory would need to comply within 120 days after the request.

In addition 10 CFR 834 is scheduled to become law, It is anticipated that the content will be
similar to DOE Order 5400.4, Ninety duys after the document is presented for public review, it
could become law, and LANL will be required to be in compliance.

5.7.2 Regulatory Compliance Solutions

In order to fulfill the requirements of the RCRA and HSWA permits, the Laboratory needs to
gather more comprehensive groundwater-related data. Wells completed to the regional aquiter
are needed to provide this hydrogeologic information and should be constructed for the specific
purpose of monitoring and sample collecting or for aquifer test purposes. Other wells and
borings to intermediate or deep depths are needed for understanding hydrologic recharge and
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contaminant migration pathways through the various geologic formations and structures within
and around the Laboratory boundary.

The Laboratory has two approved Groundwater Discharge Plans to meet NMWQCC
regulations, one for TA-57 (Fenton Hill) and one for the TA-46 Sanitary Wastewater Treatment
Plant which is the location for the SWCS Project (DOE 1992). The Laboratory should still be
prepared to produce Groundwater Discharge Plans for discharges from other facilities as well
as a Notice of Intent to Discharge for all new activities, Part A of the NMED Discharge Plan
Application requires the following information:

« Location,
« Type of operation and type of treatment or storuge.
= Quuntity and quality of planned discharge.

« Locations of supply wells, monitoring wells, injection wells, seeps, springs, bodies
of water or water courses within onc mile radius.

* Depth to groundwatcr.

* Flooding potential and flooding protection meusures,

» Geologic description of discharge site,

= Actions for minimization of potential contaminant seepage.
* Proposed monitoring system.

¢ Contingency plan.

To comply with the NMWQCC regulations, the Laboratory needs to gather buckground
information including site characterization, depth to groundwater, geologic stratigraphy, and
the number of wells in the ared. The Luboratory also needs to determine potential puthways
through which effluent could enter the regional aquifer or the intermediate and shallow alluvial
perched groundwater zones, This would require a hydrogeological study of known fractures
and other potential recharge pathways to the regional aquifer and intermediate perched
groundwater zone, Because the regulations also protect surface waters that are fed by
groundwater inflow, an investigation is heeded to determine all new and existing discharge
points for the shallow alluvial and intermediate perched groundwater zones, the two zones most
likely to be affected by Laboratory actions,

LANL needs to be prepared to comply with 10 CFR 834, This stipulates that an Environmental
Radiation Protection Plan (ERPP) be established for all DOE facilities that hundle radioactive
materials, The ERPP will define each site’s program designed to limit radiation exposures to
members of the public and the environment to the limits established in 10 CFR 834, Paragraph
215 (10 CFR 834,215) pertains to groundwater, The guidelines allow this section to reference o
Groundwater Protection Plan, However, the site must review the Groundwater Protection Plan
to ensure it meets the requirements of 10 CFR 834,215,
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6.0 Business Plan

6.1 Introduction

This business plan provides a framework for the coordination of all Laboratory groundwater
monitoring and protection activities. These activities are now spread among different
organizations; in the future, a project leader will be responsible for coordinating the various
activities. In addition, the business plan defines the roles and responsibilities of the contributing
Laboratory organizations and provides a list of prioritize¢ groundwater activities, cost
estimates, and schedules for activity completion, The business plan will be further refined us
the Program is developed and implemented.

6.2 Management Organization

The GWPMP Program has been established as an institutional program of the Laboratory
residing within the ESH Division. The Project Leader for the GWPMP is assigned by the ESH-
18 Group Leader (Water Quality and Hydrology Group) upon concurrence with the ESH
Division Director. The Division Director delegates authority to the Project Leader, yet is still
ultimately accountable for the actions of the Project Leader and Program activities. As shown
in Figure 6-1, the Stakeholder Involvement Office of the Laboratory and the ESH Branch of
DOE at the Los Alumos Area Office (LAAO) will interact with the Program through the ESH
Division. Internal suppliers such as the Water Quality and Hydrology Group, the ER Project,
the WM Program, Engincering, Earth and Environmental Sciences, and the Utilities Program
will contribute monitoring wells, special studies, and other resources related to groundwater
protection under their programs. External suppliers such as NMED and USGS will conzribute
the same. These activities will be coordinated through the GWPMP with the Water Quality and
Hydrology Group providing primary program support. External customers include
DOE/LAAOQ, DOE/AL (Abuguerque), NMED, DOE-OB, EPA, USGS, pueblos, and other
citizons groups.

6.2.1 Project Leader

The Preiect Leader will serve as the Laboratory's primary liaison for groundwater-related
issues and provide the technical and professional leadership required for implementation of the
program, He or she is appointed by the ESH Division Director through a nomination process
and is accountable to the ESH-18 Group Leader and the ESH Division Director for project
execution. The Project Leader will coordinate all Laboratory groundwater monitoring and
protection activities, and will report directly to the ESH-18 Group Leader,

The Project Leader will be responsible for developing and implementing the GWPMP Plan, He
or she will have the authority to appoint additional project leaders if needed and to allocate
funds to capability organizations for execution of program activities, The Project Leader will
serve as coordinator for all monitoring etforts and hydrogeologic studies related to groundwater
protection at the Laboratory to ensure a unified approach and prevent duplication of effort
among the different Laboratory programs, The Project Leader will prioritize and track
groundwater activities, estimate costs, and provide schedules for completion of activities with
input from contributing organizations. The Project Leuder will be responsible for updating the
Plan and serve as a focal point for consistency and quality of groundwater data and reports,
The Project Leader will interact with internal Laboratory organizations and serve as the
primary point of contact for DOE/LAAQ, DOE-OB, USGS, pueblos, and citizen
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groups on groundwater-related marters, including generating informative reponts. The Project A

W . Leader will determine program needs and be responsible for addressing those needs in order to i
ensure successful operation, -

6.2.2 Water Quality and Hydrology Group {ESH Division) &

The ESH Water Quality and Hydrology Group will serve as the home organization for the o

Project Leader and will provide primary support for the Program. The Group will assist the bl

Project Leader in integrating contributions from the other. Laboratory technical programs into a
comprehensive groundwater monitoring, modeling, and churacterization effort, The Water
Quuality and Hydrology Group will work with the Project Leader to prioritize and track
groundwater activities, estimate resource requirements, and develop schedules for a
coordinated Program. Existing groundwater menitoring programs conducted by the Water
Quality and Hydrology Group as part of environmental surveitlance activities will serve as the
basis for the Program. As ER, WM, USGS and other monitoring wells are developed, these
facilities will become a part of the Laboratory®s routine monitoring program.

6.2.3 ER Project (EM Divisian)

The ER Project will provide a detailed compilation of ER-planned, scheduled, and funded
activities that contribute information on site~specific groundwater conditions and to the geticral
understanding of groundwater at the Laboratory. The ER Project will provide similar
information from work plans that are now under development or in the approval process. ER
Project staff will work with the Project Leader and other contributing Laboratory organizations
to integrate studies and other activities that expand the uscfulness of ER-generated information
under the Program, ER Project staff will work with the Project Leader to expand the FIMAD

. mapping and geographic information system into an integrated Laboratoryv-wide system to
support the Program.

6.2.4 WM Program {CST Division)

The WM Program will identify specific WM-planned, scheduled, and funded groundwater
monitoring systems and site-specific groundwater studies for the Program. In addition, the WM
Program will identify WM-related data needs which are required 10 support existing and
proposed facilities (i.e., the Mixed Waste Disposal Facility [MWDF] and the Hazardous Waste
Treatment Facility [HWTF]). The WM Program staff will work with the Project Leader and
other contributing organizations to integrate studies and other activities into the Program,

6.2.5 Utilities Program (FSS Division)

The Utilities Program will provide water resources information for integration of Laboratory
and Los Alamos County water supply data into the Program. The Utilities Program wil
provide the basic data required for water supply planning and hydrologic modeling to evaluate
pumping effects on regional aquifer and water rights, The Utilities Program will assist the
Project Leader und other contributing Laboratory orgunizations in improving and automating
hydrologic data collection from water supply wells.

6.2.6 Earth and Environmental Sciences (EES Division)

The EES staff will contribute and integrate groundwater information obtained from technical
studies undertaken in behalf of ER and other programs. These studies include stable isotope
. recharge studies, geologic mapping, computer modeling, and other groundwater studies, The
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EES staff will assist the Project Leader and other contributing organizations to develop specific
projects to be implemented by EES as par of the Program.

6.2.7 Other Laboratory Organizations

Other Laboratory organizations will contribute groundwater information collected under their
programs to the Program.

6.3 Fiscal Organization

6.3.1 Coordination of Funding

Funding identified for groundwater protection activities under the current Environmental
Surveillance Program, Tiger Team Action Plans, ESH 5-Year Plan, ER Project, WM Program,
Utilities Program and other programs wil] be coordinated under the Program. A Project
Control System and Work Breakdown Structure (WBS) will be utilized to identify and track
contributions from each program involved in groundwater protection. An integratec approach
will be used in order to avoid overlap and duplication of effort,

6.3.2 Environmental Surveillance Program

The indirect budget for FY95 for groundwater monitoring conducted by the ESH Water Quality
and Hvdrology Group under the Environmenta] Surveillance Program is $1500 K. Of this
amount, approximately $200 K is dedicated to GWPMP management activities. Approximately
$300 K is required for groundwater monitoring analytical work, and S200 K is to support
existing activity levels. An additional $800 K is slated to support Tiger Team Action Plan
activities. The $1500 K total represents the base funding for groundwater monitoring which
will be coordinated under the Program, This funding source and others are shown in Table 6-1.

6.3.3 Tiger Team Action Plans

Many of the elements of the GWPMP are identified us planned actions under Tiger Team
Action Plan C-EM-01 “Environmental Surveillance™ and Action Plan C-EM-17 “Ground Water
Dischurge Plan Compliance” (Appendix [). These Action Plans were not funded in FY93 or in
FY94, Funding for further development and implementation of these elements of the GWPMP
Plan will be requested in FY9S. Reprioritization will be requested in view of the recent
discovery of low levels of tritium in the intermediate groundwater and regional aquifer in Los
Alamos Cunyvon. Work on these Action Plans will be ¢oordinated under the Program,

6.3.4 ESH 5-Year Plan

Direct funding of some groundwater monitoring and related activities mayv be available in FY56
under the ESH 5-Year Plan, An initial request of $2 million per vear in additional operating
funds for groundwater protection and $5 million per year in line item funcs for installation of
new monitoring wells was included in the current ESH 5-Year Plan, Direct funding provided
under the ESH'5-Yeur Plan will be coordinated and will support the Program.

6.3.5 ER Projects

Direct funding of groundwater monitoring and related activities provided by the ER Project will
be coordinated under the Program.
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6.3.6 WM Programs I

. Direct funding of groundwater monitoring and related activities provided by the WM Program 2
will be coordinated under the Program. o

Py

Table 6-1. GWPMP Funding Sources Tk

Tiger Team C-EM-01 Enviranmental Surveillance - 514,200 K Requestod
Action Plans 11 year penod (Includes all
Environmental Surveillance activities)
FY392 through
Fy2002 C-EM-01 Environmental Surveilfance $7.000K Requested
11 year period
(Groundwater activities only)
C-EM.17 Groundwater Discharge Plan 516500 K Requested
4 year penod
(Groundwater activities only)
Total Tiger Team Groundwater $8,600 K Requosted
Activities FY92te FYD2
Indiroct Budget Environmental Surveillance FY35 Base ST00 K Reguested
FY95 (Groundwater activities only)
. C-EM-01 Enviranmental Surveillange 300K Requested
(Groundwater activities only)
C-EM-17 Groundwater Cischarge Plan 5500 K Requested
(Groundwater activilies only)
Total Groundwater Activities FY-95 $1,500 K Regquested
Direct Budget ESH 5-Year Plan Core with Burden $1,400K Reguested
FY%6 {Groundwater activities only)
(ESH S-year Plan)
ESH 5-Year Plan Compliance $2,000 K Requested

(Groundwater activities only)

ESH 5.Year Plan Line ltem 5,000 Requested
(Install monitoting wells)

Total ESH S-Year Plan $8.400 K Rogunstod
(Groundwater Actlvitios FY.96)

6.4 Customers

The primary customers for the Program are external to the Laboratory and include the

DOE/LAAQ, DOE/AL, NMED, DOE-QOB, EPA, USGS, Pueblos, Citizen Groups, and other

Stakeholders. The DOE/LAAO is the primary focus and audience {or the Plan. Participation of

the DOE/LAAQ and the DOE-OB will be required during development and implementation of
. the Plan in order to produce an aceeptable product,
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Participation of stakeholder groups will be sought and facilitated through the
. Laboratory's Stakcholder Involvement Office. Communication with stakeholders during

ety
el Y

AT

development and implementation of the Plan will be essential for public acceptance of the

GWPMP us a viable means of protecting their groundwater interests, A training element will be =
required in the Program to properly present technical data in the context of general -
environmental protection, -
The Program will be of particular benefit to internal customers including the Water Quality and -

Hydrology Group, ER Project, WM Program, Utilities Program and other contributing
organizations. Groundwater data, special studies, and other information will be made readily
accessible to these organizations, which should improve communication and reduce duplication
of effort.

6.5 Cost and Duration Estimates

Table 6-2 shows costs based upon current budgets and anticipated costs of GWPMP activities.
Additionul groundwater protection activities in FY95 will depend upon allocation of indirect
funding. Additional activities including installation of new monitoring wells in FY96 and
beyvond will depend upon allocation of direct funding under the ESH 5-Year Plan,
Contributions from the ER Project, WM Program, and other programs are being determined
under the GWPMP Plan,

Table 6-3 shows costs based upon well drilling experience and projected costs for installing and
equipping monitoring wells. This estimate includes costs for monitoring wells at new locations
and replacement wells for existing wells which are deficient or improperly constructed for
effective groundwater characterization. The estimated cost for new and replacement wells to

. completely upgrade the Laboratory's groundwater monitoring system is $25 million. This
estimate includes two intermediate zone wells proposed by the ER Project.

6.6 Priaritization

6.6.1 Methodology

This section describes the methods used to develop a list of prioritized activities for the 1994
GWPMPP. First, Laboratory reviewers developed a comprehensive list of all of the
groundwater-related issues, This process involved meeting with regulutory and other groups
(NMED. DOE-OB, EPA, and stakeholder groups), reviewing periodicals, and consulting
hydrological experts, Second, the reviewers arranged the issues into logicully related groups.
For example, all of the issues concerning monitoring wells (condition, lack, and location of
wells) were placed under a Groundwater Monitoring Network heading. These issues of concern
have been previously discussed in detail in Section S: Issues and Solutions. Next, the reviewers
developed a list of activities to solve cach of the issues discussed and assigned costs and
schedules to each activity, The activites correspond to the discussion of solutions in Section 5,
After analyzing the projected cost, time, and benefit of each activity, the reviewers assembled a
final prioritized list.
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Table 6-2. GWPMP Preliminary Cost Estimate

1984 1985 1996 1987 1988 1999 2000 2001 2002

Operating Expenses 705 1,500 3,400 3,400 3,400 3,400 3,400 3,400 3,400
GWPMP Managemen!

Program Manager 50 125 250 250 250 250 250 250 250

GWPMP Plan Devolopment 75
Testing of Samples

Existing Testing

Additiona! Testing
Environmental Surveillance Activities

Existing Activity Level 200

Additional Support Act, (Sampling,

Reporting, ete.)

* Tiger Team Agtion Plan Suppon

Activities
* GW Studies anc Reporting 1,000 1,000 1,000 1,000 1,000 1,000 1.000

** Information System and Archiving 250 250 250 250 2850 250 250

Line ftem Costs 5,000 5,000 5,000 5,000 5,000
install 23 New Test Wel's to Regional 3,680 3,880 3,680 3,680 3,680

Agquiler

Remove Casing and Plug 8 180 180 180 180 180
Existing Wells

install 14 New Test Well to 840 840 B840 8B40 B840

intermediate Zone
Install 50 New Test Wells to Shallow 300 300 300 300 300

Alluvium

Total 705 4,500 8,400 B,400 8,400 8,400 8400 3,400 3,400

Notes; Ali years arte fiscal years,
All costs are in thousand dollars,
Outyenr costs do not include escalation or inflation,
1984 and 1905 ¢costs are indirect costs,
1996 through 2002 costs are indirect dollars with burgen included for existing activities.
° Not yot funded for Action Plans C-EM.01 and C-EM-17.
** These costs are astimates of required GWPMP and ESH-8 Hydrology Team enhanced
activities,
Further funding may be required for as yet unidentified monitonng, testing, stugies, reponts, ele,

The process was an informal one. Future GWPMPP managers may want to consider more
structured methodologies. For example, the Laberatory has developed a software package
called the Laboratory Integration Prioritization System (LIPS) that provides a forma] process of
determining priorities, LIPS is a risk-based prioritization system, which integrates and
prioritizes the spending of Laboratory resources while considering the concerns of diverse
stakeholders, The system is based on the fundamental principles of decision analysis and uses
multiattribute theory to quantify and compare the benefits of activities. The LIPS approach is a
formal way of quantifying the benefits of proposed activities.
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Table 6-3. Well Installation Cost Estimate

Test Wel! at Tes! Well to Test Well 10 Extendad
New Replace Deficient  Replace Production Amount
Location Tesi Well Well

install New Test Walls 34000K ST200K $T200K 18400K
{0 Regianal Aquifer {5 Wells)" (9 Wulls) (9 Wells) (23 Wells)
(23 @ S800K each)
Plug Existing Deficiant $900K
Test Wells (9 @ (8 Wells)
$100K each)
Imstall New Test Wells S3600K $600K $4200K
¢ Imtermediate Zone (12 Wells)* (2 wells) (14 Wells)
(14 @ $300K each)
Install New Teat Walls S600K $800K $1500K
in Shallow Alluvium (20 Wells) (30 Wells) (50 Walls)
(50 @ $30K aach)
Total $8200K 59600K $7200K 3 25000K

Notaes: All costs in thousand dollars.

Well installation includes dosign, drilling, development, casing, gravel pack, core, analysis,

pump end instrumentstion,

Woll plugging includaes cutting and removal of casing and gravel pack, and grouting to provent

vartical movement ot groundwater,
* Ingludes one well proposed by the ER Program tor Aren G.
**Includes two wulls proposed by the ER Program.

Whatevar method is chosen, the manager must ensure that all participants agree to the ground-
rules governing the process. That way, as priorities are chosen, the participants will understand

the underlving methodology.

6.6.2 Prioritized List of Activities

Priority levels have been developed and assigned to each activity ussuming that adequate

resources are available to conduct this work, These priority levels are based on the following

criteria;

s Priority ] Items, These items represent the most important and most pressing
activities identified by the Laboratory, the DOE, and the NMED to ensure the

regional aquifer is protected from contamination, Priority one items are scheduled
to start immediately, assuming resources are available, with a goal of completion
within 18 months,

e Priority 2 Irems, These items represent significant groundwater-related activitics
that do not have the same urgency as priority one. Priority two items include
projects that may already be underway or have a good likelihood of being funded
for completion within 4 given duration. Priority two items are scheduled to start as
soon us practical with u goal of completion or significant progress within five
years,
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o Priority 3 Items. These items represent long-term projects aimed primarily at
extending the level of technical understanding of the regional groundwater system,
These activities may not vet be funded or may require a phased approach for
completion. Information gathered during the completion of higher priority projects
will be usc as a basis for completion of these longer term projects. Priority three
iterns are scheduled to start within the next five years and show significant progress
within 10 years,

Table 6«4 shows a prioritized list of proposed activities based on the needs identified by the
Laboratory, DOE, and NMED. Each activity is assigned to one of the prioritization categories
listed above. Section § page numbers are given to reference where cach issue is described und
solutions are discussed.

Figure 6-2 shows a preliminary 10-year schedule for completing the GWPMP activities,

6.7 Training Program

A training program will be implemented to familiarize Laboratory empioyees with the general
purpose and structure of the Program. The training program will focus on Laboratory programs
and external organizations that function us suppliers to or customers of the Program,

The training program should emphasize how the Program will benefit the Laboruwory, the
DOE, the state, and the pueblos and citizen groups. The training program will make clear the
roles and responsibilities of the Laboratory programs with respect to the Program, It will also
define the lines of communication between division and program leaders and the Project
Leader, and between the Project Leader and the ESH Division Leader, DOE, the state, and
pueblos and citizen groups, The training program will also specify the rypes of data needed
from each program, the mechanism for transfer of information, and criteria for data quality
assurance.

6.8 Problem Tracking Mechanism

New issues of concern related to groundwater will arise as the GWPMPP is implemented, A
problem tracking mechanism will be developed to ensure that these new issues are addressed
and measures are taken to mitigate circumstances that may lead to contamination of the regional
aquifer,

The Project Leader will be responsible for tracking the status of groundwater-related problems
and invoking the necessary and appropriate actions {or resolution. In addition, the Project
Leader will ensure that all groundwater-related correspondence is “tracked"—that is, 21)
queries receive consideration, follow-up actions, and replies, It will also be the Project
Leader's responsibility to generate the appropriate statmis reports.
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Table 6-4. Prioritized List of Activities for the Section 5.0 issues and Solutions

Issues

Solution/Activity

Activity GWPMPP
Priority Section

5.1 Hydrogeoiogicsl

Characterization
» Mydrogaoiogic Data « inveniory exisiing data  « Compile axisting 1 %9.1/5.8
» Recharge hydrogeoiogical data
Machanisms « Consoliaate data in Central <
dalabase
= Study recharge pathways o Initiste sluty of recharge from 1 51,2
10 regional aquifer shaifow ailuvial perched zone
o [nitinte studty of recharge from 1
imermnediale perched 2one
o iniliate study of racharge trom 1
masa {0ps
o Inilinte aludy of tucharge from 1
faults and fraciutes
o Datormine recharge trom k]
tagional sQurces
e Siudy seeps 4nd spnngs o identity new seaps and sprngs 1 51.2
« Survey new s8aps and spnngs 1
s Sampie sl seens and spAngs 1
« Sludy aquecus isolope o Sample wells 2 51.2
peochamistry
» Samgple seeDs and sprngs b4
« Crosie hydrogeociogical  « Construct plazomelnc surface 1 5.1.2
information maps map
« Construct geologic map ut 1
zometltic surlace
= Update hysirogeologic 1 51.2
modal
5.2 Potentiat Contamination
o Potential Sources o Study contaminant o Study vadose Zone pathways 2 5.2.2
o Limited Current transpont
Information o Study fault ana tracture 2
» Plugging and pathways
spandonmant « Stugy borehole contamination 2
« Monitonng Well o Study trace constiluents  « Evaiuate histoncal well data 2 522
Neotwork In walis
o Partorm trend unalysis 2
= Perchod Zone e Sludy trace constiuenis 2 522
Charagtenzation In seeps and sprngs
o Davelop plugging ang » Develop plugging and 1 5.2.2
abangonment program abangonment SOPs
o Plug and atandoh rine wells 1
alreAcy antifiod
5.3 Groundwater Monitoring
Network
* Regional Aquitet o inventory atl walls and o Collact ail wall-relnted oatn 1 5.3.2

Moniloring Network
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Table 6-4, Continued

issuon Solution/Activity Activity GWPMPP
Priority  Section
- L]
» Shallew Alluvia) and = Construct map of all wells and 1
Intermediate bonngs
Monlionng Network = Evalusie monitonng network 1
deficiencies
o Enwronmental » Devaiop griling pian for ' 1 £.3.2
Survelliance Monitenng naw MORrIIONng wells
« Condition of Wells « Construct new monitonng 2 5.3.2
o Groundwater Monitonng  Wols
Plan
o Enwronmental s Include new walls In 1 saz
Survailance Monitonng Environmental Survaillance
Monitonng Plan
« Update Groundwatar < 5.3.2
Monitonng Plan (annually)
5.4 Wator Supply
o Usage « Consiruct or refurbish J 54,2
» Water Leve! Dota supply wells
« Previgus Contamination Study origin of micros 3 54,2
biological constituants
5.6 Infarmation
Managoment
o Ceontral Datobase « Davelop dual databnse  « Conaplidale newly colincind 1 552
o Data Format system hydrogaclogical and wallrelated
o QA Procedurs aats
« Timaly Agcess {0 Dota o Deveiop conmstant database 4
farmat
o Catadlish mechanism for timely 1
Input of guality data
» Establigh information tranatar 1
nathways for imternal and
axinrmal customers
5.6 Quallty Assurance
= Quality Assuranca Plan o Davelop 8 Quality * Develop SOPs for Well 1 50.2
Assurance Plan lor fmid Installation
uctivities
= Laporsiory-Wide * Deveiop SOPs tor Water 1
SCP Sampiing
» QA Officer o Davalop SOPs for 1
Hydrogeological Site
Characterization
o Davaiop S0P for Geotechmical 1
AnRiynis
= Davelop SOPs lor Curmional 1
Management Activities
o Deveiop a Quality  Deavelop procedural framewors 1 562
Assurance Pian for for management activities
GWPMPP managernal
activities

Develop aocumeniation for
managemant activities
Deveiop specifiic munagarial
roles ang responsibiiting
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Name

1904

1965 | 1906

1987

1998

1999

2000

2001

2002

2003

Qperating Exponses
GWPMP Managemaent
Program Manager
GWPMP Davelopment
Tacting of Samples
Existing Testing
Additional Testing
Environmental Survelilance Activities
Existing Activity Levei
Additional Support Activity
Tiger Team Action Plan
GW Studies and Repons
Information System and Archives
Line Item Costs
Install 23 New Weils to Roeglonal Aquifer

Remove 9 Existing Waella

Install 14 New Wells {0 Intarmediate Perched Zone

Install 50 New Walis to Shallow Perchad Zone

Figure 6-2. GWPMPP Preliminary 10-Year Schedule
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6.9 Performance Measures

Performance of the GWPMP must be measured and customer feedback provided in order to
assure that an effective program is in place. The following performance measures will be used:

Compliance with DOE Order 5400.1 “General Environmental Protection Program”™
and DOE Order 5480.1B “Environment, Safety, and Health Program for
Department of Energy Operations,”

Ability to address issues discussed in the Laboratory's RCRA Part B Operating
permit relating 1o groundwater protection and management,

Ability 10 address issues discussed in Task II1 of Module IV of the Laboratory's
RCRA Part B Operating permit, i.e., the HSWA Module.

Compliance with NMWQCC Regulations Section 3-100 “Regulations for Discharge
Onto or Below the Surface of the Ground.” Although preparation of Groundwater
Discharge Plans for individual laboratory facilities has not vet been required, the
ability to comply will be used as a performance measure,

Internal Customer Satisfaction (Water Quality and Hydrology Group, ER Project,
WM Program, Utilities Program. and other programs). The following questions
wil] be asked of customers: Was the GWPMP effective in coordinating
groundwater protection activities at the Laboratory? Did the GWPMP help to
improve communication and reduce duplication of effort among different
programs? Was the GWPMP effective in complementing the programs of
contributing organizations?

External Customer Satisfaction (DOE/LAAO, DOE-OB, pueblos, and other

stakeholders). The following question will be asked: Were previously noted
deficiencies and unfunded activities properly addressed?
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7.0 Implementation Plan

Implementation of the GWPMPP will be assisted by input and guidance from a Technical
Review Committee. Once implementation has begun, a groundwater status report will be
produced annually, and the GWPMPP will be updated annually. A description of the
committee, reports, and updates is provided below along with a business plan schedule.

A Technical Review Committee will be responsible for providing guidance to Laboratory
groups and assisting in the implementation of the GWPMPP. A deseription of the committee, as
well as various reporting requirements, is provided below.

7.1 Technical Review Committee

The Technical Review Commirnee (TRC) is respensible for evaluating the technical aspects of
the GWPMP. The committee will review the list of prioritized activities in the plan and revise
the list bused on new or changing technical requirements, During this process, the TRC will
solicit recommendations from various LANL groups (i.e., Water Quality and Hydrology
Group, ER Project, WM Program, Utilities Program, and Earth and Environmental Sciences)
and incorporate Lie groups’ suggestions for revising technical goals and priorities. The
CGWPMP Project Leader will chair the TRC sessions, The members will meet regularly to
review the list of priorities and will, at a minimum, consider the following issues:

1) Current Status of Groundwater Activities, The costs, schedules, and technical
aspects of each of the prioritized activities will be evaluated. The technical
effectiveness of various activities, such as sampling and testing, quality assurance
of data, and monitoring well construction procedures, will also be determined.
Based on this analvsis, the TRC will assign priority one, two, or three o cach
activity.

2) Aliernarives to Acrivities, Alternative technical activities will be considered for
priorities thut do not meet regulatory requirements, are not cost effective, or do not
meet intended technical goals.

3) New List of Priorities. A revised list of prioritics will be created at the completion
of the re-evaluation process.

After making proposed changes to the list of priorities, the TRC will document the new list of
priorities and send copies to internal or external customers. The TRC may use the LIPS method
(described in Section 6.0 Business Plan) or some other method in developing changes to the list
of priorities.

7.2 Annual Groundwater Status Reports

The Project Leader will provide an annual groundwater status report to the DOE summarizing
the groundwater protection activities in the GWPMPP, The repont, due December 31 of every
year. will include descriptions of TRC meetings, and any recommended courses of action that
were decided upon. An analysis of budgeted groundwater activities versus actual costs and
schedules will also be provided. Cost and schedule variances will be justified with stated action
plans to correct variances. In addition. discussions of pertinent regulatory compliance or
managerial issues will be provided in this report.
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7.3 GWPMPP Updates

The Project Leader and TRC will review and update the GWPMPP on an annual basis, At a
minimum, the revised GWPMPP will include current hydrogeologic data, status reports on
issues and solutions, reports on newly identified activities with related cost and scheduling
information, and a reprioritized list of issues.

Management reports will be generated from the information system. The reports will provide
cumulative and project-specific information regarding project status, scheduling and costs; and
newly planned projects and proposed costs, The information system and management reports
will be continually upduted to provide current and accurate information. The information
svstem will be upgraded as needed to provide new and existing data fields in identified
configurations.

7.4 Business Plan Schedule

Table 7-1 cshows the primary milestones and target dates for implementing the GWPMP
Business Plan. Those activities without target dates must be rescheduled for @ later time.

Table 7-1. GWPMP Business Plan Schedule

Description Target Date

Establish management organization for the GWPMP and Completec
gefine the Project Leader's role, home organization, and roles
and responsibilities of groups

Provide initial funding fer hiring Project Leader and for Completed
GWPMP Plan development ($205K Ingirest Funaing from

ESH-DQ)

Establish GWPMP as o Laboratary Institutonal Program Completed
{Prasent Business Plan to ES&H Council)

Qbtain DOE/LAAQ approval of Business Plan Completed
Appoint acting Project Leader for GWPMP Completed
Hire Project Leader for GWPMP Compleled
Recquest Tiger Team Action Plan funding for groundwater Completed
protection activilies in FY85

Reguest ES&H 5-Year Plan funging tor grouncwaler protection Complatod
aclivities in FY96

Complete update of GWPMP Plan Completed

Begin implementation of GWPMP Plan through indireg! funding Completed

Begin enhanced sampling and monitoring through ES&H 5. Qctober 1, 1896
Year Plan funging

Bagin installation of new monitoring wells through £S&H 5. Oclober 1, 1998
Year Plan funding

~0
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Glossary
Alluvial

Alluvial Perched
Groundwater

Aquifer

CERCLA

CER

cocC

Confluence
Contamination
Controlled Area
Continuous Stream

Direct Runoff

DOE
Downstream

EA

Oclober 25, 1995 / Rev. 2.0

Pertaining to or composed of alluvium (clay, silt, sand, gravel, or similar
unconsolidated detrital material deposited during comparatively recent
geologic time by 2 stream or other body of running water as a sorted or
semisorted sediment in the bed of the stream), or deposited by a stream
or running water,

This term is used to refer to the localized bodies of shallow groundwater
that oceur in the alluvial materials in the bortoms of the canyons cutting
across the Pajarito Plateau, The alluvial is typically from 10 or 20 feet to
over 100 feet wide and from 10 1o 40 or more feet thick. The water in
the alluvium is perched on the underlying ruff or basalts and has a
surface that fluctuates in elevation as a direct response to input or loss
from stream channels, None of the water in the canyons within the
Laboratory is used for municipal, industrial, or agricultural supply,

A body of rock that contains sutficient saturated permeable material to
conduct water 10 yield economically significant quantities of water 1o
wells and springs.

Comprehensive Environmemal Response, Compensation, and Liability
Act of 1980, Also known as Superfund, this law authorizes the federal
government to respond directly to releases of hazardous substances that
may endanger health or the environment. The EPA is responsible for
managing Superfund.

Code of Federal Regulation. A codification of all regulations developed
and finalized by federal government agencies in the Federa! Register.

Chain-of-Custody. A method for documenting the history and possession
of a sample from the time of collection, through analysis and data
reporting, to its final dispesition.

A place of meeting of two or more streams; the point where the tributary
joins the muin stream. ‘

The deposition of unwanted radioactive or hazardous material on the
surface of structures, areas, objects, or personnel,

Any Laboratory area to which aceess is controlled to protect individuals
from exposure to radiation and radioactive materials,

A stream that does not have interruption in space; it may be perennial,
intermittent, or ephemeral, but it does not have wet and dry reaches,

The runoff reaching stream channels immediately after rainfall or
snowmelt,

U.S. Deparment of Energy. The federal agency that sponsors energy
research and regulates nuclear materials used for weapons production.

Toward, at, or from 4 point near the mouth of & stream; in a direction
toward which a stream (or glacier) is flowing.

Environmental Assessment, A report that identifies potentially significant
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Effluent

EIS

Environmental
Surveillance

EPA

Ephemeral Stream

Flow

Croundwater

Groundwater Runoff

Hazardous Waste

HSWA
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environmental impacts from any federally approved or funded project
that may change the physical environment, If an EA shows significant
impact, an Environmental Impact Statement is required.

A liquid discharged as a waste, such as contaminated water from a
factory or the outflow from a sewage works; water discharged from a
storm sewer or from land after irrigation.

Environmental Impact Statement. A detailed report, required by federal
law, on the significant environmental impacts that proposed major
federal action would have on the environment. An EIS must be prepared
by u government agency when a major federa! action that wil] have
significant environmental impacts is planned,

The collection and analysis of samples of air, water, soil, foodstuffs,
biota, and other media to determine environmental quality of an industry
or community, It is commonly performed at sites containing nuclear
facilities.

Environmental Protection Agency. The federal agency responsible for
enforcing environmental laws, Although state regulatory agencies may be
authorized to administer some of this responsibility, EPA retains
oversight authority to ensure protection of human health and the
environment.

A stream or reach of a stream that flows briefly in direct response to
precipitation or snowmelt in the immediate locality; its ¢channe! bed is
always above the water table of the region adjoining the stream,

Relative 1o streams, it is natural flow ensuing from the earth's hydrologic
cycle, i.c., atmospheric precipitation resulting in surface and/or
groundwater runoff, Natural in-stream flow may be interrupied or
climinated by dams and diversions.

That part of the subsurface water that is the zone of saturation, including
underground streams,

The runoff that has entered the ground, become groundwater, and been
discharged into a stream channel.

The specific substance in a hazardous waste that makes it hazardous and
therefore subject to regulation under Subtitle C of RCRA. Wastes
exhibiting any of the following characteristics: ignitability, corrosivity,
reactivity, or EP-toxicity (vielding toxic constiruents in a leaching test).
In addition, EPA has listed as hazardous other wastes that do not
necessarily exhibit these characteristics, Although the legal definition of
hazardous waste is complex, the term more generally refers to any waste
that EPA believes could pose a threat to human health and the
environment if managed improperly. Resource Conservation and
Recovery Act (RCRA) regulations set strict controls on the management
of hazardous wastes.

Hazardous and Solid Waste Amendments of 1984 to RCRA. These
amendments to RCRA greatly expand the scope of hazardous waste
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Hydrology .

Intermittent Stream

Interrupted Stream

NPDES

Ouifall

Perched Groundwater

Perennial Stream

Piezometric Surface

QA

RCRA

Runoff

SARA

Snowmelt

Streamf{low
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regulation, In HSWA, Congress directed EPA to take measures to
further reduce the risks to human health and the environment caused by
hazardous waster,

The science dealing with the properties, distribution, and cireulation of
natural water systems.

A stream or reach of a stream that flows only at ¢ertain times of the
year, such as when it receives water flow from springs or some surface
source, melting snow, or Jocalized precipitation.

A stream that contains perennial reaches with intervening intermittent or
sphemeral reaches.

National Pollutant Discharge Elimination System. This federal
regulation, under the Clean Water Act, requires permits for discharge
into surface waterways,

The vent or end of u drain, pipe, sewer, ditch, or other conduit that
carries waste water, sewage, storm runoff, or other effluent into a
stream.

Unconfined groundwater separated from an underlying main body of
groundwater by an unsaturated zone. Perched groundwater most
typically forms over a perching bed; that is a body of rock, usually
stratiform, with a permeability sufficiently low that the perched water
does not readily permeate,

A stream or reach of a stream that flows continuously throughout the
year in all years, Its upper surface, in general, is lower than the water
tablz of the region adjoining the stream,

This is also ¢called potentiometric surface. This is the level to which
water will rise in a well tightly cased into an aquifer.

Quality assurance, The routine application of procedures within
environmental monitoring and measurement to obtain required standards
of performance. QA procedures include calibration of instruments,
control charts, and analysis of replicate and duplicate samples.

Resource Conservation and Recovery Act of 1976. RCRA is an
amendment to the first federai solid waste legislation, the Solid Waste
Disposal Act of 1965. In RCRA, Congress established initial directives
and guidelines for EPA to regulate hazardous wastes.

That part of precipitation appearing in surface streams. It is more
restrictive than streamflow as it does not include stream channels affected
by artificial diversions, storage, or other works of man.

Superfund Amendments and Reauthorization Act of 1986, This act
modifies and reauthorizes CERCLA. Title Il of this act is also know as
the Emergency Planning and Community Right-to-Know Act of 1986,

The water resulting from the melting of snow.

A type of channel flow applied to that part of surface runoff traveling in
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Stream Channel

Subsurface Water
Surface Runoff

SWMU

Tritium

Tuff
Vadose Zone

Water Rights

Water Table

Water Year
Watershed
Wetland
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a stream, whether or not it is affected by diversion or regulation,

The hollow bed where a natural stream of water runs or may run; the
long, narrow, sloping trough-like depression shaped by the concentrated
flow of a stream and covered continuously or periodically by water,

Water in the lithosphere in solid, liquid, or gaseous form; includes all
water beneath the land surface and beneath bodies of surface water,

The runoff that travels over the soil surface to the nearest surface stream;
runoff that has not passed beneath the surface since precipitation,

Solid Waste Management Unit. Any discernible unit at which solid
wastes have been placed at any time, irrespective of whether the unit was
intended for the management of solid or hazardous waste. Such units
include any area at or around a facility at which solid wastes have been
routinely and systematically released, Potential release sites include, for
example, waste tanks, septic tanks, firing sites, burn sites, sumps, land
fills (material disposal areas), outfall area, LANL canyons, and
contaminated areas resulting from leaking product storage tanks
(including petroleum),

’H. A radionuclide of hydrogen with a half-life of 12.3 years. The very
low energy of its radioactivity decay makes it one of the least hazardous
radionuclides.

Rock of compacted volcanic ash and dust,

Also unsaturated zone or zone of acration, The pantially saturated or
unsaturated region above the water table that does not yield water to
wells, Water and/or gases contained are usually under less than
atmospheric pressure.

New Mexico water law is based on the doctrine of prior appropriation,
and the rights to use water are established through the State Engineer's
Office.

The water level surface below the ground at which the unsaturated zone
ends and the saturated zone begins. It is the level to which a well is
screencd in the unconfined aquifer and would fill with water,

October through September,
The region draining into a river, river system, or body of water,

A lowland area, such as a marsh or swamp, that is inundated or saturated
by surface water or groundwater sufficient to support hydrophytic
vegetation typically adapted for life in sarurated soils.
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Regulations and DOE Qrders

Atomic Energy Act

The Atomic Energy Act of 1954 (AEA), us umended, gives the Nuclear Regulatory Commission
(NRC), the Department of Energy (DOE), und the Environmenta) Protection Agency (EPA) the
authority to establish standards and tnstructions (by rule, regulation, or order) w govern the
possession and use of source, speciul nuclear, or by-product material to promote commuon detense
and security; to protect health; and to minimize danger to life or property.

The DOE ensures that its fucilities comply with the AEA requirements by issuing department
orders concerning radioactive material and waste management, DOE departmental urders on
radiouctive material and waste management apply to ull DOE elements, contractors, und
subcontractors. The DOE is authorized by the AEA to control radiouctive operations ut DOE
tacilities. The DOE is responsible for keeping radionuclide emissions at its fucilities as low us
reasonably achievable (ALARA). The DOE has developed Derived Concentration Guides tor
comparison to measured radionuclide concentrations in air und water, The DOE assures thut its
operations are within its operating guidelines by requiring tacilities to maintain radiation
monitoring systems and to report the results in an annual summary report.

Clean Water Act and New Mexico Water Quality Act

The goal of the Cleun Water Act (CWA) is to restore and maintain the chemical, physical, und
biological integriry of the nation's waters, The regulations specity water quality stundards and
etfluent limitations. To comply with the CWA, the Laboratory has two primury programs: the
National Pollutant Dischurge Elimination System (NPDES) permit program and the Spill
Prevention Control and Countermeusures (SPCC) program. The Laboratory operates under two
NPDES puermits issued and enforce by EPA, Region 6. Through u joint tederal and stare agreement
und grunt, New Mexico ucts as the agent tor the EPA und pertorms compliance inspections and
reporting, Other ongoing Laboratory complisnce activities are management of the Federal Fucility
Compliance Agreement and construction of Sunitary Wistewater Systems Consolidation (SWSC)
Project.

Resource Conservation and Recovery Act

The Resource Conservation and Recovery Act (RCRA) becume [uw in 1976 s 4 means to regulute
toxic waste disposal for the prevention of water and soil contamination due to poor disposil
practices. Subtitle C of RCRA regulites huzardous waste from generation to disposal, RCRA wis
amended in 1984 by the Huzurdous and Solid Waste Amendments (HSWA) 1o include requirements
for hazardous waste volume and toxicity reduction, and to minimize the lund disposal of huzardous
waste, Under RCRA, the EPA has granted regulatory power 1o the stutes, including regulation of
mixed wastes detined as RCRA regulited huazardous wistes with a radioactive component, but did
not include granting regulatory power tor the HSWA 1o the stutes,

New Mexico State authority tor huzardous waste regulatory power comes trom the Hazardous
Waste Act and the Hazardous Waste Management Regulations, Through these, New Mexico adopts
the Coditied Federal Regulations (40 CFR) pertaining to huzardous waste. Currently the stute is
operating under the 40 CFR of July 1990. However, the Laboritory's permitted huzardous waste
units are operating under the July 1988 regulations that were in eftect as of the November (989
permit, Since 1989, the Laboratory has been operating under this RCRA permit issued juintly hy
the Stute of New Mexico and EPA,
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Mazardous and Solid Waste Amendments

The HSWA portion of the RCRA permit was issued by EPA in March 1990, The permit sets
conditions tor the management of newly generited hazardous waste treatment and storige units,
witste minimization land disposal restrictions, and corrective actions at solid waste munagement
units. The Laboratory hus submitted Part A of its permit application for mixed waste activities and
Purt B for three mixed waste management units as required by state regulations,

Task 11} of Module § of the HSWA permit requires that the permittee (4) collect intormation to
supplement and verity existing information on the environmental setting at the tucility, (b) collect
analytical data to completely churacterize wastes and areas where wastes huve been pluced, and (¢)
collect analytical daty on groundwater, soils, surface water, sediments, und subsurface gus
contuamination to churucterize contamination.

In uceordunce with Tusk [11, Section A, 1, the permitter is required to conduct 4 program to
evaluate hydrogeologic conditions and to provide the tollowing informution:

e A description of regional and facility specific geologic and hydrogeologic characteristies
affecting yroundwater flow bengeath the facility:

e Ananalysis of any topographic features that might influence the groundwater flow systeny:

«  Ananalvsis of fractures within the tuff, addressing tectonic trend fractures versus cooling
fractures;

« Based on ficld data, tests, and cores, a representative and accurate classification and
description of the hvdrogeologie units which may be part of the migration pathwvays at the
facility (¢.g.. the aquifers and any intervening saturated and unsaturated units):

o Based on field studies and cores, structural geology and hvdrogeologic eross sections
showing the extent (depth, thickness, lateral extent) of hydrogeologie units which may be
part of the migration pathways identifving (1) unconsolidated sand and gravel deposits. (2)
zones of fracturing or channeling in consolidated or unconsolidated deposits, and (3) zones
of high permeability or low penmeability that might direct and restrict the flow of
contaminants;

« Based on data obtained from groundwater monitoring wells and piczometers installed
upgradient and downgradient of the potential contaminant source, a representative
description of water level or fluid pressure monitoring:

«  Adescription of manmade influences that may affect the hydrogeology of the site: and

o Analvsts of available geophysical information and remote sensing nformation such as
infrared photography and Landsat imagery.

In accordance with Tusk 1, Section A.2, the permittee is required to conduct o progriam to
characterize soil conditions above the water table in the vicinity of a contuminant release and to
provide the following information:

= Surfuce soil distribution;
e Soil profile, including ASTM clussification of soils;
e Trunseuts ot soil stratigraphy:

e Suturated hydraulic conductivity;
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Porosity;

Cation exchange capucity;

Soil pH;

Particle size distribution;

Depth of water tuble:

Moisture content:

Eftect of stratifications on unsuturated tlow;
Infiltration;

Evapotranspiration;

Residual concentration of contaminants in soil;
Mineral and metal content;

Trace element geochemistry as a meuans of differentiating units within the tutts und

Water balunce scenarios,

Tusk 111, Section C.1, reguires the permittee to conduct a4 groundwater investigation to characterize
uny plumes of contumination at the fucility, This investigation shall include the collection of
sufticient data to define:

A description of the extent of contamination;
Rute and direction of contaminant movement:

Concentration profiles of upplicuble constituents und radiochemical constituents in the
plume:

An evaluation of factors intluencing plume migration: and

An extrapolution of future contuminunt movement,

Task 111, Section C.2, states that the permittee is required to conduct an investigation
churacterizing the contumination of the soil ubove the water tuble in order to provide:

A description of the extent of contumination;

A description of contaminant and soil chemical properties within the contuminunt
source sred and plume migration and transformation;

Specitic contaminant congentrations:
Rute und direction of contaminant movement; and

Worst case scenarios for ftuture contaminant movement over the life of the
contaminant,

The data shull include time and focation of sampling, media sampled, concentrations tound,
conditions during sumpling, and identity of the individuals performing the sumpling and analysis,
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New Mexico Water Quality Control Commission Regulations

The New Mexico Water Quality Controt Commission (NMWQCC) regulations set quality
stundards tor surtuce and groundwaters tor protection of the public health or welfare, to enhance
the quality of water, and to serve the purposes of the Water Quality Act. The NMWQCC publishes
regulutions to prevent or ubute water pollution und to govern the disposul of septuge und sludge.

The NMWQCC publishes regulations controlling discharges onto or below the surtuce of the
ground for the purpose of protecting ull groundwater of the state which his un existing
concentration of 10,000 mg/L or less Totl Dissolved Solids, for the present and potential tuture
use 4s u domestic and agricultural water supply, and to protect those segments of surtuce waters
which are guining because of groundwater intlow, for uses designated in the New Mexico Water
Quulity Stundurds. The regulations are written 0 that in general:

e if the existing concentration of uny water contaminant in groundwater is in
conformance with the standard of Section 3-103 of these regulutions, degradation of the
groundwater up to the limit of the standard will be allowed: and

e if the existing concentration of any water contaminant in groundwater exceeds the
stundard of Section 3-103, no degradation of the groundwater beyond the existing
concentration will be allowed.

Safe Drinking Water Act

The Sufe Drinking Water Act (SDWA) of 1974 us amended was established to provide sate
drinking water to the public. Primary and secondary drinking water standards have been
established for public water supply systems, The SDWA also provides for protection of
underground sources of drinking water by controlling subsurface injection of potential
contaminunts, Regulations have been issued whereby states establish Underground Injection
Control Progrums to ensure that contaminunts in water supplies do not exceed National Drinking
Water Standards and to prevent endangerment of any underground source of drinking water.
Nutionu! Interim Primary Drinking Water Standards were adopted in 1975, Regulations covering
radionuclides were added in 1976 while regulations covering trihulomethanes were prepured in
1977. Secondary regulations in 1979 estublished guidelines to stutes for the protection of the non-
health-related qualities of drinking water. The New Mexico Water Supply Regulations implement
the provisions of the SDWA,

National Environmental Policy Act

The Nationul Environmentul Policy Act (NEPA) of 1969 requires federal agencies to consider the
potential environmental impacts of proposed activities during the planning stages so thut agencies’
decisions retlect environmental values as well as cost and mission, Potentix! udverse impucts of
proposed new projects are evaluated so that measures can be taken, it necessury, to lessen those
impucts, An Environment, Safety, and Heulth questionnaire torm developed by the Laboratory is
used to provide initiu! information on environmental protection, industrial hygiene, radiation
protection, and other safery and health compliunce issues relative to a proposed project.

The issuance of Secretury of Energy Notice (SEN) 15 chunged the DOE's requirements for
compliance with NEPA. The SEN centralized all authority to upprove NEPA documents at DOE
Headguarters, requited that each uctivity be presented as 4 unigue event regardless of whether or
not it duplicated an earlier event, discontinued the use of memorandums to document that 4
decision and a proposed activity would not cuuse 4 signiticant impact, und required thut activities
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not talling into the remaining categorical exclusions be documented in an Environmental A
Assessment. New regulations tor implementing NEPA were proposed in November 2, 1990, und -
these regulations will be implemented when tinul. 3
o
National Mistori¢c Preservation Act =
The National Historic Preservation Act, Section 106, requires thut Luboratory activities be »3 ‘
b

eviluated in consultation with the State Historic Preservation Officer for possible ettects to cultural
or historic resources.

X

Endangered/Threatened/Protected Species and Floodplains/Wetlands Protection

The Laboratory must comply with the Endungered Species Act of 1973 us amended and with
Executive Orders 11988 “Floodplain Manugement”™ and 11990 "Protection of Wetlunds™. These
complisnce activities involve review of proposed activities tor potential impact on enitical habitats,
tloodplains, and wetlunds.

Comprehensive Environmental Response, Compensation, and Liability Act

Investigation and remediation of abundoned waste disposal sites are required by the Comprehensive
Environmental Response, Compensation, and Liability Act of 1976 (CERCLA, the Supertund Act)
and/or Section 3004 (u) of RCRA (Huzardous and Solid Waste Amendments Act of 1984 permit).
The Laboratory's Environmental Restoration (ER) Program his begun an extensive investigution of
abundoned sulid waste management units (SWMU) within the tucility and around the Los Alimos
townsite, Although LANL is not listed by the EPA on the CERCLA Nutional Priorities List (the
most contaminated sites in the United States) and, theretore, not required by Liw to meet CERCLA
cleanup stundurds, the ER Program voluntarily incorporutes these stundards during investigations
and remediation of SWMUs., The Superturd Amendments and Resuthorization Act of' 1986
(SARA) requires LANL to muintuin an inventory list of huzardous materials and report certain
spills of these materiuls to local agencies,

Emergency Planning and Community Right-to-Know

Title 111, Section 313 of the Emergency Plunning Community-Right-to-Know Act exempts tucilities
not meeting certain Stundard Industriul Classification code criteria trom repurting requirements.,
However, DOE policy requires the Laboratory to report releuses under the remaining provisions of
Secrion 313, All research operations at the Laboratory are exempt under other provisions of the
regulation; only one operation at the Laboratory has reported releases under SARA,

DOE Order 5400.1 General Environmental Protection Programs

DOE Order 5400, estublishes environmentul protection program requirements, authorization, und
responsibilities for DOE operations to assure DOE tucilities comply with applicable federal, stute
and local environmentul regulations und liws, executive orders and intermil depiriment policies.,
The provisions of the Order apply to everyone within the DOE system including contractors and
subcontractors, It is DOE's policy to conduet its operations in an environmentally safe manner.
DOE 18 committed to ensuring that national environmental protection gouls wilt be incorporated in
the plunning and implementation of DOE progrums. [n addition to conductng its operitions in
complisance with the upplicable environmental regulations, statutes and standurds, DOE iy
committed 1o good environmentul munugement of its programs and fucilities, to correct existing

Octoher 23, 1995/ Rev. 2.0 Ae$
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environmenta! problems, to minimize risks to the environment or public health, und to unticipute
and address potential environmentil problems betore they pose a threat to the environment or

public welfure,

DOE Order 5400.2A Environmental Compliance Issues Coordination

DOE Order 5400.2A establishes the requirements for courdinution of significant environmental
compliance issues to ensure timely development and consistent application of environmental policy
und guidunce. The provisions of this Qrder upply to everyone within the DOE system including
contructors and subcontractors where DOE has authority to establish and entoree environmental
protection, safety, and health protection requirements, Significunt environmental compliance issues
are those whose resolution hus the potential of setting precedence, is controversial, and/or involves
DOE Headquarters notification, concurrence, or approval. The coordinution process is the method
which ensures that signiticunt environmental compliance issues are resolved or disseminated so that
timely development and consistent application of environmental policy and guidunce cun be
obtained.

DOE Qrder 5400.5 Radiation Protection of the Public and the Environmaeant

DOE Order 5400.5 establishes standurds and requirements for operations of the DOE und DOE
contractors with respect to protection of members of the public und the environment aguinst undue
risk trom radiation, It is the policy ot the DOE to implement legally applicable radiation protection
standurds and to consider recommendations by authoritative organizations (¢.g., the National
Council on Rudiation Protection und Measurements and the Internutional Commission on
Rudiologicul Protection). It is the policy of the DOE to udopt and implement standurds generally
consistent with those of the NRC tor DOE fucilities and activities not subject to licensing
authority.

10 CFR Part 834 Radiation Protection of the Public and the Environment

10 CFR Purt 834, proposed by the DOE, sets stundurds tor the protection of the public und the
environment against radiation, The requirements are applicable to the conerol of rudiation
exposures to the public and to the environment from normal operations under the control of DOE
and DOE contructor personnel.

10 CFR Purt 834 covers tour basic areus relating to rudiation protection of the public und the
environment: '

= [t establishes dose limits for exposure of members of the public to radiation and
requires reporting of doses above specified levels, In addition, it requires the
assessment of all releases of radioactive material and all doses und potential doses to
the public from DOE uctivities to ensure that they are managed in aceordance with the
Department’s “as low as reusonably achievable™ (ALARA) policy.

e [t provides requirements tor the management of rudioactive muterials in liquid wuste
dischurges, in s0il columns, and in selected solid wiste containing radioactive materials
and requires sites to establish groundwuter protection programs,

e [t provides requirements for decontamination, survey, manugement, storage, disposal
and release of buildings, land, equipment, personal property containing residual
radiouctive material,
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e It requires an Environmental Radiological Protection Program (ERPP) for euch DOE
activity to set forth the program, plans, and other processes to protect the public from
exposure to radiation, In particular, it requires effluent monitoring and environmental
surveillunce programs us part of the ERPP,
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Chapter 2 Installanon Description

2.0 INSTALLATION DESCRIFTION

2.1 Geographic Setting

Los Alamog National Laboratory (the Laboratory) and the niphbonng rasicential
areas of Los Alamos and White Rock are ocated pregorinantly in Los Alamos
County, north-central New Maxico, aADproxXImaiely 60 mi north-northaast of Albu-
quergue and 25 mi northwest! of Sania Fe (Figure 2-1). The 43-mi* Laboratory site
ane ™o communites accem to it are situated on e Prarmo Plaleau, which
consiSts o a senes Of tinperiike mesas saparxted Dy Ceep canyons ComMamung
aphemeral and imermnitent sreams that run from wak! 10 sast, Mesa 1ODS ANQS N
elevalon from approximatety 7,800 ft on the flank of the Jemez MouTTiams 1o abour
6,200 1 attheir sasiem termunaton above the Ric Gmnde valiey, The sastem margin
of the plateay sands 300 to DOO 1t above the Rio Grance (DOE 1878, 0051), The
Dapartment of Enargy (DOE) controis the area within the Laboraiory’s boundanes
&ng has the option 0! compietsly restncting ACCRss,

2.2 Mission of Los Alamos Natlona! Laborstory

The Labormtory is administersd for the DOE by the Unversity of Calitomia (UC),
Since 15 iIncegtion m 1843, the panctpal fission of e Laboratory has Deen the
oesion, Sevelopment, and tesing of weapans for the nation's nuciear arsenal. This
atfort 5 supported by research programs in nucCiear physics, hydrodynamics,
conventional explosives, chemustry, metliurgy, ragiochemistry, and bioiogy. In
adaition 1o the weapons program, Labormsry personnel are irveived in medium-
anergy physics; space nuciear systems; comtrolled thermonuciear tusion; laser
research; environmamal researcn; pecthermal, sdlar, and fossll energy research;
nuciear sateguards; bomadical resaarth; and Soace physics, Amap showing astve
technical areas at the LADOMRIDrY 5 8hown in Figurs 2-2,

in August 1877, the Laboraiory site was Cedicated as a National Envionmental
Rosearch Park, The uttimate goal of programs associated with this research {acility
is 10 oncourage environmental research that will contribute understanding of how
people can best live in balance with nature while enjoying the benafis of technology.,
Parx resources are avaliable 1o indmvduais and organzations outsige the Laboratory
1o faciinale seff-supporied resaarch on these subjects, In 1884, the Laboratory
revised s mission, as stated below;

"The Los Alamos Nationa! Laboralory s gedicated 10 osvelop-
ing wond-class science and technology and applying them 1o
the nanon's securtty ang walkbeing, The Laboratory will con-
tinue its special role 1n Oatense, paricularny in nuciear weapons
1ecnnology, anc will increasingly use s mutidiscipiinary capa-.
bilties 1o soive imponant crvilian problems.,”

included in these civilian problems 15 the need to remediate snes at the Laboratory
comaminated Dy Razardous ang/or ragioactive wasta,

2.3 Higtory of Los Alamos Nationa! Laboratory

in 1942, the US Army Manhattan Enginear Distngt was established 10 develop the
atomic domb. The research quickly progresses o a point that necessialed a remote
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SANTA FE NATIONAL FOREST

LOS \ALAHOS

Figure 2-2. Technical sreas at Los Alamos Nstional Laboratory.
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site for expenmental work, and the Army selected the Los Alamos Ranch School for
Boys as an appropnate iocaton. The Undersecretary of War direCted acquisibon of
the achoo! sia, which consisied of a group of some 50 log bulidings on a 780-acre
she northwest of Sarta Fe, The project uttimately acquired an addihonal 3,120
privaiely owned acres and 45,688 acres of public land managed by the US Forest
Servica. In 1943, this land becams inown as the Los Alamas Site, later Los Alamos

Since Itz inception, the Laboratory has been operated by UL for the federal
governmant. Research activities were astablished in wooden bulidings south of the
original Ranch 5choo! bulidings in what is now cowrtown Los Alamos. Additional:
Labonatory buildings wens CoNStructect: Army-style DAITACKS, #MPOFary ant prefab-
neatad, proviced housing.

WIth the end of Worid War |} and the growth of intemational compatition, a netional
policy of mamtaining superiority in the fleid of atomic energy was established,
Congress choss 10 sustsin the Los Alamcs site; the Atomic Energy Commission
(AEC) received control of the Labonatory from the Aty and rehewed the operating
contractwith UC. Thereafter, a major construction Program was started south of Los
Alamos Canyon. During subsequent years, the LAboratory continued to expand at
a steacly mte, first uncer the AEC and later under the Energy Ressarch and
Developmer Administration. Since 1578, the Laboratoty has operated under the
contre! of the DOE and is currently officially known as Los Alamos National
Laboratory,

24 Overview of the Environmenta! Setting

24.1 Land Use Pattama

Most Laboratory and community devsiopments are confined 10 mesa tops, Larpe
Tacts of land north, west, and south of the Laboratory site are managed by the Santa
Fe National Forest, Bursau of Lang Management, Bandelier National Monumer,
Genera) Services Asminisiration, and Los Alamos County (Figure 2-3), The San
liceionss Puabic borders Los Alamcs County and the Laboratory to the sast,

Laboratory land is used for buliding sites, experimental areas, waste disposal
locatons, roads, and utiity nghts-of-waty. However, 1hese. uses account for only a
sthall partof the land, Most of the land controlied by the Laboratory serves as a bufter
zone for Laboratory facilbes, providing securtty and satety o the public, and as a
resefve 100 fUtUre CONSTTUCHON. The Laboratory’s ionp-range siie Ceveloptnent plan
{LANL 1984, 1171) snsures atequate planning 1o the bast possible future uses of
available Laboratory lanas,

The pubiic is aliowed limited acoess 10 Certam areas of the Laboratory site, An area
north of Ancho Canyon betwean the Rio Grance and State Road 4 is open to hikers,
boalers, and humars, but woooCuUTing and vehicles are prohibited, Pordons of
Monanocad and Pueblo canyons are also 0pen 10 the public. An archaeoiogical site
(tne Otowi tract), northwest of State Road 502 nearthe White Rock Y, is opento the
publie, subject 10 restnctions imposed by regulations 1 protect Cultural respurces,

WP, Revauon 4 ~d Febtruary 1995
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242 Ecology

Undersiznding of the structural and tunctional relabonshups among Los Alamos area
ocosy=tems is limited, partly because of the wice diversity of ecosystems. This
diversity has been created by the pronounced 4,820-ft elevabon pradient that
axienas trom the Rio Grance on the sast 10 the Jemaz MOLMIaIns 12 mi to the wes?,
Many canyons, with abrupt changpes in surtace siope, paraliel thus gradient, The
pronounced sast-weast CATYON And Mask onenMations, with concomitant differences
In golts, moistyre, and solar racizbon, produce &N intenockang finget effect among
scological ie zones, resutting In many transitional overass of plart and armal
communities within small areas. Secbon 2.5.2 provides a detlled overview of the
nysrogeciogical environment at Los Alames,

2421 Florn

Shxmajor vegetative compiaxes (Community types) are found in Los Alamos Coumty.,
A pifion-juncoer forest suroUNGs mast of the Laboratory, Within the confines of the
Laboratory's border, the predominant community types ane Pondarosa pine wood-
land (6,900 to 7,500 11 in the westem third of the reservaton), pifior-juniper (6,200
126,800 1t in the central third), and juniper-grassland (5,600 to 6,200 ftin the sasiem

thirg),

Lags is knawn about ecosystems otherthan the pifion-jLniperwoodiand, Hakonson
ot &l (1973, 0118) provide a peneral descniption of the Laboratory and environs.
Almos: 500 plam species have Deen lGentified, and specias lists have bean
prepared, Special studies have cescribed the past and curment status of the fiora of
the compiox (Foxx and Tiermney 1580, 0101; 1684, 0102; 184S, 0103), Past and
present uses of the Laboratory and adjacent lands have resulted in structural
changes in plant communities, LADOMOrY usas have had, and will continue to have,
important consequoncas for local ecosysiams. Few Construction and waste dis-
posal activities have occurred! in the flood plains of canyons in and near e
Laboratory. Natural wetiand aroas occur in some canyons, and more exiensive
wetlands have Ceveioped as a result of effivant outtalis,

The prama grmss cactus, which s proposed tor Inciusion in the leteral endanpered
species list, has been foundon the dry mesa tops of Los Alamos County at elevations
of about 6,000 to 6,400 L. However, It has not been found on Ladoratory property.
Ponatres oxist tor transdorting plams protected undor the 1985 New Maxico Rule
No, NRD:25-3, Among the speces protecied under this rule, nine have been
gocumanted n the vicinity of Los Alamos County. To date, none has been found on

Ladoratory property,

ad22 Fauna

Belore the Laboralory was established, Native Amencans and Eurapoan settiers
farmed the mesas, JISturDINg aroas (hal are now (11 vanous stages of SUCCRSSION.
These areas aftore sutable feoding iocations for herdivores, especially dearand elk,
and adjacen! timberad canyon slopes provide covar tor thase soecas, Sheef
canyon walls at lower elevatons sorve as imporiant nesting habrats ot birds of prey.
Generally, larger mammals, repties, angd invenadmtes ar Mast sensitive
VERAtions In elevalions and are contined to smalier ranpes.

IWP, Ravision 4 -5 Fedruary 1995
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Information on the fauna within the LADOMIOry compiax s larpely qualitstive,
Specios ISts have Deen cOmpiled from Sservationa! dam And pubished data (DOE
1879, 0051), but the occurmence of some species has nat been vertfied, Special
studes ate curmently under way 10 Provios a more comprehensive survey of
veriadrate fauna,

Based on published reports and cngoing Surveys, at lmast two federally listed ammal
sDecies, the paregnne faicon (sncanpered) and the Mexican spotied ow! (reats
aned), are known to (nhablt Los Alamos County. The peregnnae taicon establishas
breeding termones near clifts m areas of ponderosa and pifion fxna, An histoncal
aone exiSts within the courty, and perepnnes are KNown 1o tormpe on Laboraiory
lands. Mexican spotied owis have recently been gocumantad nesting on US Forest
Senvice lanas in Los Alamos County, Nesting spotied Owis mhablt moxed-coniter and
pongerosa pine-Gambel cak forest m mountaing and canyons. Nestmg Mexican
soatted owis have not beeh confirned on Labormory lands, bt surveys are stiil
ongoing.

Othar federal candicate and state-listed fauna speces have been gocumented for
Los Alamos County, They ate the northem poshawk (lederal candidxte species) and
Jernea: Mourtain salamancer (leseral candicale specyes and state enganpered
species), The norhem poshawk nests PRMariy 1n canse mature Of okt coniferous

' forest Nesung goshawks have been found on Santa Fe Natonal Fores? land in the
northwest portion of Los Alames County, Goshawk post-tiedping arsas and foraging
Broas are knewn to overiap on Laporatory langs,

The Jemez Mountain salamander is endemic 1o north-cental New Maxico and is
inown anly from the Jemaz Moumains, The salamander has been found in the most
upper reaches of the canyons that dissect the plateauy, in 1985, one specimen was
coliecied and recorded as having bean tound on Laboratory lands, Dunng a
salamander survey conducted in 1881, a Jemex Mourtain salamander was found
imrnediately adjacert (within 0.1 mi) 1o the Laboratory boundary on Forast Service
propeny.

The southwestem willow fiyzaicher has recently been upgraded from a federal

cangicate specias 10 8 sPeCieS DIODOSeC 101 the federal endanpered list This

specias was idemtlied in an area of Banoeher Nationa! Monument aunng the earty

summer of 1884, Survey afioris are uncer way to ostermine s potental lor
_ inhabring wetland areas within Laboralory boundanes,

2423 Wetlands

Under the Resource Conservation and Recovery Act (RCRA) and the Hazardous
and Solig Waste Amenaments (HWSA) Module of the Laboralory’s operating permt,
the Environmamal Protection Agency (EPA) required a oetermination of all watiands
located in areas that either lie witnin Laboratory bountanes or that dran Laboratory
land (Figure 2-4).

US Fish ang Wildlite personnel mapped the wetlands around Los Alamos, using US
Geclogical Survey (USGS) quadrangle maps as base maos ang infrared high-
altitude aenal maps, To cover all of the walersheds that drain the Laboratory sne,
five quagrangles were mapped (Fnjoies, White Roek, Guaje, Valle Toiege, ang
Puye). In agdntion 10 the watershed of the Laboraiory proper, the Seven Spnngs
quacrangie, which gives the location of the Laboratory’s geotharmal sne at Fenton
Hill, was mappec, A cetailed on-the-groung and histoncal anatysis o single snes (s

February 1935 &7 IWP, Revision 4

October 2%, 1994 / Rev. 2.0 B-8




WMmemmﬂn

Inswallation Description Chapter 2
- -
e e — —_— T —
. e

1o = e T
ol ]
-] . ll@l ﬂial
Figure 24, Map of wetlands for Los Alamos County (p. 1 ot 2), : .
IWP, Reviion 4 28 Februaty 1995

Ovtober 28, 1995 Rev, 2.0 B-Y




Insallanon Description
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being conducied Dy Pemonne! in the Environmental Protecbon Group (EM-8) 1o
Oelineats anG chamcterze indhdual wetlancs,

Wetiands within Labortory boundanes tal prirmarily into two classificatons: paluginne
and nvenne. Palustne wetiangs (ponds and marshes) have been entified m
Sandia, Pajaritc, and Pusbic carryons, and smalier ones have Deen isantified in
other parts of the Laborsiory, Wetends in Sandia and Puebio CArnyens are pnmarnty
martauned by sffiuers relsases. Beds Of ephemeal and imemitten sreams that
raverse e LAboraiory hive been classified 83 Wmporarnly fI00Ced rvenne wets
lanas. :

Figure 2:5 shows the locations of weils in Los Alamos County and in agiacent iocaies,
Weils LA-1, LA3, L4, and LA-S have bean abanconed and plugped. The symbols
on he mad indicate where these welis were iocated.

242 Cilmate

Bowen {1990, 00X3) has compiled and IMepretsd CHMAINICQICE] dats for the Los
Almos ared, and this indtemation is surnmarzed beiow,

Los Alamas has & semiarid, semperats mountain climats, Forty percent of the 18-
n. annual precipitation normally occurs from thunderhowers dunng Juty and
August, Winer precipitation talis pamerfy as snow, with accumuiations of about 51
in, annually,

Summers ate penerally By, with MOderats, warm days anc cool mghte, Meod-
murn cally temperatures are usually beiow 90°F, Bnel aftemoon and evenng
thuncershowers Ane common, sepecily in July and August. High alttuce, Ight
wenis, CHRRr sides, and STy atmoashere aliow nipht temperatures 1o Grop 1o the 50
(°F) after gven the warmest day. Winter moersiures typically range from about
18°F 1o 25°F cunng the night and from 30°F 10 S0°F dunng the dey, Occasionally,
mmpenaiures Srop 10 0°F o below, Many wints days are clear with Ight wince,
Aowmg sTong sunshing 1o make conditions cormitrabio even when air NMDers.
WIS are coid. Snowstonms with accumulations excesding 4 i, are common in Lok
Alamos, and some of these Storms are associated with strong winds, ingxd air, and
cangercus wind chills, especially in the moumains,

The cimate {rom 1967 throuph 1988 had siightly cooler temperatures and higher
preciplianon than those recorded from 1911 through 1968 (entite record). The only
signiicant diterunce Detween the period from 1967 Trough 1588 and the emtire
recort panod is the tarpe amournt of snowtall,

Because of comalex terain, surtace wintds in Los Alanos often vary greatly with time
of ory and location, With ight winds and clear sioes, a distingt cally wind cycie often
ensts: a light southersterty 10 southerty upsiope wind dunng the day and a kgt
wasterty 1o NOrthwestery Grainage wind gunng the mipnt (Figure 2.8, trom Enwviron.
mental Prolection Group 1990, 0487), Mowever, several miles 10 the eastioward the
ecipe of Pajarmo Plateau nearthe Rio Grance vatiey, a different Saily wind cycle is
common: a moderate sduthwestarty up-valley wind durmg the day and sither & kght
nofthwestedy 10 AoMhery Sranage wind Or moderale southwasterty wind at might,
The pregdominint wings are southarty 1o northwestery over westemn Los Alamos
County anc southwesterty and noitheastetty toward the Rio Grande vatiey, Histon-
Cally, NQlomacoes tave been reptried 1o have touched downin Los Alamos Countty.
Stronp dust tevils can produce winds LD 1o 75 meh at istinted $POts i the county,

IWP, Revision 4 210 Fatruary 1995
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Figure 2-4. Map of wetlands tor Los Alames County (p. 2 of 2).
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N - peing conducted by personnel in the Ervironmental Protection Group (EM-8) to
Gelinaate and chamcients indvidual wetizncs.

Watiancs within Labomiory bounares fall primarily into two classifications: paiustne
R and nvenne. Paiustnne wetiands (ponds and marshes) have been entified in
e Sandia, Pajartto, and Pusbio canyons, and smalier ones have been igentified in
other pars of the Laboratory, Wetiands in Sandia and Puebio Canyons are pnmarily
maintained by effiuent releases. Badz Of ephemernl and imarmittent straams that
L traverse the LADOMIDTY have been ciassified as temporarily 0008 rvenne wet-
e \ \
v Figure 2-5 shows the locations of wells InLos Alamos Coumty and in adjacent locales.

Waells LA=1, LA-3, LA=4, and LA have been abandoned and plugped. The symbols
on the map indicate where these wells ware located,

243 Climate

Bowen (1990, 0033) has compiled and isrprated cimatological data for the Los
W Alamos area, and this information is summarasd below.

Los Alamos has a semiarid, wmpenate mountsin dimate, Fortypcrénmcfmw-
in. annual precipitation normally occurs from thundershowers cunng July and
August. Winter preciphation falls primarlly as snow, with accumulations of about 51
in. annually, :

Summers are genenally sunnity, with MOdemis, warm oays and oot nigiva,  Mexd-
mum oally Wemperstutes ars usually Delow RO°F, Bnel aftemnocn and evening
thundershowers are Common, sspecially in July and August. High alttude, ight
winds, clear sides, and dry aimosphere afiow nigt temperatures 1o ¢rop 10 the 508
("F) aftar-even the warmest day. Wirar iemperaiures typically range from about
15°F 10 25°F dunng the night and from J0°F 10 50°F dunng the day, Occasionally,
tempemiures arop to 0°F or below, Many winter days Sre clear with light winds,
aliowing strong sunshine 1o make conditions comfortable even when air lerpee-
Wwires are Cold, SNOWSIONNE with aCCUMUIRtIONS exCeeding 4 in. are common in Los
Alamos, and same of thase sIoMs are associated with Strong winds, frigid alr, and
dangerous wind chilis, especially in the mountains.

The climate from 1961 throuph 1988 had sliphtty cooler tamesraiures and higher
L precipitation than those recarded from 1911 through 1968 (entire record). The only
T signiticant differance between the penod from 1961 through 1588 and the entire
record period is the larpe amount of snowtall,

Because of complex terrain, surface winds in Los Alamos often vary preatty with time
of day and iocation, With lipht winds and ciear sloes, & cistinct dally wind cycie often
exsts: a light southeasterly 10 southerly upsiope wind dunnp the day and a ight
wesiany 10 norhweasterty dramape wing dunng the nignt (Figure 2-8, from Environ-
mental Proteciion Group 1890, 0497). However, several Mmiles 1 the sastioward the
edpe of Pajanto Plateau nearthe Rio Grancde valley, a different dally wind cycie is
common: a moderate southwesterly up-valley wind dunng the day and elther s fight.
Lo northwesierty to norihetty dreinage wind or modernate southwestarly wind at night,
LR The precominant winds are southerty 1o northwesterly Over westem Los Alamos
o County and southwesterly and nartheasierty toward the Rio Grande valley, Histor
cally, no1omagoes have bean reported 1o have 10uched down in Los Alamos County,
Strong dust gevils can produce winds up 1o 75 mph at isolated spots in the county,
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Figure 2-6. Wind roses at Laboratory stations during 1988,
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'-. :
aépocnlvy a} lower slevations, Stronp winds with Qusts exceeding 60 mph are -
EOMMON AuNng the £pANG, "

Ligmnmp 18 common overthe Paanto Plateau, Fitty-aight thunoersiorm days Oecur ,
aunng an average year, Mostly cunng the summar. LIGhMMQ protection i &n "
IMponant cesipn {ACI0r 10r Mos! tasiibes at the Laboratory. Mall camape can also -
occyr,  Mallstones with ciameters up 10 025 m, are common; 0.5-n.-ciameler -
nailsiones ars imtregquent, :

The irregular temain at Los Alamos atects aimosohenc Wdulencs and SisParsion,
sometimas {BvOrADly and somatmaes UTtavorably, Enhanced gapersion promotes
preater gilution of contaminams reieasad (Mo the xIMosohera, The complex 1eTaim
ang forests create an asrodynamically rouph sutiace, torcing ncreased nonzontal
and verncal dispersion. Disparmon penerally Gecraases Al iower sisvations, whers
the terTam becomes smoother and less vegetxisd, The frequent clear sioes and Lght,
larpe-sCale winds cause pood vertical daytme dispersion, especially during the
WA season. Strong daylime heabing ounng the summer can 1010e verical moang
up 10 3,000 10 6,000 ftabove ground level, but the effecCtivenass of the penerally kght
wings in dlivtmp contaminarts honzomtally & hmited,

Clear sices and ligh winds have a nepative effect on nightime dispersion, causmg
strong, shaliow surtace mvarsions 1o {161, These INVErsions CAn seversly restnct
near-surtace verical ang horzomtal dispersion, inversions are especially strong
aunng the winter, Drainage wings can fill iower arsas with €old aif, theraby creating
geaperinversions, which 2re commaon toward the Rio Grande valley on clear nights
with light winds, Canyons can aiso limh dispersion by channeling alr flow, Strong,
larpe-sCala INvarsions dunng the wimer can limit verbeal mMoang t© under 3,000 it
above groung level,

Dispersion s penerally greatest dunng the SpANG, when wints are stronpest
FMowever, OeeD vertical mounp is praatest ounng the summer, Dispersion is
genenally iow guang summear and autumn, when wings am ight. Even though lows
jevel winer dispersion is penerally greater, miense surtace inversions can causs
least-gisparsive conditions dunng the night and eany moming.

Dunng the winter, the trequencies of atmosphenc dispersive capabiitty (sampled at
TA-50) are 52% unstable (Stabiiry Classas Athrough C), 21% neutral (Class D), and
27% stable (Classes E and F), The frequencias are <4%, 22%, and 34%, mspec.
hvaly, cunng the summer, These stabilty category frequsncies ate based on
measured vertcal wind vanatons, Stabiity peneralty increases (the winds become
less qisDersive) 1oward the valley,

2.4.4 Populxtion Distribution

Los Alamos County had an estimated 1882 population of approximatety 18,200,
pasaed on the 1950 census adjusted 1o 1982 (Environmental Protection Group 1984,
1178). Two residental areas (Los Alamas ang White Rock) and ther ralatec
commercial areas exist in the county (Figure 2-1), The Los Alamas townsite (the
onginal area of gevelopmant that now Inciudes residential areas known as Eastem
Ared, Western Arga, North Community, Barranca Mesa, ang North Mesa) has an
estimaled populaton of 11,400, The Whne Rock araa (inclucing the residential

Feoruary 1995 2-13 WP, Revision 4
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areas of White Rock, La Senda, and Pajarito Acres) has about 6,800 resicenms.
ADOUT 40% 0f the people employed in Los Alamaos commute from other counties,
Population data from 1990, adjusted to 1982, piace about 224,000 persons withun a
50-mi racdius of Los Alamos (Table 2-1) (Ermmonmental Protection Group 1994,
1179).

25 Geologic and Mydrologic Setting

Thes summary of the hydrogeciogic environment &t the Laborxtory and in the
northem New Maxico region is intended to cescribe the major 9eologic, hyarolopic,
ang hygrogeciogic features and their concentual interrelationshups, taodresses the
regonal and installation-wice geclogic setting and the hydrologic chamcienstics that
aflect surtace water and grouncwater ocsurmence and movemant and their interacs
bons as they reiate 1o the potential tor cantaminart transport. The sources cried here
anc adcitional litersture on the hydrology and peology of the Los Alamos region may
be found in an annotated bidliography of geclogic, hytropeciogic, and emvironmen-
ta! studies relatad 10 solid waste management units at the Laboratory (LANL 1990,
0143). This bibhiography was subrmitted to EPA in Saptember 1880, The bibliography
and the (fterature it descrides are avallabie for review in the Environmenal Resto-
ration (ER) Project's public reading room located at 1350 Central Avenue, Sulte 101,
in Los Alamos,

WP, Revision 4 2-14 Fsdruary 1995
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251 Geology

2.5.1.1 Regional Sefting

The Laboratory is situated on the Pajanto Piatsau on the east flank of the Jamez
MOUNtRINg ang on the wes: sice of the Rio Grande valey (Figure 2:7), The Jemex
Mourtains are part of the Jemaz voicanic fisld, which consists of some 432 mP of
volkeanic rocks erudied from nUMerous vents, INCluding a giant, multisiage cakiera
(Gardner et al, 1986, 0310), The Jemaz volcanic fisid occurs at the intersection of
the Jemez lineamert, a northeasi-trending alignmaent of voicanic fiekis, and the Rio
Grande rift, & major nonh-trending zone of axtenmonal 1ectonics (Akinch 1988,
0554),

Two major voleanic angtions in the Jemaz Mountaing, which occumed about 1.5
and 1,13 million years ago, produced widespmad And VOIUMINOUS ash flow sheets:
the Otow! and Tshiregs membaers of the Bandelier Tuf! (Smith and Balley 1966,
0377: Speli e al, 1990, 0807). The morphology of the Pajarito Plxisau is dominated
by a gontly sastwart-sioping surtace formed on top of the Bandetier Tuff, which is
dissected by numerous sisep-sited canyons, The Otowi and Tshirege members
of the Bandelier Tuf! ware enupied concomitantly with the collapes of the Toledo and
Valies caideras, respectively, Foliowing formation of the caideras, voicanism
tontinued with the exirusion of domes along ring iractures. The latest eruption in
the Jemex Mountains pecumed about 130,000 years ago, prooucmy the El Cajete
pumice and Banco Bonito rhyoiite fiow (Garaner etal. 1988, C310; Ssif et al 1583,
0500). Vestiges of voicanic activity continue today, as svidenced by solfataric and
hot spring activity both within and outsice of the Valies caldera (Goff et al, 19889,
0774}, Studies of P-wave amval ime delays sugpest the pressnce of partially
moften rock bensath the Valies caltera, possibly the remnanis of the cooling
Bandeliar magma chamber (Robers et al. 19891, 0775),

‘The Pajaro Plateau is in the westerm part of tha Espafiola basin of the Rio Grande
rift, 8 majortectonic teature of the westarmn Unlied States, The Espafioin basin lacks
disunct majortaults on fts sastemn margin, but tauts of majorvertical offae may exist
within the Precambrian rocks of the Sangre de Cnsio upiift (Vernon and Riecker
1985, 0558; Bighler ot al 1991, 0528). The wesiem Margin is characCtarzed by a
prominant zone of major fauie, which cus Miocene 10 Quatermary rocks of te
Jamez voicanic field (Smith et al, 1960, 0778; Gardner and Goft 1984, 0719; Gott
ot al. 1890, 0557). These border {aults exerted £Irong control on the location and
cevelopment of the voicanic field (Garaner and Gof! 1584, 0719: Gardnaer et al
1986, 0310).

Rocks formed before the rift developad are exposed around the rmarmpins of and
unceriie the Espahola basin. These rocks consist of Mississippian to Permian
maenne imestones, Sandstones, and shales; MEsazoc manne 10 termestnal sand-
stones and shales; and Eocene sandsiones, shales, and treshwaler imesiones.
Precambrian rocks—=pragominantty QUArTIe, Qranitic gneiss and schist, ang greans
sione-—gre exposed in the Cores of the flanking Sangre de Cnsto, Nagimiemo, and
Brazos upiitts (Kelley 1878, 0641), The eariest seciments uposied inthe Tertiary
Espafiola basin are those of the Abiquiu, Picuris, and Los Pifios formations, which
consist of tutiaceous sandsiones and voicamciastic congiomerates cenved jargaly
trorn volcanic highlangs 19 the north and northeast. ‘These units range in age trom
aboi 28 10 17 milion years oid (Baldndpe et al, 1980, 0527; May 1084, 0538,
inpersoll et al, 1960, 0533).
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25,12 Stratigraphic Units

Benaath a venear&f solls and alluviat ceposits, the mesas of the Pajamto Plateau are
Immadiately Lnderiam Dy the Bandelier Tufl of Pletsiocane age, which 18 expased m
e canycn walis and 1s penetrated by numerous dnil! holes, Beneath the Banseier
Tutl, a sequence of interstratified secimentary and voicanic rocks of Miocene 10
Pleisiocens ape octur, which have been penetrated Dy water suppty wells and wnich
nave been €ludied wherm they OUICTOD in Canyons on the mamins of the Pajamo
Plaieay. Thesa rock unfis incluge voicanic rocks of the Pallza Canyon Formation,
Tschicoma Formaton, and the Cerrps cel Rio voicanc held, ang sedimentary
ceposns of the Puys Formation, the Totavi Formation, the Cochiti Formation, and the
Sarma Fe Group, Thase units are bratly discussed below, Figure 2-8is a generalized
geoiogic cToss saction from west 10 east of the Laboratory's peciopic satting.

2.5.1.21 Santn Fe Group

The Santa Fe Group of Miocane and sarty Pliocene ape (tormed 18 to 4.5 million
years age) is a thick sanes of terrestnal congiomernites, sandsiones, and mud-
stones, with minor imestones, evaporitas, volcanic tufls, and intercalated basatlts,
These rocks are the most axiensive units filling the Rio Grande rit, and most
production from water wells &2 Los Alamos is from the Sama Fe Group (Gnpps and
Hem 1864, 0313; Purtymun 1884, 015€), Sedimenary rocks usually dominate the
Sania Fe Group, atthough basalts constitute up 10 45% of the section penetraled Dy
wator supply wells at the Laboratory (Purtymun et at, 1884, 0713), Inthe Espahola
basin and undertying the nerthem part of Los Alamos Courty, the Santa Fe Group
is subdivided imo two lormations (Tesugue and Chamita forrnations) and several
meambers, which reflacts the diversity of the coalesced alluvial tans deposited in ths
Espafola basin (Galusha and Blisk 1871, 0108; inpersoll et al, 1980, 0533). Earty
investgators inferred that all Sama Fe Group rocks axposed around the flanks of the
Pajarto Platoau and intersecied by waler wells baneath the plateau belonged 1o the
Tesugue Formation (Grigps and Hem 1964, 0313; Cooper et al, 1965, 04085),
afthough more recert mvestigations suppes: that same of the upper Sama Fe Group
In the vicinity of Los Alames s instead Chamita Formation (Turbeville et al, 1989,
0221).

2.5.122 Keres Group

Two tormations ¢f the Keres Group (Bailey et al, 1869, 0019; Garuner et al, 1986,
0310), may be impertant in the pre=Bandeher Tut! subsurtace in the southem parts
of tne Laporatory, These are the Palza Canyon and Cochiti tormations, each about
13 mitlion to about 6 or 7 million years old, The SL Peler's Dome area liss about 3
mi trom the southern boundary of the Laboratory and was a major cemer of Keres
Group velcanism (Got et al, 1890, 0557). Lampe velumes of Paliza Canyon andesite
wore erupied trom the SL Ppter's dorme center ang spread to the east and north, it
appears tat some of the volcaniz units encountered m wells at TAS (Weir and
Purtymun 1862, 0228) may be Paliza Canyon lavas that Rave been misidentified as
‘Tschicoma and Cerros 0el Rio units, as discussed balow,

Beneain the southern Pajamo Plateau, sedimentary deposits of the Coehiti Forma.
tion compose the Miocene basin till and are therefore laterally equivalent to the
sedimentary rocks of part of the Santa Fe Group and possibly also 10 those of the
Puye Formation (Section 2.5,1.2.4) 1¢ the nerth (Garaner e! al, 1986, 0310), The
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Cochit! Formation consits pregominanty of basn fil graveis derved from he
volcane centers of the southem and central Jernez Mountains voicanic fisid, The
transibon between the Cocnitl, Sana Fe, and Puye formations probably occurs
s0mewhere banaath Los Alamos County: howevet, It is very poorly detined.

2.5.1.23 Tachicoma Formation

The Tschicoma Formation conmsts o a sequance of caciic comes and lavas that
ware erupted from vents in the central (0 NORheAREM Jemaz Mourmans between
about 7 and 3 million years ago (Gardner et al, 1988, 0310). Thess voicanic rocks
outOD exiansively in the mountains immediately west of the Laboratory and are
reponted in the subsurtace beneath the westam and southem part of the Laboratory
(Weir and Purtymun 1562, 0228; Gnops and Hem 1964, C313; Dranstield and
Gartiner 1985, 0082).

2.5.12.4 Puye Formation

The Puye Formation consists of a Pliocsne-to-Pleistocens fangiomarate that was
shed sagiward {rom TECHCOMa YOICRNIC CAMeTS IN the NOMNEASIEM JOMAZ voicanc
field between about 4 and 1,7 milion yoars ago, Earker workers (a.9., Gngps and
Ham 1864, 0313) inciuded the Totay Lentl], now consicered a separals orMALON
{Section 2.5,1.2.5), as part of the Puye Formation. Most of the Puys conglomerates
comain cobblas of dacitic 1o andesihc compos!tion in a voicanic sand matrix. The
beds inciude stream fiow deposits, dabns fiow 0eposits, VOICANC ash and biock flow
caposis, and ash fall and pumics fall ceposits (Warssback ang Turbeville 199C,
0543}, ‘The Puys Fomnation is bast exposed north of the Laboratory, but Bthologicalty
simiiar rocks have been penetrated [n drill holes as far south as Frijcies Mesa (Weir
and Purtymun 1862, 0228; Dransfield and Gargnar 1985, 0082). Linder parts o the
Laboratory, the Puye Formation is interstratified with basalts of the Cerros del Rio
voicanic field, InLos Alamos water supply wells, the 1op of the main aquiter is usually
within the Puye Formation,

2.5.1.2.5 Totavi Formation

tmmediniely beneath the fangiormenates of the Puye Formation, unconformably

. owverlying the Santa Fe Group, 15 a sechon of poorty consolidaled fiuvial gravels,
which Grigps originaly named the Totavi Lentll of the Puye Formation {Gngps and
Hem 1964, 0313). The graveis cortain Clasts that differ lthologically trom those in
the Puye, including abuntam wellrounded cobbles and bouiders o quartdite,
pranne, ang pegmatie that recors a sourte araa distant trom the Jemez Mouniains;
this unit probably represents axial channel gravels of an ancestral Rio Grande,
Recently, Waresback and Turbevilie (1580, 0543) redefined these fluvial gravels as
& separate {ormation, the Totavi Formation, which aiso inciuties lacustrine sed-
ments Ta! are complexty imerstratified with the upper Puye Formaton (oid
alluvium® of Griggs and Hem 1964, 0313), In some walar sUpply wells Daneath the
Laboratory, the Totavi was reported Detween the Santa Fe and the Puye, octumng
at iower elevations in the eastern wells (Cooper et al, 1565, 0495; Punymun et al,
1983, 0712; Purtymun et al, 1984, 0713). The prasence of the Totavi atthese levels
sugpests that Rio Grande nver gravels were deposied on erosicnal surfaces, a
seting analogous 1o Qualemary terraces of the Rio Grande in the Espafiola basin
gescriped by Dethier et al, (1988, 0773) belore gepesition ot the Puye tans, which
uncontormably overtie older jormatons,
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2.5.1.28 Cerros del Rio Basalts

, Basaiic flows, brecciaz, and scons of the Carros cet Rio occur in the subsuriace
.l ' beneath much of the Pajamo Plaisau (Dranstield and Gardner 1985, 0082) and
. outsrop In the east and southeast pars of Los Alamos County (Gnpps and Hem,
S 1964, 0313). These voicanic rocis ane associsisd with the Phocene-to-Puisiocens
L Cerros 0ol Fio basalt fisid east Of the Rio Grande, and rocks from this field have been
cnted 814.8 10 2.0 MHHON years ok (Garaner et al, 1968, C310). The younpest lava
flows in this ares 0ccurmed between the two Bandeber Tutt eruptions, 1.5 and 1,13
C milion years 200 (Dasaitic andesis of Tank Ninsteen® descrided by Smith et al,
o (1980, 0776). Partof this voioanc fieid s ais0 known as basalte rocks of Chino Mesa

' (Grigos and Hem 1964, 0313). The top of the main agquiter beneath the Laborawry
iz localty within this section of basamic rocks.,

25127 Otowl Member, Bandeller Tut!

The Otowi Member Of the Bandelier Tulf unceries the Tahirepe Member in the
subsuriace beneath much of the Pajanto Platsau and outcrops in mary of the
canyons (Gnggs and Hem 1964, 0313). The Otowi Member 8 mastly a nonweided
v ash fiow tuf! (ignimbrite) that was erupied f1om the Jemne: Mourtains 1.5 million
' years ago (Speil et al, 1990, 0807). It is highly porous and poofty indurated and is
composed of muttipie flow units, Where It OUICIOpS, COONG JouNts are typically absent
because of relatively low emplatement temperatures ard the lack of induration. The
Guaje Pumice Bed genaralty occurs atthe base of the Otowi Member and consists
of soned pumice tragments that averzge 0.8 1o 1.6 in. in aize (Crowe et al, 1978,
0041), .

2.3.12.3 Carro Toledo Rhyoilts and interbedded Sediments

An interdecided sequence of rhyolitic nufts and sediments COMMONY DCCUE between

the Otowi and Tshirege members of the Bandelier Tult. The rhyolitic tufts were

enspted between 1.5and 1.2 milllon years ago, predominantly from the Carro Toledo

domaes in the northeastem Jemaz Mountains (Heiken et al, 1988, 0316). Beneatn .
the Pajamo Plateau, the sediments are epCiastic sancs and sancy gravels that
itholopically resembie Puye Formation fangiomeraiss. At the Laboraiory, deposits

inthis interval have sometmes Deen relerned 1o as “Tsankawi pumice” or “Tsankawi

member.” Thase unis may piay an important role in the migration of water in the

subsurtzce beneath the Laboratory (Stoker et al. 1981, OT18).

I 25129 Tahirege Member, Bandelier Tuff

IR , The most widespread rock uniton the Pajarito Plateau is the Tshirege Mernberof the
Bandelier Tut! (Griggs and Hem 1964, 0313), which was srupted from the Vales
N caiden in the Jemaz Mountains about 1.13 million vears ago (Spell ot al. 1990,
S 0607). The Tshimge Membaer is composed of muttiple fiow units of crystal-nich
e ignimbnte and displays sipnificant vanations in welding and alteration, both in a
KR single stratigraphic section and with varying distance trom the caldera. Individual
R UNItS tenc 10 be more walded and thicker 10 the west. Fiow unitsare locally separated
e by volcanic surpe geposits of well-soned, fine-grained, cross-bedced crysial and
pumice fragments, Vapor phase alteration, caused by postemplacement cooling

and migration of entrained mapmatic pases, octurs in much of this uniL. The base .

IWP, Revision 4 220 February 1995

Qctober 23, 1993/ Rev, 2,0




CGroundwater Protection Management Program Plan

'

Chapter 2 Inswallarion Description

of the Tahirepe Mermber is ohen marked by 1.5 10 10 fi of Dedded, unconsoidaled,
purnice-nch ash 1all i of the Tsankawi Pumice Bed (Balley etal, 1969, 0019; Crowe

* @tal, 1578, 0041), The Tsankawi Purnice Bed is generalty poorty recognized in crill

bit cuttings because rotary arilis commonly gnnd the sOft Matenals 1Mo cusl,

The Tshirepe Member has bean subdmoed imo a sequence Of Mapoable units
pased elther of emsional characienstics (Waeir and Purtymun 1862, 0228; Bamz et
al, 1563, 0Q24; Purtymun anc Kennedy 1871, 0200) or on primary cooling unis
(Crowe st al. 1973, 0041}, Thess units have Deen Comaiated ovear larpe cistances
onthe Pajamo Plataay, However, the bountanes between the units &re Nt always
distinct in the field and can be ditficultto recognee m drill holes, causing invesngatons
10 place the comtasts between units &t ditferent focations, Furthemmore, in the
ansence of geclopic mapping in the imervening areas, the validity of the cormelahons
ts uncertain,

Stratigraphicfeatures in the fuff, such as volcanic surpe 0eposihts, may locally previce
a preferental migration pathway for MOLSTUNe aNd CONMAMINAMS In the subsurtace
(Purtymun 1973, O710; Crowe et al. 1878, 0041), Purtymun (1873, 0710) noted
incroased rates of vaDAr phase migration of irtium away from storage shatts at TA-
54 miong a sTAtgraphic boundary that inciuges surpe layers, individual fiow units In
the Tshirege Mernber cOMain verhcal cooling joints that may or may ot crass flow
unit bounganes. In ash flow tufts, cooling joim spacmyg vanes pnmarily with the
ickness of the unit, emplacemernt temperature, subsirals lemperatute, and topogs
raphy. Joint gensity tends to be graates! in welded tUt and least in nonweldad tut!,
Hydraulic conductivites are penerally greatest in the traciured, weided pans of ash
flow twits ang least in the nonweloec parns (Crowe et al, 1978, 0041),

2.5.1.2.10 Post=-Bandelier Units

Stratigraphically evertying the Bandelier Tut! are disconinuous Quatemary alluval
units that oocur as thin ceposns (typically less than 15 1 thiek) on mesa 10ps and as
ceposits in canyons, Alluvial tans consishng mostly of dace gebns are being shed
over the Bandeiier Tu™t at the westerm bouncary of the Laboratory, Well-sorted 1o
poorty soned sandy and gravelly aliuvium octurs in the major grainages o! the
Pajanto Plateau, ranging up 1o at isast 70 f1thick in some drill holes (Baltz etal, 1863,
0C24). Agditional, older alitvium OCCUTS ON Eirsam temaces on the sides of the
canyons, which can be buned by coliuvvial oeposutts from the canyon walls, The
distribution of aliuvial deposits on the mesas has not bean mapped, but these
Ceposns are MOst wicespraad on the western pan of the Pajanto Plateau, Post-
Bandeler aliival units represent a range of apas trom 1,1 million years ago 1o the
present, Generally, aliuvial units On tha surtace of the Mesas are probabdly olgest,
Decoming inacive as grainapes were INGsed N0 the platsau, Those units lowest
in the grainages grade IMo the active aliuvium along canyon bottoms.,

The aliuvial sedimants i the canyon bottoms probably recors & complex hustory of
orosion ang depostion, in part related to regional climatic changes. in Cabm
Canyon, immediately nortn of Los Alamos, several Cycles of erosion and deposition
of seciment have occurred Over the last 6,000 years, dunng which most of the
previously stored sedimarnt was eroged (Gargner et al, 1890, 0638). Similar cycles
of erosion and deposiion have been gocumented in many pans of the southwesiam
Unned States, ang the oiper alipvial units in the vicinity of Los Alamos may also
record the eftects of regional cimatic changes (Dethier ot al, 1988, 0773).
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The mesas of the Paamo Pixisau are aiso coversd in part by ceposits of the El
Cajete pumce, srupied from El Cajete Crater n the Jemnez Moumans. Deposis of
pumiCe on the mesas have not been masped, but at the Laboratory they are
penarally Most COmMON o the SoUth, And the 2us of the voicanic tispersal Diume
15 80Uth of Los Alamos County. Avallable data sugpest that the El Cajpte pumice is
130,000 10 170,000 years oid (Se!f ot al, 1988, 0500),

2513 Solls

A larpe vanety of soils have developed on the Pajarto Puisau as the rasult of
imemenons of the undertying begrock, slope, and ciimate (Nyhan etal, 1978, 0161),
‘The minenal components of 1he scils ars in larpe part denved from the Bandelher Tut!,
Bbut dacihe lavas of the Tachicoma Formation, basalts of the Carros cel Rio voicanic
tieid, and ssdimentary rocks of the Puye Formation are locally mporant, Allivium
venved from the Paarniio Platsau and from tha east side of the Jemaz Mountains
COMMDULeS 10 $0Us I the CANYONs and ais0 10 1hose Oh soMme of the Meka 10D,
Layers of purmuce ceftved from El Cajete in thy Jemaz Mountains and wingbiown
sacimar denved from othar pars of New Meaxco are aiso significant components
ot many sols on the Pajamo Plateau.

Solis formed on the tops of mesas on the Pajaro Plateau include the Carjo, Frijoles,
Hacxoy, Nyjack, Pogna, Prieta, Seaby, and Tocal sanes. These soilg typically have
lcam or sandy loam suriace homzons and ciay or clay loam sutsurtate horzons,
Somae, inciudmg the Frijoles, Hacicroy, and Seaby soits, Cormain abundant purnice.
Othars, including the Prieta solls, contain abundant wing-depostied sediment, Solis
on the Masas canvary widely in thickness and are typically thinnest near the edpes
of the mesas, where bedrock is often exposad, Solls formed from aliuvial and
colluvial cepos!ts inciude the Potrilio, Puys, and Towmvi ssnes and are generally
loose and sangy. The siopes botween the mesa tops and canyon bottoms ofien
consist of gleap rock OUCTEPS and putches of shaliow, undeveloped colluvial solls.
South-facing canyon walls are steep and usually have liitie or nO soll matenal or
VeOetation: IN CONTALE, the NOMIntasing walls penerally nave areas of very shaliow,
dance-colored soils and are more heavily vegetated (Nynhan et al. 1578, 0181).

Soiliorming processes extend along tractures in bedrock, and coatings of Clay and
Caltium carbonate on fructuras record the transpornt of waterto signiticant depths n
the twit, For example, at TA-54, Arex G, caicium carbonate has been observed as
ceepD as 39 1t and clay CORUNGS A3 CeoD a3 46 1t Delow the Qround surtace (Purtymun
atal, 1878, 0207). Roots have aiso been observed at similar Gepths ajong fractures
in core holes and pits, sugpasting that these solklorming processes continue at
Oepth tocay.

2.5.7.4 Geologic Structure

As mentioned aarliar, the Laborutory (s on the Pajarito Plateay, which lias xt the
westem margin o! the Espafiola basin of the Rio Granoe ritt, a majortectonic fsature
of the North Arencan continent, The Pajamo tault system torms the westem margin
¢f the Espahola basin ang exhiblts Holocene movement and histone seismicity
(Gargnerand House 1887, ¢  C; Gargneretal, 1990, 0639; Gardner and House, in
preparation, G720). The faull system is mada up of aversS miof mapped fault traces
and connects with regional structures that extend at least as far as Cochlti 1o the
south and Taos to ne northeast (Garuner and House 1587, 0110),
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Within Los Alamos County, the Pajartto tautt system consists of three active, Of
potentially active, tautt segments: the Fricles Canyon, Randia Canyon, and Guaje
Mounain segments. The Frijotas Carnyon fauft segment ts a zone of tauling over
0.25 mi In width, whose major sCam forms the wastern boundary of the Laboratory,
Near the southwestarn corner of the LADOMIDTY, the major scarp of the Frijoles
Canyon segment 1s over 410 ft high in rocks about 1 mikion years oit. Movement
on this taUll segment 15 normakobligue, and the taull's sasiern wide is relatively
gowngropped. Whare axposed nonh of Los Alamos Canyon, the Rendija Canyon
and Guaje Mountain faufts ars chaructenzed by Zones of Qoupe and breccid,
peneraltly 100 10 150 # wice, Both faunt segments produce wisibie oftsets of
straugraghic RONzons and are gofminamty normal-coique fautts, whose west 81085
are downdropped., There are some indications of sirike-slip Movements on the
Guaje Mourtain tault segment (Wachs et al, 1988, 0502; Aianch and Dettver 1990,
0017; Gargner etal, 1680, 0539), The youngast mevemaents on the Guaje Moumtam
segmem have been constraned 0 betwean roughly 4,000 and 6,000 years ago
{Gartnor et al, 1990, 0639), Displacement on the Guaje Mounmin and Rendija
Canyontaults adparemly decreases south of Los Alamos Canyon, and narrow zones
of tauling are replaced by wige (over 300 1) zones of intense brecciabon and
fractuning supanmposad on the network of Cooling jomts in the Bandelier Tult
(Vaniman and Wohletz 1980, 0541), In contrast 10 CoolNp joints, these tectonic
tractures cross flow unit and ithelogic unit boundanes; thus, tectonic iTactures may
provige mom continuous and more deeply penetrating flow paths for groundwater
migration than do cooling joints,

Dransfield and Gardner (10685, 0082) integrated a vansty of data to produce structure
comour and paleogeociogic maps of the pre-Bandelier Tutt surtace beneath the
Pajario Plateau. Their maps revea) that subsurtace rock units are cut by a senes
of dowmstosthe-wast normal faults; the overtying Bandelier TUf! is no! obviously
gisplaced Dy these buned faulls, However, where detailed tracture studies have
Dean done on the plateay, they have shown that fraciure abungances and apornures
increase in the Bandelier Tul over tauh projechons, which indicales the tectonc
tractunng mentioned above (Vaniman and Wohletz 1890, 0541), in agdion, smalk
scale offsats along tractures have been obsarved in vanous parts of the Labomtory,
inciuging Area G at TA-54 (Rogers 1877, 0216), which sugges: add'tional unmapped
fautt zones, Untortunately, Getalled trazture studies on the Pajarto Plateau are faw,

2.5.1.5 Seismicity and Volcanism

The Laboratory lies within a region that possesses a long and nch history of volcanic
and tectonic actvity dating from the distam past o the Late Pleisiocene and
presant, respactively, Voicamsm began in the Jamez Mountains volcani: field more
man 13 million years ago and continued without signficam mams up through about
130,000 years age (Gardner et al, 1966, 0310}, Repors of qguestionabl reliabiltty
oescribe wha! ware Apparemtly phreane explosions ang possible associated eanth-
Quakes within the volcanic field around 100 years ago (Sarma Fe Daily New Mexican
1882, 0780), Regartiess, given the long history o! sbatially tocused, peoiopically
coninuous volcanic activity, future voicamsm can be axpected. Although voicanic
activity directly atfecting the Laboratory may prove unlikely, sutficent datato quantity
the probabilities and nature of future volcamsm are lacking,

Diract ettects of tuture sesmicty ! the Laberatory are liksty, athough quantrication
of prodablities 1s not possible at present. Numerous small eannguakes are recoroed
in the Los Alarnos area and northem New Mexico each ysar (Santord et al, 1579,
0540; Cash and Woltt 1884, 0530; Gargnerand House 19687,0110), Sincs establishs
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ment of the Laboratory, several sarthquakes o Richier magriuce J to 4 have
shaken Los Alamos (Gargner and House 1657, 0110). Recent work has shown that
three {ault sapments in Los Alamos County are saixrnicalty actve and that they are
capabie of penerznng larpe earthquakes of about 7 or more on the Richter scale
(Gardnerand House 1967, C110; House and Cash 1983, 0132; Garaner et al. 1990,
0539; Garuner and Housa, in preparation, 0720). Unicwown at this tme are how
frequently these larpe sarthquakes cccur and what their potental is tor penerating
SUMACe rUDTUTe ANd MARS WREING (CCCUMSNces SUCH as rockialls and lanasiices,
which are not causad pnmarily by the movemen of watsr) within the confines of the
Laboratory, ‘

2.5.1.6 Geomorphic Procaases

Significant peomorphic processes actve on the Pajarnto Plateau tnciude (1) erosion
of masa top solls by nun=0t!, {2) retreat of canyon walls by rocidall and landsiiding,
{3) colluvial transport on sloping portions of canyon walls, and (4) erosion and
gepositon of sediments by streams in the Canyon bottoms. Few cate exist on the
ruies of erosion and landscaps chanpe caused by these different processas on the
Pajarto Plaisay, Estimales of long=lerm vertical erosion rates on masa 1ops have
been made based on snPping of overtying units (Purtymun and Kennedy 1871,
0200), but these estmates may be of imited value because the resistant, cilff.
forming units may be eroged pamarily by lxeral ciiff netreat rather than by vertcal
arosion, Erosion rates vary considerably on the mesa 1ps; the highest rates occur
in and neardrainape channels and in areas of locally stesper siope gradient, and the
lowest rates occur on relatively pantly sloping portions of the mess (0P removed
fromchannels. Areas where run=clf is concenirated by roads and other developmem
are espacially prone to accsierated ercsion,

‘The rates and processes of erosion may difer significantty between the north and
south siapes of canyons, Given curment vegstation and climate, the more axtensive
axposures of bedrock on south-facsng sices and preater soll cover on north-facing
sices sugpest that ernsion rates of fine-grained matenal thut can be transported by
run=of! are higher on the dner, less-vepataled, south-facing siden of canyons,
althouph this matenal is larpely etained on the north-tasing slopes. However, no
studies have bean conducted to quantity the rates and processes of erosion on

canyon siges.

Clit! faces retreat pnmarily by dislodpement of blocks bounded by joints and, to a
lassar extert, Dy larpe-scale lanasiing, including the formaton of hupe toreva
blocks in White Rock Canyon. At present, the rates of cliff retmat have not bewn
cocumented, Neither s It known 1o what extent ciltf retreat rates may vary with
chrnatic changes, with evoluhon of the Cafyons, Of with praxirnity to side Qranages,

Thicknesses, detailed stratigmphy, and ages of alluvium in canyon bottoms are, in
peneral, poorty known, and theretore the rates of deposition, erosion, and transpor
of seciments through canyons are larpely unknown, Avallable studies that have
axamined alluvial stratiprapny on the Pajartto Pialeau reveal multiple cycles of
axtensive arosion ¢f sadimant, tollowed Dy renewed ceposition, in the past 6,000
years (Garanaer et al. 1950, 0635), At Cabra Canyon, north of Los Alamos, the last
few hundred vears Nas Deen Marked by the net accumulation of sediment in the
caryonbonom (Gargneratal, 1980, 0630), but it is not known how long this sadiment
will stay 1n storape before bemng mobilzed by tioods and transpotted downcanyon,
Rispos: ~iotnatineso erosional cycles are chirmnaticatly Gnven and repional inextent,
but more «xtensive Cata from acdrional canyons are neetied beitre this determinas
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tion can be made. On & longer tme scale, evidence from the adjacen Espanola
basin coes suQpes! a STTONg CiMade control on peancds of aliuviabon and canyon
incion over the last million years (Dethier ot al, 1988, 0773).

252 Mydrology

2.5.2.1 General Surtace Water Condlitions

‘The Rio Grande is the masier stream in north-central New Maxico, Al surtace water
oranape and prouncwater discharpe from the plateau ulimately amvaes a1 the Rio
Grange, ‘The Rio Grande at Otow, just east of Los Alamog, has a drainape ares of
14,300 mF in southem Coloraco and northern New Mexico. The discharne for the
penod of record has mnped from a minimum of 80 cubic feet per second (Cle) in 1802
10 24,400 cix in 1920, ﬂnmrmmomnM‘! milion tons of suspenced
sediMents past Otowi annually,

Esserally all Rio Grande fiow Sownstrsart of the Labomtory passas through Cochtitl
Resarvoir, which began filing in 1876, 1t is cesigned o provide flood control,
sedimert relention, recreation, and fishery development. Food fiows are tempo-
rarily stored and released at safe rates. The dam is expected 10 trap af least H0%
of the sediments camied by the Rio Grande.

Figure 2.8 shows the location of the major surtace water drainages in the Los Alamos
Canyon. Lot Alamos surface water occurs pnmarily as ephemeral streams in
canyons cut imo the Pajartto Plateay, Oniy four of the canyons comain perennial
reaches inside Labomiory boundanes: Pajariin, Waler, Ancho, and Chaguenul
canyons, O these four reaches, only Pajamio Canyon occurs upstream (to the west)
of any Labomtory facillties or effiven discharpe points, Other perennia) reaches
occuroutsice Laborriory lancgs in the grainage areas of Guaje, Los Alamos, Sandia,
Pajarto, Water (and iis tributary, Cafion oe Valle), Ancho, ang Chaguehui canyons.

Within Laboratory boundanes, perennial reaches in the lowsr portions of Ancho and
Chaguehui canyon are cioss enough 10 the Rio Grande that they extend 1o the Rio
Grande without being depieted, in lower Waiar Canyon, the perennial reach is vary
shor, extends into an irmemittent reacn that is aiso short, and does not exteng tothe
Rio Grande, in Pajarto Canyon, about 1 mi east of Sate Road 501, a spring
sometimes cafled Homesteat! Spnng feeds a perennial reach a tev hungred yarcs
long, foliowed by an inlermittent reach that fiows varying dismnces, depending on
climate conditions, (The iower part of DP Canyon also comains a shert persnnial
reach sustained by discharpe from DP Spnng; however, &t present, it Is unknown
whether the ongin ¢t the sprngliow is natural or artificial,)

Essertially al) other reachas ol canyons within the Labetalony’s boundanies are
ephemarsl; thal i, they fiow naturalty only bnetfly In resconse to precipitation or
snowmnslt in the immediate locality,. Some other reaches are intermitient, especially
thosa that flow during pan of the yaar as the result o snowmell, This snowmel
recharpes the aliuvial perched grountwaler, ang discharge from the perched
systems SUPPONS imermitten stream fiow tor & sormewnat longer penod,

Spnngs betwean glevations of 7,800 and 8,900 t mean sea levei on the flanks of the
Jernez Mountains supply base fiow througholt the year 1o the upper reaches of
Cenhon oe Valle and in Guaje, Los Alamos, Pajarmo, and Watar canyons (Purtymun
1975, 0184), These spnngs discharpe water parcned in the Bandelier Tult and
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Figure 2-8. Location of the major surface water drainages In
the Los Alamos ares.

Tl&bomFomﬁonnmxHszwwSmLMn(MctaL 1981, 0009). The
mmdmmmmwmmhmmmmmnwﬁmmm&nm
mmmomwtdo!mwryoubdmnbdcpbmdbywmmw
ration, and infiltration mto the uncerying alluvium,

Eleven trainage arsas, with.a tota) area of &2 mP, pass through the Laboratory's
eastern boundary. Rur-off trom heavy thunderstorms and heavy snowmel reaches
thoFlioGranoomn!mayurhmdrﬂmm Los Alamos, Pajartto, and

peaks range from 24 cfs fora 2-yr frequency to 686 cis for a 50-yrfrequency (McLin
1992, 0825). The overall tiooding RSk 1o community and Laboratory bulidings is low
because neary all the structures are located on the mesa tops, from which run-off
orains rapidiy mio the ceep canyons. Further discussion of natural surface fiow
characienstics by drainape may be found in Revision 3 of the instailation Work Pan
(LANL 1893, 1037),

Comaminants enter the surtace walar crainages by suriace run-of, by liquid
discharpas, and occasionally by air deposition (Backer ot al. 1985, 0029; Backer
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1686, 0027). Run=cti-canved cCONtRMNATs are larpely bound 10 sedMes; thet
rate of downstmam tavel 8 governed Dy the scourmg and Camymg power of
subsequent run-off events (Lane ot al. 1985, 0140), Grven sufficent tme, these
sediments eventually will be moved across the Labominry boundary.

Neany every crainage has recerved LiQuic industnal or santtary effiuents discharped
from e Laboratory. The sttivem ischarpes celarmine the fiow and waler quailty
Charmclenshcs in drainapes "=t coran itte natura) watsr, Witn ravel sownsiream,
mas? of the effiuent-cenved mMetals and mcionuchoes Decome sadimen-bound and
feman near the surtace of the strearm Channal; other CONUMINaE, such as nitrale,
are gt by evapOrution or move OOwnward imo the allvum.  Detalled fiekd
invastipations in Mortandad Canyon, 10r examphs, Gemonstrate that generally mare
tnan 85% of the (ol inventory of transurmnic mdioactvity discharged from the
treament plant effluents s associated with sadiments i OF Menediately adjacent 10
he stream channel (Stoker et al, 1991, O715).,

In canyons that have received treated, low=lave) radioactve sffluents (Asd-Puebio,
DP-Los Alames, and Morangad canyons) concentrabons of mzioactvity in the
alitviurn are gonerally highest near the trexted effiuent outtall and gecraase
dowrnstream in the Canyon as the sediments and radionucioes are transporied and
gispersed by othertreated INCUSNA| affiusmis, sanitary stluents, and surtace run=gfl.

A stugy of transpor of plutonium by snowmelt run=of! pubiished in 1880 (Purtymun
ot &l. 1690, 0215) incluties the finding that Most plutonium moved by run-off in Los
Alamos ang Pueblo canyons that reached the Rio Grande is transponed with
S6IManis==about 57% with Suspendec sediments and 40% with bed sadiments, A
1otal of about 600 MCi of plutonium was carmed 1o the Rio Grance by 5 snowmat run-
off evants studied gunng the years 1875 1o 1988,

A megional plutonium analysis for the Rio Grande upstream of Eephamt Bulte
Resarvoir shows that fallout contributes about 90% of the total pivtonium moving
tnrough the druinage system in any grven year (Gra! 1853, 1161), The remaiming
10% is from relaases at Los Alamos, The comnbubon 1o the plutonium butdget from
Los Alamos 15 associated with relatively coarse sagimant, which ofien behaves as
bedicad in the Rio Grange (Grat 1993, 1161}

Environmental monfionnp for ehamical angd radiochemical quality in surtace water
pegan with USGS investigutions (Purtymun 1864, 0183; 1875, 0194; Purtymun and
Kunkier 1967, 0202 Punymun 1967, 0188) and has been cominued Dy the
Laporatory (ESG umtll 1677; Environmeral Protection Group 1983, 0829), -

2522 Genersl Groundwater Conditions

Groungwater occurs in three modes in the Los Alamos Area: (1) water m shaliow
atluvium in sorme Of the larper canyons, (2) perched grounowater (Grouncwater bogy
apove & less parmeabie layer that saparates it irom the underying main aquifer by
an unsaturatec zone), anc (3) the man agutier of the Los Alamaos area,

25221 Perched Groundwater in Alluvium
intermitient and ephemeral streamilows in the canyons of the Pajanto Plateau have

oeposned alluvium thal mnpes n Hickness 1o s mueh as 100 i “The alluvium in
cinyons tnat head on the Jemez Mountains 1s generally composed of sangs,
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gravels, pebbles, CODDIed, 810 boulcers dertved from the Tachicoma Formabon and
Bandwelier Tuft on the tiank of the mountains, The aliuvium in canyons that head on
the plateay is comparativety more finety prained, consisting of clays, sifis, sands, and
pravels genmved from the Bancelier Tull, Saturated hydmule conductvity of the
alluviym typically ranpes from 104 crrvs fora sand to 10 cnvs for a slity sand (Abeele
ot &, 1981, 0009).

In contrast to the undenymng voicanc 1t and sediments, the aliivium s quite
permeabile. Ephemaral nun-off in some curyons infifrates the aliuvium untll Sowne
ward novemnent iz impeded Dy the less permeadie tuft and sediments, whch results
in a buildup of a shaliow aliuvial grouncwater body. Depletion by svapotranspirabon
And movemnent into the undertying rocias imit the horcontal and vertcal axtent of the
alluvial water (Purtymun et al, 1977, 020€). The kmited saturaied thicknass and
exdent of the aliuvial proundwater preciude fis Use as & viabie s0UTCe of MunicHal and
indusmal supply to the community and the Laboratory, Lateral ficw of the aliuviel
perched groundwaters is in an easterty, downcanyon direction. Tracer studies in
Mornandad Canyon have shown that the veiocity of watsr ranges from about 80 it/
cay in the ypper reach 1o about 7 t/tary in the iower reach of the canyon (Purtymun
197‘. 0192).

The wuter quality in the aliuvial perched grouncwaters iz variable, depending on the
locaton and history of effluent discharpes. In Moranoad Canyon, for exzampie,
plutonium concentrabons fluctuate up and down in response to vanabons in
treatment plant effiuent and ctonm run=cff water, which caise some dliubon of the
shaliowalluvial perched grouncwater, Tritiumn concentrations have fluctuated aimost
indirect responsa 10 the averape annyal concentrabon ot tritium in the TA-50 effivert,
with & lag time of about 1 year (Environmenal Protection Group 1982, 0740).

Purtymun (1675, 0104; 1073, 0191) has written reviews of aliuvial perched
grouncwaters by drainage area. The resuits of an extensive monionng study of the
alluvial perched groundwater in Mortancad Canyon ane presanted by Abrahams et
al, (1062, 0231), Baltz et al, (10963, 0024), Purtymun (1973, 0191), Purtymun (1574,
0162), Purtymun et al. (1977, 02086), Purtymun et al. (1953, 0209), &nd Stokeretal,
{1991, OT15).

-

25252 Parched Watar in Volcanic Sediments and Basalts

Perched water Dodies octur i the congiomerntes and basalts beneith the aliuvium
In the mid- and lowor reaches of Puebio and Los Alames canyons and in the lower
reach of Santia Canyon. Depth 1o perched water ranges trom about 50 ft in the
mugdreach of Pueblo Canyon to about 450 ft in iower Sandia. The vertical and lateral
axien Of the perched grounawaters, the nature and exiert of perching units, and the
potentia! formigration of perched watarto the main aquiferis not yet tully understood
by investigators, Only the body in lower Puebio and Los Alamos canyons has been
studied m some oetall,

Patterns of chemical quality and water level measurements indicale that the lower
perched grouncwater in Puebio Sanyon is hydrologically connected 1o tha Stream m
Puebio Canyen (Abrmhams and Purtymun 1966, 0014). Watar trom this perched
grounawater discharges at the base of the basalt at Basal Spang, which Is off the
Laboratory sne in lower Los Alames Canyon on the San lidetonso Puabio, The rate
of movemant of the perched groungwalerin this vicinhty nas been estimated ataboyt
60 tday or about 6 mo trom recharge to discharpe (Abrahams ang Purtymun 1966,
0014),
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1t is unknown whether the parched waler syxiems are hydraulically merconnected,
Avaliable data, howsver, sugpest that most of the Systems are of lmied extent
testng of the parched system in mig-Pueblo Canyon cepieted the perched ground-
water afier abouwt an hours pumping at 2 to 3 gal/mn (Wair et al, 1863, 0385).
Perched water was ancourtensd in rmud-Los Alarnes Canyon dunng the driling of the
Otowl 4 supply well (Stokar et al, 1882, 0826), but 1t was nOt reportad in an adacent
well (Test Well 3) located 300 f1 10 the easl. (However, Test Weil 3 was driilec with
acable too! ng in 1547, and the griller may not have NCbced the perched groundwater
it It was present)

Measurements of tMum In pershed groundwater &! imermediale Sepths demon-
sirate that recharge 10 those capths has occurmad OUnng the last severa! decates.,
‘The levels of triium in those locahons are high snough 10 be attriduted to recharpe
of surface water comaminated by effiuent or other reisasss from Laboratory
operations,

Thesa observations have been macde at four locations m Pueblo and Los Alamos
canyons. For several ysars, tritium has been obsarved in Test Well 2A (n Puebio
Carryon &t levels batween 2,000 and 3,000 pClL. Sartmg in 1891, low-datechon-
limtt tritum measuremnants have consistently revealed titium at levels of about 150
pClUL in samples trom Test Well 1A, iocated in lower Pueblo Canyon near Ito
confluence with Los Alamos Canyon, and tn Basal Spnng, locatad in Los Alxmos
Canyon just gownstraam trom its confivence with Puebio Caryon, The measure-
merms a! hesa three OCANONS afe CONSISIEN with Previdus Understanding, The
imermediate perched groungwater Ras long been Known 1o be atiected by etfiuents
discharped into Pueblo Canyon, Saring with meaasurements muao oy the USGS in
the 1950s and 19608 (Abrahams et al, 1661, 0015),

The most recent observation of trtium in imermediate-ce pth grouncwatar was made
1n Well LADP.3, compieted in 1883 by the ER Project m the middle reacn of Los
Alamos Canyon about 1 mi dtowngradem of TA-2, the Omega Reactor sne (Broxton
e al,, in preparation, 1162), Well LADP-3 ancounterad perched water at a depth of
about 320 10 330 1, just a1 the comact of tha Otowl Tut! and the Puye Conglomerata,
Samples of water from that weli contained about 6,000 pCil

Soma parched waler oceurs in voicanics on the flanks of the Jemas Mountains offsite
o the west of the Laboratory, This water gischarpes in saveral spnngs (incluging
Amencan and ArTusteac spnngs) ang provides fow torthe gallery in Water Canyoen,
The galiery contriputed 10 the Los Alamos water supply for 49 years, producing 23
to 96 million gal, annually,

2.52.2.3 Main Agulter

The main aquiier of tha Los Alamos area is the only aquiter cabable of larpe-scale
municipal water supply (Purtymun 1884, 0196), In 10885, water for the Labaratory,
the communities of Los Alamos ang Wnile Rock, and Bandaher National Monument
was sunpiied trom 11 ceep walis in 3well lielgs, The wells are locaiec onthe Pajamo
Plateau and in Los Alamos and Guase canyons east of the plateau. Municipal and
industnal waler supply gunng 1852 was 1,43 billion pal, Ywias trom individual wells
rangec {rom about 175 10 1,400 gom (Stoxer et al. 1992, 0B26). Purtymun (1684,
0186) summanzes aquier hySraulic characlenstics as cetermined gunng agutter
18515 OF dunng pencds of proauction of suppty wells anc test holes,
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The surtace of the main aguiter naes westwarnd trom the Rio G rance within the Sants
Fe Group o the lower part of the Puye Congioments benasth the central ang
westem part of thw Diatea. The Cepths to water beiow the mesa tops ranpe from
about 1,200 ft along the westem marpgm of the dlataau to about 600 ftat the aastem
margin. The man aquiier is weperaisd from the watsr in the alitvium and perched
waisr in the voICanics by 350 1o 620 it of tit and voicanic sadiments (Emarcnmental
Protechon Group 1953, 0628). The rmam aguiter exhiDits artesian condibons in the
sasiem part piong the Rio Granoe (Purtymun 1984, 0188), Commuously recorded
water level data colieCied in test walls since the tall of 1982 indicate that, throughout
the piateay, the man aquiler responas 10 barometng and earth boe affects in the
manner typical of confined aguifers.

The exattsource 0f fecharpe 1o the main aguiter s uninown, Cushman (1965, 0042)
suppested three sources of recharpe: infilration of run=oft in canyons, undertiow
trom the Valles Caidera through the Tachicoma Formation, and infiltration on mesas.
However, & large quantity of hydroiogie, structural, and peochemical data indicate
that the caidera may nNot asrve as an sppreciabie sourme of recharpe to the mamn
aguiier (Conover et al. 1963, 0248; Gngps and Herm 1964, 0313; Gof! 1891, 1020).
Furthermore, natural recharne tvough undistirbed Bandeller Tutt onthe mesa tops
Is believed to De insignificant (Purtymun and Kennecy 1971, 0200; Kean etal 1986,
0135), and few OF nO data eos! 1 SUPPOTt an evaluation of canyon run-off as a
rocharpe source. It is inferred that major recharpe of the main agquiler occurs trom
he west becalse the DIeZOMENC sUTace siopeas Cownward 1o the sast. Walerlevel
slevations sugpest that grouncwater flows trom the Jemnez Mountains east and east-
southeas! toward the Rio Grande, where a pert is discharped imo the nver through
seeds and spnngs (Purtymun et al. 1980, 0208), Spnnps ted by the main agquiter
discharpe an estimated 4,300 t 5,000 acre=ft of waler annually into White Rock
Canyon along an 11+mi each between Otowi Bridpe at State Road 502 and the
moutn of Rito oe Frijokes (Cusnman 1965, 0042),

The hydraulic pradient of the aguiter averages about 60 to 80 ft/mi within the Puys
Conglomerate but increasas to 80 to 100 tt/mi along the eastem edpe of the piateau
as the wate' in the aguiter enars the less permeabie seciments of the Sarta Fe
Group, The rate of movemernt of watar in the upper section of the aguiier vanes,
depending on the matenais in the aquiler, Aguitertests indicate that the movement
ranges trom 20 fyr in the Tesugque Formabon 10 345 AT in the MOre DerMexbie
Puye Congiomerale (Purtymun 1984, 0196),

In an efiort to Detter understand the nature 0! recharpe 10 the main aquiferinthe Los
Alamos area, a senes of Botope and age=gating measuraments on selected water
sampies has been initiated dy Laboratory and other DOE resaarchers, The study is
atlermptng o apply a range of geochemical and geochronciopical techniques to help
icentity potertial sources and ages of water in the main aquifer, Sampies have beesn
collected from the test wells and trom the water supply wells that penetrate the main
acufier. investioators are using a vanety of radicachve and stabia isotope measure-
mants, Al present, & number 0f measurements of Carbon-14 and iow-leve! ttium
measurements are avallabio that permit same preliminary estimatas of the age ot the
water In the main aquiter at vanous locations.

"Age of watter® means tha time otapsed since the waler, as precipitation, enterad the
ground to form recharpe and became solnted trom the atmosphare, The precipitas
1100 at the time of antry into the pround i assumead 10 have contained ammesphenc
equillbnum amounts of both ritium and carbon, Radicactive Carbon-14 comes
mamly trom naturn! sources, Trtium comes from both natural sources and tallout
from nuclsar woadans testing in the armosshare,
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Preliminary imerpretzbon of the results of 7 carbon-14 analyses indcates that the
mnimum age of water in the main agurter ranges trom about 1,000 ysars uncer the
westarn poruon of the Pajamo Plaisas, INCreasing as it MOvas easiwarg, 1o about
30,000 years near the Rio Grande. These vaiuas are consistem with the penoral
understanding of e Los Alamos Mman aquief, based on physical and geciogic
condhons, which indicaie How trom wast 10 sast, with Major recharnpe oceumng trom
the wast

Saveral measurements of Tiium by extremaly low-detecbon-imit analylical meth-
od5 apPeario show the prasence of soMe MCENT recharpe (within the las: 40 years)
Inwater sampies taken from 5 wells in the Mmain aquifer a locations near Los Alamos,
Angthar 30 welis show no apparent influence of recent recharpe on the main agutter,
‘The levels maasursd range hrom less an a percent 10 less han a hundrectn of &
persent of CUrmeM GNNKING water Slancards and are less Than leveis that could be
cetecied by e EPA-speciied analyical methods normally used 1o tetenmune
compliance with gnnlong water regulations.

The first location s Test Well 1, located m Puabio Canyon near the corfiuence with
Los Alamos Canyon, Consistent analybcal resufts indicate that trifum is presem at
this location; however, the Dathway MeChansms A not yet understood, Ths well
has been suspected for several years of having a welkbore leakage of other
communication trom the curiace, as inferred from othar types of data (Abrahams et
al, 1981, 0015). Ona passible route of communicaton is aiong the ungrouted cable-
tookinstalied casing, Ancther possibiilty s & downwarnd movement through the rock
peneath the canyon,

The sacond location is in Los Alamos Canyon near its confluence with the Rio
Grance. An obsarvalion well (LA-1A), an oid walsr supply well (LA.2), and a
gomastic well show the prasance of trhium,

The third location is at Test Well 8 in Mortandad Canyon, Test Well 8 is located about
2 mile gownsiream ol the outtall of the Laboratory’s radicactive liquid waste
treatrmont plart at TA-50, The well was sampisd at the ang of 1983 as part of the
Environmental Surveitiance Program. The wall was completed in 1960 10 a gepth
of 1,065 . The upper pant ¢! the well panetrates shaliow aliuvial perched
groungwater that contains the residual contaminants discharged by the TA-50
treatment plant, Tritium levels in the aliuvial groungwater in the vicinity of Test Wall
8 have been about 100,000 pCUL in the last few years, ranging to as mueh as
1,000,000 pCUL i the mid-1870s.

Al least three possible pathways exist by which tritium in Montandad Canyon could
move toward the main aquiter: (1) migration down the welibore outsicde the steel
casing because cable 100! griling does not mciude an annular seal, (2) saturated
movementtrough traciures ortaults, and (3) movementinunsaturated flow through
the vagose zone (the vadoss Zone is the 2one betwaan the land surface and the mamn
agurer). Tritiumis known 1o be migrating downward In the unsaturaled zone baneath
the alluvial perched groundwater in Mortanaad Canyon, based on measurement of
cores coliactad to a deptn of 100-200 tt at locations farthar west (Stoker et al, 1991,
0715),

2.5.2.3 Hydrologic Properties and Condltions of the Bandelier Tut!

Althe cemtral portion of the Laboratory, there 150 axgess of 1,000 1t of unsaturateg
voicanic Wi, seciments, and basalts of the Bandelier Tult, the Puye Conglomente,
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and the basafe rocks of Chxne Masa, Numerous inveshgaiions focusing on
hydrologic Charcterzapon of the upder 100 tt of the Bancelier Tut! have Deen
concucted inthe Los Alamos arwa since the 1950s (a.5., Abmhams etal. 1961, 0015,
Welr and Purtyrmun 1962, 0224 Abrshams 1963, 0011; Purtymun and Koopman
1965, 0201; Purtymun and Kennedy 1671, 0200; Purtyrmun etal. 1978, 0207, Abesle
ot al, 1981, 0009; Keart ot al. 1988, 0135; Purtymun et al, 1989, 0214; Stoker et al,
1991, 0715). The vasose Ione Delow about 100 1 has not Deen ageqQuitely
Chamctenzed, ‘

Most of the iInvestigations of the hyarogeciogc properties of the Bandeber Tut! have
been conducted on sampies of crushed or arsturbed Wif, Hydrologic property tests
conductad since the tid-1980s larpely have been on undisturted cores (e.g.. Kear!
ot &l 1666, 0135: Stokar f al. 1991, 0715). To axi the reader In evaluatng the
variabitty in hyoravlic properbes, a summary of hyoraulic properbes measured in
undisturped cores from the Bandeber Tuf! is preserted in Table 2-2,

Table 2.2 inciutdes measured valuas for buik density, porostty, and saturated
hydmaulic conductivity. The vitlues for residual saturation, aibha, and N are e
parameters for van Genuciten's tormulabon of the Mosture Characiensic curve
{van Genuctiten 1980, 1183):

= 0=8, ]
B-B'_er-[l*w]}; .
where
g  ettectve sxwration,
] volumatnc moisture content,
[ satuniog moisture content,
6r resicdual moisture contam,
h sucCtion,
& N van Genuchien fittng parametors,
M =TIN i

25231 Eftects of Physical Characteristics

Physizal charactenstics of the tut! that atfect fluid flow rasutt primarily trom the Segree
of weiding ang jointing. The Gepree of weiding, which vanes markedly within and
between tift units, influences the nature and variabillty of hydrolegic characieristics,
Welding results in increased dansity, decreased poroshty, and decreased hydmuic
conductivity of the rock matre (Purtymun and Keopman 1965, TG201), However,
weloed 1S tend to be mora highly fractured (joimed) than nonweided tut!, ang he
overall permeability of the weiged twut! may be locally enhanced (Crowe et al. 1878,
0041),

25232 Poroslty

Porosity measurements by Abrahams (1963, 0011) range trom 20% 1o 60% by
volume, generally decreasing with increasing deprea of wealding. Measuroments
repontec by IT Corporation (1867, 0327) are highet, trom approximately 39% 10 74%.
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IAnLE2:2

SUMMARY OF HYDRAULIC PROPERTIES DATA
FOR BANDELSER TUFF OBTAINED SINCE 1984*

wven Qenuciwen Paramewrs

Bk )

Dermity Porosity Kant Saturstion

{prowd) M%) {omveee)  DR)® a )
7-’1"'90 fMember
Mimmum 0.04 a6 s8x10* 0.0 0,0011 1152
Megian 198 48,8 Rt 23 0,0058 1.008
Harmone s x 0t
Mean
Maximum 1,49 742 apxic? T8 02312 2877
Mumber of 43 L & [ 1) a2 32 32
Cosetvations

Tasnawl Pumioe

Minimum 0.00 36,7 ATx0d 00 0.000% 1.108
Megdian 128 48,0 eaxi10? 0.3 0.01%7 1.481
" Harmonic 1.7 x 10

Menn

Muximum 1.60 858 43x1t9 T 0.0512 1990
Number of 1 12 ] 9 5 ]
Otmervabons

Olow! Member

Minimum 0.88 403 k0t 6D 0.0020 138
Median 1,18 44,0 27x W 28 0.0080 1,653
Harmome 13 x w0

Masn

Maxmum 1,49 88,0 Tax 0% 124 0.018% 2,207
Numbe? of n 25 25 24 4] 2
Ovsarvabons

& Sampies reprasertt a compiaton by D, Rogers and B, Gallaher {in preparanon, 1182) of
AviiaDie Mygraukc DrODaryY CEtMINALONS ON UNGRNITDE] Cote SAMDies MKEN bLutween
1084 and 1902, Feid and labormory data trom USGS work m the 1950s and 19608 and
Sirwaint PHHETHON D CONCUCIed by Bendx Comombon in the mc=1980s (Kean ot al.
1988, 0125) are NOt MaWOeE N e COMDIALON Decause Ol CONOINS feabny 0 the
Mﬂlrlbﬂl'ly of gifferent Mmeasureme! technIQues,

D, Most cores with §p »10 &re omitied because 0f e absence of IHMMMOCOUDIa
peychiometer measuremend A Nigh MAINS AUCHONS,
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A Qreat deal 0f the high porosity occurs when pumice fragmedtts are incorporated
the ft. The higher porosiiies are comparnabie t those of the UpDer ranpes found
in fine clays. Such high porosities, however, are unusua) for incuraled matenals,
Extrerne changes in porosty cver a short vertical distance have been observed
{Abranams 1963, 0011),

25230 Molsture Content

A number of Iryaraulic propertius of the Banceter Tuft vary with changing molsture
content. The tuit is only partially saturated throughout the Laboratory, even behesth
stream Channels containing aluval perched groundwater systema, The mosture
contents of the tuf! beneath Mesa 1ODS Are very Jow, typically less than 5% by voiume
(Abahams 1963, 0011), Abrahams shows that Wuff mosture content is higher
benaath disturbed sols than bensath undisturbed solis and, generally, mosture
Content gecrenses with gepth. At sites with relatively hagh near-eurface mosture
contents, the volumetnic Moishyre coment decreases rapicly with depth to less than
5% (Abmhams 1963, 0011). Moisture contents of the it bensath the canyon
botioms are conaidermbly higher than those beneuth the Mesas and typically reange
from 20% 10 50% Dy volume (Welr and Purtymun 1962, 0228; Stokar et al. 1991,
0TS), Feld stucies in Morandad, Sandia, and Patrilio canyons show that moisture
coment vanes greatly with depth, depending on wocure (Stoksr et al. 1991, O715;
Environmental Protection Group 1963, 0828). Generally, mowsture content e-
creases with depth below stream channeis,

252134 Molsture Characteristic Curves

The reiationship betwesn moisture comasnt and soil-water potertial has been
cbmined from more than 60 undisturbed mesk top and canyon boltom cores at TA-
54 (Rogers and Galiaher, In preparation, 1182). The data indicate residual moisture
content (0% 10 4%), Purtyrmun and Stokar (1067, 0204) indicuts that at TA-4S
specific retention {residusl moture content) ranged from 11% 10 27%. Detalled
analyses in Morandad Canmyon show that there are significant difterences In
moisture retention characterniztics between and within tormational units (Stokerstal,
1981, 0718). Abranams (1263, 0011) Cetermined the energy Melationship with
moisture content of a moderately weiced i, The saturated moisture contant of the
! was about 41% by volurme. When moisture conents are below about 4%, there
i5 no movemaent of water: from Sbout 4% 10 8%, moisture is redistributed by diffusion;
from about 8% to 23%, distribution is povemned by gravity and capitlanty: and above
2%, movement is controlied by pravity only (Abrshams 1963, 0011),

25235 Hydraulic Conductivity

Hydraulic conguctivity is the paramater that Sescribes rate of fiow of fiuid through a
poTous Medium in response 10 A hydraukic pradient it s a tunction of both the flurd
and the medium. Saturated hydraulic conguctivities have been measured tor wit
many tmes under laboratery and fisld conglitions, with values ranging trom1.9 x
10 10 2.3 x 10 crrvs (0.054 0 6.5 Voay), comparable 10 those of ality sand. In
peneral, nonweiged twif has preater saturated conductivity than weided tutl, and
nonzontal conductivities are greater than vertical conductivities (Abrahams 1083,
0011}, Unsaturated hycraulic conguctivities may be many orders of magnitude
lowaer, typically ranging from 10 10 10 crvs {Stoker et al. 1891, OT15; Rogers and
Gallaher, in praparation, 1182), depending on in-gitu moistute contams,
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252.3.6 Joints

Joints iormed by coching of the ash flows or Dy latar faulting Typically Ovide the tuf!
imo ureguiar Biocks, The MAJOr oint sats are vertical or nearty vertical, with dips
graater than 70", and joint frequency INcreases with the tepree of welding and
proximity to tauis (Varman ang Wohletz 1880, 0541), Jomts and fractures in
mocerntealy weiced wifs generally termunate in nonweiced tutls (Baltz o al, 1963,
0024), The joints are gtten verbcally limitad 10 & single axh fiow or ash fall unit
(Purtymun and Kennedy 1871, 0200). Joim apsriures range from ciosed 1 open as
much as 15 em (Wohletz, in prepasation, 1183), The joints are commonly fillec with
caliche near the surface, prading gownward to cixy, and may be open to cepmns
preater than 30 ft (Purtymun et al, 1978, 0207; Abesie ot al, 1881, 0008), Exarmuna-
tion of cores obmined from horzontal driling beneatn a waste disposal site at TA.
54 showed that about 80% of the joirts were filled or plated with clay or secondary
mineralcaton (Purtymun et al, 1878, 0207). Fmacture aperiures at TA-54 are
typically small, with median values of about 3 mm; median fracture spacing & 1,8-
4,91t (Rehaau and Vaniman, in preparabion, 1181), Ransau and Vanmman nole the
genaral absence of ciay llluvianon m any {ractums to depths greater than 10-20 ft
witrin an excavated pit al TA-54,

2.5.2.4 Movement of Molsture in the Bandelier Tufy

The movermant of moistura in the Bandelier Tut! is govemed by a complex imeraction
of many factors. Climatic and site-spectiic land use tactors comtrol the supply of
mousture available for inflitration, and hydrogeoiogical chamctenstics cofttol the
redistridution of moisture tn the wff,

Pearnaps the mos! significant aspect of the 1! is tts abifty to imblbe water, i.e., act
as asponpe. Most 0! the pore spaces inthe Wit are of caplilary size ang have a strong
tencency 10 hold waler apainst gravity by surlace tension torcas, Thus, a slug of
waler entenng ary wif! is siowed or retained by capillary tansion forces.

Watar moves through the tut! in two ways: (1) by liquig and vapor movement through
the pores of the Wi and (2) by movement through epen, inercennected joints
{Abrahams, 1862, 0011). When motsture comert s iow, movemen in the vapor
(paseous) phase becomes more preponderant, and quid movement through the
ok matnx is extremely slow, Water emtanng open, imerconnecied joims mipht
move rapidly downward through ihe joints; however, 10 maintain cominuous tiow
mrough the tractures, his likely that larpe volurnes and a continuous supply of water
are Necassary because of the sponge eftect of the adjacont (Wit that forms the wall
ofthe tracture, The existence of a low-permeapliity coating cnthe wall ot the tracture,
on the other hand, could increass the travel depth of water fiowing through fractures
{Thoma et al, 1992, 0827), 1ihe joiNts are NO! conMtiNuous throuph contacts batween
subunis of the ul, the waler might be parched above the comact and would tend
10 move laterally, potertially to the walls of cunyons, These factors are discussed
as they pertain 10 subsyrtace contaminam transport beneatn the mesa 1Ops ancd
canyon bottorns,

2.52.4,1 Migration of Molsture Beneath Mesa Tops
The natural moisture coment of the 1’ {orMING the Mesas between the canyons is
penerally lass than 5% by volume at depihs Qroaterthan a few tans of ieel, the 2one
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xflacted by seasonal inouts of mosstute and evapotransdiration, Weirand Purtymun
(1962, G228) atnbuted the Kow MOIKUNe CoMent t the protective cap of ciay sol!
Ganved by weathenng of the tuf! nearthe surtace, low raintall, and high evapotrans.
pirztion. The existence of kow moisture comernt is turther supponted histoncally by
the absance Of weathenng Delow 10 m (Whesler et al, 1577, 0828) and the overall
absence of perched water in the Tt &t potertial perciung honzons.

Kexr ot al. (1988, 0125) conciuced tat vapor phase TRASDON i the predominant
tansport mechanism controling the poterttial subsurtace movement of comnm-
namts benaath the mesa top al TA-54, They also concliude that thers 18 no
inerconnection of movernent of liquiki water in the intervil of Banoelier Tut!
examined (Upper 100 ft of the Tshimpe Member). Other laborxiory analyses on
cores of mocerately weided tuf! support the possltiity of vapor phase dorminance at
most mesa 1op locations (Abrahams 1963, 0011).

From a waste containmant perspective, the passibiiity of vapor phase dominance is
significant: in extremely cry rock, oty COMAMINANTS EASING N & GASAOUS Kale,
such as tritiumn or volatiie orpanic solvents, Mmigrate through the rck mutrnx, Other
mdionuclides and metals can be remcved from their ongina) location only under
wetier conditions, when the uninterrupied movemert of kquid weter (Le., capllianty)
is more pregominant,

Few definiive fleld measurement techniques axist by which to quartity natural
recharpe through mesa tops. One axseftion is the use of natural tracer preflies to
infer recharpe ratas by companng them with analytical solute transport solutions. As
an atsmadve, the flux of liquid water through the rock matrix that coutd eventually
betomae recharpe can be estimaied as baing approxdmately squal to the unsaturated
hyaraulic conductivity, assuming that flow is downward and &t steatty sixte.

In~&2tu nydraulic conductivities for twit Deneath the Mesa top Material Disposal Area
(MDA) L at TA-54 were computad by Ropers and Galiaher (in preparation, 11582)
from labomiory anatysas of five undisturbec Bancelier Tuf! cores obtained from
three separate coreholes, Computed in-glty unsaturated hydraulic conductivities
(Le., fluxes) mnge trom 3.0 x 10 tn 1.5 x 10* crrvsec (3.7 x 10 10 1.9 X 10 iy},
For unitorm flow through medin with spatially varying hydraulic conductivity, the
averafe hydraulic conauctivity lies between the hammonic and arthmetic mean
hyaraulic conguciivity (de Marsly 1886, 1163} The arnthmetic and harmonic mean
hydrauiic conductivities for this set of cores are 4.7 X 10 and 8.7 x 10 crmv/sec (5.8
X 107 and 1,1 x 107 tiyr). Al the moisture conditions and caiculated unsaturatsd
hydraulic conductivities at MDA L the raies of water movement in the upper part of
the measa 1op are estimaled 1 le betwesn 1.2 and 0,002 ttAr, based on the
#33UMPHON that there are NO “ast pans” of water Movenant, such ks tractune llow,
to sipnificant depths. '

‘Theso caiculated rates, which are ralatively low, imply very tittie waler movement
fromthe Masa tops 1o the main agquiter uncer natural conditions, which prebably also
apphes 1o a one-time sDill of contaminants at the land surtace. Because of
peochemical interacuon betwean the fock and dissolved constituents, the mie of
constriuent movement (except for movernent of constitvents tat are highly Soiibie)
should be lower than that of water,

The greatest concem apout Susurtace migration at masa tops 1S the polential tora
large volume of contaminani 1o be chronically reteased in the viginty of open ang
imersonnected JOMLS, which COUKS OCCUr baneath a surtace impoundrmaett or & laaky
chemical storage 2nk. The movemant of water through joirts would negate the
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28242 Migration of Molsture Bensath Canyon Bottoms

The canryons with alluvial parched groundwaters ane presurmned i prasent a grester
potential {Or SOWNWAIQ oveMent than ¢o the Mesl tops Decause there is & Consant
grving force and because the Moisture comant of the Wit below the saturxied
alluvium is sgnificantly lugher than that beneth the mesas, AScibonally, the depth
tothom-mnnwormnbmwmnnwmmmﬂdlmhumnmwadm-m
mesa 1008, The effect gf trus greater potential tor fluld Aow, though, is somewhat
compansated by the generl lack of highly concentratad Contarminant spurces in the

caryon batioms,

Recent investipabons provicde some important inomation on the movement of
Motstu &N CONRMINANS in the unsaturxied Wi, The best lieid evidence tnat can
De used 10 astmate POtantal Sownwart raias Of MOvernent beneath canyon bottoms
s obtained from corehole data collecied by Stoker et al, (19891, 0715) in Mortangad
Canyon. Becauss treated hquid radicactive sffiusnts have been discharped to the
canyon for aimost 30 years, the mdicactive consiituerts in effiuert from the
Laborxiofy sarve &s accumte tracers for fuii and contaminart migration studhes,

The basic conclusions of the Morandad study regarding the movement of adioas-
tive contaminants beiow the alluval perched grouncwater are (1) soluble and
perticulate mdicactve constitbents have moved less than about 10 ft into the
unsaturaied zone beneath the aliuvial perched groundwaler and (2) tttium, as
tritated walar, has moved at least 150 ft beiow the aliuvial perched grouncwaier o
a total depth of 185 1t Tritium concentrabons in Corehole MCM-5,9 (the Oeepest
corehole drilled 0 far in the canyon) cecreass by a factor of about 100 between 150
and 195 ft, saugpestng the possibility that tritium has not moved much deeperin the
aimost 30 years since effluents were 1irst released from the TA-50 razmmant plant
{Siokar stal, 1991, 0715), The tritium datx suppest a downwart rate of moveme nt
of &t lsast 6 1. However, thes conclusion must be considered tanmtive unth
agdinonal, deeper coreholes can confirm the patiem.

Recent drilling of Characiertzation Well LADP.3 in Los Alamas Canyon has shown
tutt Ladboratory-cenved trihum has migrated 1o dapths of at leas? 330 ft beneath the
canyon bottom (Broxion et al., in preparation 1162). Because the history of tritium
relaases to the canyon is uncertain, It is difficult to calculate a downward rate of
COMAMINAnt movemernt at this location.

Stokar etal, (1991, 1715) evaluated the maoisture content tn tut! beneath the aliuvial
parchad groundwiier in Morancad Canyon. Most vatues for gravimetnc moisture
cortent in the Tehirege twil beneath the alluvial perched groundwatar renped from
10% o 0%, corresponding to about 20% 10 60% of saturaton. Several peaks
occurred at higher .alues, approaching 80% of saturation near the cortast with or
in the Tsankawi tut and fiuvial Cerro Toledo ryolite deposits on the top of the Otowi
member of the tuf! at depths around 100 1L Inthe Otowi tut!, the gravimetne molisture
contert decreasad and levelec of! at about 12% 1o 18%, which comesponds to 20%
1 40% saturaton, A similar partem oczurred in a corehole tarther downstream in
Morangad Canyon past the end of the aliuvial perched groundwaler (Stoker et al.
1881, 0715) ang aiso in Sandla and Potrilio canyons (Environmental Protection
Group 1993, 0829).

The data sugges: that there are complax vanations in nydrologic properties in the

layers trom the base aof the Tshirege through 10 the top of the Otowi ! that
significantly attect the movarnent of motsiure in the unsaturated zone, There is also
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83uppestion that moisture conditions in the Otow! tuff become very uniform, with only
mooerste diferences in magnituce, cepenting On whether thers are saturated
condibons in overtymg layers (Environmental Prowection Group 1983, 0828), Addi-
tional field data and theoretical imerpretation are required to continm the pattams and
quantity movement.
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Descriptions of Technoical Areas

TA-a, Omega Site == The Omega West Reactor, an 8-MW nuclear research reactor, is located at TA-2,
The reactor provides neutrons for fundamental studies in nuclear physics and associated fields,

TA-3, South Mesa Site — The main technical area of the Laboratory, TA-3 includes the Administration
Building in which the Director's office and other administrative ofTices and laboratories for
several divisions are located, Other buildings house the central computing facility, adrinistrative
offices, materials division, science museum, chemistry and materials science laboratories, physics
laboratories, technical shops, cryogenics laboratories, a Van de Graaff accelerator, and the main
cafeteria,

TA-6, Two=Mile Mesa South Site — Two-Mile Mesa Site is one of three sites (TA-22 and TA=0 are the
other two) used in the development of special detonators to initiate high-explosive systems,
Fundamental and applied research conducted at this site includes investigating phenomena
associated with initiating high explosives and research in rapid shock-induced reactions.

TA-8, GT Site (or Anchor Site West) — Nondestructive testing is conducted ot this site for the entire
laboratory, The test facilities maintain capability in all modem nondestructive testing techniques
10 ensure the quality of material ranging from test weapons components to highspressure dies and
molds. The principal activities involve radiographic techniques (using x-ray machines to
1,000,000 V and a 24-MeV betatron), radioactive isotope techniques, ultrasonic and penetrant
testing, and electromagnetic test methods,

TA-9, Anchor Site Enst — At this site, the physical propertics and feasibility of fabricating explosives are
cxplored, and new organic compounds are investigated for possible use as explosives. Storage and
stability problems are also studied,

TA-11, K Site = The facilities at this site test explosive components and systems under a variety of
extreme physical environments, The facilities are arranged so that testing may be controlled
andobserved remotely and so that devices containing explosives or radioactive muterials, as well
as those containing nonhazardous materials, may be tested,

TA-14, Q Site — This firing site is used for running various tests on relatively small explosive charges and
for ¥etermining the impact of fragments,

TA-15, R Site « This site is the home of PHERMEX, a multiplescavity electron accelerator capable of
producing a very large flux of x-rays for certain weapons development problems and tests, The
site is also used for investigating how weapons function and systems behave in nonnuclear tests,
principally by electronic recording means,

TA-16, S Site — The facilities at this site house the development, engineering design, pilot production, and
environmental testing of nuclear weapons warhead systems. Other functions include stockpile
production liaison; development and testing of high explosives, plastics, and adhesives; and
research on process development for manufacture of items using these and other materials,

TA-18, Pajarito Laboratory Site = The fundamental behavior of nuclear chain reactions with simple
low-power reactors ¢alled critical assemblies is studied here in buildings known as kivas,
Experiments are operated by remote control and are observed by closed-circuit television, The
reactors are used primarily to provide a controlled means of assembling a eritical amount of
fissionable materials to study the effects of various shapes, sizes, and configurations, The
machines are also used to produce large quantities of fission neutrons for experimental purposes.

TA-21, DP Site — This site has two primary rescarch arcas: DP-West, o chemistry research facility, and
DP-East, a research site for high-temperature chemistry and tritium,

TA-22, TD Site— Sce TA«6.

TA-28, Magazine Area A — The Laboratory uses this site as one of two storage areas for explosives,
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TA-33, HP Site— A major high-pressure tritium-handling facility is located at HP Site, Laboratory and
office space for the Geosciences Division's hot dry rock geothermal project is aiso jocated at this .

site,

TA=35, Ten Slte — Nuclear safeguards research and development conducted here are concerned with
nondestructive techniques for detecting, identifving, and analyzing fissionable isotopes. Research
in reactor safety and laser fusion also occurs at this site,

TA-36, Kappa Site —= Various explosive phenomena, such as detonation velogity, arc investigated at
Kappa Site,

TA-~)7, Magazine Area C=—See TA-2S,

TA-9, Ancho Canyon Site —Nonnuclear weapons behavior is studied here, primarily by photographic
techniques. Various phenomenological aspects of explosives, interactions of explosives, and
explosions involving other materials are also investigated at this site,

TA-40, DF Site — See TA=6,

TA-11, W Site — Personnel at this site are engaged primarily in engineering design and development of
nuclear components, including fabrications and evaluation of test materials for weapons,

TA=43, Health Revearch Laboratory = The Biomedical Research Group does rescarch here in cellular
radiobiology, biophysics, mammalian radiobiology, and mammalian metabolism. A large medical
library, special counters used to measure mdioactivity in humans und animals, and quarters for
dogs, mice, and monkeys are also located in this building.

TA=-46, WA Site — Applications for photochemistry, which include development of technology for lnser
isotope separarion and lascr enhancement of chemical processes, are investigated here, Solar
energy research, particularly in the aren of passive solar heating for residences, also occurs at this

site,

TA-48, Radlochemistry Site — Using analytical and physical chemistry, scientists and technicians at this
site study the nuclear properties of radioactive materials, Radioactive substances are measured in
hot ¢ells, which permit remote handling of radioactive materials.

TA=49, Frijoles Mesa — Frijoles Mesa has been used primarily as the site of underground hydronuclear
experiments, conducted in 1960 and 1961, and as a buffer zone for nearby firing sites, The site is
currently used for high-power microwave research and for training the Laboratory's hazardous

devices team,

TA-50, Waste Management Site — Personnel at this site have responsibility for treating and disposing of
most industrial liquid waste received from Laboratory technical areas, for developing improved
methods of solid waste treatment, and for containing the radioactive materials removed by
treatment, Radioactive liquid waste from most technical areas is piped to this site for reatment.

TA-51, Environmental Research Site — Experiments conducted at this facility explore waste cover and
stabilization alternatives, land reclamation, contaminant movement, and ecology.

TA«52, Reactor Development Site — A wide variety of activities related to nuclenr reactor performance
and safety is conducted at this site,

TA-53, Meson Physics Facility — The Los Alamos Meson Physics Facility, a linear particle accelerator,
is used to conduct research in areas of basic physics, cancer treatment, materials studies, and
isotope production. The Los Alamos Neutron Scattering Center and the proton storage ring are
also located on this site.

TA-54, Waste Disposal Site — Solid radioactive and toxic wastes that meet regulatory aceeptance criteria

are disposed at this site,
TA-55, Plutonium-Processing Facilities — These facilities process plutonium and house research in .
plutonium metallurgy,
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TA-57, Fenton Hill Site— The Laboratory's hot dry rock geothermal project is {ocated at Fenton Hill,
where s¢ientists are studying the possibility of producing energy by circulating water through hot,
dry rock located hundreds of meters below the carth's surface. After the water is heated, it is
brought to the surface to drive electric generators,

TA-59, Environment, Safety, and Health Site — Occupational health and environmental science
activities are conducted at this site,

TA-60, East Jemez Road — This area contains physical suppor' facilities for the Laboratory, including
the existing landfill,

TA~63, Pajarito Road Service Site — This area contains physical support facilities operated by World
Services, Inc.

TA-74, Los Alamos Alrport — This area contains the DOE-owned airport that serves the Laboratory,
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APPENDIX E
Tables of Wells and Springs in the Los Alamos Area
Note! This is a preliminary effort to compile data on wells and springs in and around the Los Alamos
National Laboratory. Existing information will be included as it is found. This table will be updated to

include locations and information on new wells drilled and new springs discovered during the
implementation of the Groundwater Protection Management Program.
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Groundwater Protection Management Program Plan

8. GROUNDWATER MONITORING

GROUNDWATER MONITORING

Tis chaptsr documents the scope of the groundwater moritoring program at the Laboratory, Groundwater
may accumulate contaminants from discharges 1 surface water or from leakage of liquid efuent storage
svsterns, Though hyvdrogeologic conditions at the Laboratory greatly protect the maun aquifer from near-
surface acuvities, groundwater momtorng s conducted to detect any threats 1o the resource.

A. Rationaie and Monitoring Requirements

Groundwater momtoring is conducted within and near the Laborazory t provide indicanons of the potental
for buman and environmental exposure from contminated groungwater sources. Vanous stndards and
guidelines are used ac a basis for assessing the water qualrty of surface water and groundwaters, o
addition, by comparing monitoring results with those of previous vears, a significant decline 1 the quality
of water would be indicated and correznve action would be implemented,

Groundwater resource management and protection at Los Alames is focused on the main aquifer
underiving the regon, The aquifer has been of paramount imporance 1o Los Alamos since the dayvs
followng the World War II Manhattan Enginecring Dismict, when the Atomic Energy Commussion (AEC)
necded to develop a reliable water supply, The US Geolomeal Survey (USGS) was extensively mvelved in
overseeing and conducting vanous studies for development of groundwater supplies starting in 194546,
Studites specifically aimed at protecting and monitonng groundwater quality were tuinated as jow eort
berween the AEC, the Los Alames ScieatiSc Laboratory, and the USGS in about 1949, Several hundred
reporss and ariicles document the program elements and the dat germane to groundwater and the refated
Los Alamos environmental setting, '

The controlled development and producuon of the water supply have not resulted in any sigrufcant
¢eplenon of the resource as thers is no widespread major decline of the piezometmic surface of the aquifer,
Drawdowns are localized in the vicinity of the production wells; nzarly complete recovenes are observed
when wells are shutzdown for routine maintenance.

Thus progrium is required by Laboratory's Hazardous and Solid Waste Amendments (HSWA) and
Resource Conservauon Recovery Act (RCRA) Hazardous Waste Facility Permit, Module VI, and by
DOE Orders 5400.1 (DOE 1990a) and (DOE 1990b) and Regulatory Guide DOE/EH-0173T (DOE 1991).
The Laboratory's HSWA Permut specifically requires morutoning of the canyon alluvial groundwater
svsiems 1o Pueblo, Los Alamos, Sandia, Mortandad, Potrillo, Fence, and Water Canvons, The HSWA
Pemmut also requires that the present Environmental Surveillance Program, carned out w accordance with
DOE orders, shall be conunued, n order to demonstrate protecuon of the mamn aguifer system. Task [T of
the Laboratorv's HSWA Permut requires the Laboratory 1o collect information to supplement and venify
exssung informauen on the environmental sexing at the fazility, including hydrogeology and to collect
analvtical daty on groundwatgr, soils, surface water, secuiment, and subsurface gas contammation.

B, Design Criteria
The objectives of the groundwater surveillanes program include

« protection of the main aguifer svstem (as required by the Laberatory's HSWA Permut ),

e cvaluanion of propagation of present and past reieases of radionuchides 1nto canyon bottoms withun the
faciliny boundary, ingluding aceidental releases and efluent streams (as required by the Laboratory's
HSWA Permut and DOE Orders);
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Groundwater Protectuon Management Progrun Plan

8. GROUNDWATER MONITORING I

e ovaluation of water quality and contaminant migranios within the alluvial groundwater systems, which
may be protzetable under New Mexico Water Quality Control Commission (NMWQCC 19953,
NMWQCC 1994) standards, and (in light of evidence of offsite groundwater costaminarios due to
Laboratory operanons) which could bave a deletznous eSuct on the water supply systems of
commumties adjacent to the facility,

The rounne groundwater monjtoning program consists of an annual sampling of a petwork of 65 Gxed
monstonng smboens generally located within 6 km (4 mi) of the Laboratory. Momtoring of groundwater
quality is conducted by sampling shallow and deep wells, and sampling natum) groundwater discharge
areas (spnogs).

Groundwaters will be moaitored to provide routine surveillanes of Laboratory operations. Conceatrations
of radienuclides in water samples will be compared with concentration guides denved fom DOE's
Radianen Protecten Standasds,

Routine cherrucal analyses of water samples include those inorganic consgtuents covered by Staze and
Federal drinking water regulations, These analyses have been dose for a number of vears and will bea
screening tool 1o detect significant changes in the chemisl quality of watar, Addidesally, asalytcal results
will be interpreted by comparnson with drinking water staandards,

Groundwater monitoring of the main aquifer at Los Alamos was implemented as an imtegral part of the
comprehensive monitoring of shallow alluvial groundwater in canvons, surface water, soils, and sediments,
These other media are indicators of potentials for groundwater contaminanon and document the range of
possible pathways, : '

Groundwater resource monitoring also routinely documents conditions of the wazer supply wells and the
main aquifer as parz of the overall Groundwater Protecnon Management Program (LANL 1990). (Note:
The LANL Groundwarer Protection Masagement Plan has a newer version, also have revision 1, io draft
form, March 6, 1995). Thus information is documentad in an ancual series of reports providing detailed
records of pumping and water=level measurements,

1. Action Levels
This Secuon concerns the evaluaten of esvironmenta] water samples, Some of these samples are drawn
from public water supply wells, Compliance of the public water supply svstem with the Safe Dankang
Water Act is discussed in Section 6,

Concentrations of radionuclides in environmental water samples from the main aquifer, the alluvial perched
water in the canvons, and the intermediate depth perched systems, whcther collected withun the Laboratory
boundanes or off site, may be evaluated by comparison with denved conceutranion guides (DCGs) for
wngested water caleulated from DOE's public dose lirmuts (PDLs) (see Secnon V.C.2 of EPG 1994),
Concentrations of radicactivity in samples of water from the water supply wells completed in the Los
Alamos mamn aquifer are also compared 0 New Mewco Environment Deparmment (NMED), New Mexico
Environmental Improvement Board GNMEIB), ané Environmental Protecuon Agency (EPA) drnking water
standards or to the DOE DCGs applicable to radicacavity in DOE dninking water systems, which are more

restncuve o a few cases,

The concentrauons of nonradicacuve chermueal quality parameters may be evaluated by camparing them to
NMEIB and EPA dnnking water standards (maximum concentration levels [MCLs)), even though these

LANL EMP FINAL DRAFT JUNE 30, 1993
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Groundwater Protection Management Program Plan

3. GROUNDWATER MONITORING

standards are only directly applicable to the public water supply. Tbe supply wells in the mawn aquifer are
the source of the Los Alamos public water supply, Altbough it is not a source of municipal or incustnal
water, the shallow alluvial groundwater results in return flow 10 surface water and sprngs used by
livestock and wildlife, and may be compared 1o the Standards for Groundwater or the Livesiock and
Wildlife Watering Standards established by the NMWQCC (NMWQCC 1993, NMWQCC 1994). These
standards are discussed in Section 7, under surface water standards,

A compilation of these limuts 12 given o Table 81, If samples are found 10 exceed one half of the relevant
MCL or Action Level, follow up sampling or analysis of the environmental conditeas are cosducted,

TABLE &1 Regulatory Limits For Chemical Constituents in
Groundwater and Water Supplv Svstems,
Constituent Detection Limit | Action Level Maximum MCL Source

Contaminant
Level MCL)

Radicactive Constituents

Gross Alpha = {5 15 pCi/L | 40 CFR 14}

Cross Beta 13 pCUL 50° 4 mrem/vr |40 CFR 14!

Gross Gamma | none |

HiCs 12 pCUL [ 120 pCUL’ noue | DOE 5400.$

Trroum 1 0.4 nCVL | | 20,000 pCV/L' 140 CFR 141

S'py 10,02 oCW/L 1.6 pCUL" none | DOE 5400.5
YDy 0.02 pCi/L |1.2 pCiL* none | DOE $400.%

o) U 0.1 ug/L | | 20 ug/L | 40 CFR 141

{'Am 10 02 pCYL | 1.2 oCiL* | none | DOE 3400.5

| “Sr |5 pCVL | | & pCL {40 CFR 14}

| Metals

| Ag 110 ue/L 150 ug/L | NMWQCC 1993

Al | 100 ug/L | 50200 ug/L' | 40 CFR 143

As [2 us/L [ 50 wo/l. [ 40 CFR 14]

B 110 ue/l. | 750 ug/l | NMWQCC 1993

Ba [ 100 ue/L { 1000 ug/L [ NMWOCC 1993

Be |} ue/L | 4 uo/L, 140 CFR 141

| Cd |3 uwl 15 ua/l |40 CFR 14]

| Co | 2 uo/L | 50 ug/L I NMWQCC 1993

Cr [due/L | 50 ue/L I NMWQCC 1993

Cu | 4 uo/L 1 1000 ug/L I NMWOCC 1993

Fe [ 100 uo/L | 300 us/L* | 40 CFR 143

He 10.2 ug/L |2 ug/L | 40 CFR 141

Mn {2 ug/l | 50 ug/L' 1 40 CFR 143

Mo | 8 ue/L { 1000 we/l. | NMWQCC 1993

Ni 120 ug/L 1100 uo/L | 40 CFR 141

Pb |5 up/L [ | 40 CFR 14]

Sb | 2 uo/L |6 us/L | 40 CFR 14}

Se |2 uo/l. 150 ue/L 140 CFR 14]
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Groundwater Protection Management Program Plan

8. GROUNDWATER MONITORING

N Constituent | Detection Limit |  Action Level Maximum MCL Source
‘ Contaminant
: Level MCL)
S Sr 100 ug/L 2590 mg/L' [
T H1 e/l l 2ugl | 40 CFR 141
\" 110 ug/L | 80=110 ugJL‘ |
Zn 120 ug/L | | 5 mefL! | 20 CFR 143
o General Inorganic Constituents
S Ca | i | nosne
Cl 1 10 me/L ! 250 me/L* 40 CFR 143
y N | 10 ue/l J 200 ug/l | 40 CFR 14]
e CO | | | pone
o HCO, | I none
E F 100 ue/L | 1600 uo/L. NMWQCC 1993
- Me pone
o K | none
AR Na 20 me/L”
W ' NOyN 100 ug/L 10 ma/L 40CFR 141
. PO. bone
Si0- pone |
ST SQ. 50 mo/L 250 me/L” ] 40 CFR 143
Fo - H 16.58.5 Ta0 CFR 143
R Hardness as none .
e CaCO,
A TSS ! none ]
L DS { 500 me/L* 40 CFR 143
Conducuwity | | none
Orpanic Constituents
P Volatile Crgaruc vanes, mulgple |40 CFR 141 .
’ - Compounds sontaminants .
o Semivolatle vanes, mutaple |40 CFR 141
Organic contaminants
- Comvounds
Prenty nane
Pollutants |
Herbueides vanes, muluple | 40 CFR 14}
contamnants
Pesucides vanes, muluple |40 CFR 14l
e contaminants
RN PCBs 0.00 un/l 0.0] u/l 40 CFR 141
Sene QOils | none
Solvents | | none |
& LPA scremung level d EPA scuon level
b DOE DCO applicabie to DOE Drniung Waier Svauem v EPA sasondiry drwviung waler sandard
L ¢ Awrage Anvial Concentrsuon set by 40 CFR 14116 Table A ' EPA Haalth Advisory .
d EPA acuon ievel
. « LPA scondary dnnking waler randard .
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8. CROUNDWATER MONITORING N

<. Sampling of Shallow Perched Alluvia] Groundwater Systems

Groundwater samples will be collemed Som approxumatzly 18 wells completed in narrow perched
groundwater systems found io alluvium within canyen bozoms (Figure §-1, Table 8-2), The groundswater .
sysiems are perched on the underlving Bandelier Tuf and recharged by the infiltranen of liquid efuests .
and/or natural runoff. An addmonal 12 observanon wells and 2 neutron mowsture holes have remained ary, o
Tae alluvial perehed groundwaters in Sve canyons are sampled by means of shallow observazen wells as
part of the routine momtonng prograsm. Pucblo and Los Alamos canyons are former mdicacave efuent
release arcas, and Mortandad Canyon presently receives teated radioacave efSuents. The fourth is
Pajarito Canyen, immediately south of the exasting solid waste management arsas at TA-54 on Mesia del
Buey. The £2 s Cadaca del Bury, tmmediazzly north of the exisang solid waste ManAgTmEnt AT at
TA-34 on Mesnta del Buey, and downstream of the Laboratory's new Sanrtary Wastewater Systems
Consolidation project. All of these alluval perched groundwater sampling locanous are on snz, The oaent
of saturazon & the alluvial groundwater svsiems vanes seasonally, in response 1o vanations 1 runo® Som
soowmelt, summer thunderstorms, and discharges om the Laboratory's Nanozal Pellutast Discharge
Elrunanes System (NPDES)-permuted outfalls. n ary given vear, some of these alluvial observanons
wells may be dry, and thus zo water samples can be obtained, Wells in four other canvons, Sandia
Cagyvon, Bayo Canvon, Fence Canyen, and Waser Canvon, have remaned dry,

Figure 8.1 Alluvial Observation Wells and Neutros Moisture Holes
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3. GROUNDWATER MONITORING .

a, Effluent Release Areas
As discussed in Section 7.B.1.¢., the canvons that presently receive or have recetved treated industrial
efluents are Acid+Pueble, DP-Los Alamos, Sandia, and Morandad,

Groundwater in the alluvium of Pueblo Canyon is sampled at one observanon well, Acid Canyon, 2 snall
tributary of Pueblo Canyen, reczived unmeated and treated industrial efluent thar coamined resicual
radionuclides from 1944 to 1964 (ESG 1981), Pucblo Canyon currently recerves treated sanutary effluent
from the Los Alamos County Bayo sewage reatment plant m the middle reach of Pueble Canyon, Water
occurs scasonally in the alluvium, depending oa the volume of surface flow from spowmelt, thunderstorm
runof, and sanrary effluents, One sampling point, Hamilon Bend Spring, which in the past discharged
from alluvium in the lower reach of Pueblo Canyon, bas been dry since 1990, probably because there was
no discharge from the older, almost abandened Los Alamos Councy Pueblo sewage treazment plant,
Further east, az the location of Well APCO-1, the alluvium is cantisuously sarurazed, mamly because of
inSlation of euent fom the Los Alamos County Bayo saaary sewage treanment plaot. At APCO-L,
the alluvium is about 3.4 m (11 £) thuck and depth to water is about 1.8 m (6 &)

The onesite reach of Los Alamos Canyon presently carries fow from the Los Alamos Reservoir to the west
of the Laboratory, as well as NPDES-permunied effluents fram TA-2, TA-53, and TA-2L. In the past, Los
Alamos Canyon received treated and untreated industrial eflusots connuining some radionuclides. An
industnal liquid waste teatment plant at TA-2] discharped effluent containing radionuclides into DP
Canyon, a tributary to Los Alamos Canvon, from 1952 to 1986, Ia Les Alamos Canyon, sampling stanons
consist of six or more observations wells completed into alluvium (about 6 m (20 &) thick), Water levels
decline :n DP-Los Alamos Canyon during the winer and early sumumer as natural storm runois ata
runimum (ESG 1981),

In Sandia Canven, two meaitoring holes in the lower canvon just west of State Road 4 indicated 00 perthed
water 1n the alluvium in this aren, which recaives sanitary sewage and power plant blow down,

Momandad Canyon bas a small drainage area that heads at TA-3, 18 drainage area preseotly receives
inflow from natural precipitanon and a number of NPDES-permined effluents including those from the
evistng radicacove liquid waste treatment plant at TA«S0, These euents indlrate the sweam channe]
and mantain a saturated zone in the alluvium extending about 3.5 km (2.2 mi) downstream from the TA-50
outfall. The casternmost exzent of saruration 13 on site, about 1.6 kam (1 mu) west of the Laboratory
boundary with the Pueblo of San lldefonso. Momntonng stanons 1 Mormndad Canyon include six
observation wells completed in the shallow alluvial groundwater systern, The wells in the lower reach of
the canvor are dry, ‘The top of the man aquifer 1s about 290 m {950 £) below the perched groundwater
system (Purtymun 1974),

b. Non-effluent Release Areas
Three observanon wells in Pajanto Canven are used to momutor the perched water 1 the alluvium (about 4
m (12 &tuck). Water in the alluvium is perched on the underlving s and 1s recharged through storm
runof. The observanon wells will be utilized to determune i€ technical areas in the canyen or adjacent
mesas (¢.8., TA-3¢) are afecung the quahity of shallow groundwater system.

In 1992, a Groundwater Discharge Plan DP-85T (NMED 1992) was approved by the New Mexico
Environment Depariment for the Sarutary Wastewater Svstems Consolidation Plant's proposed discharges l
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of samutary efuent into Cadadn del Buey. In 1985, four monstoring wells were installed in Cafiada del
Bucy, 1o evaluate possible contamination fom adjacent mesas (e.g., TA-54), In 1992, Sve addmonal
alluvial wells were installed to meet the terms of the Groundwater Discharpe Plan, Also tn 1992, two
deeper motsture momwtonag wells were installed 1o monitor depths of $8 m and 30 m (189 fLand 99 &), To
date, all but two wells are dry, Two alluvial wells had saruration, Qpe well (CDBO-6) bad enough
sanirarion to merit wmstalling a bladder pump; this well was added to the surveillanes network. The
Groundwater Discharge Plan commuried the Laboratory to a schedule of routne groundwazer monutoring at
fve wells (CDBO-4, 5, 6, 7, and 8), two neutron probe moisture monitoring tubes (CDBM-] and 2), and a
maun aquifer water supply well (PM-2), The specific monitonng parameters and frequencies are presented
in Table 2 of DP-857 (NMED [992).

Singe the Sanrary Wastzwater Systems Consolidation Plant started up in August 1992, s effluent has
been pumped 10 TA-3 for reuse or discharge at the Sandia Canyen outfall, No discharges of effluent have
been made into Cadiada del Buey. 1n spite of this deviation from the discharge plan’s original intent, the
Laboratory 15 commutted to continuing the groundwater monitormg program for Cadada del Buey.

Three alluvial observation wells 1y Water Canven and one well in Fence Canvon are located downsream
from Gnng sies, fom which depleted uranium, beryllium, barium, and lead have been dispersed. All four
of the observanon wells have remamned dry, The wells are monstored in the event that saturanen should
occur in the alluvium.,

3, Sampling of Perched Groundwater in Basalts and Conglomerate

Perched groundwater of limuted extent occurs in the conglomerates and basalts beneath the alluvium o
poruons of Pueblo, Los Alamos, and Sandia Canyons, Samples are obtained from two test wells and one
spring. Perched water in the basaluc rocks is sampled at Test Well 2A (Figure 8-2) in Upper Pueblo
Canyon, at Texz Well 1A wn Lower Puecblo Canyon, and at Basalt Spnings in lower Los Alamos Canven,
Recharge to the perched groundwater system in the basalt occurs near Hamilton Bend Springs and consists
mainly of sanitary efluenis from the Bavo Treatment Plan: near Hamilton Bend Sprngs. Travel ume from
the recharge area near Hamulton Bend Spning to Test Well 1A is esimated 10 be one to two months and
another two o three months to Basalt Spangs. Test Well TW.2A (drilled 10 2 depth of 40.5 m [133 f]),
penctrates the alluvium and Bandelier Tuff and is completed into the Puyve Conglomerate. Agquifer tests
indicate the perched groundwater system 1s of limuted extent, Water leve! measurements over a penod of
ume wndicate the perched groundwater sviem is hydrologically connected to the stream in Pueblo Canyor.

4, Sampling of Perched Water in Jemez Voleanics Water Canyon Gallery
The gallery is west of the Laboratory on the flanks of the mountuns, The Water Canven gallery collects
spang discharge from a perched water 2one in the velearucs on the flanks of the mountans west of Los
Alamos and Pajanto Plateau. Since 1983, the gallerv supplics makeup water for the steam plant at TA-16.
Water samples are collecied from the water spigot near the mucre strauner at the gallery storage tanks.

8. Sampling of Perched Groundwater in the Guaje Pumice

Bavo Canvon was the site of the Ra-La shots, which dispersed radium and lanthanum, as well as depleted
uraruum ang explosives. Several wells dnlled dunng Environmental Restoration cleanup actavities found
no saturation in the alluvium. Two wells (about 38.5 m (63 &) deep) were recuned for the surveillance
network, one of which was completed as a neutron probe moisture monstonag tube (BCM-1). The wells
penetrated 34.2 m (38 &) of alluvium and 21.6m (24 &) of the Guaje Purruce Bed, and are monutored in the
event that saturauen should occur in these strata
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Figure 8-2 Monitor Wells
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. , 3. GROUNDWATER MONITORING

6. Sampling of Main Aquifer
The main aguifer is the only aquifer in the area capabls  “municipal and isdusmal water supply.

a Test Wells ‘
Seven 1ext wells, onginally drilled as hydrogeologic ex  “atory holes, will be wtilized as mawn aquifer
monor wells (Figure 8-2), These test wells were dnille . oy cable 100l methods in the 1940s and 1950s,
Groundwater pumped from test wells is oot used for muzicipal, industrial, or imigation supply.

Test Wells 1 and 2 are in the lower and middle reach of Pueble Canyon, Depths 1o the top of the main
aguifer are 181 10231 m (594 and 758 R), respectuvely, Test Well 3 is in the micdle reach of Los Alamos
Canyon with a depth of 228 m (748 £) 10 the top of the main aquifer, These wells are in canyans that have
received (Pueblo Canyon) or are pow receiving (Los Alamos Canyon) industrial effluents, Test Wells DT-
5A, DT+9, and DT-10 are at the soutbern edge of the Laboratery, Depthe to the top of the main aquifer are
359 and 532 m (1,180 and 1,090 £2), respecuvely, Test Well 8 is in the middle reach of Mortandad
Canyon, an area that recerves tndustrial efluents, The top of the aquifer lies at about 295 m (968 £),

b. Supply Welis
To supplement monitoring coverage provided by the dedicated monitoring (test) wells, municipal supply
wells addinonally are sampled (Figure 8-2), Water for the Laboratory and communuty is supplied from 14
deep wells in three well Selds (Otow, Pajarito, and Guaje) and one gallery (see above), Wells 1o the Los
. Alamos Seld bave been plugged (LA-1, LA-3, LA, and LA-6) or turned over to San Udefonso Pueblo for
. motutonng and water supply (LA-1B, LA<2, and LA-5),

The Guaje Well Field is composed of seven producing wells; only 3 or 4 wells were in service during 1993
and 1994, Wells i the field range in depth from 463 10 610 m (1,530 to 2,001 ft). Movement of water in
the upper 430 m (1,410 £) of the aquifer is sputheastward a2 about 11 m/vr (36 ftfyr) (Purtymun 1984),

The Pajanto Well Field is composed of five wells, Wells range 11 depth from 701 to 942 m (2,300 to
3,090 &), Movement of water in the upper 535 m (1,755 #t) of the aquifer is eastward at 29 m/yr (95
Hvr),

Two new water supply wells were completed in 1990, These are the first wells in a new field designated as
the Otowi Well Field, These wells were designated Qtowi-] and Otowi=4, No producton from these wells
occurred curing 1992, Otow~ was connected to the distnbution system dunng 1993,

c. Sampling of Springs
A prncipal antural discharge area for the mamn agquifer is along White Rock Canyon (Figure 8+2), adjacent
to the Rio Grande (Purtymun 1980), This area represents a major uncontrolled contamunant release zone,
should the main aquifer become contarunated, Sampling of groundwater, therefore, is conducted at 22
sprngs in White Rock Canvon (Fig. 8-2, Table 8-2),

The stations are composed of four groups of springs. Three groups (Group 1, IL, and I have similar
aquifersrelated chermucal quality. Water from these springs is part of the main aquifer beneath the Pajanto
Plateau (Purtymun 1980), Cherrucal quality of Sprng 3B (Group IV) reflects local condions n the
aquifer discharging through a wlt in volcanucs, Discharge at these springs range from less than | L/sec
(0.25 gal/see) 10 37 Lisee (10 gal/sec) (Purtvmun, 1980).
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Additicnal sampling of three other nearby springs is conductad, La Mesita Spring is cast of the Rio
Crande, Indian and Sacred Springs are west of the river in lower Los Alames Caoyon, The springs
discharge from faults m the siltsiones apd sandstones of the Tesuque Formation and form small secp areas,
Total discharge at each spring is probably less than 1 L/s (0.25 gal/s).

a, San Ildefonso Memorandum of Usderstanding

Groundwater monitoring is coaducted on San [defonso Pueblo land (Figure 8-3) as a part of a broader
environmental monitoring program (see Section 7.8.1.d). 1n 1992, eight wells were sampled. A listof
wells that may be sampled is provided in Table 8.2, Tbe Los Alames Well Field wells LA-1B, LA-2, and
LA-5 were turned over w San Ddefonso Pueblo in 1952, '

Figure 83 Sediment and Groundwater Stations and Springs on San lilde{onso Pueblo Land
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8. GROUNDWATER MONITORING

b. Fenton Hill (TA-57)

The chermica) quality of groundwazers in the vicinity of the Fenton Hill Geothermal Site has bezs monitorsd
since the early 1970s, Groungwater stanons includs Sve springs and three wells (see Figure 7-3).

C. Program Lmplementation

1. Routine Monitoring Station Network
Groundwater sampling locations have been selected upon consideration of the probable mode of
contutunant traasport and contamunant souree locanons, Emphasis is piaced on momtoring both the
shallow (perched) groundwater sysizms and the deep main aquifer, as well as imermediate-depth
groundwater sysiems, where present,

Although most facilities at the Laboratory are located on mesa 1ops, the general location with the highest
potennal for groundwazer contaminaton 1o occur is m the canveon bonoms, Waterborne commamunants are
more likely to be present in the canvon bottoms because of the rejease of liquid c&luents and the collecnon
of snowmelt and summer runoff in the aanvons, The potzgnal for contaminants on the mesa w0ps 1o
rrugrate downward under the influence of satural preciprtation is greatly diminighed by the thickness and
exweme drvness of the underlyng rock,

The groundwater sampling oetwork is comprised of 17 saturated shallow (perched groundwater systemn)
abservauon wells, 12 drv alluvial wells, two dry neutron moisture logging holes, 7 deep (main aquifer) test
wells, 2 intermediate 1o wells, 14 deep municipal supply wells and a gallery, and 28 spangs. Sampling
station locations are presented in Figures 7-3, 821, 8-2, and 8-3 and Table 8-2, '

Sampling stations are grouped by hvdrogeologic unit, begmning with the shallowest unit. For consistzney,
water samples from a given stanon usually will be collected in the same month fom vear © vear, Samples
will be collected for the routne environmental surveillance program according 10 the schedule o Table 8-2,

Stations and samples will be assigned a uaique alphanumenc identifier to provide chain-of-custady control
during the transfer of samples from the ame of collecnon through the analysis and reporang.

New monutoring wells will be designed and installed aceording to the specifications of the Amencan Seciety
for Tesung and Matenals guidance document (ASTM 1990), or the EPA Nanonal Water Well Association
Handbook (EPA 1989), or according to approved Laboratory Envirenmental Restoration Program Safe
Operating Procedures, Monutoning wells whuch are 1 be abandoned will follow the speciticatens of the
New Mewco Environment Depaurtment and New Mexico State Engineer Oice (NMETD 1950).
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3. GROUNDWATER MONITORING .

TABLE 8.2: Groundwater samnling stations, ansivtes, and sampling frequencies.
Station Name | Analvtes | Frequeney

Main Aquifer On Slte
Tex Wells: Radiocherustry [ & I Armual
TestWell | Metals « | Triennial
Test Well 3 Genenal Inorganic Anzual
Test Well 8 Organics Triennial
Test Well DT-5A
Test Well DT
Test Well DT-10
Water Supply Wells: Radiochemusery I & I
0=t Metals

PM-1 Genera) Inorganic
PM-2 Organies

PM.3 :

PM
PM-5

Main Aquifer Off Site
Test Pells:
Test Well 2
Test Well 4

Water Supply Wells:
Well G-l

Well G-1A

Well G-2

Well G-3

Well Gt

Well G-5

Well G«6

Main Agulfer Sprinps

Radiochemusery [
Metals

General Inorganic
PCBs (selected springs)

White Rock Canyon Group I:
Sandia Spning

Spnng 3

Spnng SA

Spnng JAA

Sprnng ¢

Spnng ¢A

Spring 5

Spnng SAA

| Ancho Senne
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| Station Name Analvies

Frequency

White Rock Canyon Group II:
Spring SA

Spning 5B

Spring 6

Spring 7
Spring 8
Spring 8A
Spnog 8B
Spring 9
Sprng SA
Doe Spring
Spring 10

Spring 6A , .

Phite Rock Canyon Group II7:
Sprng )
Spring 2

Whize Rock Canyon Group IV:
La Mesia Spring

Spring 2A

Spring 3B

Orther 0F-Sne Sprngs:
Sacred Spring
Indian Spring

Alluvial Canvon Groundwater Svstems

Radiochemistey [, I, & I
Memals

General Inorganic
Organics

Annual
Annual
Annual
Triennial

Acid Pueblo Canyons:
Hamiliop Bend Spnng
APCO-!

Caada del Buey:
CDBO
CDBO-5
CDBO-4
CDBG-7
CDBO-8
CDBO-9
CDBM-! {motsture bole)
CDBM.2 {moisture hole)

DP-Los Alamos Canyons:
LAO-C
LAQ-!
LAO-2
LAO-3
LAO
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8. GROUNDWATER MONITORING

Station Name

Analytes Frequency

LAO-4.5

Fence Canyon
FCO-3

(well is drv)

Mortandad Canyon:
MCQO-3

MCO-4

MCO-5

MCO-6

MCO-7

MCO-7.5

Pajarito Canyon:
PCO-1

PCO-2

PCO-3_

Sandia Canyon:
5C0-1
$CO-2

(wells are dry)

Pater Canyon:
WCO-1
wWCO-2
WCO-3

(wells are dry)

Intermediate Perched Groundwater Svstems

Radiochbermustry 1, I & T | Anoual

PuebloLos Alamos/Sandia
Canyon Area Perched System in | Menls Triennial
Conglomerates and Basolt: General Inorganic Annual
Test Well LA Organics Triennial
Test Well 2A
Basalt Spring
Perched Groundwater System | Radiocherustry [ & [T Annoual
in Voleanics: Menls Triennial
Water Canyon Gallery Geoeral Inorganic Annual
Oreanicy Triennial
Bayo Canyon: ‘
BCO-1 1 (well is dry)
BCM-! {moisture hole)
Fenton Hill (TA-57)
Wells: Meals Tnenmal
Femon Hill Well: FHs! General [norganic Annual
HofheinsWell: Loc. 4 -
La Cueva Well: Lee, 27
Springs:
Jemez Village Spring: JS-4,5
Jemez Canvon Hot Spning:
JF-1
Soda Dam Hot Sprng JF.5
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Station Name Analvtet Frequency
Spence Spnng: RV
Cold Spnngs: Loc, 31
LF Tank: Lac. 39

San Jldefonso Pueblo
Water Supply and Monitoring | Radiochemuswy [ & I Annual
Wells: Radiochemisoy I Triconial
Well LA-1A Metals Annual
Well LA-1B Greaceral Inorganic Annual
Well LA-2 Organics Triennial
Well LA-5

Westside Artesian Well
Eastside Artesian Well
Halladay House Well
Pajarito Well (Pump 1)
Pajanto Well (Pump 2)
Don Juan Playhouse Well
Marunez House Well
Orowi House Well

New Commurity Well
Old Community Well
Sanchez House Well
Alluvial Observation Wells: Radiocherusoy [, I, & [T | Annual
Totavi N Meals Annua!
Totawi | Geaera! Inorganic Annual
Totaw1 2 Organics Tneanial
BlAal
BlA2
 BIA3
Radiocherustry | = %'Cs, =" =Py tmpum,total U, and gross gamma acumty.

Radiochermnistry 1] w I Am and VS,

Radiochemistry I = Gross alpha activity, gross beta a:nwty. and *™Ra if necessary.
Memals = Ag, Al, As, B, Ba, Be, C¢, Co, Cr, Cu, Fe, Hg, Mn, Mo, Ny, Pb, Sb, Se, Sa, Sr, TL, V, and Zn
General Inorganic Consntuents = 5i0;, Ca, Mg, K, Na, CO;3, HCO,, PO, SO. NO,, CN, total dissolved
solids, total hardness, tot] suspended solids, sk, and elecmeal conductance

Organucs » volatiles, semivelatiles, the 129 pnory pollutants, herbicides, pesocides, PCBs, oils or
solvents,

2. Sampling Procedures and Equipment
JCU's Utiliues Department is the utility support contracior 1o the Los Alamos National Laboeratory. JCl
maintains and operates the water supply svstem, and routnely obtuns groundwater level measurements
from water supply wells.

All samples wil! be collected and handled n accordancs with approved Laboratory Environmental
Restoration Program Safe Operatng Procedures or approved ESH-18 procedures. Samples from wells will
be collected after sufficient water has been pumped er bailed to ensure that the sample is representatve of
the groundwater sysiem (a ruumum of three casing volumes of standing water). Spnng samples
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S 3. GROUNDWATER MONITORING-
o (groundwater) will be collected af the discharge point, Fluid measurements of temperature, pH and specific l
' conductance will be made at each sampling sie, |

ar Duplicate sxmples, when needed, will be collected independently at the same location and time by the
o method described above,

Befores and afer the groundwater well samples are collected, the pH, t=mperanire and specific conductance
. will be measured, Analvsis will be conducted for total recoverable metals and radiochemicals. Samples
T be analyzed for radiochemicnls and metals are appropriately preserved. Samples for leachable consttuents
L will be preserved in the field and delivered w the laboratory as soon as possible m order to meet the hoiding
‘ ' nme limits of the sample, ‘Those samples then will be filtered 2 the laboraory.

T i Denails of conrainer and preservation requirements, and idemmification of EPA methodology for each
A anajysis are contined in the CST-9 publicaton "Handbook for Sample Collection, Preservancn, and
N Instrumental Techmiques” (Williams 1990).

Al samples will be chilled at collection for maasport to the CST-9 sample receiving room. Samples will be
maintained at a temperamure of approximately 4°C (37°F),

!'":. ‘ Collecton of samples for chemical and radiochemica) analvses follow a set procedure to ensure proper
no sample collecsion, documentation, submimml for chemical analyses, and posting of analytical results.
SN Further details may be found in the water sampling Quality Assurance Project Plan (Stoker, 1990) and
Y Groundwater Sampling Draft SOP (LANL-ESH-18-601, R0) maintained by ESH-18. The procedures
LN include: :
SR «  All samples will be handled using chain~ef-custody procedures both in the Seld and the .
kR laboratory. . :
o A munimum of 5% (with a goal of 10%) of all samples submunied for laboratory analysis will
be for quality control purposes,

P 3. Chemical Analysis Procedures

3 i Procecures for laboratory amalyses are documented by CST-9 analytical procedures manual (Gauger
e 1993). These methods are based on EPA methods when availabie, or generally recognized and accepted
R institutions such as the American Public Health Association or American Society for Testing and

R Materials, In general, water samples will be analyzed using EPA method SW-8436 (EPA 1987), with other
RISt methods specified through the LANL references,

4, Data Handling, Validation, Maintenance, and Reporting
Laboratory analytical results will be electroncally transferred to ESH-18 to mimmize manual data
transchpon errors, .

Analytcal data will be reviewed by project staf¥, compiled and tabulated for inclusion in the annual report,
Envirenmental Surveillance Report at Los Alamos (EPG 1994) or in publicanons associated with special
studses. The annual surveillance report is reviewed internally wittun the ESH-18 Group, ESH Divisien
Office, and Deparonent of Energy offices in Los Alamos and Albuquerque, The reviewers of the annual
surveillance report provide intemnal quality control checks for the environmental programs.
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5. Preoperational Surveys
For all new or modified facilmes coming os-line, DOE Orders require that 2 preoperational assessment be
made and be documentad in the sitz Environmental Monrtoring Plan, These requirements will be met where
requested during the planrung stages for new or modified facilmes,

6. Progrzm Changes since the 1991 EMP .
Dunng FY 1992 and 1993, the following quality control improvements were complewed for the wells!

« Dedicated (bladder) pumps were installed in al] wells that previcusly were sampied with
bailers.

» All menitoring wells were equipped wath locldng caps,

e Test wells were remofitied with access ports 1o allow for accurate water ievel measurement and
collecnon of non-aerated samples for volatile organic analyses, Supply well samples are
collecied from spigots,

o All wells bave air-line water-level measurement devices or pressure Tansducers installed,

e See discussion w Secnen 7.C.5, regarding the development of Surveillance Database and
Report Wniter,

. D. Quality Assurance and Control
The Quality Assurance Plan mantained by ESH-18 denils the process wiuch will govers Quality
Assurance acuvities for groundwater momtoning (Stoker |990),

1. Field Activities

All samples will be collectad and handied in accordance with approved Laboratory Eaviroomental
Restoration Program Standard Operating Procedures or approved ESH-13 procedures,

2. Analvtical Laboratory

Most water samples are analvzed by CST-9. Thewr overall quality program 15 goveraed by the CST-9
Eavironmental Cherustry Quality Assurance Plan and its supporang admunustrasive procedures, Specific
Qualuy Control requirements are documented in each analvtical method (Gauser 1993), See Stwoker ( 1991)
for procedures regarding duplicate samples. '

Samples for low levels of yuum are analveed by the University of Miami, and their Quality Assurance
program 1s documented i3 Safe Operanng Procedures (Tntum Laberatory, 1994),

3, Data Reduction, Validation, and Verification
Laboratery analvacal results will be clezironueally transferred to ESH-18 to muumuze manual data
tTANSCRPUOD EITOTS.

E. Anticipated Program Enhancements

1. Equipment Improvements
Dunng FY 1995, all momutoring wells wall be equipped wath permancnt identificauon markers.

2. Esuablishment of Action/Alarm Levels

As was discussed tn Section 8,B. 1, 1f samples are found to exceed one half of the relevant MCL or Action
Level, follow up sampling or analvsis of the environmental conditions are conducted, Thus also applies 10
stauons generally having analvte values below the action levels, but with anomalous values higher than

[RC R
L -
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previous values, These cases will be determined on the basis of statistical analysis of previous data, At
preseat, ﬁmherQudhyAmuofth:hkmdnldmbmcdﬂmmlmﬁcmmhupmmﬁ
in deteetion Limits and analytiea] uncertainty,

3. Establishment of Records Storage Procedures
See discussion in Secton 7.C.5.

4. Changes in Preservation and Filtration Procedures
Regulazory and guidanes creria for collecting and analyzing filtered vs., unfiltered water samples differ for
media (i.e. water supply sysizms vs, groundwater systems) and between regulatory agencics, A review of
how these regulatioas affect surveillance sampling and analysis is underway, As part of this review, several
parallel data sets have been compiled for the purpose of comparing filtered and unfiltered analyses and for
the possibility of establishing background values:

e ‘The Environmemml Restoration program has analyzed a set of filtered samples fom canyon
bottom perched allyvial groundwater systems which will be compared envuronmestal
surveillance samples, '

+ Qugoing sampling of the canven bottom perched alluvial groundwater systns tncludes both a
set of Sltered and unfiltered samples.

o The Earth and Environmental Sciences Division has analyzed a sct of filtered samples from
matn aquifer springs and wells which will be compared to eaviroamental surveillance samples.

« The State Agreement in Principal DOE Oversight Program has analyzed a st of splre Shered
saraples &rom a vanety of locations which will be compared environmental surveillance

samples,
« The Bureau of Indian A%airs has analyzed several sets of split fitered samples from the .
Pucblo of San Ddefonso which will be compared to environmental surveillance samples,

S. Addition of Springs to Surveillance Network
Where new springs are discovered on or near the facility, pertinent information will be reviewed in order
evaluate whether the springs should be tncorporazed mto the cxsung surveillanee petwark.
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Ground-water Recharge and Flow System determination west of the
Los Alamos National Laboratory area, Los Alamos County, New Mexico -
LN

Gt U

Prepared by David W, Wilkins
Introduction:

Los Alamos National Laboratory (LLANL) is located on the east flank of the Jemez Mountains
near the west side of the Rio Grande in north central New Mexico (fig. 1). The Jemez mountains
are described as volcanic pile that rests on and rises above a zone of faults at the western edge of
the Rio Grande depression (Griggs, 1964), LANL is located on the Pajarito Plateau (fig, 1) which
is a topographic high that slopes gently eastward to the Rio Grande. The west boundary of the

- Pajarito Plateau is the Sierra de los Valles,

The Tschicoma Formation of Pliocenc age and the Bandetier Tuff of Pleisiocene age are major
volcanic units in the area. The Tschicoma Formation forms the mountains of the Sierra de los
Valles, berween the Valles Caldera and the Pajarito Plateay, and is present beneath the surface of
the western edge of the platcau, The formation is composed of latite, quarz-lanie flows, and pyro-
clastic rocks. The Tschicoma Formation is overlain by the Bandelier Tuff along the flanks of the
mountains. The Bandelier Tuff is a serics of ash fiows and ash falls of rhyolitic wff and caps the
Pajarito Platcau and overlies the Puye Formadon angd basaltic rocks of Chino Mesa in the central
and eastern edge of the plateau (Purtymun and Johansen, 1974),

The plateau is formed by rocks of the Santa Fe Group of middle (7) Miocene to Pleistocene (7)
age and volcanic rocks of Pliocene and Pleistocene age (Griggs, 1964, fig, 8). The Santa Fe Group
comprises the Tesuque and the Puye Formations and the basaltic rocks of Chino Mesa. The Tesu-
que Formation consists of friable to moderately well cemented siltstone and sandstone with lenses
of conglomerate and clay and some interbedded basalt fows. The Puye Formation is a poorly con-
solidated conglomerate channel-fill deposit overlain by a fanglomerawe composed of volcanic
debris. The basaltic rocks of Chino Mesa consist of basalt and basalt breccia that overlie the Puye
along the Rio Grande and interfingers with the conglomerate to the west beneath the Pajarito Pla-
teau (Purtymun and Cooper, 1969). The Bandelier Tuff overlies the Tesuque Formation in the
study area. It is the Tewa Group of the Jemez volcanic dome (Kelley, 1978) that resulted from the
products of the explosion and subsequent erupdons of the Valles caldera west of the Sierra de los
Valles,

The Pajaritn Fault Zone lies near the western edge of the Pajarito Plateau, South of the LANL area
the Bandelier Tuff on the east side of the fault is downthrown about 300 fect in relation to the mif
on the west side of the fault. To the north the fault splits into two smaller subparallel faults, both
downthrown to the cast. Displacemnent decteases northward untl both faults die out. The fault
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planes dip stecply to the east (Griggs, 1964). Kelley, (1978) shows a fault zone throughout the

Espanola Basin, The downthrown block is to the east from the southern boundary of the basin tgay -
the Chama River. The downthrown block and dip are 10 the west north of the Charna River, b

The rmain aquifer of the Pajarito Plateau is composed of the Tesuque Formation and the lower part
of the Puye Formation. The upper surface of the main aquifer rises westward from the Rio Grande
through the Tesuque into the Jower part of the Puye Formation beneath the central and western
pamot‘thcphm'n:cwlwismconﬁnedinﬂ)ewumedgeofthephmumdbccomcon-
fined as water in the aquifer moves below the less permeable sediments of the Tesuque Formation
along the eastern edge of the plateas and along the Rio Grande (Pwtymun and Johansen, 1974),
“The first water supply wells drilled in the Los Alamos arca were in Los Alamos and Guaja Can-
yons at the castern edge of the Pajarito Platcan. These wells were finished in the Tesuque Forma-
tion and produced Jess than 500 gallons per minute. As more water was needed, additional wells
were drilled, 10 the west, on the platean, These new wells were Snished in the lower Puye and
upper Tesuque and produced about 1,500 gallons per minute (Pustymun and Coopez, 1969).

Problem:
. Recharge areas to the plateau aquifer system and mechanism for recharge have not been deter-

rnined (Stone. Davis, and Katzman, 1993, p. 7). Purtymun and Cooper (1965) speculated that the
intermountain basins formed by the Valles Caldera are the recharge areas. Griggs. (1964) citing

' the loss of Aow in interminent streams flowing from Sierra de los Valles as an indicaton of

recharge, believed the source of recharge was from these streams.

Frazier Goff (wrinen communication) has sampled and analyzed water from many wells and

springs in the area. Based on deuterium and oxygen-18 data he has concluded that recharge to
plateau aquifer system cannot be from the Valles Caldera and that recharge o the platcau aq i
system is probably from a lower elevation than the caldera. Differences in chemical quality of the
water in the caldera and in the plateau aquifer system is another reason he gives for no recharge

from the caldera. He also concludes that the ring-fracture/collapse faults of the caldera depression
and the Pajarito fault zone reswicts horizonwl flow from the caldera to the platcau aquifer sysiem.

‘The Pajarito Fault zone imersects the area berween the Jemez Mountains and the area around Los |
Alamos. The fault zone may provide a conduit that allows deep geothermal water to enter the
shallow aquifer syswem or water recharged in the Sierra de los Valles may be intercepted and
allowed to fiow 1o the plateau aquifer sysiem. The influence the fault zone has on recharge and on
the surface- and ground-water flow systerns has not been investgated.

Tis, (1961) questioned the permeability of the Bandelicr mff that overlies most of the Pajarito
Platcau. Purtymun and Johnson (1974) point out that the Tschicoma Formation, the Bandelier
Tuff and the rocks of the Chino Mesa all overlic the aquifer system. They maintain that only small
amounts of perched water are in these units implying that water will not pereolate 10 the water
table through these units. To determine recharge arcas of the aquifer system, the degree of perme-
ability of the Tschicoma, Bandelier Tuff, and rocks of Chino Mesa and the secondary permeability

| B
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supplicd by interstices, fauits, and fractures need to be known

The city of Los Alamos and LANL have grown over the last twenty vears and more production |-
wells have been drilled on the plateau, During the operation of L.ANL, hazardous materials have:]
been disposed of in sediments of the plateau. Current government rcgu}anons rcqum: documenta-
tion of locadons of dispesal sites, types of materials in the disposal sites, and impact of d:sposcd‘.
rnaterials on the ground and on surface and ground water; and eventually clean up of contamni- -
nated sites. Before impacts on the hydrologic sysiem can be determined and conaminated ground;;
water cleaned up, the ground-waier fiow systemn must be known, Purtymun and Johansen (1974)
show a water-level contour map that indicates direction of low, There are no contours west of Los’
Alamos indicating a lack of ground-watc- flow information on the western edge of the plateau and
the Sierra de los Valles, This area is bydmlomcally important because it is 2 possible recharge
area for the plaeau,

Objectives:
Specific objectves of this study are!
1. Determine recharge areas of the aquifer system

2. Determine the influence of the Pajarito Fault zone on the surface- and ground-water flow sys-
tems

3. Determine hydrologic characteristics of faults and fractures in the Tschicoma Formatgon, Ban-
delier Tuff, and Rocks of Chino Mesa that overly the local aquifer system

4. Create a ground-water monitoring network that can be used for future definition of the flow sys-
tern and to determine the flow system of the local aquifer system,

Approach:

To determine the influence of surface flows on recharge areas and the influence of the Pajario
Fault zone on the surface- and ground-water sysiems cight surface-waier stations will be installed
on rwo major drainages that head in the Sierra de los Valles and flow onto the Pajarito Plaicau,
These drainages may be the Los Alamos and Guaje. The drainages and sites for the gages will be
determined in consultation with staff of LANL Two gages will be installed above the Pajanito
Fault and two below the fault in cach drainage. The purpose of each set of gages, in a drainage, is
to determine the gain or loss of surface flow for the selected reaches of the channel. Dat from
gages immediately upstream and downstream of the fault will be used to determine the influence
of the fault on surface-water fiow, Data from gages defining reaches upstream and downstoeam of
the fault will be used in establishing infilration rates in the Tschicoma Formaton and the Bande-
lier Tuff in the arroyo channels,

To assist in determining the recharge areas for the aquifer system, the influence of the Pajarito
Fault zone, hydrologic charactenstics of faults and fractures in the formations overlying the Tesu-
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que Formaton, and to create 2 ground-water mozitoring network eight wells will de drilled.

Two wells, one about 1,000 feet into the Tesuque formation and one about 50 feet into the fo
tion, will be drilled west of the Pajarito fault in the fioodplain of one of the selected drainages
where surface water gages are installed, east of Pajarito Mounmin, The deep well will be about
2.500 fect deep and shallow well will be about 1.500 feet deep. These two wells will be used 10
monitor water levels and the dam will result in knowledge of the vertical gradient upstream of the
fault and down gradient of the Valles Caldera area. Two wells will be drilied east of the faultin the
floodplain of the sarne selected drainage, The deep well will be about 1.500 feet deep and pene-
wrate about 1,000 feet of the Tesuque Formution. The shallow well will probably be finished in the
Puye Formadon with a toml depth of about 500 feet. These two wells will be monitored for water
Ievels yielding vertical gradients east of the fault and horizontal gradients between the two sets of
wells in the floodplain at two depths in the aquifer system.

Four wells will be drilled on the mesa. A deep and a shallow well will be drilled west of the fault
and east of Pajarito Mounain, These two wells will be drilled to depths within the aquifer about
equal to the wells west of the fault in an arroyo channel. A deep and a shallow well will be drilled
cast of the fault on the mesa, These wells will be drilled to depths within the aquifer comparable
to the wells drilled in the arrovo channel, cast of the fault. These wells, on the mesa, will be mon-
itored for water levels and the data will allow vertcal gradients to be determined at each site and
horizontal gradients between other wells on Pajarito Plateau,

Verical gradients will be determined for all decp and shallow well clusters. The vertical gradiens
will be compared to those found in other well clusters in and out of arroyo channels. This compar-
ison of vertical gradients along with the streamflow data will be used to determine if recharge is
through arroyo channels, from the caldeza, to the west, or from both, If vertcal gradients are the
same for wells in and out of the arroyos appreciabie recharge is not coming from loss of water 3
arroyo channels and most recharge is from the caldera, If verdeal gradients are greater for wd.l.,
the arroyo and there is surface water losses then most recharge is through arroyo channels. If hot-
izontal gradients are from arrovo chunnels to mesa areas then recharge is from arroye channels.

Water-level dat for the eight wells will be used to evaluate regional recharge and regional hori=
zontal gradients. Data from these wells and from existng wells in the arca will allow a piezomet-
ric-surface map to be constructed for the area between Sierra del los Valles and Los Alamos. This
map will allow a more accurate determination of the direction of ground-water flow 1o be made.
The wells will be used to monitor changes in the piczometric surface over ume,

Each well will be drilled using a U.S. Geological Survey drill rig. Each hole will be cored at major
lithologic changes. Ten feet of core will be taken. The core samples will be analyzed for moeisture
content, porosity, permeability, and will be used to calibrate borchole geophysical logs. Moisaure
content of the core samples will be used to calibrate the neuzon log so it can be used to esumate
the depth to which potential recharge water penerates. Permeability will be useful in determining:
the volume of water which would be able to pass through the partcular sediment type. Poromity
will assist in calibradng the neurron log for neutron porosiry. Each hole will be drilled to the top of
the Puye or Tesuque sediments and the drill stem removed form the hole. Acousac televiewer logs
will then be run in all holes using the USGS Central Region logger and evaluated by staff of the
Central Region Lagging Unit The televiewer logs will be evaluated for the occurrence of frag-
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tures in the unsaturated zone and fracture strike, dip, and size In conjunction with the televiewer™
logs a temperanre-fluid condectance log will be run. This Jog will be used to determine if water is;
flowing into the borehole through fractures or faults, Inflowing water from fractures or faults may:
have a different temperature or fluid conductance than the Suid in the borehole, An anempt will
be made to remove the drilling mud and replaced with a less dense fluid, if the hele will sty open.,
Replacing the dense drilling mud might allow water to flow from fractures and faults into the well
bore. Several passes using the emperanire-fluid conductance Jog will be made. These dat will -~
allow an estimate of ground-water Aow, if any, through fractures and faults that might be recharg-
ing the local aguifer system. A stanstical evaluation of the occurrence, strike, dip, and frequency
of fractures and faults will be done. This evaluation will consider the regional stress field and may'
result in information about the oricnmdon of faults and fractures that will most likely transmit
watez,

Each well will be cased with d=inch steel casing, All wells will be cemented from the bottom of
the hole 10 5 feet below the bonom of the sereened interval, Each well will have. 10 feet of screen
instalied at the bottom of the well above 20 feet of blank casing that will be a trap for sediment
and partculates, Each well will be gravel packed from five feet below the screened interval to 10
feet above the top of the screen. The remainder of the annular space to land surface will be
cemented, Drillers logs will be recorded during drilling, Caliper, resistivity, temperature, neutron,
gamma, and gamma-gamma logs will be run afier drilling but before completion and development
in all deep holes

If data collected from the 8 wells inswalled for this project indicate that recharge to the local aqui-
fer system is from west of the Sierra de los Valles then deep wells should be drilled on the west
side of Pajarito Mountain, in or near the Valles Caldera. At least 2 wells should be drilled into the
local aquifer system so horizontal gradients can be determined, These wells will be about 5,000
feet deep and penctrate the Tesuque Formation, Water-level data from these wells will be used 1o
determine ground-water gradients between wells in the caldera and the next well or wells to the
euast, The depth of these holes may require a large commercial drill rig, Since the drilling of these
wells is not determuined to be necessary the specificatons for the holes and the costs will not be
included in this proposal,

Duration of the Project:

The project is designed for six years, The anached work plan shows beginning and ending times
for specific tasks and the length of tme required 1o complete a specific task. Monitoring is a long-
term task but it is not shown beyond the fifth year, Ln general terms, the first vear of the project
will be used to select sites and install and operate eight stream-gaging stadons, During the second
vear four wells will be cored and drilled in the fioodplain of the selected drainage, Borehole geo-
physical logs will be run and analyzed. In the third year five wells will be cored and drilled. One
well will be drilled west of Pajarito Mountain and four on the plateau east of Pajarito Mountain, In
all holes borchole geophysical logs will be run and analyzed, Data collection will start in the first
vear and contnue through the fifth year, The last year is for report preparation and publicaton.
Water-level data collectdon is expected to continue indefinitely. Long-term stream-gage operation
may not be necessary depending on the need for long-term data, The decision to contnue gage
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Project Costs:

Costs for the investigation arc for federal fiscal years-October through Scpt.cmbcr. Costs mckudc’
all manpower, equipment, mavel, well drilling, gage installadon, and waining,

Fiscal year 1995 v
Personnel 563.300 o
Surface water gage conswuction and operation  $111,800 44
Travel ) 33.300 i

Total 3TT8.d0

Fiscul year 1996
Personnel $126,000
Drilling four wells $346.500
Surface water gage operation $68,400
Travel 321200
Vehicles 35,700
Recorder purchase and rental $6.300
Vehicles $5.700

Total 37950

Fiscal year 1997 ,

Personnel $137.300
Drilling four wells $363.000
Surface water gage operation $70,800
Travel $23.500
Vehicles 56,400
Recorder Purchase and rental $9,600

Total 10,600

Fiscal year 1998
Perseonnel $124,800
Surface water gage operaton $79,600
Travel 38,700 -

Vehicles $2.500
Recorder rental 36,100

Total T

Fiscal year 1999
Personne) $246,000
Surface water gage operation 586,400
Travel $6.600
Vehicles $3,400
Recorder rental 86,400

Total L X=RRICH

?
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Fuscal year 2000
Personnel 3281500
Travel $3.300 .
Vehicles $1.800
Printing _ © $12.800
Total ‘ 3I9,a0
Products:

Atter the end of the fourth year (1998) a Open-File data report will be produced. This report will
present all daza collected in the first four years. There will be no interpretation included. In the
sixth year a Water-Resources Investgation report will be written and approved for publicaton.
The report will include data for the fifth year and interpremtions concerning recharge arcas, pro-
cess of recharge, permeability of the overlying sediments. and a piezomewic surface contour map
will be presented.

Manpower:

All work for this project will be supplied by the U.S, Geological Survey. Drill crews are supplied
by the Geologic Division, The New Mexico District currently has the manpower required for this
project and will consist of:

Project Supervisor GsS 13

Project Chief GS 12

Hydrologist GsS 1t

Instrumentadon Technician GS 1l

Drilling Technician GS7 .
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with sections of the Jemez Caldera and the Lucero Uplift New Mexico Geological Sociery
Twelfth Field Conference.
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Work Plan for study of recharge west of Los Alamos National Laboralory
Federal Year 1995 1996 1997 1998 1999 2000

Quacter 1 23 4 1 23 4123 4123473 234112134

Work Element

Literature review X

Gage site selection X

Gage instalfation

SW data collection X XX XX XXXX X XX
Well site selection X
Viell diilling X
Geophysical logging X
Water-level

instrumeatation X
OW data collection : X X
Core sample analyiis X
Open-File report

preparation X X
Open-File report

approval X
Final report

preparation
Final sepoxl
approval

X

X
X
X
X X XXX XXX
X

X
X




.0

~i=

b 4

14500

[

I
&

.
rd

rd

Y
Lk e

.
£

»
w .
@ | Los Alames
Courty
Juzee

. . o E\

; \o, § -
» NN \ % e :2 N . {
o« - ¥ ) b §7)  vem N O - ‘
C N PO VW A \ -,

Rgure 1.-Approximate study area and geographic fectures

October 28, 1995/ Rev.2.0 G-12




mmecﬂon Mamnagement Progmm Plm
August 1994 ;
Proposal Nusv. _
Evaluation, compilation, and collection, of hydrologic data in and around the
Los Alamos National Laboratory, New Mexico

Prepared by David W, Wilkins
Introduction:

Los Alamos National Labcratory (LANL) is in the Espancla Basin. The Espanola Basin is a
north-south trending basin with the northern boundary at a constriction to the Rio Grande near
Embudo, New Mexico. The basin is about 45 miles long with the southern boundary at White
Rock Canyon, cast of Los Alamos, The Sangre de Cristo Moenmins form the east boundary and
the Jemez Mountains form the west boundary (fg. 1), The basin in the Basin and Range Province
situated between the eastern and westem prongs of the Southern Rocky Mountains,

LANL is located on the cast flack of the Jernez Mounmins near the west side of the Rio Grande
depression in north cenwral New Mexico, The Jemez mountains are described as volcanic pile that

' rests on and rises above a zone of faults at the westemn edge of the Rio Grande depression (Griggs. -
1964). LANL is located on the Pajarito Plateau (fig. 1) which is a topographic high that slopes
gently eastward to the Rio Grande. The west boundary of the Pajarito Platcau is the Sierra de los
Valles.

The Tschicoma Formaton of Pliocene age and the Bandelier Tuffl of Picistocene age an-.mljor. '
volcanic units in the area. The Tschicoma Formation forms the mountains of the Sierra de los
Valles, between the Valles Caldera and the Pajarito Plaicau, and is present beneath the surface of
the western edge of the plateau. The Tschicoma Formation is overlain by the Bandelier Tuff along
the flanks of the mountains. The Bandelier Tuff is.a series of ash flows and ash falls of rhyolite
tuff that caps the Pajarito Plawcau and overlies the Puye Formation and basalte rocks of Chino
Mesa in the central and eastern edge of the pluuu (Purtymun and .fohmscn. 1974),

The Santa Fe Group comprises the Tcsuquc and the Puye Formauons and the basaltic rocks of
Chino Mesa. The Tesuque Formadon consists of friable to moderately well cemented siltstone
and sandstone with lenses of conglomerate and clay and some interbedded basalt lows, The Puye
Formaton is a poorly consolidated conglomerate channel-fill deposit overlain by a fanglomerate
cormposed of voleanic debris. The basaltic rocks of Chino Mesa consist of basalt and basalt brec-
¢a that overlie the Puye along the Rio Grande and interfingers with the conglomerate to the west
beneath the Pajarito Plateau (Purtymun and Cooper, 1969).

The Pajarito Fault Zone lies near the western edge of the Pajarito Plateau, South of the LANL area
the Bandelier Tuff on the east side of the faultis downthrown about 300 feet in relation to the adff

on the west side of the fault To the north the fault splits into two-smaller subparalle] faults, both
downthrown to the east. Kelley, (1978) shows a fault zone throughout the Espanola Basin. The

| ' ®
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downthrown block is 1o the cast from the southern boundary of the basin 10 the Chama River. The
downthrown block and dip are to the west north of the Chama River, ,
The sediments of the Santz Fe Group are the main aquifer of the Espanola Basin. Borton (1974, p.
353) reporied maximum thickens of the Santz Fe to be about 12,000 feet near Espanola. Cordell;,
(1979. p. 61) report low dcnsity rocks he considered primarily Santa Fe sediments 1o be between.
£.200 and {6,400 feet thick in a graben just south of Espanola. South and east of Los Alamos .
Cordell (1979, p. 62) reported low densiry sediments between 7 900 and 19.000 feet thick, The
main aquifer of the Pajarito Plateau is composed of Santa Fe Group sediments, the Tesuque For-
mation and the lower part of the Puye Formaton. The upper surface of the main aguifer nises .
westward from the Rio Grande through the Tesuque into the lower part of the Puye Formadon
beneath the central and western parts of the plawsaw, The water is unconfined in the western edge
of the plateau and becomnes confined as water in the aquifer moves below the less permeable sedi-
ments of the Tesuque Formation along the eastern edge of the plateau and along the Rio Grande
(Purtymun and Johansen, 1974). The first water supply wells drilled in the Los Alamos area were
in Los Alamos and Guaje Canyons at the castern edge of the Pajarito Plateau, These wells were
finished in the Tesuque Formation and produced less than 500 gallons per minute, As more water
was needed, additonal wells were drilled, to the west, on the platcaw. These new wells were fin-

. ished in the lower Puve and upper Tesugue and produced about 1,500 gallons per minute (Pur-
rymun and Cooper, 1969).

Problem:

Stane, Davis, and Kazman (1993) conducted an assessment of the ground-water monitoring pro-
gram at LANL. Their emphasis was to evaluate the ground-water data coliecton program for the
purpose of determining ground-water contarmination from specific contaminaton sources, An
evaluation of the need for ground- and surface.water data to be used in a definitve conceptualiz-
ing of the ground-water and surface-water sysiem on and around LANL needs to be done,

Ground-water data, such as depth 1o water, chemical, and physical characieristics of the water,
hydraulic conductvity, and storage coefficients are sysiemadcally collected in and around LANL.
Surface-water stage-discharge and chemical and physical characteristcs of the water are being
collected in the LANL area. Thousands of pieces of hydrologic data currenty exist for the LANL
area, These data are stored in many formats by individual investdgaters and by organizational
units at LANL, Ground-water flow and mansport models that simulate ground water and water
quality conditons in and around LANL are planned for development in the near future. These
models require a wide variety of hvdrologic data, both current and historic. A comprehensive data
base that is designed to store, evaluate, display, and report ground-water, surface-water, and
water-quality would be useful for scientists at LANL (Stone, Davis, and Katzman, 1993, p.7).
Computer communicatons between the sysiem on which the proposed data base resides and the
computer systems used by LANL investigators would have to be established if a comprehensive
dawm base were to be developed.

As described in the Introduction of this proposal LANL and Los Alamos Counry areas are not iso-
laied from the Espanola Basin to the north, from the Jemez Mountains to the west and south, or
fror the Rio Grande and associated mibutaries and underlying sediments to the cast. Figure 1

[ ]
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shows locations of wells in the general area of the Espancla Basin. The density of wells in the area
of LANL show that ground-water data collection are minimal in the LANL area because ot‘n’
lack of wells that are measured or sampled. Figure 2 shows the location of steam gages that

lect stage-discharge and water quality dam in and around the LANL area. The arca ncar LANL

has resticied oppormunities for dam collection,

Objectives:

Objectives of the proposed study were selected to meet the needs defined in the “Problem™ secton
of the proposal. The overall objective of this proposal is to evaluate the need for specific hydro-
 logic data and compile, collect, and stmre the needed data in a USGS designzd and operated com-

prehensive data base,
Specific objectives of the proposed study are:

1. Populate the USGS National Water Information System (INWIS) data base with existing
hydrologic data in and around LANL.

2. Establish communications between LANL computer systems and the USGS compute.
systerm.

3. Evaluate current and fumre hydrologic data needs at LANL.

4, Esublish a plan for the instillation of monitoring wells and surface flow gaging statons at
LANL.

5. Install test and observation wells and surface Sow goping sadons at LANL ’

6. Evaluate the need for and frequency of ground- and surface-water data collection adjacent
to LANL.

et

Establish a data collecton net work and collection schedule for sites adjacent to LANL.

8. Collect data from the selected sites for the schedule selected adjacent to LANL. .

Purpose:

The purpose of the proposed study is to develop and maintain a comprehensive hydrologic data
base that will be used by LANL scientists to store and retricve data. An evatuation of the hydro-
logic data needs, both for current and for future needs, will be made resultng in a data collection
plan that will supply the kinds and amounts of data needed for current and future studies, includ-
ing ground-water flow and ground-water transport models.

Scope:
This proposed study will encompass most of the Espanola Basin, Existing data will be compiled

e
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and entered inwo the dawm base for the Espanola Basin. Actual dat collection will be from an area’,
decided upon by sff of LANL and USGS after existing and current data availability are com-
pared to expected data needs. The project is designed for five years, i
Approech: !

Approaches will be discussed in the order that the objectives of the proposed project were pre-

sented, The USGS NWIS dam basc is designed for entry and retrieval of all types of hydrologic

datz. The primary requirement for data entry is a unique number for cach site, This numberis
based on the latinude and longitude of the site so a Jocation for cach site is mandatory. There are ™
also other characteristes of the site and specific dam that are mandatory for enmry into the data
base, With a locaton a site identifier can then be esmblished in the data base, All data entered into
the data base for a site are associated with the site identifier,

The first sk to meet objective 1 will be 10 accurnulate all hydrologic data at LANL, in consult-
ants reports, and in fles of state and local govemment offices. To obmin the LANL data, internal
letters from the Environmentml Protection Group (EM-8) to all LANL departments that may have
or are currently collecting data will be sent requesting information about dam in their possession,
The request lezer will explain the dam compilation and collection study, the data base that will be
used to store the data, and the advantages on using the data base, Department responses will need
10 specify the type of dam available, the format of the dam, an estimate of the number of sites that
have data, and a contact at that unit to assist in obtaining the data, USGS personnel will meet with
the contact person and arrange for the data to be transferred 1o USGS personnel, Depending on
format, the data will be entered into the data base, Digital data will be entered using computer
techniques. Data that is on paper copy will be coded on to the proper coding form and manually
entered into the data base,

Repons from LANL contracted consultants that contain hvdrologic data will be obtained through
the Environmenual Protecdon Group, Bibliography searches will be used to determine which con-
sultant reports, not associated with LANL. but specific to the study area will be needed. These
reports will be obuined through libranies, from the consultant that did the work, or from their cli-
ents, These data will be entered into the data base using computer wansfer of the daw, if in digital
format or by coding the data on the appropriate form and manual entry into the data base,

USGS personnel will contact state and local agencies that have data in the Espanola Basin, These
data wil] be obtained and entered into the data base.

Communication between LANL computers and the USGS computer on which the data base is
loaded can be established using the Internet system. Access to the USGS computer will be estab-
lished in the second quarter of the first year of the study. The USGS will furnish LANL with one
copy of the data base users manual for cach department at LANL that desires access to the dam
base. A two day data base users raining class will be conducted at LANL before objective 1 has
been completad,

With historical data in the daia base and informaton available as to the type, location, and fre-
quency of data being collected by LANL or other organizadons, an evaluation of short- and long-
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term data collecton needs and the existing dara collection networks will be made. This evaluaton
will done by LANL staff, determined by the Environment Protection Group, USGS staff, and
st or local government agency staff suggested by LANL or the USGS. The purpose of the
uadon will be to determine the short- and long-term hydrologic dat needs of LANL in the con-
text of current and future studies in and around LANL. For example, a ground-water flow model
of LANL and adjacent area is likely to be developed as will be a ground-waler ranspert model,
the data collection network evaluation will consider these probabie projects and compare data that
are in the data base and current data collection at LANL to data that will be needed to develop and
calibrate these rwo types of models. For cach probable hydrologic investigation that might be con-
ducted in or around LANL an evaluadon of the dax needs will be made,

USGS staff will compile information from the evaluations, A USGS Open-File Report will be
prepared that describes the suggested hydrologic investigation, the data needs for that investiga-
gon, and the short- and long-term data needs of each probable project, The report will also contin
a summary of the available dat, the duza currently being collected, and suggestons for future
data collection (type, locadon, and freguency).

For those sites that are necessary to be rstablished within the next 4 years (Federal fiscal years
1996-1999), both ground and surface v atez, 2 plan will be developed for the establishment and
operation of each site. Specific drilling date, drilling procedures, construction, tesang, finishing,
and data collection at cach test and observation well site will be established, For surface-water
sites locaton, type of cantrol, type of dam to be collected, and dam collection frequency will be
denailed. This informaton will be included in the Open-File Report mentioned above,

Dam collection from existing sites at LANL will continue by the LANL department that has been
collecting the data, If there arc sites that are not being used for dam collection but the evaluag
results in conclusions that data should be collected at these sites then LANL or USGS staff w
begin data collection from that site, These data will be entered into the data base quarnterly.

From 1996 through 1998 the recommended ground- and surfacewatsr sites will be constructed
and operated. For cach well drilled, tested. and finished a USGS Open-File Report will be com-
pleted. The report will conmin descriptions of the drilling operaton, geologists descriptions of the
curtngs or of any core that might have been collected from the hole, geophysical logs, aquifer test
procedures and results of the aquifer tests, and descriptions of the data collection methods,

USGS or LANL staff will collect the specified data fram each of the wells that were drilled. The
data will be collected at a frequency chosen by the evaluation group. All data will be entered into
the data base on a quarterly basis and will be available to LANL st2ff through the communication
link with the USGS computer, Each year, starting the fourth year, an Open-File Datx Report wall
be prepared that summarizes the ground-water dam collected from all obsezvation wells in the
nerwork for the previous water year (OctobersSepiember. Surface-water sites and the dat col-
lected at each of those sites will be included in the USGS Annual Report for New Mexico,

From figure 1 it c2n be scen that there are many wells adjacent to LANL. Most of these wells are
not measured for depth to water or are not sampled for water quality determinations on a regular
basis, Figure 2 shows the locadon and type of surface-water data collected in and adjacent to
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LANL. As discussed in the approach for mccung objective 3, the dat needs of LANL, in the con:
text of current and funire hydrologic i mvcsngnncns. will be evaluated. The USGS will supply to ,
the evaluation group tables and maps that give perunent information about each of the wells and |
surfage-water gages in the USGS datm base for the area of interest, The evaluation group will con-
sist of approximately the same type of members as for objective 3. The cvaluaton group will ..
select candidate wells and surface-water sites for the network and the type of data to be collected:
and the frequency of data collection, "
USGS swff will field check each of the candidate wells and obmin any needed information, If 8+
candidate well is no longer available or access 1o the well cannot be obtained another well in t.hc
area will be found, if possible. The USGS will supply information about the candidate wells to the
evaluaton group, If any of the surface-water sites shown on figure 2 are not currently being oper-
ated the site will be visited 1o determine condition of the site and data that could be collected. If
operated by another agency, informatian about the site will be obtained from that agency, All sur-
face-water information will also be reponied o the evaluaton group. The evaluation group will
make a final decision from which wells to collect dat, type of data collected. and frequency of
data collection. Any construction of new surface-water gages or any change in operation proce-
dures for cxisdng gages will be handled by the USGS,

The USGS will collect data in the selected wells adjacent 1o LANL. Data from these wells will be
included in the annual Open-File Report discussed above, All data will be entered into the data
buse on a quarterly basis and will be available 1o LANL staff through the communication link
with the USGS computer.

Duration of the Project:

The project is designed for five years. The amached work plan shows beginning and ending tmes
for specifie tasks and the length of dme required to complete a spegific task. Menitoring is a long-
term task but it is not shown beyond the fifth year. 1t is expected that monitoring will conunue
indefinitely.

In general terms, the first year of the project will be used collect and compile existing data and
enter the data into the dat base. During the second vear the evaluation group will select existing
ground- and surface-water sites at LANL that are not being monitored but that should be included
in 2 monitoring network. Data collection will begin at the selected sites, The evaluation group will
also sclect new ground- and surface-water sites that are to be established. The USGS will prepare
the report that presents the short- and long-term data collection plan,

During the third year insmllation of wells and gaging stations will begin at LANL and the dan
collection nerwork evaluaton adjacent to LANL will be accomplished. An Open-File Report will
be prepared that presents lithologic, drilling, and completion data for all wells drilled during that
vear, Dama collection at sites adjacent to LANL will also begin,

In the fourth year installanon of wells and gages will contnue as will data collection at and adja-

cent © LANL. The first of the annual Open-File Reports that present the data collected in the pre-
vious year will be produced in the fourth year, Dunng the fifth year data collection should be
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tidng place from all sites on and adjacent w LANL. The annual data report will be prepared.
Project Costs:

Costs for the investigaton are for federal fiscal years-October through September. Costs include
all manpower, equipment, and travel. For the first two years the cost estimates are based on spe-
cific tasks and costs of completing those task, For years 3 through 5 the numbes of wells o be
drilled or the number of surface-water sites to be installed are unknown. Conmact costs have been
estimared that will be used to drill wells or establish surface-water gages. It is also assumed that
drilling will require the manpower, ravel, and transpormuon costs Shown.

Specific costs and needed funding for drilling and surface gage insmllation can be berer estimated
once the dam needs at LANL have been evaluated and a plan for installagon of the needed sites
developed. By the end of the second year dewiled costs for the agreed upon work will be made,
These esimates will be presented w0 LANL and the project agreement &mended as needed.

Fiscal year 1995
Labor 3170500
Travel 3.400
Transporaton 2500
Totals 176,400
Fiscal year 1996
Labor 31456300
Travel 3.100
Transportadon 3.800
Printng 6.500
Supplies 1,100 ‘ ‘
Equipment 4,300
ADR Renmi! 1.000
Total TTe6. I
Fiscal year 1997*
Labor $188.900
Travel 30,400
Transportation 9.500
Communications 1,300
Contracts 254,000
Supplics 41,400
Equipment 7.800
ADR Renml 5600
Geophysical logging 10.000
Totl 33aE /00
Fiscal year 1998*
Labor $206.000
Travel 34,400
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Transporation 11900 -

Comumunications 1300 7

Printing 8,600 Q

Conoacts 266,000 <

Supplies 45,000 3_.

Equipment ' ' 8,600 -

ADR Renal 11,700 “

Geophysical logging 12,000 -
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Fiscal year 1999°*

Labor $167,800

Travel 12,500

Transportation £.500

Prindng 10,800

Equipment 4300

ADR Renal 13,100

Total 32TT800

* Costs are based on the assymption that observadon wells and surface-water gages will be
installed as suggested in the report produced during the second year of the project, Costs estimates
for drilling and surface-water gage installation are based on having 5200.000 net dollars availabie
in 1997 and $210,000 net dollars available in 1998 for well and gage installation. Most of the
remainder of the expenses in these two years are associated with installation and inscumentation
of the wells and gages. Some costs in these two years are for data collection on and adjacent 10
LANL.

** Costs are based on the assumption that wells and pages are inswlled at LANL in 1997 and
1998 and that these sites are monitored throughout this year 1t is also assumed that wells and
gages adjacent to LANL are monitored throughout this year.

Products:

During the second year (1996) a Open-File Repont will be produced. This report will summarize
hydrologic data available at LANL and the adjacent area, This report will also prcsc.m results of a
data collection nerwork evaluaton,

Assumning that test and observation wells are drilled at LANL there will be two Open-File Reports
produced that present drilling, testing, and fnish information about the wells and the sediments
the holes penetrated. One report that presents the-well data will be produced in 1998 and another

in 1999,

Starting in 1998 annuval Open-File Reports will be completed that summarizes the ground-water
data collected in the previous year. Surface-water data will be presented in the Annual Report for
New Mexico.
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S Manpower:
All work for this project will be supplied by the U.S. Geological Survey. Dnllmwsmsuppl.
e by the Geologic Division, The New Mexico stmc: currently has the manpower required for this
> project and will consist of:
" Project Supervisor GS 13
~'| PTD)OC!ChJCf GS 1l
Hydrologic Technician GS7
RN Hydrologic Technician . GS9
T Instrumentation Technician Gsl
S Drilling Technician Gs7
TR References:
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NM 94.5“.‘-

PRELIMINARY ESTIMATION OF GROUND-WATER-FLOW PATH LINES IN THE MADN
AQUIFER, LOS A.LAMOS COUNTY, NORTH CENTRAL NEW MEXICO i

. " Proposal by Peter F, Frenzz! -

INTRODUCTION

Los Alamos, is located in north-central New Mexico. on the Pajarito Plateau in the Espanola -
Basin. The Pajarito Plateau (fig. 1) is a topographic high that slopes gently eastward to the Rio
Crande, The Pajarito Plateau is on the eastern slope of the Jemez mountains which are described
as volcanic pile that rests on and rises above a zone of faults at the western edge of the Rio Grande
depression (Griggs, 1964), Los Alamos, Santa Fe, and other communites in the area use ground
water from the Santm Fe Group sediments that 1) the Espanola Basin, The Espanola Basin is one
of a series of grabens and structural basins along the length of the Rio Grande from its headwaters
in Colorade through New Mexico and Texas, Research at Los Alamos National Laboratory
(LANL) is the main activity at Los Alamos, LANL is a Federally-owned (Department of Enargy)
facility that is operated under contact by the University of California, LANL developed the
atomic bomb and has engaged in related or similar research for the past 50 years. Laboratory
wastes are stored or buried near the lab, Wise and cffective management of radioactive substances
has long been a concern of LANL. This proposal is concemned with ground-water-low path lines
which would be useful for development of a chemnical ransport model,

GEOLOGY AND HYDROLOGY

The Espanola Basin is 2 north- 10 northwest-zrending and plunging, asymmerric faulted synclinal
sag (Baltz, 1978, p. 213). The basin is filled 10 an unknown depth with semiconsolidated to
unconsolidated Tertary und Quaternary sediments of the Santa Fe Group. The Santa Fe Group in
the Espanola Basin is comprised of Tesuque, Puye, and Ancha Formations of Tertiary age (Man-
ley, 1978, p. 202).

The Tesuque Formation of the Santa Fe Group is the principal aquifer in the Espanola Basin, The
Tesuque Formation was deposited mainly as coalescing alluvial-fan deposits derived from the
highlands to the north and east. In the eastern half of the basin, the Tesuque dips westward
berween 4 and 10 degrees as measured in outcrops, Dip in the western pant of the basin is gener-
ally unknown because the Tesuque is overlain by the Puye Formadon of the Santa Fe Group.

The Tervary Puye Formation of the Santa Fe Group (Griggs, 1964, p. 28: Purtyrmun and Johansen,
1974, p. 347-349) is vounger than the Tesuque Formation and is present on the westem side of the
Rio Grande. The formaton consists mainly of gray sand and small pebbles derived from rocks
varying in composition from basaltic to rhyolitic that were associated with the volcanics of the
Jemez Mountains. The deposits form high-terraced escarpments deeply incised by east-west-
wending washes extending from the Jemez Mountains to the Rio Grande. In Los Alamos, wells
have penecated water in the Puye Formations as well as in the underlying Tesuque Formation.
The Puye and Tesuque Formations are hydraulically connected.
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Figure 1.= Location of the study area (from McAda and Wasiolek, 1988).
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The Ancha Formation of the Santa Fe Group (Spiege] and Baldwin, 1963, p. 45) is a Tertiary high
pediment gravel deposited unconformably on the Tesuque Formation in the southern part of the
Espanola Basin, The Ancha Formation is mainly south and west of Santa Fe and under the city 5
ivelf, The Ancha is coarser than the Tesuque, but is mainly unsanmated except in the southem &
part of the basin, N
The Tschicoma Formation of Pliocene age and the Bandelier Tuff of Pleistocene age are major =
volcanic units in the Pajarito Plateaw. The Tschicoma Formation is approximately the same age as
the Puye Formaton (Kelley, 1978). The Tschicoma forms the mountains west of Los Alamos and
is present beneath the surface of the westem edge of the Pajarito Plateau, The Tschicoma is com-
poscd of latite, quartz-latits flows, and pyroclastic rocks,

The Bandelier Tuff overlies the Tschicoma Formation along the flanks of the mountains and over-
lies the Puye Formation and basaltic rocks in the cental and eastern edge of the Pajarito Plateau,
The Bandelier is a series of ash flows and ash falls of rhyolitic tuff and caps the Pajarito Plateau
(Purtymun and Johansen, 1974), The Bandelier Tuff and possibly the caseem edge of the underly-
ing Tschicoma Formation generally occupy the unsaturated zone at Los Alamos.

The Pajarito Fault Zone lics near the wesiem edge of the Pajarito Platzau, South of the LANL area
the east side of the fault is downthrown about 300 feet in relation to the west side of the fault. To
the north, the fault splits into two smaller subparallel faults, both downthrown 1o the east. Dis.
placerent decreases northward until both faults die out. The downthrown block is to the east from
the southern boundary of the basin to the Chama River. The downthrown block and dip are to the
west north of the Chama River. Although the Pajarito Fault Zone has been considered to be the
western boundary of the Espanola basin by Hearne, McAda and Wasiolek, and Finch and Flem-
ing, the possible westward extent of the Tesuque Formation, and its hydraulic continuity west-
ward beyond the Pajarito Fault zone is unknown,

Water supply in the Espanola Basin is from surface and ground water, Most irrigation is from sur-
face water and most domestic, municipal and industrial supplies are from ground water withe
drawn from the Santa Fe Group sediments. However, Santa Fe is partly supplied from surface
flows of the Santa Fe River, Los Alamos is supplied mainly by ground water with some irrigation
of ornamenals supplied from surface fiows of several canyons, Smaller communities and individ-
ual supplies in the Espanola Basin depend on ground water except for agricultural irngation.

In the Pajarito Plateau area, several aquifers have been identified. The main aquifer, is more or
less contnuous with water-bearing sediments elsewhere in the Espanola Basin, Additionally,
perched aquifers have been identified in the Tschicoma and Puye Formations, in the basaltic rocks
of Chino Mesa, and in the Bandelier Tuff (Griggs, 1964, p. 102). Ground water in the alluvium of
canyons on the Pajarito Platcay also is perched to some extent (Baltz, Abrahams, and Purtymun,
1963). The degree of hydraulic connection through a zone that is mostly unsamrated between the
perched aguifers and the main aquifer generally is unknown, The main aquifer is composed of the
Tesuque Formation and the lower pant of the Puye Formation. The upper surface of the main aqui-
fer nises westward from the Rio Grande through the Tesuque into the lower part of the Puye For-
maton beneath the cenmral and western parts of the plateau, The water is unconfined in the
westem edge of the platcau and becomes sermi-confined as water in the aquifer moves below the
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less pameable sediments of the Tesuque Formation along the eastern edge of the plaicav and
along the Rio Grande (Purtymus and Johansen, 1974). Recharge of the main aquifer may be
through the Bandelier Tuff and/or the Tschicoma Formation near the west side of the Pajarito P
teau, though the exact Jocation of recharge is unknown., Discharge is to the Rio Grande.

Ground-water flow in the Espanola Basin bas been simulated previously by four models, Hearne
(1980) simulated most of the Espancla Basin with a model tha included Los Alamos at the
periphery, The cental area of concemn of the Hexrme mode] was the Pojoaque river basin, a mibu-
tary of the Rio Grande. Mode! layering in the Hearne model was assigned in such a way as o
account for the tilting of beds in the Tesuque Formation on the easiern side of the basin, Because
Los Alamos was outside the area of interest, rmodel blocks and layer thicknesses were large for the
area of Los Alamos. McAda and Wasioiek (1988) simulated the Espanola Basin, in an area cen-
tered slightly south of the area of the Heame model, with a model that also included Los Alamos
at the periphery. The main area of concern in the McAda-Wasiolek model was the Buckman-
Santa Fe ares. and the mode! did not account for recent transmmissivity and storage data from the
well iclds at Los Alamos. Finch and Fleming (1992) modified the McAda Wasiolek model to bet-
ter account for more recent mountain-front recharge estimates by Anderholm (U.S. Geological
Survey, wrinien commun., 1990) that was based on a chloride balance, The Finch-Fleming modifi-
cation also accounted for more recent ansmissivity data near the southern boundary of the
McAda-Wasiolek model. Frenzel (in preparation) modified the McAda-Wasiolek model w
account for recent dam collected in the vicinity of Los Alamos and projected the effects of alierna-
tively replacing production from the aging Guaje well field with increased production from the
Pajarito well ficld or replacing the aging wells with new wells 5o as to keep the Guaje feld in pro-
duction. All of these models were mainly concerned with the drawdowns resulting from ground-
water withdrawals, None estimated path lines. This proposal is for the second phase of a rwo-
phass study originally proposed in 1993, the first phase of which resulted in the Frenzel (in prepa
radon) modification of the McAda-Wasiolek model.

PROBLEM

Geologic formatons thus far appear w have protecied the Espanola Basin and other ground-water
basins from any known significant conmmination by radicactive substances, However the study
of potential ground-water wansport of conmminants needs © be pursued. If water-soluble conmm-
inants were to enter the main aquifer, they could possibly follow the paths of ground-water fiow 1o
natural discharge arcas or to discharging water wells, The use of a chemical wansport model is
foreseen, However, a detailed ground-water flow model is needed to estimate path lines. It is crit-
ical to chemical transport modeling that path lines accurately indicate the paths of ground-water
flow because of potendal reactions of the ransported chemical with the various rocks that it may

pass through.
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OBJECTIVE o
* To estimate ground-water-flow path lines in the main aquifer of the Pajarito Platcau.,

PURPOSE AND SCOPE

+ The purpose of this smdy will be o estimate ground-water-flow path lines using a ground wa::z'm
flow mode! that can be revised as easily as possible to account for new data The area modeled .
will include enough of the cenmal and southern Espanola Basin 1o avoid artificial boundary effects:
in the Pajarito Platcay arca. Although the purpose of the flow mode! is 0 estimate paths of ;
ground-water flow, the data necessary 1o define path lines accurately enough for a ransport mode.L
probably does not vet exist. Therefore, the path lines estimated are terrned “preliminary™, The ~
model will become obsolete as additional data are collected and concepts of the ground.water sys-
tern change., Although the mode! will be made as casily-modified as possible, data and new con-
cepts that may be brought forth afier the first 24 menths of this study may not be included in the
final product, Although the mode! will be consructed with the idea of providing a basis for a sol-
uie manspont model, this model will be limited to ground-water flow below the water table in the
main aquifer, and will ozat flow in the vadose zone only as a boundary condidon

APPROACH

In general, path lines will be estimated from a finite-difference ground-water low model using
MODFLOW (McDonald and Harbaugh, 1988) and MODPATH (Pollack, 1989). The approach
will be made in 3 steps. The first step will be to study the geologic and hydrologic literature of the
Espanols Basin, and compile existing data. The second step will be to assemble a geographic
informaton system data base, The third step will be to calibrate a ground-water flow mode! and
esumate the path lines.

The frst step will begin with the literature review, The literature review will include selected liter-
ature that could Jead to conclusions about ground-water path lines in the main aquifer of the
Pajarito Plateau, and might include several disciplines, The review will concentate on gathering
informaton about the study area that will lead to development of a ground-water flow model, not
on theoretical consideratons of path-line calculation, The area of the Pajarito Platcau will be
emphasized with a lesser degree of emphasis on more distant parts of the Espanola Basin, Part of
the first step will be 1o locate and compile existing data that were not compiled by previous
projects, Existing stress data might include ground-water pumpage, the fate of Santa Fe and Los
Alamos public supply water (irrigadon, pnvate disposal sysiems, public disposal effiuent locas
tons and rates), and possibly other hydrologic features such as waier impounded in Cochid Res-
ervoir which occasionally backs up onto an area of the Espanola Basin. Existing hydrogeologic
data might include lithologic well logs and estimated hydraulic conductivities. Other existing data
relating to path lines might include ground-water age, altitude of recharge, penctration of tracers
into the aquifer system, degree of saturation, surface geophysics, borehole geophysics, fracture
studies, and water-bearing charactenstes of cores, The literature review will be preserved as an
annotated bibliography and published as an Open File Report. Annotatons will relate 1o the deter-
mination of path lines and will not necessarily indicate the full content of the literature reviewed.
Part of the Srst step will be development of the conceprual model, which will be modified
throughout the project, preserved as the geohydrology section of the model report, and published
by the end of the project.
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The second step will be to identify the main kinds of spacially variant geohydrologic data in the
study area and build 2 geographic informasion system (GIS) data base. Spacially variant daa
might include hydraulic beads. hydrologic characteristics, land covez, land use. irrigated lrus.
phreatophyte areas, ground-water withdrawals, altimdes of open intervals in production wells,

- artificial-recharge locations, and the alttudes of geologic and Lithologic units from which surfaces
of geohydrologic units can be estimated. A GIS can be used for model preparation and to facilitate
the incorporation of masses of spacially variant dat into model input (Kemnodle and Philip,
1987). As datz become available concepts of a geohydrologic system change. As this occurs, and
as interests in specific zones of the aquifer change, it is sometimes advantageous t© change the
spacial discretization of a flow model. Although in theory the spacial discretization of a ground-
water flow model can be changed, in practice, it is time consuming. A unique advantage of GIS-
assisted model preparation is that it is more practical to modify the spacial discretization of the
model. GIS techniques will help allow the size and complexity of the mode] to more nearly
approach that required to estimate path lines with the accuracy suitable for a chemical rranspert
model. The GIS used will be ARC/INFO, (The use of brand names is for idendficaton purposes
only and does not constitute endorsernent by the U.S, Geological Survey.)

‘The third step will be to build, test, and document a ground-water flow model, Spacially variant

« model input will be generated from the GIS dam base using existing, modified, or custom-made
preprocessing programs. Although some of these preprocessors exist, they may need to be modi-
fied or enhanced to meet the specific needs of this smdy. To take some of the subjectivity out of
mode] calibration. and possibly to speed the calibration process, parameter estimaton (Hill, 1992)
will be used if appropriate. Pararneter estmagon uses a statistical approach to optimize user-spec-
ified parameters, such as the hydraulic conductivity of a specified zone of the model, and to esn-
mate the degree of optimization achieved, Path lines will be estimated using MODPATH (Pollack,
1989), which computes values of the principle components of the velocity vector at every points
the flow field based on the intereell flow rates from the finite-difference model, MODPATH
linear interpolation to compute principal velocity components within a cell, Estimated path lin
will be preliminary and subject to revision,
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MANPOWER, COSTS, AND WORKPLAN
The total duration of the investgation is 45 months; 3 years for the study with 9 addizional rnonnhs-
for final report preparation. Costs are almost entirely to cover salaries for personnel, and ace con-
centated in the first 3 years of the investigation. Manpower is available within the New Mexico!,
. district and consists of the project chief (GS-12), a consultng modeling and GIS expers (GS+13)..
a computer specialist (GS-11), and a student helper (GS<4), The project chief will be 80 pu:cnt
availabiz the first year and 100 pereent savailable for the remainder of the project,

-

Costs in dollars* ,
Fiscal year 1995 '
Personnel 3140,000
Vehicle** 5,700
Copy/purchase documents 1300
Toml $147,000
Fiscal year 1996
Personnel 3171.000
Vehicle** 1,000
Printing of bibliography 8,500
Total 3180500
Fiscal year 1997
Personnel 3175000
Vehicle** 1,000
Touwl 3176,000
Fisca] year 199§
Personnel $76,000
Vehicle** 300
Printing of mode! reports 19,000
Total $95.300
Project total $598,800
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Workplan®

Federal Fiscal Year 1995 1996 1997 1998
Quarer 123412341234123.
Work Element .

= Literature review and :
prepanation of bibliography X X
Compilation of existing dat X X
Identify dat for GIS dam base
Development of conceptual
flow model X
Begin “hydrology™
secton of model report
Population of GIS with data
Publication of bibliography report
Preparation of model input
preprocessars using GIS
Model calibration
Final preparation model
documentation report XXX
Final preparation model
. listings report X
Publication of mode! reports XXX

KR MK
HoH KR
Lol - -2

*Costs and workplan assurne a starting date of October 1, 1994,

== Travel includes vehicle rental and mileage (9,650 vehicle miles during FY95, 2,150 miles dur-
ing FY96, 2,000 miles during FYS7, and 750 miles during FY98). Purpose of mavel will be to.
locate, and copy or review documents: and o meet with LANL sufl.

REPORTS
Three reports will be published, The first will be an annotated bibliography which will be drafted

by the end of the fifth quarter of the study and will be published as an Open File Report within the
second year. The second repest will be the mode! documentation, drafted by the end of the third
year of the project, and published as a Water-Resources Investigations Report by the end of the
project. The thirg will be a GIS data basc and model input listings report. drafted by the end of the
third year of the project and published as an Open File Report by the end of the project. The third
report will preserve the data base and model input/output on an appropriate elecronic medium
such as data cartridge in commonly used formats such as ASCIL Because the listings report will
not document or defend the model. it will not be available before the model-documentation
report. However, consistent with U.S.G.S. policy, un interpreted data will generally be available

on request.

REFERENCES
Baltz, E.H., 1978, Resume of the Rio Grande Depression in north-cenzral New Mexico, in Guide-
book to Rio Grande rift in New Mexico and Colorado: New Mexico Bureau of Mines and Mineral

Resources Circular 163, p. 210-228,

October 25, 1995 / Rev2.0 G-33




4

Croundwater Protection Management Program Plm

. r. \.‘:3 |

Finch, Steven T., and Fleming, WM., 1992, Recalibration of the USGS-SEQ Santa Fe ground-
. water mode) using revised recharge estimates: John W, Shomaker, Inc., consulting report for
Santa Fe Metopolitan Water Board, 25 p, with a 22.p. appendix.

Taede

. Griggs, R1., 1964, Geology and ground-water resowrces of the Los Alamos area New Mexico:
U.S. Geological Survey Water-Supply Paper 1753, 107 p., 1 pL

Frr 2= iy

Hearne, G.A., 1980, Mathematical mode! of the Tesuque aguifer system underlying Pojoagque
River basin and vicinity, New Mexico: U.S. Geological Survey Open-File Report 80-1023, 181

o

¥

L

Hill, MLC., 1992, A computer program (MODFLOWP) for estimating parameters of a transient,
three-dimensional, ground-water flow model using nonlincar regression: U.S, Geological Survey
Open-File Report 91434, 358 p.

Kelley, V.C., 1978, Geology of Espanols Basin, New Mexico: New Mexico Bureau of Mines &
Mineral Resources, Geologic Map 48,

Kemnodle, J.M.. and Philip, R.D., 1987, Using a geographic informaton sysiem to developa
ground-water flow model: in Regional aquifer systems of the United States--Aquifers of the west-
ern mountain area, Papers presented at 23rd annua] AWRA conference and symposium, Noverme
ber 1-6, 1987, AWRA Monograph Series No. 14, p, 191-202.

Manley, Kim, 1978, Cenozoic geology of the Espanola Basin, in Guidebook to Rio Grande rift in
New Mexico and Celorado; New Mexico Bureau of Mines and Mineral Resources Circular 1963,
p. 201.210,

. McAda, D.P,, and Wasiolek, Maryann, 1988, Simulation of the regional geohydrology of the
Tesuque aquifer system near Sant Fe, New Mexico: U.S. Geological Survey Water-Resources
Investigations Report 87-4056, 71 p.

McDonald, M.G.. and Harbaugh, A.W., 1984, A modular three-dimensional finitedifference
ground-water flow model: U.S. Geological Survey Open-File Report 83-875, 528 p.

Pollack, D.W., 1989, Documentation of computer programs to compute and display pathlines
using results from the U,S, Geological Survey modular three-dimensional finite-difference
ground-waier flow model: U.S, Geological Survey Open File Report 89-381, 188 p.

Purtymun, W.D, and Cooper, J.B., 1969, Development of ground-water supplies on the Pajarito
Platcau, Los Alamos County, New Mexico: U.S, Geological Survey Professional Paper 650-B.

Purtymun, W.D. and Johansen, Steven, 1974, General gechydrology of the Pajarito Plateauy, in
Guidebook to Ghost Ranch (central-northern New Mexico): New Mexico Geological Society
Twenry-fifth Field Conference, p. 347-349,

Spiegel, Zane, and Baldwin, Brewster, 1963, Geology and water resources of the Santa Fe arca,
New Mexico: U.S, Geological Survey Water-Supply Paper 1525, 258 p.

October 25, 1995/ Rev.2.0 G-34




Groundwater Protection Management Program Plan

APPENDIX H

Annotated Bibliography of Geologic, Hydrogeologic
and Environmental Studies Relevant to
Solid Waste Managemant Units at
Los Alamos Nastionsl Laboratory
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Atached are the Tiger Team Assessment, the LANL Self-Assessment, the New Mexico
Environment Department (NMED) Initial Assessment, and the Hydrogeologic Review for
the Environmental Restoration Program at LANL. Also included are memaos to and/or
from LANL, DOE, NMED, and EPA addressing specific aspects of the GWPMPP. The
documents have been reformatted so that section numbers could be added in the right-
hand margin. These section numbers correspond 10 the GWPMPP sections that address
the particular concern mentioned in that paragraph of the document or memo, Some of' the
comments and recommendations do not necessarily pertain to groundwater protection or
10 the GWPMPP. The paragraphs where these occur are marked N/A.
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324 Ground Water Statement
addressed
in Eg:]iunt

Ground waier ocours in two principal subsurface regimes wt Los Alamos: 1) perched waier in relatively shallow
{10-100 R) alluvial canyon botioms across the Laborutory or in basalts in the northeasiemn pomion, and 2) the main
squifer in deep sediments (300-1200 ft below the mesa tops) underlving the more recent voleanic rocks that make
up the entire Pajanto Plateau, The deep main aquifer 15 the source of the municipal and industrial water supply for
the entire Laboratory and Los Alamos County.

The several hundred fee1 of dry volcanic roek provide protection for the main aquifer from surface infiltstion or
downward migration of motsture from the perched water in canyon alluvium, Extensive monitonng of the main
aquifer since the inie 19403 has never sthown any contamination attributable 10 Laboratory operations. Not enough
i vet known about the fundamental processes controlling movement of walzr of contaminants through the
unsaturated zone to completely understand whether contamination could ever reagh the mun aquifer,

Severa) of the canyon-botiom shallow alluvial aguifers contun contamination, both radiological and
nonradiological, from discharge of both untreated (during early years) and trealed (continuing to present)
Laboralory effluents. These situations have been and continue 10 be monitored by an ongoing routine surveillance
program that has evolved from the initisl momlonng provided to the U.S, Atomic Energy Commission by the U.S,
Ceological Survey starting in 1946 and continuing until the early 1970s when waken over by Laboratory siff. The
potential for recharge to the muin aquifer trom such ailuvial perched water 13 not fully studied, Trtum
contamination has been found to depths of abowt <00 ft (the greatcat depth of core samples taken to date) 1n the
unsaturated zone below Mortandad Canvon, the canyon that receives cfMuent from the eadicactive hiquid waste
treatnent plant at TA+50, The tritium concentrstion 1n motsture extracted trom the tufT was less than | 0 percent of
the DOE's Denved Concentration Guide for Tritium n water, In addition, continued sampling of the water of the
deep aquifer, located 930 fect beneath the canyon, has not detected any impnct of Laboratory operauions on waler
qushity i the aquifer and with no resultant radiation dose 1o users of this walcr, New specia) studies being
implemented under auspices of the Environmental Restortion (ER) Program are beginning 1o contnbute sighificant
additional understanding 10 mechamsms by which the maun aquifer may be recharged by alluvial perched waser.

In addiion 1o the crvironmental quality aspects of contaminant migmiion, the main aguifet is also monitored for
resource management as the source of water supply. Water levels, pumping drmwdown, lotal production and
pumping rates, and other hydrologic data relsted to well performance are documented and evaluated routinely. This
evaluation provides the basis for determining requirements for well maintenance, sighting of new wells, and
planning for the relinbility of future waler supply. The data also provide the basis for compliance reporting 1o the
New Mexico State Engineer Office in relation to the legal water nghis owned by DOL,

The masor deficiency telated 1o ground water is that there is not enough basic detailed information available 1o fully
wnderstand the complex hvdrogeologié setung of the Pajariio Plaicau on which the Laboratory 1s localed. The
deficiencies in understanding relate to both the water quality and resource management issues, The availsble
information is inadequate to meet the requirements of DOE Qrder $400.) for the Ground Water Proiection
Manugement Program Plan. Fundamental research i1s necessary 1n basic peology, unsatutated zone geology and
hydrology, and satursied zone geology and hydrology. An independent panel of expers is reviewing the current
state of hydrogeologic knowledge to recommend research prionties for the Laboraiory.

Ground waler monitoring facilities, equipment, and documentation are inadequate and do not salisty the Ground Water
Protection Management Program Plan  No sigmficant numerscal modeling capability 13 1n place to routinely model the
unsatursied zone or saturated zone of the aquifers at the Labursiory,

The Laboratory has not prepared ground walcer discharge plans for dissharges from existing facilities. A request for such
plans 15 anhicipated from NMED. These plans would be required within 120 davs after a request by NMED, which

15 insufficient ime for meeting this requirement, In addition, the Laboratony has nol preprred & Nonce of Intent 10
Duscharpe and a Ground Water Discharge Plan for the new SWSC Project, which must be approved before

discharpe begins tn July 1992,

DOE owny the water supply sysiem for the Labormory and Los Alamos County, inciuding the wells, hooster pump
stations. transmission lings, and siorage nks. The Laboraiory provides oversight of the water supply sysiem. JC)
provides the day-1o-day opetation and mainienance of the svsiem. DOE sells water to Los Alamos County, which
operaies and maintans the distnbution sysiems at Los Alamos Townsite and White Rock.

The Laboratory 15 responsibie for meetng the monitonng and oversight requirements of the Safe Drinking Water
Act {SDWA) for the system. Samples are collecied by the Labormory and tested for chemical quality and
radioactivity by the state Laboratory Division (SLD1. JCI colleqts and tesus samples for bacteriological qualiry
(coliform bactcria) in their iabaratory, which i3 sertified by the SLD. Samphing and test results for hagienological
and chemical quality, and for radioactivity, meel the requirements of the SDWA.
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Programs o ensure that the water supply s not contaminaied from external sources at the Laboraiory are insdequatz, A
cross=connecuon control program inside bulldings is needed to ensure against contamination of the powable supply
from an Industial or wasic walcr source, A survey of all waler fountains and potable drinking water outlets for lead

i needed to ensure that ¢levaied levels of lead are not onginating from ieads{ined water fountains or building
plumbing, A plan to improve the bactenoiogical quality of the water supply at the Laboriory along dead-cnd and
stagnant lines is also needed. This plan would include control of noncoliform bacteria, which is recommended to
cnsure against contamination but is not required under the SDWA,

No mechanisma, legal of related to intrstructure, are yet in place to provide for additional waier pumpage for
reliable future water in conformance with regulations of the New Mexico State Engineer OfTice. Additional effors
are necded 0 €nsure conunuing adequate water supply for the Laborutory and Loa Alamos County.

GW. 1 Quality Control Reeulations

Performance Objective; The Laborstory must comply with New Mexico Waier Quality Control Commission
Regulations related 1o ground water and other ground water requirements,

Finding/GW. 1-1: The Laboratory is not in a position to provide a 120 day period response as required by NMED for
preparation of a Laboratory=wide Ground Water Discharge Plan,

Discussion; Under the regulations of the New Mexico Water Quality Control Commission, a Ground
Water Discharge Plan may be requested at any time for the continued operation of any one or all of the 9
sanitary treamment {acilities and over 100 industral outfully, A Ground Water Discharge Plan would be
required within 120 days after notification from NMED. A Labormiory-wide Ground Water Discharge
Man is reeded 10 meet New Mexico Water Quality Control Commission regulations in a timely manner,

Finding/GW. 12 A Notice of Intent to Discharge and » Ground Weter Discharge Pian have not been prepared to meet
the July 1992 SWSC Project 1o allow for discharge from the new SWSC Project,

Discussion: The new SWSC saniary treatment plant bs included in the Laboratory's new NPDES
permiL A Notice of Intent 1o Discharge and & Ground Water Discharge Plan are needed as soon as
possible o satisty New Mexico Water Quality Control Commission Regulations. The WQA&T Section of
EM=8 has ¢ollected ground water discharpe information for the plan and a draft Notice of Intent has been
prepared. The new SWSC Project will not begin operation untll these items are completed.

Finding/GW, 1.3 A Ground Water Discharge plan regarding sanitary sludge disposal has not been initinsied for TAS4,
Area G in response 1o a potential request for such a plan by NMED.

Discussion: Under New Mexico Water Quality Control Commission regulation, a Ground Water
Discharge Plan may be requerted at any time by the NMED for continued disposal of saniary sludge st
TAsS4, Area G a Ground Water Dischiarge Plan would be required within 120 davs after notification
from NMED. A Ground Water Discharge Man for TA«34, Area G, relating to sanitary sludge disposal is
needed to meet New Mexico Water Quality Control Commission regulations in a timely manner,

Finding/GW, 14! A Ground Water Discharge Plan has not been initiated for the TAs) lagoons in response to & potental
request by NMED,

Diseussion: Uinder the New Mexico Water Qualizy Controt Commission regulations, a Ground Water
Discharge Plan may be requested at any time by NMED for continued use of these lagoons. Liners do
not exist for the two sanjury Ingoons. The TAS3 Ingoons were included in Part A (Mixed-Waste
Section) of the Ladoratory’s RCRA Permit in January 1991, A Ground Water Discharge Plan for the
TA+$) lugoons should be initiated 10 meet New Mexico Water Quality Cuntrol Commission regulations.
The 120 day period allowed for preparstion of a Ground Water Discharge Plan for the TA-53 lagoons is
not adequate for completion of such a plan, ,

Q) almplementation of Gropnd Wager Protection Procrams

PFerformance Objective: The Ladoratory should implement ol! provisions of the Ground Water Protection
Management Program Plan (GWPMPP) a3 required by the DQE Order 5400.1, and i implementation guldance
provided by DOE.

Finding/GW, 2.1: Sufficient detalled information is not available on the hvdropgeology of the Pajarito Plateau to meet all
the requirernents of DOE Order 5400.1 and the GWPMPP guidance. Furthermote, s plan to acquire the necessary
informatian does not exist.

Discussion: The large area encompassed by the Laboratory and its location on the very complex
geologic sefting of the Pajarito Plateau present an extremely challenging setung, A complete
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understanding of the souttes, occurrence, and movemens of water in both saturated and unsatursied
conditions 13 essential 10 cvaluating the present and polenual impacts of waste management and water
resources for watct supply purposes, Fundamental information 13 not available on the basic geology and
hydrology to ndequatety sddress the requirements of the DOE GWTFMPP guidance or the requirements
of RCRA Cormrective Action swdies

Major deficiencies in information can be found in the following areas taken from the DOE GWPMPP guidance and
the DOE ground water check list 1n Section || of the DOE Enviroamental Audit Manual:

o Bayc Geolopy: Basic geology of the Laborsiory area includes structura! features, staugraphy,
tragture und [ault zones (knowiedge of both the Pajarito fault zone on the wesiem margin of the
plutcau and the platcay nself where faults and fractures may conurol erosional panems and potenual
infiltralion zones are crucial 10 understanding ground waler recharge), geomorphology, sesmic
history, and geochemistry,

o Sufurated Zone Geolopy and Hydrolory: Informanon on recharge of the main aquifer and

lithology is incomplete; knowledge of the upper surface of the masn uquifer, especially toward the
west, is incomplete; tempornl vanalion of the ground waler surface is not well descnbed;
wmformanon is lacking on vertical and honzontal permeability vartation, horzontal and vertical
poreswater velocities, poreswater flow pradients, the extent of phrealic versus confined zones,
Reologic strugture benenth the Bandelier tuft, spatial varauons of natural ground waler quality, and
areal conunuity of data,

+  Unaturated or Vadose Zone Geolory and Hydrology: The areal vanation in lithology 18
incompletely described; inflitration rale and vertical permeability are known only for a few sglect
locations, the geolopic structure and thickness of strata lagk dewil, unsaturated motsture
charactenistics huve been measured {or only two basic locations (TA«54 and Monandad Canvon)
within the Laborsiory; unsatutated hydroiogic property measurements are lacking for the Otowi
and Guaje Members of the Bandelier tuff, the Chino Mesa Basalts, the Puye Conglomerate, and the
unsaturaied portions of the Santa Fe Group sediments,

Finding/GW, 2.2; Ground water momitonng facilitics, equipment, documentation, and procedural improvements needed
10 satist the GWPMPP puidance have not been completed.

Discussion: A large number of improvements need to be made in the Laborutory ground water
momitonng for comphiance with the recommendations of the DOE GWPMPP guidance. The following
paragraphs highlight the most importani items:

e Additional ground waler monitoring wells to the main aquifer are needed 10 provide better areal
coverage. especially in the wesiem and southeastem ponions of the Laboraiory, All possible iest
wells 1o the main aguifer need 10 be equipped with access tubes Or transducers |0 provide more
exiensive capability to measure the piczometnc surfsce. Watersievel measurements need 10 be
made at least annually, and in some arcas possibly more frequently to establish the sppropnate
imerval for detecting significant changes in gradient. Annual polentiometric surface maps need 10
be prepared.

= The complete inventory and comprehensive map of all kKnown monitoring and production wells,
including all known abandoned holes and “simiiar holes in the ground,” need 1o be completed, The
inventory heeds 1o identity availabihty of asebuilt and development records and the existence or
availability of geologic and geophysical logs.

e Procedures and methodology need 10 be more completely documented. Such thinps as purging
methods, watersleve! measurement prolocols, well mainienance, pump tesis, well abandonment,
well secunty, details of sampling protocols {Ireguency. cusiody records, and anzlvses for cagh
well), details of intetpretation (daw base, statistical comparisons, and trends) need 10 be specified
appropnately for spesific Laborstory condilions,

o All monitonng wells, test wells, and test holes (1n addition 10 those used as par of the routine
monnoting programs need 10 e cquipped with locking secunity caps, marked with permanent
stamped labels, and surveved 1o 0.0 1t elevaion and 0.5 1t New Mexico Stale Plane ¢coordinates 10
permit mapping on the Luahoratory graphic information sysiem.

QW3 Sround Waee Monitoninz Program
Performance Ohjective: The Laboratory should be conducting a comprehensive ground waler monisonng

program in accordance with the provisions for ground water monioring as required by DOE Order 5400.1, and the
General Environmental Protection Program, including the requirements for procedural documentation. Kouting
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Groundwater Protection Management Program Plan

environmental monitoring of ground waicr for contamination trom Laboratory operations should be implementied 10
address all lssues and requirements of relevant DOE Orders and directives (e.5., DOE Order 5400.1 DOE Order
5220.2A, and DOE Order 5400.5), including the requirements for complete procedund documentation,

Flodingy/GW', J-1: The documeniation of procedural aspects of the ground water monitoring componenit of the EMP is
ot adequate, and the Ground Water Monitoneg Plan required by DOE Qrder 5400.1 is not compicted or implemented

Discussion: While the overall ground waier sampling component of the routine Environmental
Surveiliance Program at the Laboratory is considered approprisic and in accordance with DOE guidance
(e.g. DOE/EH-0173T, and DOL/EPO02Y), documentation of procedural aspects for citing of sumpling
locations, sampling wchnlques, dawn handling (including data basing) and QA are incomplete in relation
10 the requirements of DOE Order 5400.1 (Chapter TV Sections 4 and 9.A and 9.B). ‘The general
Environment Monitoning Plan (EMP) and the separtely identifiable Ground Water Monitonng Plan
(which becomes a component of both the EMP and the GWPMPP) are required 1o be in place by
November 9, 1991, The existing QA program plans do not completely meet the requirements of the
more recent DOE Qrders and directives for extent of documentation and do not fully sddress QA aspects,

Findinpw/GW, 3-2: No significant numerical modeling capability is In place to routinely model either the unsaturated
zone ar saturated zone at the Laboratory,

Discussion: lnsdequate physical data is mvailable 10 support a comprehentive modeling effort. Basie
physical processes are not fully understood, This includes both basic water movement as well as
potential transpont of contaminants,

The Laboratory has premier computing capabilities, and the Laboratory stafT hes developed state of the
an general models, specifically TRACRID, 10 address such problems under specific funding for other
DOE programs, ¢.8., Yucca Mountain,

ALY

Performance Objective: The Laboratory must compiy with the SDWA and New Mexico regulations governing
waler supplies,

Finding/GW, dal: The cross=connection control program, wellhead inspection program, and program fof dlsinfection of
lings after construction are not current and formalized for compliance with the SDWA,

Discussion: Formal procedures and QA for these programs are required to properly document that the
work being performed by JCI Health, Safery, and Environment Departmeny, in behalf of the WQ&T
Section of EM»8, meets regulatory requirements snd environmental standards

Finding/GW, i Sampling procedures, QA and SOPs including worker protection, are not current for the SDWA
Program.

Discyssion: Formal procedures for SDWA sampling and QA are required. Formal procedures for
SDWA record keeping are also necded to properly document routine SDWA activities, These activities
include sampling and testing, as well as programs required 1o protect the waler supply such as croase
connection controls, welthead inspection, and disinfection of lines. A formallzed notification procedure

for violations of the SDWA i3 also needed.
Finding/GW, 4J: No plan exists for improved microbiological quality of the Los Alumos water supply sysiem,

Discussion: Growths of bioflims of flavobactenum and other noncoliform bacteria have been
expenenced in the Los Alamos water sysiem, These growths represent a detenoration of microbinlogical
water quality in secuon of the systemn 1n which flows are limited, Preparation of a plan (o improve
microbiological water quality at the wellheads and throughout the system is needed to control potential
contamination and potential growths of diseasescausing organisms.
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Finding/GW, 4«4 There has not been a Laborsiory-wide survey of plumbing inside bulidings to ioentify cross NA
connections and 10 ensure against contamination,

Discussion: A survey of the potable water supply inside buildings for cross connections is needed to
ensure against contamination, The New Mexico regulabions goverming waler supply

require the use of backfiow prevention devices and stipulatz that there shall be no piping arfshgement or
connection that allows an unsife subsiance to enter & public water supply. A Dackflow Prevention
Device Test Program s it place at the Laboraiory, but a formal cross-conncection control survey inside
bulldings also is needed 10 ensure compliance with sule regulations,

Finding/GW. 4.5; A systemalic survey to identify potentinl clevaed levels of iead in dnnkimg waier from water NA
fountains and other outiets has not been conducted,

Discussion: Cerun modeis of water founuuns were manufsctured using lead solder and tanks, Lead
from these sources can leach into the drinking watcr, A Laborsilory=wide survey, which includes
sarnpling, 18 needed to identify and remove older water fountains and other polable waler outlels that
could produce cievaled levels of lead in dnnking watet,

Sciected water fountains al the Laborsiory have been sampled for lead and have been found to exceed
proposed new lead limits for dnnking water. Levels over the current dnnking water siandard for lead
(0.05 mg/1) have not heen found, A Laboraiory-wide inventory and sampling of waier fountans are
needed 10 ensure apainst elevated levels of lead and to provide a data base for action when proposed new
lead Limils are ympiemented by EPA and NMED.

W &N Y i W

Performanice Objective; The Laboratory muss operaic and manage the waier supply sysiem in conformance with
the New Mexico State Engineer Office (NMSEOQ) reguinlions on waler nghus.

Findingy/GS. S1: Under the permit for NMSEQ, there are no mechanisms, fegal or infrastructure, in place W provide 542
for additionsl water pumpage when the demand increases above the legal water nghts limil

Discussion: The DOE«owned wellfields that supply water fof the Laboratory and the community are
being pumped at 93 percent 1o 9K percent of the annul legal water nghts maximum under the permit
trom the NMSCO. Several possibie apnroaches would permit either grester pumpage or use of the
sdditions! San Jusn-Chama water that was contracted for by DOE. These include establishing retum
Now gredits for efMucnts, and devining s method to divert the San Juan<Chama watet from the Rio
Orande when released from upsiream reservoirs, Additionally, replacement wells are needed 10 ensure
current capacity as older wells Jose yield or fail. Lend times for providing such mechanisms muy well be
much longer than the potental demand ingrease that could result from a hot dry summer, for example.
Higher prionity efforts to ensure adequate water supply in future years are essenlinl 1o meet commitments
to Los Alamos County and the needs of the Laboratoty.
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532 Compliance Findingy

FINDING GW/CF-1; Groundwsier Projection Mapagement Program Plan

Performance Objective

s AP0 e ST

DOE Order 5400,1, "General Environmemal Protection Program,” Chapter 131, Section 4,a, required that a Ground
‘Water Protection Management Program Plan (GWPMPP) be completed by May 1990, Elements of the GWPMPP
include documentation of the ground water regime with respect 10 quantity and qualiry; design and implementation of a
monitonng program; & managemen! program for ground water protection and remediation; n summary of arcas thal may
be conminated; strategies for controlling sources of these contaminants; a remedial action program that is part of the
site Resource Conservation and Recovery Act program; deconuminalon and decoOmmission progiams; and other
remedial programs contaned in DOE directives.

Finding

The LANL GWPMPP does not fully meet the requirements of DOE 5400,)

Discussion

LANL's GWPMPP (GW3T) does not fully meet the requirements and lacks specific information and reviews as
required by DOE Order 5400,1. Information deficiencies include the following:

1 The GWPMPP does not include an adequate Groundwatzr Monitoring Plan (GMP) according 1o the
cntenia in DOE Order $400.1 (see Finding GW/CF.2),

The GWPMPP does not adequately defing the relation between the recharge and base!ine water
quality and quantity of the main aquifer,

There {s no written, formal reiationship between the groups within the Environmental Management
Division 1o implement specific sections within the GWPMPP (e.g., underground storage tank
management programs),

‘There is no description of training, other than for safety and health that is expecied for new and
existing employeces, to further the goals of the ground water program,

The GWPMPP lacks documentation of both quality and quantification of the TA=57 (Fenton Hitl)
perched ground water regime,

LAAC could not pravide documentation indicaling that they approved or reviewed the GWPMPP initilly of annually,
as required by DOE Qrder 5400.1. The Environmental Protecnon Group {(EM-8) indicaied that the document was sent
to LAAO for review on April 27, 1991 however, EM.8 did not receive any comments from LAAQ (1-GW.98),

This finding was parially identificd in the LANL Self-Assessment,
FINDING GW/CF.2: Sitewide Hvdrogeological Monitoring Well Network

Performence Objective

DOL Order $400.1 “Genernl Environmental Protection Program.” Chapter 111, Section 4. a., requires preparation of 45
8 GWPMPP by May 1990, Specific elements of the GWPMPP include the "dogumentation of the ground water 6.0
regime with respect (o quality and quantity, design and implementation of & monitonng progmm, a management Appendiy D
program for pround water protection and remediation, & summary of areas thal may be contaminaled, and siralegics

for controlling sources of these contaminanus.”

DOE Order 5400.1, Chapler 1V, Section 9 requires that a Ground Water Monitoring Plan (GMP) be developed and 532
impiemenied as s specific clement of the GWPMPP hy November 9, 199], The GMP specifies “Ground Water that Appendix F
i or could be affected by DOE activities shail be monitored to determing and document the effects of operations on

ground waiter quality and quantity.” The GMDP must address regulations and requirements applicable 10 ground water

protection and monitoring, sampling stralegics, sampling and analysis pians, and data management,

DOE Order $400.1 Chapter 11, Section 10, "Qround Water Protection.” suates “The Ciround Water Protection
Program,” should be summanzed, including a review of the momionng program that describes the number of wells.”
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Finding

LANL's sltewide bydrogeological ground water mobitoriag well network will not be extensive enongh 10 be able .
to charncterize the impact of DOE operations on ground water quality by November 9, 1991, as required by DOE

Order 5400.1.

Discussion

The existing ground water monitoring well betwork as LANL was largely developed by the U.S, Geologieal Survey
prorto 1960 without a GMP, 1t is not adequale 10 detcrmine the complex hydrogeologic conditions of the Pajanito
Plaseau, The LANL GMP, as required by DOE Order 5400.1, is being dmfiad, but will not be avallable for review by
November 9, 1991, . .

The well retwork monitors the maln aquifer and perched allovial aquifers in the Canyons, The following deficiencies
regarding the main aquifer monitoring well network onesite have been identified:

1. The | l+wel! onsiie well monitoring petwork includes no wells on the westem penmeter of the site 512
and the westem side of the Pajarilo fault zone, Slie baseline measurements, and the mesns of’ -
detecling migrating contamination from offsite locations, are lacking due to the absence of wells
on the western penmeter, The effect of faults on ground water recharge and directional flow,
potential infilration zones, and seitmie history on both sides of the fault zone cannot be
accurutely determined because of the lack of wells,

Five of the 11 onsite moniitoring wells are also poable production wells, When these wells are 512
pumped for drinking waer purposes, significant cones of depression are created, giving rise 1o

insccurme measurements for monitoring purposes boih in depth to ground water and generalized

ground water fow direction, This results in inaccursie measurement of piczometric surfaces on

a major portion of the monhioring network, Accursie piezometric surface measurements are

cusentinl for determining generalized ground water flow direction.

p2

All of the potable production welts and onty one of the remaining six onsite monitoring wells have 3.1
access for deplhetoground water piczometris surfee measurements,

)

4, Only the § potable production wells are sampled for bacteria. Noacoliform (anncrobic) bacteria 542 .
counts fluctuate randomly at these wells and were observed 1o incrense during some runoff events, '
especially at Pajariio Well No, PMs2 (1s5GWei2), The wells also contain free flosting, nomaoxic,
edible mineral oil, a standard result of lubncating the line shaft turbines, Neither the source of the
bacteris nor the environmental consequences of the mineral oll in the well bores s undersiood by

LANL.

The following deflciencies of the perched hydrogeological manitoring well network located in the shatiow alluvium
have been identified:

1. There are no monitoring wells located in the perched alluvial water located adjacent to the Los 5
Alamos County Landfli] 1o monitor for potential ground water conamination (:GW«17), f42
The landfill s tocated on a zone of intense fracturing (1JW.73), The possibility exists for
' contaminant migration 1o the ground waicr jocated in the perched alluvial water.:

2. LANL's characterization of surface flow contaminants inflitrating into perched squifer zones in Los 522
Alamos Canyon, which ultimately oulcrop aa secps and speings at the confluence of the Rio Grande,
18 hot complete (1<GW.84). The understanding of contaminant transpon pathway mechanisms i3
essentinl for understanding canyonespecific perched aquiler systems,

3. LANL has not adequately characienzed the seep-spring recharge mechaniam located in the Santa Fe S
Group (1-GW.34). A thorough understanding of the seep-gpring recharge mechanism is required
part for adequate comprehension of the sitewide hrydrologic regime.

LANL has no standard operating procedures for borebole drilling, well construction, disposal of borehole cuttings and a2
drilling Nuids, well inspection and maintenance, and well sbandonment. Further, LANL does not have a monitonng -
well inventory program that lisis inactive o propetly abandoned monitoring wells, piezometers, neutron moisture probe 82
acGess tubes, or boreholes, Best management practice would suggest the need for standand operauing procedures and an 562
Inventory Lo tack and manage the well network, Appendis E
This finding was fully identified in the LANL Self-Assessment,
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A

FINDING GW/CF.): Groundwater Sampling Procedures
Performance Objective

DOE Order 3400.1, “General Environmental Protecuon Program,” Chapter [V, "Environmental Monitonng
Requirements,” requires that a Quality Assumnce Program (QAP) consisient with DOE Order $700.68, “Quality
Assurance,” be implemented by November 9, 1991, 1t also staies s the QAP shall include chaineof custody
procedures,

e dGap

£ 25017

DOE Order 5400,] further states that *Test Method for Evaluating Soli Wasie, Phveical/Chemical Methods™ (SWe Appendnn F
846) should be used as a reference for environmental monionng.

OSWER 9950.1, “Ground Water Monitoring Technical Enforcement Guidance Document,” discusses specific
procedures for sample collection, including Section 4.2.2, *Sample Withdrewal™; Secuon 4,33, “Specin Handling
Requirernenu™; ang Section 4.4, “Chansof Custody.”.

LANL's Watzr, Soll, Sediments, and Water Supply Monitoring Quality Assurance Project Plan (QAPP) (revised
January 10, 1990) specifies the procegures to be used in conducung ground water sampling and analvais at the
monitonng wells, springs, and sediment sampling locations,

Finding
LANL ground water sampliag procedures sre not consistent with DOE Order and guidance documenta,
Discussion

Sampling procedures outhined in QSWER 9950, 1, “Groundwater Monitonng Technical Enforcement Guidance
Document,” and DOE Order 5400.) requirements for chainsaf=cusiody ure not incorporaled into the Environmental
Protccuon Group's (EM«3'1) Water, Soll, Sediments, and Water Supply Momionng QAPP. In addition, CM«8 does
not follow required sampling procedures as contuned 1n the QAPP,

‘The {ollowing deficiencics are present in the QAPP:

1 The QAPP does not contnin formal chain=of-cusiody progcedures, Section 3.2 of the QAPP
states, *The snalvtical request form serves as an informal chain-of«custody for the samples,”
This chaineof=custody 13 prepared in the ficld,

Section 6 of the QAPP specifies “equipment used in routing collection of water, soils, and To Be
sediment requires no calibration.” Calibration is necessary for standardization and equipment Addressed
checks,

Section 4.6.1 of the QAPP specifies sample ucidification priot 1o filtmtion for all chemical To Be
analysis, which 15 opposite of OSWER 9950.) requirements for metal analvsis, However, the Addrewsed
procedure was consistent with the fequirements for the radiochemistry samples as specified in

Supyeillange (DOE/EH0173T).

Section 4 6,3 of the QAPP does not directly address sample coliection technigues 1o minimize To He
Agitation and scration. Addressed

The QAPP manual does not address ficld decontamination procedures for sampling equipment. To He
Addressed

The QAPP manual does not directly address the need for refrigeration fot sulfste, mitrate, and To Be
semi=volatile organic compounds. Although the information is incorporsted by reference in Addressed
LANL Report No, LA«1 1738, the requirements should be in & form that 1s easily accessible dunng

sampling.

T The QAPP manual does not adequately address well purging requiremenis. To Be
Addressed
The Environmental Subieam observed three sampling events (October ), 746, and 17, 1991) conducted by LANL.
Dunng the sampling events, there was an oversll Inck of formality, and inadequate field sampling protocols, Sample
collection lacked consistency. The following deficiencies in field sampling methods were noted!

IR No environmental chainsofscuttody form was used in the ficld on QOclober 1, 1991 (1.GWa32),
No environmenial chansofscusiody forms were used in the field dunng the second sampling
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event, but were generaied later af the labomiory, according 10 EM-8 staff (GW49),
Environmental chainsof-custody forms were used In the fleld on October 17, 1991, However, the
forms were not properly completed. The EPA SW.346 document states, *"The possession and
handling of samples should be traceabie from time of collection through analysis and final
disposiuon™ (GWs147),

The pH, temperature, and specific conductivity meters were fleld checked for accurscy only st the
beginning of the sampling event on Ocwber 1, 1991 (1-GWJ0), Accuracy should be checked at
the beginning and end of each sampling event. The two types of pi paper were not checked for
accuracy © a known standard pnor to the October 749, 1991, sampling event, In response o
Tiger Team observations, the pH, iemperature, and specific conductivity meten were fleld
checked for sccuracy at the beginning and end of the sampling event on October 17, 1991 (1GW.
™)

CGround Water samples collected on Octobet 1, 749, 17, 1991, were not flltered prior 1o being
preserved with an acicdic solution as specified in OSWER 9950.1. However, mdiochemisty
samples ware preserved in accordance with DOEEH-0] 73T,

Ground Water sample containers for the October 1, 1991, sampling event were acldified (e.g.,
preserved) in & radiologicat laboratory prorto field sampling (1=GW<31), Given the possibility for
rdiological crossacontamination, sample containers should not be acidified in locations that
could impact analytical integrity of the sample,

During the October 1, 1991, sampling event, the sampling port of the production well emitted an
aermizd ground water sample which s not acoeptable for volatlie organic compound snalyses ot
semisvolatlle organic compound analyses (3-GW26),

Sample containers for parnmeters other than volatile organic compound analyses were not
presarved on ice for transport 10 the Iaboratory during the October 1, 1991, sample event (1-GW.
J0). No samples were preserved on ice for transport  the laborstory for October 749, 199]
sampling event (\GWs$3). However, samples were preserved on lee for transport to the
laboratory during the October 17, 1991, sampling event (1-GW-76).

Tygon sampling tubes and sediment sampling scoops were not properly decontaminated between
sampling stions dunng the October 7+9, 1991, sampling event (1-GWs$5),

L} ‘The purging of ground water monitonng well MCO=3 dunng the October 17, 1991, sampling
cvent was not based on an appropnate calculation of wellsbore volume (1<GW<76), This resulted
in analysis of wellsbore water rather than ground water,

9. Two of the three temperature probes were broken on the October 749, 1991, sampling event (1-
GW.53). The lack of functiontng thermometers could result in a lack of quality data,

This finding was fully identifled in the LANL SelfsAssessment.

3532 Best Munagement Practice Findingy

FINDING GW/BMPF.1:  Closure and Protection of Wells and Boreholes
Performance Objective

DOE Order $400.1, “General Environmental Protection Program.” Section 5.a., “Policy” requires that DOE
“minimize risks 1o the environment or public health, mnd anticipate and address potential environmental problems
before they pose a threat to the quality of the environment or pubiic welfare,”

The 1986 RCRA CGround Water Monntoning Technical Guidanee Document (TEGD) suggests that locking caps
should be piaced on wells to prevent tampering and ground water conamination, Acditonslly, the TEGD susies that
when wells are no longer opernbie, or give faise ground water analytical data, they should be decommissioned and
sealed,

The New Mexico Environment Department (NMED) has issued procedures 10 be used for plugging and

abandonment of monitoring wells installed after January 1, 1991, These are best management practices for wells
installed betore that date.
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Finding

Abandoned or inactive motilioriag wells, pelzometers, neutron moisture probe access fubes, and boreboles are
oot adequately closed or sealed to protect the environment,

Discussion

LANL has not developed procedures or cniena for detertrining when wells should be decommissioned of in what
manner they will be abandoned, Thete are severa mantionng, wells, pelzometers, neutron moisture probe acceas
rubes, and boreholes which are not properly secured nor protected. However, best management practices suggest thal
these should be plugged and sealed as suggesicd by the NMED: otherwise, they present a potential pathway for
ground water ContaminaLion,

1, A new monionng well, MCO-5,1., has no locking cap. The polyvinyl chlonde casing is not
protected against potential vandalism o the well bore or aquifer (1-GW.2)),

[ 3]

A monitoring well (TW.2D) that was partially instalied in 1947, was observed 10 be inadequaiely
secured (1<GWs24), Both the production tubing and the annulus between the well casing and the

producton tubing were open ended, The potential o introduce comaminants to the well bore and
perched aquifer exisis 1ance ! i not plugged and sealed.

3, An older U.S, Geological Survey monitoring well (LAO-S), located in the perched alluvial, was
obsarved 10 be missing a lock (1-GW.25),

4, Al vanous locations throughout Mortandad Canvon, piczometens and neutron moisture probe
access tubes were observed without caps or locks (1«OW.77).

s, LANL has no procedures for placing permanent identification piacards on ground water
monitoning wells (1/22}.

This finding was fully identified in the LANL Selfasseysments
FINDING GW/BMPF.3: Groundwater Discharpe Plan
Performance Objective

New Mexico Water Quality Regulation (INMWOQR), Section 3} 04, suaies that no person shall cause or allow effuent
or lexchate to discharge so that it may move directly or indirectly into ground water without a Groundwater
Discharge Pian approved by the Director of the New Mexico Water Environment Department (NMED),

NMWQR, Section }+106, requires that for discharges existing pror to March 1977, s Groundwater Discharge Plan
shall be submined within 120 days of receipt of notice trom NMED that a plan 15 required. For discharges instiated
subsequent to March 1977, 8 Notice of intent must be submitied to NMED, which will determine whether a ducharge
pian 1s required.

NMED has not vet notificd LANL that Groundwater Discharge Plans are required, However, as » best management
practice, LANL should initiate Groundwater Discharge Plans to ensure compliance with anticipated NMWQR
requests,

Finding

LANL has not inttiated preparation of Groundwater Dischurge Plans to enmsure compliance with anticipated
NMWQR requirements,

Discussion

LANL has indicated that a request 15 anticipated from NMWQCC for Groundwater Discharpe Plans for some or all
for the 9 samtary treatment facilities and approwmaiely 100 industrial outfalls. LANL has also indicated that they
would be unable 10 meet the 1 20«duy schedule for either s uewide plan or siesspecific plans if a request were made

al the present uime. LANL has currently identified the potential need for plans for continued disposal of sanitary
sludge at TA-$4, Area G, and for discharges trom the unlined sanitary lagoons at TA«53, LANL has also identified
the neec for a Laboratoryswide Ground Watet Discharge Plan 10 meet potential NMWOCC requests. However,
drafting of the plans has not been insuiated, and there is currently no program in piace to drafl the plans.

October 28, 1995/ Rev, 2.0 =14

73
'J
»

522

572




tiew s

Groundwuizr Proiection Management Progrem Plan

and has iniated drafling of the Notice of Inwent, but has not initiated drafling of the Discharge plan 50 as to ensure

LANL has also jgentified the need for a Ground Water Dischange Plan for the new Sanitary Treatment Plant st TA46 572
compliance with the required schadule, .

This finding was fully identifled in the LANL Self«Assessment,
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LANL Hydrogeology Pane! Final Report
SUMMARY OF COMMENTS ON ISSUES IDENTIFIED BY THE ER PROGRAM

The followang is a bnef summary of the panel’s comments on issues identified by e ER sl Detailed
comments by each reviewer are provided in Secuon 6,

ISSUE 1: Do we have enough idrogeological data at LANL ro defensidly answer pertinent
Inxdrogeologcal quesiions related 10 the ER siie claamips (e.g., stabilization in place)

‘There is considerable uncerinty in several aspects of hydrogeoiogy which needs to be addressed, However, at a
few aites such as Morundad Canyon and TA.34, sutTicient hydrogeological dats may already be available to
support some ER program decisions, Primary areas of concem include the imporance of vapor and liquid
Uanspont on mesa wps, charsctenzation of perched aquifers, and ndionuclide uptake by vegetation,

ISSUE 2: I3 there adequate flow and rrarsport daia o defend calculation of the subsurface pathway?

Data may be sufficient only at sites that have been characterized, such as TA«54 and Mortandad Canvon, Even at
these sites there is uncerainty in the spatial extent of contamination, hydraulic properties, and transpon processes
such as colioidal mechanisms, Moreover, the quality of the existing water chemistry data base which couid be
used 1o evaluste pathways 1t considered deficient in several aspects (Section 2.3),

INSUE 3: Do we know enough abou! the role of fracrures”

The pane! is somewhat divided on this question, On one hand, some geologic evidence suggests that fractures
luch connectivity over greal depths and fractures may provide capiliary bariers to unssruruied flow, On the other,
roots and weathering patterns suggest thal some fractures on mesa tops may be preferential paths (o inflitration,
Qur pnmary concem for liquid Nlow 1n fractures 13 in ¢anyon boftoms where fractures in bedrock may intersect
petched afluvial nquifers, There are few field data on the role of fractures, but there s also very hittle one can do
10 adequately and quantitatively characienze variably saturated tracture flow and transporn coefficients. At small
site scales, the role of fractutes as trunspon pathways and their connections to regional pathway will likely have
to be addressed for each site individually.

ISSUF, 4! Can we defersibly model LANL Inndrogrology using a porous continuum mode!? To Be
Mugh of the expenmental and environmental moniloring data suggests that & porous media flow mode! would be Addressed
approptiate. However, potous media models should be used 1o predict observed behavior in order to validale the

models and 1o confirm the validity of the porous media approach.

ISSUL & Are we sufficienily ceriain of ground water flow direction regionally thal we can know ground
waier flow direction ai @ specific QU™ Adanionally, s there any reason 1o believe thal there
are local ground water gradienis”

Generulty sufficient data exist to establish that regional flow is to the east, Local effects undoubted]y occur near the
well fields, and 11 13 possible thal small perturbalions May oceur in the mmn aquifer bencath perched aquifers or other
polential recharge areas. Additional information is required (o monutor horizontal and venical pathways and (o confirm
sources of recharge. Mapping detasls of drawdown and “zanes of caplure™ around the well fieids would add 10 the
knowledge base.

ISSUE ¢ Can we defensidly staie there 13 no connection between any perched sones and the
agquifer?

Existing data are insufficient 1o state thay no perched water percolates 10 the main aquifer. In [agt, recent work at
Montandad Canyon shows that vertical tunspont has occurred in the Bandehier TufT 1o at least {50 1 (46 ) beneath the
perched alluvial aquifer. Little 18 known of vapor phase transpon in these areas.

ISSUE ™ Do we know enough about gas exchange between the subsurface and almosphere as a To Be
potenual contaminant ransport pathway® Addressed

Cias exchange has been observed near open shatls and horehales. Density driven gas phase transport of chionnuted

solvents, inr exampie, may also be imponant, but has hot been documented in the field at LANL., The imponance of
gas transport and the ¢haracierization of gas transpont pathways requires addilional study.
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L ISSUER: Do we know enough that modeling ar o homogeneour, steady stamw system adequaiely definer To Be
the saiem? ditermattvely, do we know encugh 10 model ar @ norhomogeneoss, ransent nisiem®  Addrewed

Except for scoping calculations, fleld observations and mode! studies show that some degree of heterogeneity will need
10 be incorporaied into the concepaunl models of flow and transport in the vadose zone, th the perched aquifers, and in e
- mam aquifer, Transient effects will need W be considered to simulate transport at lease within perched alluvial aquifers,

. and tn pumping scenanos for the main aquifer,

Avallable data are scarce, and details of expenmental procedures need 10 be published. A model study using existing

somtion data underestimated observed radionuclide transport, Avaitable duta do not appear 10 be sufficient 10 defend
ER objectives, .
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POTENTIAL GROUND WATER POLLUTION SOURCES

DOCUMENTATION

Radioactive and hazardous waste has been generuted and disposed of at LANL since the Lab's inception in 194] Statement
(Relty, 1975). Twentysthree Mutenals Disposal Areas (A, B, C, D, E.F, G H L KN LM N PLQ RS, T, U VW, Addressed
X.and Y: Figure d) were identified by Rogers (1977). All such sites are considered potential sources of ground insecnon

water contamination. Some of these disposal sites have been characienzed in considerable detail by previous workers,
Keily (1975) summanzed bunal condiuons and environmental monitonng at cight of these Arcas (A, B,C, D, E, F, G,
and T 1n conjunction with an evaluation of monionng cfforts at LANL. Rogers (1977) made an invalushie and
exhaustive rwosvolume compilation of the history and environmental settings of the same Areas covered by Kelly.
Volume | includes background (histoneal) information on the site, the geologic and hvdrologic seming, type of waste
involved, and the mode of disposal. Volume Ll consists af Appendices including a list of photos, shides and
engineening drawings, the Lab's solid Radwaste management policy, the guidelines for disposal pit consmruction, and
records of disposal in Tech Arca 54, Area G shafts, .

Waste disposal sites were identified by LANL (DOE 1987) as pant of the Comprehensive Environmenta) Assessment
and Response Program (CEARP), under the Comprehensive Environmenta) Response, Compensation and Liability
Act (CERCLA or Superfund). A Resource Conservation and Recovery Act (RCRA) Facility Assessment (RFA),
conducted by A, T, Kewmey (1987) for the Lab, Provided additional information on Solid Waste Management Unis
{SWMUs} at LANL. 1n 19KS, draft SWMU repor, providing “ressonably svaliable™ information, as submitied 10 the
Environmental Protaction Agency (EPA), pursuant to Tulle 40, Code of Federa) Regulations, Part 270.14d (40
CFRa%0.14d), The 1988 draft SWMU report was revised by Internations Corporation under contract to LANL and
includes an update on SWMU's identified at the Lab (IT Corporntion, 1990). The 1990 repon identifies $37 SWMLU's
located in 50 active and formal TA's, As of this wnung, the number of potenunlly contaminated sites recognized 1s
spproximatgly 2,000, Many of these are minor and LANL estimates that 90295 percent of these will be handled undet
Voluntary Corrective Actions or No Further Action proposals.

An additional possidle source of ground water contamination is the histonc and cusrent practice of discharging liquid
wasle (NPDES-permitied) in canyons near the northern boundary of the Lab, According to the Iatest Surveillance
Repon (for 1990; Environmental Protecuion Group, 1992), four areas have received industrial or sanitary efMuents:
DPsLos Alamos (DP<LA), Sandia, Morandad, and Acid-Pucblo Canyons,

DP-LA Canvon received treated industrial (including radicsctive) and samiary efTluent between 1952 and 1984, The
eMuent, together with natural runoff, resulied in a shallow body of perched ground water in the alluvium of LA
Canyon Sandia Canvon received cooling tower blowdown and treated sanitary eflluent from TA=3, The stream in the
canvon is perennial for a shont distance downstream of the outfall in the upper canvon. No perched ground water has
been idennfied in the alluvium of the lower canyon, Mornandad Canvon receives radioactive liquid waste trom TA«
50. This mantasns a perched ground water bady (0 the alluvium an the canyon Noor Purtymun (1974) found this
wiler moves at a rate ranging trom $9 1/d in upper reach 1o 7 fVd in the lower reach of the canvon, Elevated NO, Py,
nd truum (*H) have been identified in Morandad Canvon. AcidPueblo Canvon received radioactive effiuent trom
1044 to 1964 and receives trested sanitary ¢fTluent from the Los Alamot County Davo Canvon sewage treatmeni plant.
In 1949, the sewage efMuent produced flow in lower Pueblo Canvon and into Los Alamaos Canvon {or most of the

vear However. subsequent sampling in the canvon indicated that Pu values were below detection and *H content was
a1 bachground level, which 1s very near 11y deteclion limit.

CONCERNS/RECOMMENDATIONS

As this is the imitial review of the ground waier program af LANL, this report primardly sddresses basic concerns
regarding potential sources of ground water contamination,

| Regarding location of potential sources of ground waier contamination, the 1990 Envirenmental To Re
Surveitlance Report contains no map of known disposul areas. Evalustion of momiloring eflorts at LANL Addrevsed
would be greatly facilitated if the major disposal areas (not individual SWMU's) were generally indicated
{along with monnoring sites and water level contours) on a singie map in tuture Environmental
Surveiliance Reports  This would likely require a larger plate (preferably at a scaie of 1.24.000) folded in a
pochet at the back of the repont
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A biannuat update on disposal activity at all these areas should be prepared, Such reports should cover
the same topics addressed by Rogers (1977).

3. It is a cause for concern that a large number of the potential sources of contamination are locaizd in the
vicinity of high faulVfracture densiry (Wachs and others, [983), near ciiffs, and in canvon bottoms,

Subseguent assessment reports by twe NMED will address sivemspecific concemas,

CONCEFTUAL HYDROGEOLOGIC MODEL

PREVIOUS WORK

Oversight ut LANL Is facilitated by the existence of a sizable body of reference materials and the svallablility of most
of them 1n LANL's Envuonmental Restoration Program Records Processing Facllity in Los Alamos, The citations
below are not intended to be exhaustive, but rather to indlcate representative important works,

Major sources of geologic information on the Pajarito Platau include reports by Theis and others (1050), Gnggs
(1964), Purtymun (1960), Smith and others (1970), Crowe and others {1978), and Kelley (1978). Most of these
include mapmng, The most detailed (1 inch = 400 1), and only Lab=wide geologic mup is unpublished (Rogens
1981).

Numerous published works report on vanous aspects of the hydrologic sysiem associated with the Pajanito Plateau,
Many of these reports treat the system stctly trom a waleraupply point of view (Theis and Conover, 1962; Griggs,
190; Cushman, 1965; Cooper and Purtymun, 1965; Purrymun and Cooper, 1965, 196%; Cushman Purtymun, 1975,
Purtymun and others, 1980; Purtymun, 1984; Purtymun and Stoker, 1983), The waice supply at Los Alamos has
been carefully documentad in a senes of annual reports by Purtymun, snd Purtymun and athers dating back to 1972
(Purtymun 1984). Modeling of the ground waier system near Santa Fe by McAda and Wasiolak (1948) includes the
Los Alamos area,

Some reports, however, do focus on hvdrogeologic considerstions in radwaste disposal or monitortng at the Lad
(Weir and others, 1962, Welr and Purtymun, 1962 John and others, 1966, Purtymun, 1966, 107a, b; Devaun, 139%;
Purtymun and othets, 1974, 1989: Anonymous, | 990; Penrose and others, 1990; Stoker and others, 1991), The
spread of eadioactive contamination in specific canyons or Tech Arens wus addressed by Baltz and others (196)),

Purtymun (1974), Devaurs and Purtymun (10835), Purtymun and Stoker, and Stoker and others (1991),

LANL's CONCEPTUAL MODEL

As many of the reports listed above were done by or for the Lab, they are the basis for LANL's conceptualization of
the regional hydrologic svsiem, ‘The key elements, as summanzed in the 1990 Surveiliznce Report, nre as follows,

! Ground water occuts in three situstions:
8} perched water in alluvium in canvons
b) perched water in basalts and sedimentary units of the Puve Conglomerate, and,
¢) beneath the regional water table in the man squifer,
The alluvium on canvon floors is recharged by surface waler runoff.
The main aquifer conaists of the Tesuque Formation and the lower parts of the overlving and
intertonguing Tschicoma Formation (in the wesiemn pant of the Prjanio Plateau), and the Tesuque

Formation and overlying Puye Conglomerate (in the central and castern parts of the Pajarito Matcau),

Water in the mam aquifer is separated from that in the shaliow alluvium and other perched systema by 250
« 620 1t of unsaturated T and sediments,

Thete 18 hittle or no recharge of the main aquiler from the mesas, the shaliow aliuvium, or other perched
ground water.

The main aquifer is recharged in the Vaile Caldern, west of the Labomtory,

Ground water in the main aquifer flows easterly untll discharging 1o the Rio Geande.
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LANL's conceptunl hydrogeologic model is shown diagrummatically in Figure 5,

Site specific studies undertaken by the Lab have added to the understanding of the relationship of the complete
hyvdrologic system. For example, the studv of Morandad Canvon by Stoker and others (1991) enhanced the
conceptual ization of the so=called “shajiow aliuvium aquifer,”

1. Saturation 1 confined 10 a relauively Lhin zone, extending $ « 20 Nt above the contact of the aliuvium with
the underlying Tshirege Member of the Bandelier Tuff,

The area of saturated alluvium extends from the treatment plant ('TA-SO) outfalls SWMU
350 « 031 10 @ point approximately 2 miles down canyon,

‘Thickness of the saturaied zone decreascs towards the canyon margins,

Since 1960, the saturated portion of the alluvium aquifer has neither changed significantly in size nor
moved down canyon (eastward),

Reponmedly, trivum was found st a depth of approximately 200 ft within the Bandelier Tufl, Other mdionuclides had
apparently moved only » few Ject beneath the alluvial aquifer. No organic contaminants were defected above, in, of
below the perched water 1h the aliuvium,

CONCERNS/RECOMMENDATIONS

Again, as this is the initia) assessment, the focus is on very basic questions, The adequacy of the monitonng network
at LANL depends to & very large extent on the accurncy of the conceptual hydrogeologic model upon which it 1s
bascd. In his evaluation of environmental monitoring at LANL, Kelly (1975) concluded that further hydrogeologic
dats were necded to desigh ah effective monitoring svsiem. Although some progress has been made in this area,
there are still concerns about LANL's conceptual model, the hydrogeologic data base, and the presentation of
survelllance snformation,

L The recharge area(s) for the main aquifer under the Pajarito Plaieau has not been ¢learly identified. Most
RCRA operating permil, ciosure pians, and annusl surveillance reports state that “major recharge to the
main aquifer is from the intermountain basin of the Valle Calders in the Jemez Mountains west of Los
Alamos” foliowing Purtymun (1974), The waier level map published by the lab does suggest s recharge
area 1o the west. The Pajanito fault zone at the west edge of the plulcau could provide a pathway (or some
of this recharge, However, sublesisotope data suggest that some component of recharge occurs al
clcvaion higher than svailable in the Jemez Mountains (GofT and Saver, 1980), The Sangre de Chito
Mountains have been suggested at the site of these higher elevations. Further work 13 needed on tus
manner,

Maps published by the Lab show that the main aquifer is generally unconfined, except in a wedge

shaped area near the central part of Los Alamos County, Since unconfined conditions suggest connection
with the surface (1.¢., atmospiicric conditions occur sl the watze table), the common contention in
operating permils and work plans, that the Bandehier TufT' is an impermeable barrier 1o recharpe, does not
seem to he valid over most of the plateau. Further work is needed to resolve this issue.

Perched water beneath the Bandelier TulT suggests that there 1a recharge through the tufT, Vanous
methods of determining recharge (e.g. Shionde mass balance, chlorine Jo, eic.) may prove useful in

answering this question,

TWe] 1s deep ground water obscrvation well that shows a 50 ft water mound. TWe1A s completed in
perched water above the screened interval of TWel. The perched water fram TWelA and the alluvial
water in this area have similar chemustry, different from that in TWe1. This situation raises questhions
concerning the effectiveness of the Bandehier TufT as a barmier 1o veruical mugrauion and needs 10 be
investigated.

1£>H has penetrated at least 200 R beneath the aliuvium aquiter in Mortandnd Canyon, it scems possible
that 1t could ulimately rcach the main aquifer.

As asked by LANL hydrologists, 1s 200 fi the true maximum depth of? H percolation, ot is that merely
the decpest it can be detected, owing to dilution? Furthermore, did the "4 move In the liquid or vapor
phase, and which phase 1s most common at the Lab?

What s the cause and fate of disappearing sueams in canvons (for exampie, Potrillo Canyon)? A siudy

of hvdrogeologic conditions at such sites (water table depth, Unckness/churucter of the &lluvium, etc.)
would be useful,
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s An alluvial deposit within the Czrro Toledo interval of the Bandelier Tuff, lithologically similar 1o the
Puye Conglomeratz, and known informally as the “epiclastic unit™, cops out in various places on the
plateati LANL has reported that, where unsaturated, this unit may serve s a capliiary barmier to vertical
migration of contaminants o recharge, but that it has been observed to be as much as 90 percent saturnted,
locally, Of particular conoem s an outcTop of the epiclastic unit in & eliff near the confluence of Pueblo
and Acid canyona. in this position it lies down canyon of both the Larry Walkup Center, which
discharges approximaiely 300,000 gallons of chlorinated water snnually, and the decommissioned
untreated liquid radwaste facility (SWMU 1+00), Thus, the poiential roie of the “Epiclastic Unit® as a

pathway for contaminant transport should be investigated.

9. The hvdmulic propenties of all aquifers should be characterirad in the fleld through properly designed
pumping tests, using appropnsiely construcied and piaced wells. Such tetts should include wells on
both sides of major faults in order to better define the role of these structures as conducts, barriers, of

inconsequent:al,

10, Water level maps for the shallow, perched systems should be contoured separately from those for the
deep (main) aquifer.

th AN spproximate geologic map at the water tsble should be constructed from availsble subsurface datx,
and appropriate hydrsulic conductivity's should be assigned 10 each unit in order 1o show the
conlaminant-ounsport capacity across the area.

12 Once such a map is avaliable, modeling of the ground water flow svstem should be underuken, This
would be an excellent way of testing the conceptual model, as well as the assumed hydrologic propenties
of maieniais underlying the Pajanio Plateau,

13 Eventually, contaminant transport should also be modeled. This could initially be done with
hypotheticalleaks or spills, then modified for actual excursions. Such models could show directions, mtes,
and concentrations that might be expecied from a most conservative scenario. Results would be ideal for
presentations to the public, the Pueblos, ete,

id. No waterslevel map i3 provided with the 1990 survelllance report. Such maps normally scoompany
monitoning reports and provide essential information on the hydrologic system, In fact, it is difficult to
interpret waler quality data, let alone evaluate the monitoring network, without such maps. As noted
above, pagessize versions will probably not suffice; a 1:24,000 map, including major disposal areas and
monionng sites would be ideal (folded in a pocked at the back of the report), 1 digitized, it should bea
simple maner to update such a map for subsequent annual repons,

15. Previously published water level maps essentiaily depict pre<development conditions; no impacts of
pumping at production wells (i.e, cones of depression) are indicaled (Figure 6), Yet water level changes
(i, drawdown values) are regularly given in the snnual reports on the water supply at LANL, Modeling
by McAds and Wasiolak (1983) predicus significamt cones of depression in the future as well, As
groundwater flow is wward such depressions, their potition and extent are cntical 10 both designing and
evaluating the monitoning network. Water level maps for the Lab should include these features,

16, Watenrievel maps are commonly used for closure plan. RCRA Fugility Investigation (RI1) Work Plans,
Oparaling permit applications, ¢tc., all include dats collectad over 10 vears ago at TA=40 in wells DT-35A,
DTs9 and DT-10, This gives a false impression of the water level in the southwestemn pant af the Pajanto
Plateau, It is understood that this is, in pan, because there is no access port for water level measurement
at these wells, This should be remedied such that waier levels can be monitored on a regular basis,

GROUND WATER MONITORING NETWORK,
WELS/SPRINGS USED

The 1990 Surveillance Report identifles 43 ground water monttoning wells (Figute 7)., Ofthese, 26 are deep and
wrget the main aquifer, whereas, 17 are shallow and monitor perched water in the alluvium, Of the 26 are deep
wells, 19 are water supply sells; the remaining 7 are test wells. The supply wells used for monitonng inglude 7 in the
Guaje well field, 6 in the Los Ainmos well ficld, and o in the Pajatito well field. None of the shallow wells are water
supply wells, In addition to these wells, ground water is also monitored by means of'33 springs that primarily
discharge along the eastern edge of the platesu in White Rock Canyon,

PARAMETERS MONITORED
DifTerent sites are analyzed for slightly different lists of parameters, According to Appendix G of the 1990

Surveillance Repor, springs in White Rock Canyon are monitored for 16 non radioactive parmmeters (Si0,, Ca, M’g‘
K. Na, €Oy HCOy, P, 50, Cl, F, NOyeN, TDS. hardness, pH, specific conductance), 6 rediochemical paramelers (°H,
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197¢y, 1ow! U, P*pu, ¥4 Py, gross gamma), and trace metals (Ag, Al, A, Ba, C4, Cr, F, Hg. NOyN, Pb, Se, Cl, Cu,
Fe, Mn, Ni, P, 8b, Se, St, T1, U, V, Zn), Ground waer in supply wells and the water dixtribution system at LANL s
monuored for 6 radiochemical parameters (gross alpha, gross bew, *H, 2*Pu, 4Py and ol U), 18 EPA
primary/secondary standards (Ag. As, Ba, C, Cr, F, HE, NOyN, P, Se, Q, Cu, Fe, Mn, §O,, Zn, TRS. pH), and 20
other parameters (Al SI0,, Ca, Mg, K, Na, COy HCOs, P, SO, C!, F, NOpN, TS, hatdness, pH, specific
conductance, B, Mo, St, V, Be, Ni, Sb, T, NOwN). Ground waters are also monitored for organic compounds: 63
volatiles, 7) semievolatiles, 19 pesticides, 2 herbicides, and 4 PCR's,

CONCERNS/RECOMMENDATIONS

5

!J

11 15 understood thas the monitoriig plan for the Lab 1 currently being revised. Inclusion of s table, in
both the plan and tuture surveillance repors, gIVINE sitey, parametens monitored and frequency of
monitoring, would be most helpful in our oversight effor,

As In Al monIonng networks, exisung wells are empioyed where possible because drilling new ones is
expensive, However, the large number of waler-supply weils used for monitoring sl LANL is @ concern.
Wells constructed for supply have large screened intervaly in ordet 10 maximize water production. By
contrast, watersievel or water quality wells are usually screened over a arrrow intgrval to provide
information for » mote discrete portion(s) of the aquifer. Properly construcied momitonng wells should be
nuelled to renlace, or of least supplement/verifly, data from the supply wells currently used,

There are reiatively few monitonng welis/sites in view of the si2e of the ares encompnssed by the Lab,
This may result {rom the conceptual notion long held by the Lab thay, due to the depth water table, and
presumedimpermeability of the volcarue WY al the surface, the main aguifer is nol A Mk ad need hot be
monitored, other than st the supply wells. Not only would more wells befier cover the area and, if
property constructed, beticr monitor the aquifer, but they would provide an excellent test of this
hydmulic isolstion hypothesis. Lower Los Alamos Canyon 13 ope such area that should have a maore
extensive momionag sysiem in place,

The density of wellawsites 13 also unreahistic. There are many wells in some arcas and few 10 none In
others. A mote uniform spacing of wells 15 desirmble and should be extablished, New welis should be
strategically located with respect to histoncally contaminated xrens of the plaieau or 1o enhance depiction
of the water ible, A parual solution 10 this is to not use al} wells in the well flelds, A representative weil
should be selected, an alternate designated, and the others ignared, as far as regsonal survelllance 4
concerned. This would prevent the musconception that the relatively [arge of “monitoring wells” sctuslly
represcnts an adequate regional surveillance svstem,

The wells drilled under the Hazardous Solid Waste Amendment (HSWA) permil requirements are not
curtently included in the Environmental Surveillance network, but should be,

As noted above, the map of monionng wellysites in the sutvejliance reports should also show the major
disposil areas (nol every SWMLU) that are being monitored, and contours that represent recent water level
information,

‘The classification of monitonng sites should be reconsidered and standardized, The devignation of
SPHNgES 13 not consistent; sometimes they arg denoled as surface water snd sometimes as ground water,
Cround water 1s prefernble inusmuch as Springs are outcrops of the water table or the potentiomelric
surface.

Sprngssampling swiiony are inadequately marked in he fleld. They should be igentified by as
permanent 8 monument as possible, to avoid major deviation in a sampling point over ime. A wrnitten
desenipuion of sampling points should also be on flle.

The organization of the surveillance reports is somewhat confusing. The following would be heipful for
the oversight effory

8) field identification of sites should be the same as maps identification. Site identification numbers, as
used on figures and maps, should appear in the first column;

b) presentation of & summary table with sampling frequency and parameiers monitored for each e
(water level, major ions, radionuchdes, e15., quanerly, annually, ¢1¢.);and

¢} listing the standards for all parameters, for casy reference. LANL projects. understood 10 be
underway of planned. will greatly enhance out concepiualization of the hydrogeologic system,
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SUMMARY

Current monitoring effors at LANL, go far beyond those of just a few vears ago, and surveillance reports regularly
present more than was previously know, However, a number of genenal and speciflc inadequacics are recogntaed,
based on our initial aasessment, The following are Iargely summanzed from the sections entitled
*Concernt/Recommendations™ above, Mowever this lut {5 not all inclusive and the concems/recommendations lisied
above should de consuited for details,

1. Potential Contamination Sources

a)  Blannual reports on waatesdisposal sctivities at all sites Md be prepared,

b) Genernl waste-disposal areas (not individual SWMU's) ahould de shown on mapa of
monionng welly/sites, together with the regional waler-level contours, 50 that adequacy
of the surveillance nerwork may be benier evaluated,

Conceptual Hydmgeologic Model

1)  Questions conceming recharpe, contined/unconfined conditions of the aquifer, and
permeability of the Bandelier Tuff should be resolved, Appropriate tests should oe
designed and conducied (¢hloride, isotopes, pared piezomewrs, pumping tests, etc.),

b) A walenlevel map, depicting current conditions (drawdown around supply wells),
should be incluged with surveillanie repona,

¢)  Ground water flow and contaminant-Uransport modeling should be undenaken to test
LANL's conceprual hydrogeologic model,

Ground Water Monitoring INerwork

8} The monitoring plan should be revized as soon as possible, focusing on clearly stated
objectives,

b)  The number and location of monitorng wells should reflect the number and location of*
majof waste disposal areas; this does not mean & well or senes of wells is needed at
each SWMU, but rather there should be enough wells to intercept any possible contamination.

The location of future monitoring wells should be based on the location of the potential
awurces of contamination, transport pathways, and the regional {low system as indieaed
by a current waterslevel map that includes drmwdown due to pumping of production wells.
Some additional monitonng wells may be needed merely 10 better depict the water tadle,

d)  New welis thould be constructed to monitor discrete hydrologic interval(s) (production
welis are screened over 100 large an interval),

We would be glad to clarify or discuss out position/recommendations on any of the lssues addressed herein at any time,
Inquines may be directed 8272434 or 665.7130.

ACKNOWLEDGMENTS — Cooperaton of vanous LANL and DOE personnel during our Investigation, through tours

and interviews, is greatly apprecisled. Duscussions with John Hawlev (NM Bureau of Mines and minem) Resources)
and Margaret Anne Rogen {MARA, Inc.) were most helpful,
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DOE LAAQ COMMENTS ON
GROUNDWATER PROTECTION MANAGEMENT PROGRAM PLAN (GWPMPP)
JUNE 21, 1994

STMMARY: The Draft-Business Plan for Ground Water Protection
developed by ESH-8 is the most comprehensive GWPMPP developed by

L, te date, Thiz plan begins to addregs the management
organization, required actions, funding recquirementas and
gchedule in significantly greater detail, The Zfollowing
comments are miner and offered to enhance the plan.

A. INTRODUCTION
1. Purpose of Businens Plan
2., Past Ground Water Programs
3. Need for Ground Water Protecticn Management Program
(GWEMP)
Commant: Include DOE as a stakeholder,

Include & discussion of HSWA Permit
Reguirements

B, OBJECTIVES
L. Establish a Ingtitutional Program
2. Address Deficiencies and Unfunded Activities
c. STRATEQGY AND ACTION REQUIRED
1. Management Organization
Comment: The Management Organization discussion noeeds
to provide greater detall as to straight line
varsus dotted line raporting relationships,
such as:

l) are atakeholder involvement office,
internal and external customer
reporting relationahips straight line
or dotted line, and

2) does the ESH-8 Hydrology Leam report
directly to the Program manager, and

3) what position does the Program Manager
report directly to.

Accountabilities need to be addressed. Within
each mection, define the management position
which is ultimately responsible for enmuring
that individual or group responsibilitcies are
carriad out.

As this is an institutional program, a dotted
line relationship ashould be shown either from
the divigion office or program manager %o the
ESLH Counecil,
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2. FISCAL ORGANIZATION
Comment: Further definition of “coordinaticn”
responsibilities iz required, axactly what
authority if any doss tie Program Nanager have
for coordination of XR ur WM program activities
or !und’ .

Accountabilities need o be addressed. Within
each section, define the management positicn
which is ultimately responsible for ensuring
that individual or group responsibilities are
carried out.

INTERNAL/EXTERNAL SUPPLI

PRODUCTS

Comment: The sentence, “Replacement of these wells will
also be regquired”, szhould more clearly indicate
that this means a plugging and adandonmeznt
program.

INTERNAL/EXTERNAL CUSTOMERS

. PERFORMANCE MEASURES
Comment: Include in the discussion frequency of
performance reviaw, target completion date, whe
bas responsidility and accountability for

conducting, and what is the mechaniam for
reoptimization of the program based on the
results of the evaluation,

PRIORITIZED AQTIVITIES
Comment: Include a section addressing Plugging and
Abandonment.
Initial priorities for the listed action itams
needs to be included.

QOST ESTIMATES FOR IMPROVED MONITORING
PRELIMINARY SCHEDULE
Comment: Accelerate Additional Testing and Line ITtem
Cost implamentation activity by one year,

rully define and include the total projected
coat associated with Croundwater studies and
reporting once the Zinal action item list im
jointly developed by LANL, NMED AIP and LAAO.

IMPLEMENTATION OF BUSINESS PLAN
Comment: Include a discussion of primary management
responalbllities and accountadbilities in
Meeting the approved CWPMPP Businessz Plan
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June 23, 1994

Mr, Joseph C, Vozella, Chief
Environment, Safety and Health Branch
Deparment of Energy

Los Alamos Area Office, A-316

Los Alamos, NM 87544

RE: NMED Review of “Business Plan for Ground Water Protection,” dated
March 31, 1994

The issue of ground water and the question of its vulnerability from past, current and future
operations ot L.os Alamos Nationa) Laboratory (LANL) has been a central concern of the NMED
For many years. Those of use who have followed this issue are extremely pleased that the
Department of Energy (DOE) has decided to dedicate its energy toward making o determination
regarding the status of the main aquifer beneath and surrounding its faciliry,

Staff of the New Mexico Environment Department's (NMED) Agreement In Principle,
Hazardous and Radioactive Materials and Ground water Protection and Remediation bureaus
have reviewed the subject document (*Plan™) and the collective comments of these programs are
presented below,

In Section A3 of the plan the following regulatory drivers should be added to the list of those in
this project: 1) Task 111 of Module 8 of LANL's RCRA permit ("HSWA permit™), 2) possible
ground water discharge permit requirements under New Mexico's Water Quality Control
Commission, and 3) possible involvement by the OfTiee of the Natural Rescurces Trustee.

In Section C5, to the list of primary customers should be added the non-AIP NMED reguiators,

In Section C6, compliance with the HSWA permit should be included among the performance
measures

In Section D, “Priority | Items”, the non-AIP NMED regulators should be added 1o those
contributing to the list of identified needs, “Priority 1 items should commence as soon as
practical with a goal of complenion or significant progress within five years, We suggest the
priority groups be redefined as follows: Priority | 1o be achieved in 18 months; Priority 2 to
commence as 500N as is practicable with a goal of completion within five vears; Priority 3 1o
commenge within the next five years with a goal of completion within eight vears; and Priority 4
as the final, clearly stated objectives of the entire project, to be completed in ten years,

The following comments al) pertain to Section D.

In general, clarification is needed as to whether this plan pertains to installation of monitor wells
off-facility.

It is recommended that sampling frequencies be considered on a bi-annual basis,
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Our candidates for Priority | are as follows:

) A comprehensive study of seeps and springs (Spring Inventory) to include water
chemistry might Jead to a better understanding of recharge of the intermediate and main
aquifers and would elucidate the relationship between alluvial aquifers that are
coterminous with fracture or fault zones.

Evaluate and asses the validity of existing hydrogeologic data,

Integrate all hydrogeological information using FIMAD and enable the input of data by
outside entities (e.g., NMED, BIA, Pueblo contractors) into specific data bases within
FIMAD for general access,

Define analytical data turnaround times from sample acquisition of general availability
Reduce administrative data review requirements after agreements are formed with State,
tribal and public entities specifically defined as participating in this project regarding
usc and release of *draft’ data,

Form a system within the ES&H program for rapid follow-up response to data
indicating presence of contaminants in groundwater, seeps or springs.

Define ground water surveillance roles at LANL. 1t is apparent that different programs
have access to monitor wells, This has led to damage of equipment and possible cross
contamination between wells,

Standardize and include dedicated sampling equipment for each wel] including pumps
and transducers.

Candidates for Priorities 2 should be determined during the discussion to take place at the next
meeting, July 7, 1994

Again, we very much appreciate the fact that DOE and LANL have dedicated themselves to this
project and we look forward to working with all affected parties towards its successful
completion.

If you have any questions regarding these matters, please contact me at (505) 672-0447,

Sincerely,

Bruce A. Swanton, AP Point of Contact
Hazardous and Radioactive Materials Bureau
DOQE EM Oversight Program Manager

cc:  MRM Technical Compliance Program
HRMB Permits Program
NMED LANL AIP Program
ES&:H 8 Group
Bob Hull/Sue Johnson, LATA
Ken Zamorn, Scientech
Raren Mc Ada, DOE/AL/EPD
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O
o
State of New Mexico ol
ENVIRONMENT DEPARTMENT o)
Hurold Runnals Building “
1190 St. Prancis Drive, 2.0, Bex 38110 s
Sants Fe, New Mexico 87503 JUDUTE M. BAPINCAA
(508) 837.2860 ARCRyTARY 7
' ZGN CTRRY
DEPUTY ARCARTARY

July 7, 1594

Mr, Josepk C. Vozella, Chilef
Zovizonmental, Safety, and Health Branch
Department ol Energy

los Alaxos Area 02fice, A-316

~0s Alamos, New Mexico 87544

RZ: RCRA Technical Compliance Review of the Business Plan
for Ground Watar Protaction Management Program Plan
(GWPMPP) , datad Mazch 31, 1954

Deaz Mz, Vozalla:

The New Mexico Exvirpzment Deapartment (NMED), Hazardous .and
Reciocactive Materials Bureai (HRMR), RCRA Technical Compliance

zogran (RICP) recognizas the importance the stbject document has
towards establishing ILANL's future ground-water monitoring
systex. Information collected and generated f£rom the GWPMPP will
have great implications ragarding RCRA ground-water monitoring
requirements at LANL. Therefore, the RICP is submitting comments
to DOE with the hopes that hydrogeologic infermation required
ander RCRA xay be incorporated into the GWEMPP.

The following comments are suggestions and are not =o be
constxued as final decisions regarding RCRA ground-water
menitoring at RCRA units. The information obtained from the
GWIMPP can facilitate the required understanding of the
hydrogeclogics exvironment beneath RCRA regulated unicss.
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. Joe Vozella .

Page 2

HRE would like to coordinate with DOL or the GWIMPEP to ensure
<hat RCRA ground-water monitoring TeQuiremants need not bde
duplicated unnecessarily under other DOX required prograzms.
Should you have any questions concerning this matter please
contact myself or Ms. Teri Davis of my staff at 827-4308 or 827-
43.3.

Sincerely, .

At LA
h/D, Progzam Manager

Rozald A. Xern ?
RCRA. Technical Compliance Program

exzlosure

cc: Benlto Garcia, HRMB Bureau Chief . '
Barbara Roditschek, Parxitting Prograz Manager
Zarli Davis, BERMB
Tuce Swantoz, AIP Program Manger
TILE LANL Red S4

gwbusLc, 784
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MEMORANDUM
TO: Ronald A, Kern, RCRA Technical Program Manager
FROM: Teri Davis, RCRA Technical Program

THROUGH: Lee Winn, RCRA Technical Program Supervisor
DATE: July 7, 1994

SUBJECT: Technical Compliance Review of LANL's Business Plan for Ground Water
Protection (March 31, 1994)

Qeneral Comment

It is advised that EPA Region 6 be brought into this discussion as soon as possible to avoid any
potential differences in approach to this complex subject,

ltem  Qomment

] (Section 3, pg.2) An additional regulatory reguirement to consider under the context of a
GWPMP is within the HSWA, Section P,, Task 111 Part (A) (1). The permittee shall
conduect a program to evaluate hydrogeologic conditions at the facility. It has been
determined by NMED that the existing ground water monitoring system is inadequate to
sufficiently address the requircments under the HSWA module,

>

Another regulatory consideration is the requirements under RCRA ground-water
monitoring requirements per regulated unit, An understanding of the uppermost aquifer
(conceptual model) beneath a regulated unit is required is 40 CFR Parts [264, 265, and
270]. Atpresent, individual zones of saturation beneath LANL have not been delineated
and the hydrogeologic connection berween these zones is not understood. A GWPMP
could incorporate the needs of RCRA ground-water monitoring requirements to assure
the required hyvdrogeologic information is available and adequate.

3 (Section D., pg.12) In general, clarification is needed 1o understand if this plan penains
only to DOE properties or if this approach will incoordinate all technical congerns
regardiess of property boundaries.

4 (Section D, pg. 13,(3Xc). It is recommended that sampling frequencies be considered
on a bi-annual basis,

The following comments refer to a recommended phased approach with items representing the
order, Additional items from the subject document have been inciuded. ltems with the same
number represent concurrent tasks to be conducted during that phase, When appropriate,
activities list in the Business Plan are prionitized,

PHASE 1 - Develop and Implement Integrated Information and Archiving System

ITEM Comment

] Evaluate and assess the validity of existing hydrogeologic data,

2 {5)(u) Compile validated existing subsurface geologic and hydrogeologic information
into common database.
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(5)(b) Integrate datnbases with FIMAD

Conduct geophysical surveys across known or suspected fault-fracture zones to
investigate the role fractures may play in the migration of aqueous fluids.

Complete site=wide geologic mapping to facilitate development of bydrogeologic model
and to assist in siting of monitoring wells,

Identification of all springs on-site and near labortory boundaries (Spring Lnventory)

Evaluate water chemistry trends utilizing the validated integrated data within the various
zones of saturation (alluvial aquifers, perched-intermediate aquifers, and main aquifer
intervals) for indications of potential migration pathways.

Evaluate validated aquifer characterization data with respect toward siting initial phase
monitoring wells as guided by water chemistry trend analysis,

PHASE II Develop Integrated Ground Water Program for Techaical Studies and

high

high

med

high
high
high

Reporting

Delineation of occurrence and extent of saturated canyon ground water (seasonal
saruration). For example, Ancho Canyon by State route 4, Canon de Valle by TA«16
Area P Landfill, ete.)

(3)XD), Determine recharge pathways into intermediate depth perched ground water.

o Delineation of occurrence and extent of intermediate depth perched ground
waters (perched ground water within TufT recognized).

o Recharge route from saturated canyon ground water,

¢ Recharge from mesa tops surface waters, This topic might be divided into
different components: 1) drainage run-off from mesa tops to canyon surface
waters and 2) water balance budgets,

(4)(a). Determine recharge pathways into main aquifer
0 Secondary route from perched-intermediate groundwater
0 Secondary route from saturated canyvon groundwater.

0 Develop understanding of mechanisms and processes for recharge through
unsaturated zone. Agree that fracture transport should be understood as well
understanding flux through the Cerro Toledo interval and other “underlving
strata such as basalts™ and vapor phase transport within the particular intervals
within the TufT, However, additional testing of hydraulic conductivity of
nonwelded ignimbrite may not vield as much needed information as it is already
fairly known that these units of the TufT have low hydraulic conductivities
values and high matrix potentials,
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© Secondary route from mesa tops surface waters. This topic might be divided
into different components; 1) drainage run-ofT from mesa tops to canyon surface
waters and 2) water balance budgets,

o Regional recharge route.
o Recharge to main aquifer on regional basis

] Determine discharge of main aquifer and perched-intermediate aquifers.

1 Determine recharge for springs site-wide.

PHASE 111 - Develop Hydrogeologic Model

1 Agree with all of these activities, These projects will most likely occur after portions of
Phase 1] are complete or may occur concurrently.

low o Regional flow model for main aquifer.
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July 12, 1954

e Mr. Steve Rae, Section Leader
% Environmentl Protection Group., ES&H-8
' Los Alamos National Laboratory, MS K490
Los Alames, NM 87545

RE:  Ground water Business plan - Concurrence on Priority ! ltems

Dear Mr. Rae:

At the meeting on July 7, 1994, the Ad Hoe Ground Water Protection Committee coneurred on o
new Priority | action item grouping which the commirtee agreed could and should be achieved
within 18 months of the project's inception on June 9, 1994, Following is a listing of the

B

[

=3

clements of the Priority ! grouping. Please note that the list is not arranged in order of highest 2o
lowest priority within the grouping.

Complete the spring and seep inventory whose objective is to compile a listing of existing
NMED/LANL datn regarding springs on lab property or potentially associated with ground
water originating under lab property. Include new springs known to exist, &.g. in TA=3,
Starmer Gulch, ete. lnventory to include X, Y, Z locations, water quality data determined by
the Committee to be pertinent, water temperanire, ete.

Expand the ground water monitoring plan sufficiently 1o define schedules and objectives of
the ground water monitoring program.

Produce an updated peizometric map using existing dat,

Evaluate hydrogeological data and integrate into FIMAD or an equivalent centralized
clecronic data storage facility. Provide for input of NMED data for use by LANL in data
comparisons. Provide a mechanism for updating sampling schedules of LANL/NMED ES

and possibly all ER groups.

Include and implement a system for contingency followsup on environmental surveillance
*hits®, .
Define ground water surveillance roles to prevent equipment problems, i.e., cross-
contamination of wells,

Define and implement lab-wide SOP's on well construction, well logging, geophysics, plug
and-abandonment procedures, ete.

Determine within this Priority | timeframe what level-of-effort should be assigned 1o
producing a site=wide or aren-specific geological map in order for the map to be produced
during the Priority 2 timeframe,

Employ manual trend analysis on a selected set of wells for a defined listing of COC's.

. By September of this vear, achieve consensus on a draft, proposed well location map for

presentation to DOE for funding.
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If you have any questions regarding this matter, please contact me at (505) 672-0447,

Sincerely,

Bruce Swanton, NMED AIP POC
Hazardous and Radioactive Materials Bureau
¢c:  Karen McAda, DOE/AL/EPO
Steve Zappe, HRMB Permits Program
Suzanne Johnson, LATA/ES&:H-8
William Stone, HRMB GWPRE
Teri Duvis, HRMB Technical Compliance
Bonnie Koch, Scientech/LAAQ
Benito Garcia, MRMB Bureau Chief
Neil Weber, NMED DOE Oversight Bureau Chief
NMED LANL AIP Program file
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United States Government Department of Energ
Albugquerque Operation
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LY TO
ATTN OF:  LAANMEP: 1JV-048 ,
SUBNICT: Comments on Updated Grouhd Water Protecticd Masagemect Progran Plun

(GWPHEP)
T0: LEEAVE Rasn ESHr18 - IR, HS-KASD,

LAAD has coxpleted Teview cf the above-Teferenced GWPMEP and has
attached commente. Overall the GWPMPP is a significant enhancement
over past efforts. OCur conments prisarily focus on egpanding the,
detail provided on well rationale, providing associated data quality
cbjectives, vadose zone monitoring objectives, additional cost data
for studies, definizion of resource requilements, schedules for
1ndividual activities and inclusion of authorities and
accountabilities for the Project Leader. Many of these comments were
previcusly provided in a DOE meacIandum. LAAO Tequests that the plan
be revised o incorporate our comments.

A“cer revision, LARD will transmit the revised CWFMPP To the NMED
AgTeenmant in Principle (AIP) staff, LARD will xequest the ALP staff

to conduct a technical review of the adequacy of the proposad deep .
well monitoring netwozk based en the raticsale provided in the GWRMPP

and their expertise, and provide LARD and LAKL technical comments at

a subsequent meecting.

The joint effort betweean NMED ATP, LAND, and TANL will take several
more months and meetings to completa., Future technical meezings will
address plugying and abmndonment, shallow alluviun and intermediate
zohie wells, ongoing and proposed IARL Environpental Management
Prograns projects, vadose zone studiew, environpental surveillance
ponitoring frequency, prioritization of planned actions and Project
Teader accountabilisysauthority prior to Linalizing the plan.

Please refer any questions or comments on this matter to Ken Zamora,

SCicntl'.C-h, mo' at 665"5@67.
Fel2J0 cpn\u’.’i;rm
9
oLl

Asgt. Afea Manager
of Enviromnent and
Projects

Attachnent .

cct
See page 2
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Acctachment

LAAO Comments on the Updated Ground Water Protection
Mapagement Program (GWPMPP) Plan

Bxecutive Summary

Rxacutive Summary Pg. 1, Paragraph S5S: The Business Plan should
define who has ultimate accountabllity within the ES&H Division
for the Project Leader accomplishing his/her responsibilities
under the plan and the authority this position requires and has
bean granted by the ESiH Council to successfully accomplish the

GWPMPP objectives, Include accountability and authericy in
sentence 1 following roles and responsibilities,

Section 1

Introducticn

1.1 Purpose and Scope

Pg. 1-1, Paragraph 2: Expand this discussion to list the
ppecific requiremenss or scope of Chapter III, Secticn 4a (1-7),
02 DOE Order 5400.2,

1.2 Laboratory Environmental Goals

Pg. 1-1, Paragraph 3: Appendix A should detail the gpecific
requirements of the HSWA Permit, Module B8, Task III relative to
ground water monitoring.

1.3 GWPMP Mission and Objectives
Pg. 1l-1, Paragraph l: Include meeting the above specific
requirements.

Secticn 5

5.0 Imsues and 5olutions

Pg. 5-1, Paragraph 11 Expand this section to include Plugging
and Abandonment, and Environmental Surveillance Monitoring.,

5.1.2 Hydrogeological Characterization Solutions

Pg. S-2, Paragraph 7: TProvide a discuasion saction expanding the
rationale for each well supporting the data quality objectives
referenced in the fZollowang paragraph. In addizicn, a map
showing the proposed location of the 50 shallow alluvium and 14
intermecdiate zone wells should be provided with a similaz
disgussion of rationale,

Pg, 5-5, Paragraph 1: A table and associated expanded
digcussion specilying the specific data quality objectiven for
each well (ghallow, intermediate and deep) phould be defined,
including core sample analysis, frequency of meonitering,
analytical parameters, ect. whach ties to table 5-1 Proposed Well
Location Rationale,
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Pg. 5-5, Paragraph 2: Include a section in the GWPMPP addressing 512 .
vadose zone monitoring needs and planped activities., There are a
number of ER studies being periormed to study vadose :zone
conditions at or near SWMU locations. For instance, studies are
undexway at TA-54, Area G (QU-1148). The GWPMPP should integrate
and expand these studies ap necessary. While the number of
studies are increasing, many are conducted over short periods of
time. An extended field program, one capable of spanning au time
Zrame as long as a cdecade, is necessary to understand the
unsaturated flow conditions. Small groups doing their own

tudies need to havza their efforts coordinated ultimately leading
to a much broader underatanding. More importantly, most of these
studies do not study below more than 150 f£t. Currently there are
ne vadose zone atudies that have gone beyond 200 ft. so there is
a data gap that should be Zilled by coordinmating wizh ER to
expand the studies down to the water table.

Section 6.0

Busineas Plan

6.2,1 Project Leader

Pg. 6=, Paragraph 2: 7This section does not adeguately addreaa
accountabilicy and authority conaistent with previous DCE LAAD
racommendations.

f

6.3.2 Environmental Surveillance Progran )

Pg. 6.4, Paragraph 4: DBased on the quality objectives defined in
5.1.2, budgetary requirements should be defined =0 support a
monitoring program with a minimum sampling frequency of quarterly
as previously recommended by EM=8 and DOE LARO. In additien,
previous DOE LAAD memorandum recommended that Additional Testing
and Line Item Coat implementation referenced in Figure 6«2 be
accelerated by one year, The technical conclusion of the LANL
Hydrology Team is that the monitoring well network is inadequate
and well inagtallatien and additicnal testing should be
implemented as goon as posaible.

In Progrens

€.6.2 Prioritized List 0f Activities

Pg. 6-9, Paragraph 4: Previous DOE LAAQ comments have requested

the Laboratory identify the total cost of compliance and how it In Progrens
would be funded which would include resource requirements for all

action items in including studies. Modify this paragraph to

indicate a commitment by the Labeoratory to complete all

recommended priority 1 action items within the recommendad time

frame. Additional resource requirements should be identified and
rellected in Table 6-1 GWPMP Funding Sources and Table 6-2 GWDMP
Preliminary Coat Eatimate.

Pg. 6=9, Paragraph 5: Again as stated above, DOE LAAD has 62 .
requested the lLaboratory determine funding regquirements and
source. Algse, DOE LAAD has aleo requested a recommended
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implementation schedule, Priority two items need to be completed
within the Priority time Zrame based on program neec. Modify
this paragraph to indicate recommended projects to meet DOE Order
recguirements will be funded and completed within the Prierity
time £frame,

Pg. 6-9, Paragraph 7: As diascusged in earlier team meetings, DOE
LAAO agrees with the need to include a paragraph describing all
aspects ©f each activity in detail to ensure that the reviewer
and/or reader clearly understands the objective of the activity.

Pg, 610, Table 6-4: 1Include a section on Plugging and
Abandonment as previously recommended by DOE LAAO, and
Monitoring, with planned activities, A technical discussion o
known well or borehole status and locations including
constructicn data is required to support the plan to plug and
abandon only 9 exipting monitoering wells, This part of the plan
should include the necessary data f£rom the *Record of Obaservation
Wells, Testholen, Test Wells, Supply Wells, Springs and Surface
Water Stations at Los Alamos; with Reference to the Geology and
Hydrology, William D. Purtyman, 1994” in an appendix. The GWPMPP
should address plugging and abandonmant of all known potential
contaminant pathways, not just active monitoring wells of
inadequate construction.

Smction 7

Implementation Plan

7.6 Business Plan Schedule

Pg. 7-1, Paragraph 71 This section needs to be expanded to
include a dizcussion of sequential implementation ©f pricoritized

activities shown in Figuye 6-2 and liscted in Table 6-4. Define th

order of the prioritized activities recommended, and the specific
rnitiation/completion schedule over the 10 year period..

'Pg. 7.3, Paragraph 3: The DOE LAAD approved business plan
targeted a July 1, 159%4 hiring date for the Program Manager.
Please ensure the Project Leader target hiring date is met,

Oclober 25, 1994 / Rev, 2.0 =40
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HMEMOEANDOM

Mr, Jogeph C. Vozella, Chief Environment, Safety &
Health, Department of Energy, LARD

W. Stone, DOE Oversight Bureau, Technical Support

M. Dale, DOE Oversight Bureau LANL
S. Yanicak, DOE Oversight Bureau, LANL

Date 11 July 1985

Subject ' Review of Los Alamos National Laboratory’s (LANL)
Groundwater Protection Management Program Plan (GWPMPP)

The DOE OQversight Bureau (DOE 0B) has reviewed the subject
document. The following comments are provided for the purpose of
communicating the reaulcs of the DOE OB review. These comments
are not provided or intended for the purpose of repreasenting the
regulatory position of the New Mexico Environment Department.
We have reviewed the latest vergion of the Ground Water
Protection Management Program Pan (Issued 6 March 1995} and
supplementary material provided by DOE labeled “Attachment 2+
(Igsue 22 June 1995). Thiz review included not oanly going
through the text, but also evaluating the wells proposed for
monitoring the hydrolegic systems on the Pajarite Plateau, The
purpose of this memo is to convey our general and specific
comments, e
GENERAL
We have several comments of a general nature on the text/report
az a whole:
il. Section I (Background) is useful, but it does not seem the
appropriate place to include geology. Why not have section on
Regional Setting that includes all natural aspects of the

facilicy (geclogy, climate, hydrology and vegetation).
Section 3 eould be renamed, the geology material now in

Section 2 could be moved there and information on cLimate and

vegetation (not now provided) could be added.

Care should be taken to be correct and consistent in the use
0f stratigraphic nomenclature. Different cterminology is
sometimes used in figures than in is given in the texz. For
example, the correct new term “Puye Formation* is used in the
text (p. 2-4), but the old term “Puye Conglomerate” iz used in
Figqure 2.3, Proper usage is important as the zeader may
wonder how good the hydrology is if the geology is sloppy.

Although it has been pointed out %o LANL hydrologists before,
there 13 still confusion Over the use and meaning of the term
“aquifer” and “water table”, The line on figures, such as 3«3
and 3-2, labeled “top of the main agquifer” iz in fact the top
of the gaturated zone or regional water table, in commen
usage, an aquifer i3 a geologic material, cthe saturated
portion of which, yields useful gquantities of water (the
definition in the xeport glossary is awkward and misleading
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(not 3just zTock); (why not replace it with this one?) Thus,
. the aquifer is the entire unit yielding water, not just the
saturated porticn., Therefore, the top of the agquifer is much
higher than the water table or the line shown. As it is the
water table that is o2 interest in these figurea, the labels
should be corrected, Confusion on such basic concepts Zapto a
ghadow over the rest of the hydrologic work at LANL., It is
hoped that this correction will finally be embraced by LANL
hydrologinsts and incorporated in future reports as well.

4, The informal designation of the aquifer or hydrologic systems  Addrened
at LANL is gomewhat illogical, mixing genetic ("alluvial®),
depth ("intermediate”}, and use (*main®) connotatiens. The
most parallel aet of names would be “shallow perched”,
*intermediaze perched* and “deep regional”, Zfocusing on depth
and type ©f agquifer, Aquifers are alao often informally named
by the stratigraphic or litholegic identity of the material
involved: Ogalalla aquifer, limestone aguifer, oate. The are
nouns, not adjeczives, thuas *alluvial” denote genesis or
erigin of the material, Genesis has net been used for other
aguiferp at LANL, bo why apply it to any? For example, when
water is perched in the bapals, it is not called the wvoleanic
agquifer, Although the informal names are Zairy entrenched by
now, it is useful o reflect on what they mean whether they
can be defended an i4 it is deasirable to perpetuate them,

5. Inclusion in the glospary of the terms “ephemeral”, Addressed
"intermitztent” and “interrupted” f£or ptream type guggest they
. ars not intended to be interchangeable, Yet, they are
sometimes used that way in the text., For example, compare the
first paragraph in section 2.3, p.2-4 and Zirspt paragraph in
sectien 3.1, p.a~l.

6. Pigureg incorporating Dblowups of cercain areas should be  Addresed
proofed to aggure that wells ghown an the general map appear
on the blowup (Zor example, Figure 4-2).

7. There are geveral problems associated with references, Not  Addreswed
all references cited are in the list provided (for example,
the Tiger Team Assegsment and other reports cited at the top

©f p5-1). Also, some citations in that list are incomplete
for example, Kelly, 1975, was USGS Open-File Report, but that
iz not given), Such omissiens prohibit the reader <£rom

gbtaining furzher :infermation if desired, the ultimate purpoge
cf the ligt, Feor future reference, there is no period after
“et”; it is Latin for “and”, not an abbreviatien, '
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Our review also included an evaluation of the proposed new wells,
Zrom the D0E Oversight pezapective. Such evaluation involved a
comparison of the proposed well Jlocationa with perceived
hydrogeclogic/hydrochemical data gaps or needs. Wells believed
to Mmeet these needs were then prioritized in view of the urgency
02 tzhese neads and the reality or sahrinking budgets
{(Tables 1 & 2).

In many caseg, wells were proposed 2or the shallow ancd/or
inzermediate pexched water, as well as the seep regional aquifer,
At the same location. We agree that this is the best way to
investigate the communication between thegas systems. We zuggest
that this may be accomplished by adopting the following general
peliey in inatalling the new wells. Whenever shallow and/ox
intermediate perched water is encountered duxring drilling, the
water-producing interval (a) should be acreened and isolated
belore going deeper. Zn other words, the opportunity for
monitoring all water-bearing zones at a site should be provided,
regardleas of the lista provided in the report. This may involve
multiple completions in the same hole or multiple wells the came
location. As shown in Table 1, twenty=Zive asitesz hold the mont
interest in the deep agquifer, This includes some proposed by
LANL as well as some we guggest adding, ©Of these twenzy-five
sites, Bix are considered as very high to high in prierity, two
as moderate <o high priority, ten as moderate and seven ag
pertinent and nice-to-have-if-budget-allows, but of low priority.

As ghown in Table 2, thirteen zites hold the most interest in the
intermediate aquifer, OQf thege thirteen sites, five are
considered as very high to high in priority, two as moderate to
high pricrity, three as moderate and three as pertinent and nice-
to-have-if-budget-allows, but of low priozity.

Mozitoring well location will be modified during the
implementation of this plan. That ia, well placement decismions
will change as new data (i.e., water levels) becomes available,
It should be noted that our comments reflect general technical
oversight concerns rather than RCRA or other regulatory needs,

XC: N, Weber, NMED, Chief, DOE Oversight Bureau
<. Parker, NMED, DOE Oversight Bureau
R. Kern, NMED Hasardous & Radiocactive Materials Bureau
T. Trujille, DOE LAARO, AIP POC
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Monitoring Well Design and Completion Matrix
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MONITORING WELL DESIGN AND COMPLETION MATRIX

PREPARED BY :
JON C. NEWSOM
EES-4, SUBSURFACE TECHNICAL TEAM
10/27/94 ’

PROPOSED I'ANL ER | PRESERT LARLER |
sSop sSor

NEW MEXITU
MONITORING WELL

GUIDELINES

DESICN DICTATES

CONSTRUCTION AND 8/18192
SOP. 501, RI SOP-5.01, RO ABANDONMENT
WELL S5TANDARDS
WITCARARDORMTNT {OVER-RFAKTTASING - |OVER REAMCASING [HOT MENTIORED.
AND REMOVEIF AND REMOVEIF WHERE POSSIBLE.
FOSSIBLE PUMP POSSIBLE. PUMP
GROUT WIS TREMIE  |GROUT WITHTREMIE | CUT CASING AT
FITE BOTTGM 10 FIFE BOTTUM TO GROUND SURFACE.
SURFACE IN ONE SURFACE IN ONE
MONOLITHIC EFFORT. | MONOLITHIC EFFORT. | USE EXPANDING
GROUT OR FILL WITH
WIIERE A PROPER WHERE A PROPER BENTONITE PELLETS
SURFACE SEAL11AS SURFACE SEAL [IAS FROM BOTTOM TO
BEENSET ANDOVER- |BEENSETANDOVER- |SURFACE.
REAMING IS NOT REAMING IS NOT
FRACTICAL:RIPTHE |PRACTICAL:RIPTHE
SCREEN AND CASING | SCRFEN AND CASING
WITH PERFORATOR WITH PERFORATOR
AND PUMP GROUT AND PUMP GROUT
ROM BOTTOM TO FROM BOTTOM TO
SURFACE IN ONE SURFACE IN ONE
EFFORT. EFFORT.
FROTECTIVESURFACE [STEEL.TO3T.3~  [STEELTGST,Y | LOCKIROCAF , LARCE
CASING/ SHROUD MINIMUAS LENGTH, 1.5 | MINIMUM LENGTNH, 1.5 | ENOUGH TO ALLOW
1030 ABOVE 1030 ABOVE REMOVAL OF PVC
GROUND, 8" ODFOR 4~ [GROUND, §" OD FOR 4" {CASING CAP
WELLS AND 6" ODFOR | WELLS AND 6" QD FOR
2" WELLS, LOCKING 1" WELLS, LOCKING
CAPS, LOCK, CAPS, LOCK,
WIIETHER-FPROOF WHETHER PROOF
CASINOMATERIALS, [PVC, STAIRLESSSTEEL|PYT — — (CHEDULIE®ODOR I35,
CONDITIONS OR 1N SOME CASES NON HEAYIER PVC, FLUSH JOINT,
STAINLESS STEEL WELL MINIMUM 2" ID INTERNAL UPSET OR,
CASING, WHERE THREADED, NO GLUE,

SCREWS, OR RIVETS
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MONITORING WELL DESIGN AND COMPLETION MATRIX

PREPARED BY
JON C. NEWSOM
EES-4, SUBSURFACE TECHNICAL TEAM

19/27194
[ CAIFGORY "PROFOSED TARLER | PRESERT LANL EN ] T HSWA PERMIT
sor Sop MONITORING WELL GUIDELINES
CONSTRUCTION AND 818791
SOP. 581, RI S0Pr-581, R ABANDONMENT
WELL STANDARDS
[SURTACETADARGURD [MIFNIMUM T X W XETIT X T X3 TNCEK, HXH X TNTCK, ROTMENTIORED
CASING TINCK, CEMENT, CEMENT, FLACED CEMENT, PLACED .
FLACED AROUND AROUND CASING, AROUND CASING,
CASING, SLOFED SLOPED DOWNWARD | SLOPED DOWNWARD
DOWHWARD FROM FROM CASING FOR FROM CASING FOR
CASING FOR RUNOFFE. | RUNOFF. RUNOFF.
WITLTRONCTIVE | JORLARGERSTEEL ™ | YORUARCERSTEEL  [ROTMERTRORED | ROTHERTRORED
GUARD POSIS FIPE PiPE OR TEE BAR POST.
MIHIMUM 4" ABOVE MINIMUM 4 ABOYE
GROUND, 2 BELOW GROUND, ¥ BELOW
GROUND. GROUND.
JPOSTRADIALLY IPOST RADIALLY
LOCATED & AROUND | LOCATED 4 AROUND
THEWELL. THE WELL.
‘clggﬁﬁmw INSIDE'6 | CEMENTEDINPLACE
MAY NOT BE REQUIRED
IN AREAS OF ZERO
TRAFFIC.
MINIMUM WIDTH SIDE, 4" OR LARGER SIDE, 4° OR LARGER SIDE, 4° OR LARGER SIDE, 6" OR LARGER SIDE, 4° ORLARGER
(BETWEENCASING DD ) TUTAL 10TAL JUTAL TOTAL TOTAL
AND WELL BORE) :
PORTLAS 3 ([CROUT (PRESUMED TO
SURFACETOMINIMUM {TYPEI . WITH IR TO |BENTONITE 1% BENTONITE MEAN CEMENT)
DEFIH. $% RENTONITE ADDED. | WAIT 48 HR. ADD MORE | MINIMUM DEPTH IS 107 | PLACED WITH TREMIE
MINIMUN DEFTH IF AT SURFACE. FROM SURFACE. 1F DEEPER THAN 3.
PLACED AROYVE .
BENTONITE SEALIS I0.
WAIT 48 HOURS ADD
MORE AT SURFACE.

—@
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MONITORING WELL
CONSTRUCTION AND
ABANDONMENT
WELL STANDARDS

8115192

T NEWMEXITO | HWSWATPERMIT | N

GUIDELINES

FARNUT AR WTI L STAT
MAJLRIAIS ( BILOW
MIRIMUMDIFINL
SURFACKE. SEAL)
GENFRALLY BEIWEEN
11y FROM SURFACE
AND ¥ ABOVE SCRITN

L THGTT SOUIDS CONTENT
BENTONIE SLURRY
GROUT, DRY
GRANULAR BENTONITE
CINFS, OR PORTLAND
TYFEI IFCEMENT WitHl
1% TO 3% BENTONITE

NOTE* PLACE AMND
IWVDRATE 2" THICK
CUIPOR PELLET SEAL
ABOYEFILTER PACK
BEFORE PLACING
GROUT.

*NOTE. HEAT AND
HIGH HYOROSTATIC
PRESSURES CAUSED BY
CEMENT CAN
COLLAPSEPYCFIPE

MGITSOLIDS
BENTONIIE SLURRY
GROUT, PORTLAND
CEMENT,OR
BENTONIIE FELLETS.

FLACE A Y THICK SEAL
ABOVE FIL1ER PACK,
HYDRATEFOR M4
IIOURS BEFORE
ADDING ANY LIQUID
GROUT.

CANUSEDRILL
CUTTINGS, CLEAN
SANDY CLAY,OR
NGIITER SOILTO
WITHIN 17 OF
SURFACE.

JBENTONITE OR

ED

CEMENT)

IF BENTONITE
HYDRATE A MINIMUM
TIME OF 121 HOURS
BEFORE ADDING
SURFACE SEAL
FLACE WITH TREMIE.

UNo watlg UMLSEEURY SONINCLY JIEMEKLD)

CEHTRADIZERS:
QUANTITY, SPACING

OF SCREEN.ONE AT
TOP OF SCREEN, AND
SPACE ADDITIONAL
ONES EVERY 30°
UNLESS PLACING
THROUGH HOLLOW
STEM AUGERS OR
THROUGH ODEX
CASING, WHERE

WITHOUT AUGERS.
MAY NOTBE
AFFLICABLEIF PLACED
THROUGH AUGERS.
USE MECHANICAL
FASTENERS, SPACE AT

-} 90 DEG. AND 120 DEG.

FEWER ARE REQUIRED.

ONE ATTOP OF SCREEN
AND ONE AT BOTTOM
OF SCREEN.
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SOP- 541, R) SOP-541, RO ABANDONMENT
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CTER AT TWASTED WEIL————1 . ACETTOS———
MAIERIAL, ROUNDED COLORADO | PASS (0% OR LESS MAXIMUMABOYETHE | SCREENED INTERYAL
MINIMUMAIAXSLUM | SILICA SIZED SO PASS §TIIROUGH THE SCREEN | THE SCREEN,
COVERAGE 10 OR LESS THROUGH | SLOTS. PLACE 1" OR GREATER | DO NOT PLACE ACROSS
IBESCREENSLOTS. ]PLACE 7 ABOYETHE |BELOW THE SCREENED | CLAY ZONES.
SCREEN, PLACE INTERVAL IF ABOVE A :
BELOW TIE SCREEN IF [ BENTONITE SEAL.
A BENTONITE SEAL HASIPLACE 7 OR GREATER
FLACE 7 AROVE BEEN PLACED BELOW [IFABOVE AN ARTESIAN
SCREENED INTERYAL. | THE SCREEN wHeE.
PLACE 7 BELOW INTERVAL.
SCREENED INTERYAL IF| FILTER PACK TOBE
ABOVEABENTONNE | FHACED WITH TREMIE
SEAL PIPE IF 30 OR DEEPER.

-EH_MATERTAL
MINIMUM/ MAXIMULY
LEHGTH

I PVC.?

OTHER INERT
MATERIALS. _
COVERAGE 10 BE
DEVERMINED AS PART
OF INDIVIDUAL WELS,
DESIGN. GENERALLY
THE SCREENED
INTERVAL WILL BE
BETWEEN § AND 25°, A
BOTTOM CAPIS
REQUIRED AND A

MAY BE USED.

SHORT BLANK SECTION] |

WELL TO WELL BASIS
FOR BETTER WELL
DESIGN.

SCREEN TO COVER

" OKLY ONE PRODUCING

ZONE.

LENGTH

TOP OF SCREEN
MUST BE 5 ABOVE
WATER TABLE.
HUST BE MACHINE
SLOTTED

(NOT DONE
WITH A HACKSAW).

w M;N'lMUM 22

)
O MAXIMUM LENGTH.

DO NOT PLACE ACROSS
ACLAY ZONE.

. g wauBold RGLIVUTTY GORSDOL] DRAPIGIL
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8715i91
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DESTTOINERT

[1SE ASURGETLUG TO
FURGE TINE SANDS
AND DRILLING
CONTAMINATES FROM
WEIL

USE ABAILER ARDOR
SUBMERSIBLE FUMP 10
REMOVE SUFVICIENT
QORTHOLETLWVIDS 10
ACHEVETURBIDIIY
MEASUREMENTS AS
REQUIREDBY THE
HSWA FERMIT.

NROTMENTIONED

LEYELOY SOTTIAT
WELL WATER FLOWS
FREELY ANDYHAT ALL
SEDIMENT HAS BEEN
AEMOVYED.

PURCE THE WELL
UNTIL CONTAMINATES
INTRODUCED DURING
DRILLING CAN BE
ASSURED OF BEING
REMOVED.
DEYELOPMENT SHALL
INCLUDE THE USE OF A
SURGE PLUG, AND
EITHER BAILING OR
PUMPING UNTIL
NEPHELOMETRIC
TURGIDITY UNITS
{N.T.U) CAN BE
CONSISTENTLY
MEASURED AT AVE(3)
OR LESS, IF POSSIBLE.

A oY % I {Fipsgn o

| WSOl MOWITTU A UORDMGL] SITaunc)y
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WL Y0 OR DECFER 300 [ROTMERTIONED — [ROTMENTIONED ]
NOT TO THE MAIN NOT TO THE MAIN
AQUIFER: GROUT IN A AQUIFER: GRGUT IN A
SURFACE CASING SURFACE
DEPTH OF TS CASING CASING (DEPTH OF
SBOULD EXTEND THIS CASING IS NOT
BEYOND SHALLOW SPECIFIED).
AQUIFERS. '
300 OR GREATER AND
300 OR GREATER AND INTO THE MAIN
mro TIHEMAIN A THAT
AQUIFER THAT
COUNTERS A PERCHED Aqmm ser
PERCHED AQUIFER: SEY A CONDUCTOR PIPE
A CONDUCTOR PIPE TO mamrormmm
THE TOP OF THE MAIN FER (FROM
AQUIFER (FROM SURFACE TO MAIN
SURFACE TO MAIN #3'."!’3010 ISOLATE
AQUIFER) TOISOLATE € PERCHED AQUIFER
THE PEACHED AQUIFER FROM THE MAIN
FROM THE MAIN AQUIFER.
AQUIFER,
SITALEOW AOLUVIUM ™ [DESICNMAY VARY DESTGN MAY VARY [NOTMERTIONED [HOTMERTIORED
PERCHED AQUIFER SIGNIFICANTLY SIGNIFICANTLY
MONITORING ISOLES
IN VERY SHALLOW
HIOLES WHERE NEAR
SURFACE WATERS ARE
TO BE MONITORED A 24 .
MINIMUM CEMENT
GROUT SEAL MAY BE
USED.
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[WTILFOIRTS ARy [DESIGHMAV VARY ™ [DESIGNMAVVARY — [ROTMERTIONED  [ROTMERTIORED.
FEZOMEN RS SIGNIFICANTLY. SIGRIFICANILY.
FROVIDE A SURFACE
SEAL WINCH PREVENTS
SURFACE WATLR FROM
ENTERING THE WELL

BOCURTHTATION WITHIHN W DAYS OF
INSTALLATION OF
WELLS, SUBMIT A MAP
TOTHE
ADMINISTRATIVE
AUTHORITY WHICH
DELINEATES THE
KNOWN EXTENT OF
THE PERCHED GROUND
WATER AT THE
FACILITY.

WITHINSODAYS THE
PERMITTEE SHALL
SAMPLE EACH WELL
FOR CERTAIN
CONSTTIUENTS AND
ANALYTICAL RESULTS
SENT TOTHE AD.
AUTHORITY.

OTIER ONGOING
MONITORING
PROGRAM REPORTS.
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