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Los Alamos National Laboratory (LANL) is a research and technology development facility of the
Department of Energy (DOE), operated under contract by the University of California.

DOE coordinates and administers the energy functions of the Federal government. Among other
things, DOE is responsible for the nuclear weapons program, research and development of energy
technologies, and basic science research.

The origin of DOE and LANL was the Army's Manhattan Engineer District formed in August 1942.
Known as the Manhattan Project, this organization developed the original laboratory and production
facilities, including LANL, that created the nuclear weapons used in World War II. In 1946 the
Atomic Energy Commission (AEC) assumed these responsibilities. In 1974 part of the AEC
functions were transferred to the Energy Research and Development Administration (ERDA); in
1977 the DOE was formed from ERDA and other organizations.

LANL was established in 1943 to provide research, design, and testing of nuclear weapons and
nuclear materials. Along with Lawrence Livermore National Laboratory in Livermore, California,
and Sandia National Laboratories headquartered in Albuquerque, New Mexico, LANL remains one
of the three research laboratories in the DOE nuclear weapons complex.

Over the past 50 years, LANL's mission has expanded to include research in energy, materials
science, nuclear safeguards and security, biomedical science, computational science, environmental
protection and cleanup, and other basic science research. In addition to work done in support of
DOE programs, LANL provides research and science services for other Federal agencies,
universities, foreign countries, and private industry.

LANL is one of the largest multiprogram research laboratories in the world with an annual budget of
about $1 billion and employs about 10,000 contractor and subcontractor personnel. LANL is located
in north-central New Mexico and covers about 43 square miles of Federal land in Los Alamos and
Santa Fe counties.

The DOE Assistant Secretary for Defense Programs is responsible for policy, planning, and
managing the DOE nuclear weapons complex, including research, experiments, and technology
development work for nuclear weapons. The DOE Los Alamos Area Office and its parent
Albuquerque Operations Office provide oversight of LANL operations.
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TITLE:
Draft Environmental Impact Statement (DEIS), Dual Axis Radiographic Hydrodynamic Test DARHT) Facility
(DOE/EIS-0228/D)

CONTACT:
For further information on this document, write or call:

Ms. M. Diana Webb, DARHT EIS Document Manager
U.S. Department of Energy

Los Alamos Area Office

528 35th Street

Los Alamos, New Mexico 87544

Telephone: (505) 665-6353

Fax: (505) 665-1506

Ms. Carol M. Borgstrom, Director

Office of NEPA Oversight (EH-25)

U.S. Department of Energy

1000 Independence Avenue, S.W.

Washington, D.C. 20585

Telephone: (202) 586-4600, or leave a message at (800) 472-2756

ABSTRACT:

DOE proposes to provide enhanced high-resolution radiographic capability for hydrodynamic tests and dynamic
experiments to meet its mission to conduct a science-based stockpile stewardship program for the Nation’s nuclear
weapons. The DARHT Facility would include two electron accelerators to produce x-ray beams that intersect at a
firing point. This document evaluates the potential environmental impacts of six alternatives: No Action (continue
to operate the 30-year-old Pulsed High Energy Radiation Machine Emitting X-Rays (PHERMEX) at Los Alamos
National Laboratories (LANL) and the Flash X-Ray at Lawrence Livermore National Laboratory; Preferred
Alternative (complete and operate the DARHT Facility at LANL); Upgrade PHERMEX (upgrade PHERMEX with
enhanced radiography technology instead of completing the DARHT Facility); Enhanced Containment (in addition
to containing all experiments involving plutonium, enclose most or all experiments inside a containment vessel or
structure); Plutonium Exclusion (exclude any applications involving experiments with plutonium at the DARHT
Facility); and Single-Axis (complete and operate only a single axis of the DARHT Facility). The affected
environment is primarily within LANL. Analyses indicate very little difference in the environmental impacts among
the alternatives. The major discriminator would be contamination of soils near the firing points, health effects to
workers, and amount of construction materials.

PUBLIC COMMENTS:

Comments on this Draft Environmental Impact Statement may be submitted during the public comment period, which
extends through June 26, 1995, by writing to Ms. Webb at the above address, or by directing a telephone call or
facsimile message at the numbers indicated. Comments may also be submitted at public meetings during the
comment period. DOE will consider these public comments in its preparation of the Final Environmental Impact
Statement.
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Department of Energy
Washington, DC 20585

AR 2§ IR

Dear Reader:

This is your copy of the draft Dual Axis Radiographic Hydrodynamic Test
(DARHT) facility Environmental Impact Statement (EIS). The EIS analyzes
the environmental impacts that might occur if the Department of Energy
(DOE) were to complete and operate the proposed DARHT facility at the
Department’s Los Alamos National Laboratory (LANL) in New Mexico. The
impacts which might occur from this proposal are weighed against the
impacts of continuing to operate the Pulsed High Energy Radiation Machine
Emitting X-Rays (PHERMEX) hydrodynamic testing facility at LANL. The
Flash-X-Ray hydrodynamic testing facility at the Lawrence Livermore
National Laboratory in California is also discussed. The draft EIS also
:nal{zes four other alternative means to operate the DARHT or PHERMEX
acilities.

We are asking you to review this draft and provide us with your comments.
You may correct factual errors, if any, or share your ideas on how to
improve any other aspect of this environmental review. We will use your
comments to help us prepare the final version of this EIS. To be
considered in preparing the final EIS, your comments must be postmarked by
the date shown on the following page, although we will consider late
comments to the extent possible. Comments are invited from the State,
Native American tribal governments, local governments, other Federal
agencies, and the general public.

We will be conducting two public hearings, one in Los Alamos and one in
Santa Fe, where you may provide spoken comments or present written
material. The dates, times, and locations of those public hearings are
shown on the enclosed sheet. The meetings will use a workshop format and
will provide opportunities for information exchange and open discussion as
well as submitting prepared statements.

For additional copies of this document or for more information on this
environmental review, please contact Diana Webb, DARHT EIS Project Manager,
US DOE, 528 35th Street, Los Alamos, NM 87544, telephone (505) 665-6353,
facsimile (505) 665-1506. Thank you for your interest in the DARHT EIS
review process. We look forward to your continued participation.

Sincerely,

Victor H. Reis ! ; -
Assistant Secretary
for Defense Programs

Enclosure

@ Printed with soy mk on recycled paper
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DUAL AXIS RADIOGRAPHIC HYDRODYNAMIC TEST (DARHT) FACILITY
ENVIRONMENTAL IMPACT STATEMENT (EIS)

DRAFT DARHT EIS PUBLIC COMMENT PERIOD

The Department of Energy invites comments on the draft DARHT EIS from the
State, Native American tribal governments, local governments, other Federal
agencies, and the general public. Comments may correct factual errors, if
any, or share ideas on how to improve any other aspect of this
environmental review. The Department will use the comments received to
help prepare the final version of this EIS.

Comments must be postmarked by Monday, June 26, 1995.
Late comments will be considered to the extent possible.
Written comments should be sent to:

Diana Webb
DARHT EIS Project Manager
Los Alamos Area Office
U.S. Department of Energy
528 35th Street
Los Alamos, NM 87544
(505) 665-6353

Or fax comments to Ms. Webb at:
Facsimile (505) 665-1506

The Department will be conducting two public hearings to receive spoken or
written comments. The meetings will use a workshop format and will provide
opportunities for information exchange and open discussion as well as
submitting prepared statements.

LOS ALAMOS PUBLIC HEARING
Wednesday, May 31, 1995
2:00 p.m. to 4:00 p.m. and 6:30 p.m. to 9:00 p.m.
Los Alamos Inn, 2201 Trinity Drive, Los Alamos, NM
(505) 662-7211

SANTA FE PUBLIC HEARING
: Thursday, June 1, 1995
2:00 p.m. to 4:00 p.m. and 6:30 p.m. to 9:00 p.m.
High Mesa Inn, 3347 Cerrillos Road, Santa Fe, NM
(505) 473-2800
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DARHT DEIS EXECUTIVE SUMMARY

EXECUTIVE SUMMARY

The U.S. Department of Energy (DOE) proposes to provide enhanced high-resolution radiography
capability for the purpose of performing hydrodynamic tests and dynamic experiments in support of the
Department’s historical mission and near-term stewardship of the nuclear weapons stockpile. This
Environmental Impact Statement (EIS) analyzes the environmental consequences of alternative ways to
accomplish the proposed action. The DOE’s preferred alternative for accomplishing the proposed action
would be to complete and operate the Dual Axis Radiographic Hydrodynamic Test Facility (DARHT) at
Los Alamos National Laboratory (LANL) in New Mexico. DOE has issued this draft EIS for review and
invites comments from the State of New Mexico, affected American Indian tribes, county governments,
other Federal agencies, and the general public.

PURPOSE AND NEED

DOE is responsible for ensuring that U.S. nuclear

weapons remain safe, secure, and reliable. The President Clinton, in the National Security

DOE program that responds to the President’s Strategy, July 1994, stated:

challenge to ensure confidence in the nuclear

weapons stockpile in the absence of nuclear testing * “Even with the Cold War over, our nation
is science-based stockpile stewardship. This must ... deter diverse threats.”

program plays a crucial role in accurately and * “We will retain strategic nuclear forces
effectively assessing the continued safety, sufficient to deter any future hostile

foreign leadership ... Therefore we will

performance, and reliability of nuclear weapons as ) L
? ty PO continue to maintain nuclear forces of

they age.

sufficient size and capability to hold at
risk a broad range of assets valued by
such political and military leaders.”

Hydrodynamic tests and dynamic experiments are

essential elements of the evaluation and “A critical priority for the United States
un.derstanding of weapon perfom?,nce under the is to stem the proliferation of nuclear
science-based stockpile stewardship program. weapons and other weapons of mass
Dynamic experiments are used to gain information destruction and their missile delivery

on the physical properties and dynamic behavior of systems.”
materials used in nuclear weapons. Hydrodynamic
tests are used to obtain diagnostic information on

the behavior of a nuclear weapon primary and to evaluate the effects of aging on weapons. These tests
are performed on mock-ups of nuclear weapons and do not result in nuclear detonation or nuclear yield.

DOE needs to improve its capability to perform radiographic hydrodynamic testing and dynamic
experiments as soon as possible. Enhanced radiographic capability is needed to produce high-speed, high-
resolution, deeply penetrating images to diagnose the condition and behavior of nuclear weapons.
Uncertainty in the performance of the enduring stockpile will continue to increase with the passage of
time, and DOE can no longer use nuclear testing to assess the safety, performance, and reliability of the
weapons. DOE has determined that no other currently available advanced techniques exist which can
provide a level of information comparable to that which can be obtained from enhanced radiographic
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hydrodynamic testing. Also, DOE needs to maintain or improve its radiographic testing capability to
support other science missions.

Along with other stockpile stewardship responsibilities, DOE has assigned a hydrodynamic testing mission
to its two nuclear weapons physics laboratories, LANL and Lawrence Livermore National Laboratory
(LLNL). The Pulsed High Energy Radiation Machine Emitting X-Rays (PHERMEX) is the existing
radiographic hydrodynamic testing facility at LANL and the Flash X-Ray (FXR) is the existing
radiographic hydrodynamic testing facility at LLNL.

PHERMEX has been in continuous operation since 1963. In addition to major, full-scale hydrodynamic
tests, PHERMEX is used for smaller types of experiments. Although PHERMEX was state of the art -
when it was designed, it is no longer adequate. It cannot provide the degree of resolution, depth of
penetration, rapid time sequencing, or three-dimensional views that are needed to provide answers to
current questions regarding weapons condition or performance.

FXR has been in continuous operation since 1983; it is DOE’s most advanced radiographic hydrodynamic
testing facility. At the time it was constructed, it represented a great improvement in capability over
PHERMEX. However, FXR cannot provide the degree of resolution, depth of penetration, or three-
dimensional views needed to address current questions. Additionally, DOE does not perform dynamic
experiments with plutonium at LLNL. Neither PHERMEX nor FXR is adequate to provide the enhanced
radiographic hydrodynamic testing capability that DOE now needs in the absence of nuclear testing.

DOE plans two other National Environmental
Policy Act (NEPA) reviews regarding proposed
actions at LANL related to the Dual Axis
Radiographic Hydrodynamic Test (DARHT)
Facility environmental impact statement (EIS) —
the LANL Sitewide Environmental Impact

N
Statement (SWEIS) and the Stockpile Stewardship EIS o1
and Management Programmatic Environmental . M
ay
Impact Statement (PEIS). SWEIS 95
SS&M Jun
PROPOSED ACTION AND ALTERNATIVES ~ PEIS 95

Note: Dates are subject to change.

DOE is proposing to provide enhanced high-
resolution radiographic capability to perform
hydrodynamic tests and dynamic experiments in support of the Department’s historical mission and near-
term stewardship of the nuclear weapons stockpile. This EIS analyzes the following alternatives:

* No Action Alternative: DOE would continue to use PHERMEX at LANL and the FXR at LLNL
in support of its stockpile stewardship mission. Construction of the DARHT Facility would not be
completed although the building would be completed for other uses. DOE would perform some
dynamic experiments; those using plutonium would be conducted in containment vessels.

* Preferred Alternative: DOE would complete and operate the DARHT Facility and phase out
operations at PHERMEX. DOE may delay operation of the second axis of DARHT until the
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accelerator equipment in the first axis is tested and proven. DOE would perform some dynamic
experiments; those using plutonium would be conducted in containment vessels.

» Upgrade PHERMEX Alternative: Construction of the DARHT Facility would not be completed
although the building would be completed and put to other uses. Major upgrades would be
constructed at PHERMEX, and the high-resolution radiographic technology planned for DARHT
would be installed at PHERMEX, including a second accelerator for two-axis imaging. DOE would
perform some dynamic experiments; those involving plutonium would be conducted in containment
vessels.

« Enhanced Containment Alternative: Similar to the Preferred Alternative except that most or all
tests would be conducted in a containment vessel or containment structure. Most tests, including all
dynamic experiments with plutonium, would be contained if containment vessels were used. All
tests would be contained if a containment structure were used.

* Plutonium Exclusion Alternative: Similar to the Preferred Alternative except that plutonium
would not be used in any of the experiments at DARHT. DOE would perform some dynamic
experiments with plutonium at PHERMEX or other facilities.

* Single-Axis Alternative: Similar to the Preferred Alternative except that only one accelerator hall
at DARHT would be completed and operated for hydrodynamic or dynamic experiments. The other
hall would be completed for other uses.

AFFECTED ENVIRONMENT

LANL occupies an area of approximately 28,000 ac (11,300 ha) on the Pajarito Plateau, in Los Alamos
County in north central New Mexico. The alternatives analyzed (including no action) would all occur
within Area III of Technical Area 15 situated in the south central portion of LANL, an area that has been
dedicated to high explosives testing for over 50 years. The PHERMEX site and the DARHT site are
about 1/2 mi apart and are ecologically similar, set in a ponderosa pine plant community. The only
discriminators between the two sites are resources that are point-specific, such as specific archeological
sites or specific existing facilities.

ENVIRONMENTAL CONSEQUENCES

The analyses in this EIS indicate that there would be very little difference in the environmental impacts
among the alternatives analyzed. The major discriminator among alternatives would be potential impacts
from depleted uranium contamination to soils, which would be substantially less under the Enhanced
Containment Alternative, and commitments of construction materials, which would be substantially greater
under the Upgrade PHERMEX alternative. Also, there is a projected increase in the calculated worker
dose from radioactive materials under the Enhanced Containment Alternative. This is a result of
calculating the potential release in this alternative as a ground-level release, whereas the potential release
in the other alternatives is calculated as an elevated release. Table S-1 presents a comparison of the
environmental consequences for the six alternatives analyzed in this EIS based on the assessments
contained in Chapter 5 of this DEIS. The table provides direct comparisons of expected consequences for
each environmental factor across the alternatives.
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REGULATORY REQUIREMENTS

DOE has obtained operating permits for PHERMEX and the DARHT Facility (Preferred Alternative).
Permit modifications may be needed depending on the course of action selected in the Record of Decision.

DOE is in the process of consulting with Federal, State and Tribal agencies regarding wildlife habitat,
threatened and endangered species, cultural resources protection, and other laws pertaining to Native
American traditional use of land and resources. DOE does not expect any adverse effects to natural and
cultural resources.
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MEASUREMENTS & CONVERSIONS

MEASUREMENTS AND CONVERSIONS

The following information is provided to assist the
reader in understanding certain concepts in the
environmental impact statement (EIS). Definitions
of technical terms can be found in the Glossary.

Units of Measurement

The primary units used in this report are English
with metric equivalents enclosed in parentheses.
Table MC-1 summarizes and defines the terms for
units of measure and corresponding symbols found
throughout this report.

Radioactivity Units

Much of this report deals with levels of radio-
activity in various environmental media. Radioac-
tivity is a property; the amount of a radioactive
material is usually expressed as “activity” in curies
(Ci) (Table MC-2). The curie is the basic unit used
to describe the amount of substance present, and
concentrations are generally expressed in terms of
curies per unit mass or volume. One curie is

equivalent to 37 billion disintegrations per second
or is a quantity of any radionuclide that decays at
the rate of 37 billion disintegrations per second.
Disintegrations generally include emissions of
alpha or beta particles, gamma radiation, or com-
binations of these.

Radiation Dose Units

The amount of ionizing radiation energy received
by a living organism is expressed in terms of
radiation dose. Radiation dose in this report is
usually written in terms of effective dose equiva-
lent and reported numerically in units of rem (Table
MC-3). Rem s a term that relates ionizing radia-
tion and biological effect or risk. A dose of 1 milli-
rem (0.001 rem) has a biological effect similar to
the dose received from about a 1-day exposure to
natural background radiation. A list of the radionu-
clides discussed in this document and their half-
lives is included in Table MC-4.

Conversion Table

Multiply By To Obtain Multiply By To Obtain
in. 2.54 cm cm 0.394 in.
ft 0.305 m m 3.28 ft
mi 1.61 km km 0.621 mi
1b 0.454 kg kg 2.205 1b
gal 3.785 L L 0.264 gal
fi2 0.093 m? m? 10.76 ft2

res 0.405 ha ha 247 acres
mi2 2.59 km? km? 0.386 mi2
fi3 0.028 m3 m3 35.7 fi3
nCi 0.001 pCi pCi 1,000 nCi
pCi/L 10 uCi/mL MCi/mL 10° pCi/L
pCi/m3 1012 Ci/m3 Ci/m3 1012 pCi/m3
pCi/m3 1015 mCi/cm3 mCi/cm3 1015 pCi/m3
mCi/km? 1.0 nCi/m? nCi/m? 1.0 mCi/km?2
ppb 0.001 ppm ppm 1,000 ppb
°F (°F-32)+9/5 °C °C (°Cx9/5)+32 °F
g 0.035 oz oz 28.349 g
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TaBLE MC-1. —Names and Symbols for Units of Measure

Length Time Area
Symbol Name Symbol Name Symbol Name
cm centimeter (1 x 102 m) d day ac acre (640 mi2)
ft foot h hour cm?  square centimeter
in inch min minute fi2 square foot
km  kilometer (1 x 10° m) nsec nanosecond ha hectare (1 x 10* m2)
m meter s second in2  square inch
mi  mile yr year km?  square kilometer
mm  millimeter (1 x 103 m) mi2  square mile

Mm micrometer (1 x 105 m)

Volume Mass
Symbol Name ‘Symbol Name
cm3 cubic centimeter g gram
fi3 cubic foot kg kilogram (1 x 103 g)

gal gallon mg milligram (1 x 103 g)
in3 cubic inch Mg microgram (1 x 10 g)
L liter ng nanogram (1 x 10 g)
m3 cubic meter Ib pound
mL milliliter (1 x 103 L) ton ton (1x 105 g)
ppb parts per billion
m arts per million
553 Eubi cp;ard Temperature
Symbol Name
Rate ' °C degrees Centigrade
Symbol Name °F degrees Fahrenheit
3 - K Kelvin
cm°/s cubic meters per second
ft3/s cubsic feet per second
ftmin  cubic feet per minute Sound
gpm gallons per minute Symbol Name
km/h kilometers per hour o ]
mi/h miles per hour dB decibel

dBA A-weighted decibel

TABLE MC-2.—Names and Symbols for

Units of Radioactivity
Radioactivity

Symbol Name
Ci curie
cpm counts per minute
mCi millicurie (1 x 1073 Ci)
MCi microcurie (1 x 10° Ci)
nCi nanocurie (1 x 10 Ci)
pCi picocurie (1 x 10712 Ci)

TaBLE MC-3.—Names and Symbols for

Units of Radiation Dose
Radiation Dose

Symbol Name
mrad millirad (1 x 103 rad)
mrem millirem (1 x 103 rem)
R roentgen
mR milliroentgen (1 x 103 R)
UR microroentgen (1 x 106 R)

MC -2
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TaBLE MC-4.—Radionuclide Nomenclature

Symbol Radionuclide Half-Life Symbol Radionuclide Half-Life
Am-241 americium-241  432yr Pu-239 plutonium-239 24x10%yr
H-3 tritium 123 yr Pu-240 plutonium-240 6.5x103 yr
Pa-234m protactinium-234 1.17 min Pu-241 plutonium-241 144 yr
Pa-234 protactinium-234 6.7h Th-231 thorium-231 255h
Pu-236 plutonium-236 29 yr Th-234 thorium-234 24.1d
Pu-242 plutonium-242 3.8x10%yr U-234 uranium-234 24x105yr
Pu-244 plutonium-244 82x107 yr U-235 uranjium-235 7x 108 yr
Pu-238 plutonium-238 87.7yr U-238 uranium-238 45x10°%yr

Elemental and Chen_lical Constituent Nomenclature

Symbol Constituent Symbol Constituent

Ag silver Pa protactinium

Al aluminum Pb lead

B boron Pu plutonium

Be beryllium SFg sulfur hexafluoride

CO carbon monoxide Si silicon

Cco, carbon dioxide SO, sulfur dioxide

Cu copper Ta tantalum

F fluoride Th thorium

Fe iron Ti titanium

N nitrogen U uranium

Ni nickel \Y% vanadium

NO; nitrite w tungsten

NO; nitrate Zn zinc
Numerical Relationships

Symbol Meaning

< less than

< less than or equal to

> greater than

2 greater than or equal to

MC-3
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CHAPTER 1
INTRODUCTION

This chapter outlines the environmental review for the Dual Axis Radiographic Hydrodynamic Test
(DARHT) Facility environmental impact statement (EIS).

1.1 OVERVIEW

) IMPORTANT TERMINOLOGY
The United States Department of Energy

(DOE) proposes to provide enhanced high- Science-based Stockpile Stewardship — The DOE program
resolution radiography capability to perform to develop anew approach, based on scientific
hydrodynamic tests and dynamic understanding and expert judgement, to ensure cc?ntinued
experiments in support of its historical confidence in the safety, performance, and reliability of

. . _ . the nuclear weapons stockpile. This new approach is
mission and near-term s'tewards’hlp of the needed because DOE anticipates that nuclear testing will
nuclear weapons stockpile. This EIS

] ) no longer be used to assess the condition of nuclear
analyzes the environmental impacts of

alternative ways to accomplish the proposed weapons.

action. The DOE’s preferred alternative Dynamic Experiment — An experiment to provide

would be to complete and operate the information regarding changes in materials under

DARHT Facility at its Los Alamos National conditions caused by the detonation of high explosives.

Laboratory (LANL) in northern New Hydrodynamic Test — A dynamic, integrated systems test

Mexico. An artists’ concept of the of a mock-up nuclear package (figure 1-2) during which

Preferred Alternative is shown in figure 1-1. the high explosives are detonated and the resulting motions
and reactions of materials and components are observed

This EIS has a classified supplement that and measured. The explosively generated_high pressures

provides additional information and and temperatures cause some of the materials to behave

. . hydraulically (like a fluid).

analysis. Although the details of a nuclear

weapon are classified, figure 1-2 provides Hydrodynamic Testing Facility — A facility in which to

an unclassified summary of a nuclear conduct dynamic and hydrodynamic testing for nuclear and

weapon. conventional weapons research and assessment. Fast

diagnostic systems that are available include radiographic,
electrical, optical, laser, and microwave. The testing can

DARHT in the early 1980s and conducted a provide both two- and three-dimensional information for

DOE began the preliminary design for

series of environmental reviews for the performance evaluation.
project between 1982 and 1989. DOE Enhanced Radiography — A capability for producing
concluded that no significant environmental extremely high resolution, time-phased, photographic

impact should result from constructing and images of an opaque object by-transmitting‘a beam of x-
operating the facility. Funding for DARHT rays (or gamma rays) through it onto an adjacent
was authorized and appropriated by ph.otographlc ﬁ.lm; the nnage.(s) results ﬁ"qm varlatlons. in
Congress in 1988. Construction of the thickness, density, and chemical composition of the object.
DARHT Radiographic Support Laboratory
began in 1988 and was completed in 1990.
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Nuclear explosions are
produced by initiating and Aerndvnamic Permissive Eenlnsiva Parachute
sustaining nuclear chain
reactions in highly com-
pressed material which
can undergo both fission
and fusion reactions.
Modermn strategic, and
most tactical, nuclear
weapons use a nuclear
package with two -
assemblies: the primary
assembly, which is used as
the initial source of
energy, and the secondary
assembly, which provides
additional explosive
energy release. The
primary assembly
contains a central core,
called the “pit,” which is
surrounded by a layer of
high explosive. The “pit”
is typically composed of
plutonium-239 and/or
highly enriched uranium
(HEU), and other
materials. HEU contains
large fractions of the Nuclear Package
isotope uranium-235.

1%

L2 o=

The primary nuclear explosion is initiated by detonating the layer of chemical high explosive that
Primary surrounds the “pit”, which, in turn, drives the pit material into a compressed mass at the center of the
Detonation primary assembly. This implosion process is illustrated in the inset of the diagram.

In order to achieve higher explosive yields from primaries with relatively small quantities of pit material, a
. technique called “boosting” is used. Boosting is accomplished by injecting a mixture of tritium (T) and
Boosting deuterium (D) gas into the pit. The deuterium and tritium are stored in high-pressure reservoirs until the
gas transfer system is initiated. The implosion of the pit, along with the onset of the fissioning process,
heats the D-T mixture to the point that the D-T atoms undergo fusion. The fusion reaction produces large
quantities of very high energy neutrons which flow through the compressed pit material and produce
additional fission reactions.

The energy released by the primary explosion activates the secondary assembly. The secondary assembly
Secondary is composed of lithium deuteride and other materials. As the secondary implodes, the lithium, in the
Activation isotopic form lithium-6, is converted to tritium by neutron interactions, and the tritium product in turn
undergoes fusion with the deuterium to create the thermonuclear explosion.

Nonnuclear components include contact fuzes, radar components, acrodynamic structures, arming and
Nonnuclear firing systems, gas transfer systems, permissive action link coded controls, neutron generators, explosive
Components actuators, safing components, batteries, and parachutes.

FIGURE 1-2.—Nuclear Weapons Design.
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In 1993, DOE decided to fund the accelerator and x-ray equipment for the second axis of DARHT under a
separate budget line item. Construction of the DARHT firing-site facility began in April 1994.

In October 1994, three citizen groups wrote to the Secretary of Energy asking, among other things, that
DOE prepare an EIS on the DARHT Facility. They also asked that further construction of the facility be
halted until an EIS was completed. On November 16, 1994, two of these groups (the Los Alamos Study
Group and the Concerned Citizens for Nuclear Safety) filed a lawsuit in U.S. District Court, Albuquerque,
New Mexico, to enjoin DOE from proceeding with the DARHT project until completion of the EIS and
issuance of the Record of Decision (ROD). On November 22, 1994, DOE published a Federal Register
notice of its intent to prepare this DARHT EIS [59 FR 60134]; see appendix A. On January 27, 1995, the
court issued a preliminary injunction enjoining DOE from further construction of the DARHT Facility and
related activities, such as procuring special facility equipment, pending completion of this EIS and the
related ROD. Figure 1-3 is a photograph of the DARHT site, showing construction, taken in January
1995. No further construction work has taken place.

Preparing an EIS at this time responds to public concern and allows for a full dialogue between DOE and
the State, Tribal, county, and municipal governments; other Federal agencies; and the general public. The
EIS will also provide the basis for appropriate mitigation measures if they are needed for the course of
action selected.

1.2 ORGANIZATION OF THIS EIS

This EIS consists of six primary chapters.
e Chapter 1 — Introduction: DARHT background and the environmental analysis process.
e Chapter 2 — Purpose and Need: reasons why DOE needs to take action at this time.

* Chapter 3 — Proposed Action and Alternatives: the way DOE proposes to meet the specified
need and alternative ways the specified need could be met. Includes a summary of expected
environmental impacts if the Preferred Alternative or any of the other analyzed alternatives were to
be implemented.

e Chapter 4 — Affected Environment: aspects of the human environment (natural, built, and social)
that might be affected by the Preferred Alternative or one of the other alternatives.

¢ Chapter 5 — Environmental Consequences: comparative analyses of the changes or impacts that
the Preferred Alternative or one of the other alternatives would be expected to have on the affected
elements of the human environment. Impacts are compared to the human environment that would
be expected to exist if no action were taken (the No Action Alternative).

» Chapter 6 — Regulatory Requirements: agencies and individuals consulted, and environmental
regulations that would apply if the Preferred Alternative or one of the other alternatives were to be
implemented.
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1.3 ALTERNATIVES ANALYZED

This EIS analyzes the environmental impacts
associated with constructing and operating a facility
that would provide the needed enhanced capability
for hydrodynamic testing and dynamic experiments.
Radiographic hydrodynamic testing is now
conducted in two existing facilities within the DOE
complex — the Pulsed High Energy Radiation
Machine Emitting X-Rays (PHERMEX) Facility at
LANL and the Flash X-Ray (FXR) Facility at
Lawrence Livermore National Laboratory (LLNL)
in California. The potential impacts of five
operational alternatives also are analyzed in the EIS
and compared to the expected impacts of the No
Action Alternative (see box). DOE considered, but
did not analyze, several other alternatives (see
section 3.10).

1.4 LAWS AND REGULATIONS

This EIS is being prepared pursuant to the National
Environmental Policy Act of 1969 (NEPA) [42
U.S.C. 4321 et seq.], the Council on Environmental
Quality NEPA regulations [40 CFR 1500-1508],
and the DOE NEPA regulations [10 CFR 1021].

1.5 INVITATION TO COMMENT

THE PROPOSED ACTION

Provide enhanced high-resolution radiography
capability to perform hydrodynamic tests and
dynamic experiments.

DARHT EIS ALTERNATIVES

* No Action: Continue to operate PHERMEX at
LANL and FXR at LLNL.

» Preferred Alternative: Complete and operate
the DARHT Facility at LANL.

* Upgrade PHERMEX: Upgrade PHERMEX
with the enhanced radiography technology instead
of completing the DARHT Facility.

* Enhanced Containment: In addition to
containing all experiments involving plutonium,
enclose many or all experiments inside a
containment vessel or containment structure.

* Plutonium Exclusion: Exclude any
applications involving experiments with plutonium
at the DARHT Facility.

* Single-Axis: Complete and operate only a
single axis of the DARHT Facility.

This draft EIS is being distributed to congressional members and committees; the State of New Mexico;
the Tribal governments of Cochiti, Jemez, Santa Clara, and San Ildefonso Pueblos; Los Alamos, Rio
Arriba, and Santa Fe county governments; other Federal agencies; and the general public for review and
comment. DOE invites comments to correct factual errors or to provide insights on any other matter
related to this environmental analysis. In addition to its invitation for written comments, DOE has
scheduled public hearings to solicit spoken and written comments on the draft EIS. The dates for the

formal/written public comment period, as well as the dates, times, and locations for public hearings on this

draft EIS, are listed in the front of this document.

1.6 NEXT STEPS

After considering the comments received, DOE will revise the draft EIS as appropriate and publish a final
EIS. The final EIS will be distributed to the State, Tribes, local governments, and other Federal agencies;
all parties who commented on the draft EIS; and any other interested party. DOE intends to publish all
comments received and a full comment response; however, if the number of comments proves to be too
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voluminous, DOE may publish only a comment summary in the final EIS. In that case, all comments and
a full comment response would be available for public review in the LANL Community Reading Room
and other locations.

Following completion of the final EIS (but at least 30 days after the final EIS is issued), the DOE
Assistant Secretary for Defense Programs will issue a ROD. The ROD will explain all factors, including
environmental impacts, that DOE considered in reaching its decision (see inside back cover). The ROD
will specify the alternative or alternatives which are considered to be environmentally preferable. DOE
anticipates that, in addition to environmental impacts, the ROD will be based on cost, national security,
and infrastructure considerations. If mitigation measures, monitoring, or other conditions are adopted as
part of the agency’s decision, these will be summarized in the ROD as applicable, and included in a
Mitigation Action Plan that would accompany the ROD. The Mitigation Action Plan would explain how
and when mitigation measures would be implemented, and how DOE would monitor the mitigation
measures over time to judge their effectiveness. The ROD and Mitigation Action Plan, if needed, also
will be placed in the LANL Community Reading Room and will be available to interested parties upon

request.
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CHAPTER 2

CHAPTER 2
PURPOSE AND NEED FOR DOE ACTION

Thls ch#pter specifies the underlying purpose and need for the Pro;ﬁdsed Actlon e

2.1 OVERVIEW

The Department of Energy (DOE) is
responsible for ensuring that U.S.
nuclear weapons remain safe, secure,
and reliable. Although the details of
nuclear weapons design are classified,
figure 1-2 provides an unclassified
summary of the parts of a nuclear
weapon. Recent events and changes
in U.S. policy that have affected the
DOE need for hydrodynamic tests
and dynamic experiments are
summarized in the box. The
discussion in this chapter is
augmented by the classified
supplement for this Environmental
Impact Statement.

The DOE program that responds to
the President’s direction to ensure
confidence in the nuclear weapons
stockpile in the absence of nuclear
testing is science-based stockpile
stewardship and management. This is
an ongoing program that has evolved
from, and whose goals are redirected
from, the former DOE weapons
research, development and testing,
and stockpile support programs.
Stockpile stewardship plays a crucial
role in accurately and effectively
assessing the continued safety,
performance, and reliability of
nuclear weapons as they age; in
identifying when a weapon or its
components may need to be rebuilt;

 September 1991

S}eptemberl 1992
October 1992

July 1993.
November 1993
November 1993

July 1994

September 1994

Eventll’olig Ch'an‘g v‘ e

,H'Pre&dent made the ﬁrst of three

announcements on slgmﬁcant reductlons in -
the nuclear weapons stockpile.

DOE performed last underground nuclear test.
President slgned nine-month moratonum o

stopping all nuclear testmg until July 1993.

President announced extensnon of moratonum
on underground nuclear testing. Directed
DOE to develop alternative means for a
stockpile stewardship program.

-A Presidential Decision Directive estabhshed

the scope of the stockpile stewardshxp i
program and emphasized increased unportance
of hydrodynamic testing in the absence of
nuclear testing. Reaﬁ‘umed by Secretary of
Defense. ‘

In the National Defense Authorization Act
[P.L. 103-160], Congress instructed the
Secretary of Energy to “establish a
stewardship program to ensure the
preservation of the core intellectual and
technical competencies of the United States in

nuclear weapons.”

In the National Security Strategy, the
President stated that the Nation would retain
nuclear forces sufficient to deter foreign
hostility and would also stem proliferation of
nuclear weapons.

Secretary of Defense completed the Nuclear
Posture Review and reaffirmed that nuclear
weapons remain essential even though
stockpiles will be reduced.
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and in assuring that the rebuilt components themselves do not compromise the safety, performance, and
reliability of the weapons.

Hydrodynamic tests and dynamic experiments are essential elements of the evaluation and understanding
of weapon performance under the science-based stockpile stewardship program. Dynamic experiments are
used to gain information on the physical properties and dynamic behavior of materials used in nuclear
weapons. Hydrodynamic tests are used to obtain diagnostic information on the behavior of a nuclear
weapon primary and to evaluate the effects of aging on the weapons remaining in the greatly reduced
nuclear weapons stockpile.

DOE needs to improve its hydrodynamic testing capability as soon as possible. Uncertainty in the
performance of the enduring stockpile will continue to increase with the passage of time since DOE can
no longer use nuclear testing to assess the safety, performance, and reliability of the weapons. DOE has
determined that no other currently available advanced techniques exist which can provide a level of
information comparable to that which can be obtained from enhanced radiographic hydrodynamic testing.

Also, DOE needs to maintain or improve its radiographic testing capability to support other science
missions. Hydrodynamic tests and dynamic experiments are important tools for evaluating conventional
munitions; studying hydrodynamics, materials physics, and high-speed impact phenomena; and for
proliferation assessment and disablement.

2.2 POLICY CONSIDERATIONS

In responding to the Nation’s need to ensure safety, President Clinton, in the National Security
security, and reliability of the nuclear weapons Strategy, July 1994, stated:
stockpile, DOE must consider national policy
regarding nuclear deterrence and stockpile * “Even with the Cold War over, our
stewardship. nation must ... deter diverse threats.”

* “We will retain strategic nuclear forces

sufficient to deter any future hostile

221 Nuclear Deterrence foreign leadership ... Therefore we will

continue to maintain nuclear forces of

sufficient size and capability to hold at
risk a broad range of assets valued by
such political and military leaders.”

Nuclear deterrence remains a comnerstone of U.S.
policy, and this Nation will continue to rely on DOE

to maintain a safe, secure, and reliable nuclear “A critical priority for the United States
weapons stockpile. In the past, DOE has been able is to stem the proliferation of nuclear
to accomplish that mission by retiring weapons weapons and other weapons of mass
before the end of their design life and by upgrading destruction and their missile delivery

or redesigning weapons if potential problems were
detected through nuclear testing and hydrodynamic
tests and dynamic experiments (see figure 2-1).
However, the President has placed a moratorium on underground nuclear testing and has decided that the
United States will not build new nuclear weapons for the foreseeable future (even to replace those past
their design life). Now DOE must rely on the data from hydrodynamic tests and dynamic experiments to
ensure the safety, security, and reliability of the weapons.
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In the past, both hydrodynamic and nuclear testing were Without nuclear testing, DOE must
used to assess nuclear weapon safety, performance, and rely on improved hydrodynamic
reliability. Computational models were verified by testing to verify computational
observing the results of both hydrodynamic tests and models and to assess weapon safety,
nuclear testing. performance, and reliability.
Theory Hydrodynamic Underground
Computations Tests Nuclear Tests
Engineering

FIGURE 2-1.—Prior Relationship of Hydrodynamic Tests and Underground Nuclear Tests to
Nuclear Weapon Safety, Performance, and Reliability Assessments.

2.2.2 Stockpile Stewardship

Since the 1940s, DOE and its predecessor agencies have been responsible for ensuring the safety, security,
and reliability of the nuclear weapons in the stockpile. This assignment was included in the Atomic
Energy Act [42 U.S.C. 2011 et seq.], along with the responsibility to design, manufacture, and certify
nuclear weapons. DOE now accomplishes this mission through the science-based stockpile stewardship
and management program. Stockpile stewardship includes those activities required to ensure a high level
of confidence in the nuclear weapons stockpile, whereas stockpile management includes facilities and
capability for maintenance, surveillance, repair or replacement of weapons in the stockpile.

DOE'’s three weapons laboratories [Los Alamos National Laboratory (LANL), Lawrence Livermore
National Laboratory (LLNL), and Sandia National Laboratories] carry out the stockpile stewardship
mission. The laboratories are asked to identify, develop, and implement selected tools — programs and
facilities — needed to achieve their assigned responsibilities. Through the directors of the weapons
laboratories, DOE must certify that nuclear weapons will not accidentally detonate during storage and
handling (safety), that the weapons would thwart any attempts for unauthorized use (security), and that
they would function as designed in the event of authorized use (performance and reliability).

For 50 years, nuclear tests were key to gathering data used for developing nuclear weapons and certifying
their safety, reliability, and performance. Nuclear tests were also used to evaluate the effectiveness and
certify performance of weapons that were redesigned. Since the 1992 moratorium on nuclear tests, DOE
has recognized that a new approach, based on scientific understanding and expert judgment, is needed to
ensure confidence in the nuclear deterrent and U.S. stockpile. Given the moratorium on nuclear testing,
the termination of new weapons development and manufacturing, and the closure of DOE weapons
production facilities, this confidence will depend on the competence of the people who must make the
scientific and technical judgments related to the safety and reliability of U.S. nuclear weapons. Those
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people must have a fundamental understanding of the

basic scientific phenomena associated with nuclear | The Nuclear Posture Review completed by
weapons. | the Secretary of Defense in September 1994
| reaffirmed that in today’s security
To develop its science-based program, DOE identified | environment nuclear weapons remain
five critical issues regarding stockpile stewardship and | essential even though nuclear weapons
management and strategies to address them. Two of stockpiles will be reduced. The Review
these strategies acknowledge DOE’s need for improved || ©outlined:
hydrodynamic testing capability: | + A future nuclear posture with a
» Enhanced experimental and computational | focus on maintaining good
capabilities — high-resolution, multiple-time, stewardship of the weapons
multiple-view hydrodynamic tests using simulant remaining in the national stockpile.
materials to define implosion characteristics of | A continuing relationship between
weapons primaries and assess their safety, DOE and the Department of
reliability, and performance. Defense under the acgis of the
stockpile stewardship program to
» Enhanced weapon and materials surveillance ‘ maintain a reliable, safe, and secure
technologies — hydrodynamic tests on test units nuclear stockpile.
built, when possible, with aged stockpile Actions to ensure a stockpile
components (with simulant materials replacing stewardship program within the
the fissile pit materials) to provide important | bounds of a future comprehensive
data on the effects of aging on weapons safety t,le.;t bl;en treaty. £ Def:
and performance. Data from experiments with r ¢ Department of belense
. . equirements for DOE to, among
these test units wquld augment the Paselme data other things, maintain nuclear
from hydrodynamic tests of stockpile weapons. weapons capability (without
underground nuclear testing or
Confidence in the enduring nuclear stockpile is to some fissile material production), while
degree subjective, and in some cases the Nation might emphasizing that there is no
be willing to forego the means to ensure a higher degree foreseeable need for new-design

of confidence in the condition of its nuclear weapons in | nuclear warhead production.
favor of some other value, as was the case when the
President decided to impose a moratorium on
underground nuclear testing. However, the President continues to emphasize that DOE must maintain an
effective nuclear deterrent, and DOE has determined that hydrodynamic testing programs are an essential
means to develop baseline experimental data for the enduring stockpile, as a tool for stockpile sampling,
and to determine the effects of aging.

2.3 NEED FOR ENHANCED
RADIOGRAPHIC CAPABILITY

DOE has determined that it needs to obtain an enhanced capability to conduct radiographic hydrodynamic
tests and dynamic experiments. The capability to obtain high-resolution, multiple-time, multiple-view
information is needed to assess safety, performance and reliability of weapons; evaluate aging weapons;
obtain information about plutonium through dynamic experiments; and for other uses.
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The DOE’s determination has been
independently verified by a panel of
technical experts who studied the
requirements for the DOE science-based
stockpile stewardship program (JASON
1994). DOE has determined that above-
ground, radiographic diagnostics are the
best means (and for some parameters, the
only known means) to obtain the needed
information, and that linear induction
accelerators (the technology proposed for
DARHT) represent the best available
technology to produce the high-speed, high-
resolution, deeply penetrating radiographs
that are needed. In addition, DOE has
determined that no other advanced
technology is currently available that could
provide a comparable level of information.
DOE'’s conclusions have been
independently verified by panels of
consultants convened to consider these
issues (JASON 1994; HPAIC 1992; DFAIC
1992; and DOE 1993).

2.3.1 Assessing Weapons Safety,
Performance, and Reliability

To ensure the continued viability of the
smaller stockpile, DOE must improve its
scientific understanding of the physics of a
nuclear weapon, and develop a better
understanding of how a nuclear weapon
behaves during the complex interactions
that occur in the brief interval between
detonation and nuclear explosion. This
information is needed to assure the
continued safety, performance, and
reliability of existing weapons.

President Clinton, in the Presidential Decision Directive of
November 1993, stated:

* Stockpile stewardship will use past nuclear test
data in combination with future nonnuclear test
data, along with computational modeling,
experimental facilities, and simulators to further
comprehensive understanding of nuclear weapons.

* Stockpile stewardship will include stockpile
surveillance, experimental research, development
and engineering programs and maintaining a
production capability to support stockpile
requirements.

* Achieving stockpile stewardship objectives will
require continued use of current facilities and
programs, a limited set of new experimental
facilities and computational facilities and
programs, and periodic review and evaluation of
program elements.

* In the absence of nuclear testing, hydrodynamic
testing programs have increased in importance.
These programs include developing baseline
hydrodynamic experimental data for the enduring
stockpile and increasing the number of
hydrodynamic experiments as part of the stockpile
sampling and aging evaluation programs.

* Hydrodynamic testing is also needed to support a
development program necessary to help retain and
exercise weapon design engineering skills and to
examine safety modifications in existing nuclear
warhead designs that could be introduced into the
stockpile without nuclear testing in case they are
needed in the future.

* The future hydrodynamic testing program requires

ongoing support from the DOE and Department of

Defense for research, development and testing

activities; the program requires increased funding

for constructing upgraded experimental facilities
as well.

DOE has not yet determined how to predict with sufficient accuracy from computer calculations alone the
rapidly changing shape of a weapon primary during the last stages of implosion. However, this
information is essential to predict the safety, performance, and reliability of a nuclear weapon. At this
time, the highest priority issues for stockpiled primaries are those that affect the successful ignition of the
deuterium-tritium boost gas. DOE needs to be able to predict the implosion movement of the three-
dimensional weapons assembly to provide an integral measure of the expected performance of the fission
drive, to assess nuclear safety in accidents, and for render-safe and disablement effectiveness. Current
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diagnostic capabilities are insufficient to make all of the necessary types of measurements of an imploding
primary or to make refined measurements at the high level of detail needed. Therefore, DOE needs to
establish an enhanced diagnostic capability to make the necessary types of measurements at the desired
level of detail.

Prior to the President’s moratorium on nuclear testing, the United States used both hydrodynamic and
nuclear testing to obtain information needed to assess nuclear weapons safety, performance, and reliability.
Nuclear testing at appropriate nuclear yields allowed DOE to maintain the stockpile and its nuclear
expertise with very high confidence; the performance and safety of the enduring stockpile was validated by
such tests. Because of the moratorium on nuclear testing, DOE did not complete all of the underground
nuclear tests that had been planned. Certain types of data gaps, which the design laboratories expected to
be partially filled in by analyzing the results of nuclear tests, remain unfilled.

Without nuclear testing, mathematical calculations based upon experimental data will be the only way to
obtain needed information on weapons performance and reliability. Theoretical mathematical calculations
alone cannot be relied upon to predict the behavior of a nuclear weapon primary; the calculations must be
verified against actual experimental data. DOE considers enhanced radiographic hydrodynamic testing to
be the best (and in some areas, the only known) tool to obtain certain types of information regarding
weapons primaries. These data are needed to verify and refine predictive analytical models.

In an era during which nuclear testing will not be performed, DOE will have to assess weapons safety,
performance, and reliability in other ways. Enhanced radiographic hydrodynamic testing would provide a
powerful tool for implementing the science-based stockpile stewardship program. Whether or not this
approach will fully satisfy the need for stockpile assurance without nuclear testing is not completely
known, and it will not be known for several years after an enhanced hydrodynamic capability, among
other tools, is put into place and test results are analyzed. The possibility exists that, without nuclear
testing, the Nation cannot ensure the continued viability of a nuclear deterrent based on the existing
weapons in the nuclear weapons stockpile. The sooner that DOE can obtain better diagnostic information,
the sooner that the Nation can determine if its existing nuclear deterrent is sufficient. Conversely, the
longer the Nation waits before an enhanced capability is achieved, the greater the chance that a problem
will arise which cannot be addressed with the current capability in a manner which is sufficient to ensure
the necessary level of confidence in the nuclear weapons stockpile.

2.3.2 Evaluating Aging Weapons

Although the U.S. nuclear weapons stockpile is presently safe and reliable, the nuclear weapons in today’s
U.S. stockpile are aging. Existing weapons, on the average, are about 15 years old, and in about five
years, many weapons will begin exceeding their original design lifetime. In the past, individual weapons
in the stockpile were replaced by new-design, upgraded or replacement weapons before they approached
the end of their design life. However, because the United States is not producing new weapons, DOE
does not anticipate replacing the weapons now in the stockpile before the end of their original design life.
This creates uncertainty about the safety and performance capability of the remaining weapons as they
continue to age because DOE does not know how the weapons will behave over the long term.

DOE believes that inventorying or benchmarking the condition of weapons and their expected performance
characteristics, as soon as possible, is needed. This would provide a baseline for comparing future
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surveillance observations and performance
tests over the period of time that the
weapons will eventually be called upon to
serve in the stockpile. DOE would use
hydrodynamic testing to assist with
benchmarking. Enhanced hydrodynamic
testing capability is needed to accurately
benchmark weapon primaries. The sooner
that benchmarking takes place, the sooner
DOE would have more reliable data and -
could be more certain about the condition
of the weapons remaining in the stockpile.
DOE estimates that it will take several
years to baseline each weapons system
expected to remain in the stockpile.

As materials age, particularly the kinds of

materials contained in nuclear weapons,

they tend to change. DOE weapons

personnel are able to predict some types of

changes that would be expected to occur

over time in the materials that make up the

weapons. However, other effects that aging

may bring about on the performance and reliability of these weapons, and on their behavior under certain
postulated accident conditions, are largely unknown. DOE needs to be able to ensure that aging weapons
remain safe and reliable. In the event that systems in aging weapons need to be reengineered or replaced,
DOE needs a capability to validate that the replacement systems would not compromise weapons safety,
reliability, or performance. DOE also needs to be able to predict the physics behavior that would be
expected from an aging weapon under abnormal conditions, such as those that might occur in an accident
or those that might occur in the material properties under routine or adverse conditions.

In the past, DOE has discovered several unanticipated problems in the weapons in the stockpile (Miller et
al. 1987). DOE has considerable evidence to indicate that, as weapons age, problems related to the
deterioration of weapon components can and do occur. Before the recent changes in policy, most weapons
were replaced by newer systems before their design life had been exceeded. Therefore, most of the
historical information on safety, reliability, or performance of stockpiled weapons was related to issues that
arose unexpectedly before the end of their design lifetime. DOE has 50 years of experience in solving a
wide diversity of issues, (e.g., the large number of ways that materials can crack, corrode, or otherwise
degrade) and in increasing its understanding of plausible accident scenarios. This experience helps prevent
exact recurrences of past problems, but it does not prevent new issues from arising.

DOE and its predecessor agencies have maintained a surveillance program since the 1940s; however, by
itself, weapons surveillance is not adequate to predict and resolve performance or reliability problems. To
certify a weapon system, prototype systems were tested extensively, using both nuclear testing and
hydrodynamic tests, before any production of stockpile weapons was authorized. DOE relies on its
stockpile surveillance program to observe post-production problems for weapons in the stockpile. Once a
problem is discovered, DOE must determine the impact that the problem might have on weapons safety or
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performance reliability. The probable impact of an observed change is calculated based on known
computer codes and then corroborated with experimental testing.

Although certain limited-life components were designed to be replaced (such as batteries) or replenished
(such as tritium gas reservoirs), other essential components of weapons were presumed to last the life of
the weapon. High explosives, primaries, secondaries, and radiation shields were not designed to be
replaced unless testing programs indicated that a problem existed with a given component. However, the
metals, plastic explosives and other materials that make up the weapons in the existing stockpile are
known to have the possibility of becoming brittle, cracked, or otherwise show changes in material
properties over extended periods of time. The question faced by weapons personnel is whether these
changes, if they occur, would affect the safe handling characteristics or performance reliability of the

weapons.

DOE cannot predict with certainty when safety or reliability concerns will arise in the future, but DOE
anticipates that problems will be discovered more frequently as weapons become older and exceed their
original design lifetime. Because the weapons will become older than any weapons with which DOE has
had experience, there will be a need to address and correct problems not previously encountered. Of the
weapon types introduced since 1970, nearly one-half required nuclear testing after their development was
complete (either while they were deployed, or still being produced) to verify, resolve, or certify that
problems relating to safety or reliability have been resolved. A majority of these problems involved the
weapons’ primary stage. Since 1970, several thousand weapons have been removed from the active
stockpile for major modification, or have been accelerated on their path to retirement, to fully resolve such
safety or performance reliability concemns.

One example is the now-retired W68 warhead for a submarine-launched ballistic missile. Routine
surveillance disclosed a premature degradation of the warhead’s high explosive. Without modification, the
problem would have ultimately rendered the weapon inoperable. The weapons were disassembled and the
high explosive replaced with a more chemically stable formulation. In addition, because some of the
materials used in the original production were no longer available commercially, some additional changes
were made in the rebuilt weapon. Nuclear test data were used to assure that the high explosive and other
changes would not compromise adequate performance of the weapons. DOE performed a nuclear test to
verify that the rebuilt weapons would perform as designed and was surprised to find that the weapon yield
was degraded. However, DOE decided that the lower yield was acceptable. This example and others
have been summarized in a 1987 unclassified report to Congress by Dr. George Miller, Dr. Carol Alonso,
and Dr. Paul Brown (Miller et al. 1987).

In the absence of nuclear testing, DOE must rely more heavily on hydrodynamic testing to provide the
same assurance of safety, performance, and reliability, particularly to verify, resolve, or validate fixes

which modify existing systems. DOE considers enhanced radiographic hydrodynamic testing to be the
best currently available tool to obtain information regarding the effects of aging on weapon primaries.

23.3 Dynamic Experiments with Plutonium

Some components of nuclear weapons contain plutonium, which is a material with unique behavioral
characteristics. As part of its effort to better understand the materials science aspect of nuclear weapons
aging and performance, DOE needs to develop a better understanding of the physical properties of
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plutonium. In metal form, plutonium is an extremely heavy, dense silvery metal. Plutonium is sometimes
stored as an oxide or in solution. Any form of plutonium may react with water, plastics, metals, or other
materials with which it comes into contact. It is important that the DOE weapons laboratories have the
tools to study the various forms of plutonium and its physical properties, and to evaluate and predict
plutonium behavior under dynamic conditions (that is, conditions involving very rapid motion).

Currently, the body of knowledge regarding the behavior of plutonium is inadequate. DOE needs:
* A better understanding of the properties of plutonium

 More accurate equations of state to predici the behavior of plutonium, especially at high pressures
and temperatures

 More information regarding the behavior of the plutonium surface following a physical shock.

Since radiographic dynamic experiments are the best tool to obtain this information, DOE needs to have
the capability to conduct dynamic experiments with plutonium using enhanced high-resolution
radiography. As a matter of policy, in the event that DOE performed dynamic experiments involving
plutonium, these experiments would always be conducted in double-walled containment vessels.
Accordingly, DOE needs to have the capability to stage, maintain, and clean out the plutonium
containment vessels.

2.3.4 Other Needs

DOE also needs more information on other issues related to nuclear deterrence and nuclear weapons
materials science.

» The United States needs to be able to continue to assist other nations with evaluating the condition,
safety, and expected performance of their weapons and weapons designs under current international
agreements.

 The United States needs to be able to assess the condition, safety, security, and performance
reliability of other nuclear weapons such as these designed by a nonfriendly nation or a terrorist.

* DOE needs to be able to continue to assist the Department of Defense with evaluation of
conventional weapons and other military equipment.

* DOE needs to be able to study explosives-driven materials and high-velocity impact phenomena
for nonweapons applications and other uses of interest to industry.

* The accelerator technology developed for high-resolution radiography may have other science and
industry applications.

In 1991, the President stated that the United States would not design new nuclear weapons in the
foreseeable future. However, in the event that this Nation decides, as a matter of policy, that new nuclear
weapons should again be developed, DOE would use all appropriate means at our disposal to accomplish
this. Hydrodynamic testing, along with many other tools, could be used to assist in weapons development.
However, any decision to develop new nuclear weapons would be made by the President and be subject to
Congressional review and approval.
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2.4 LIMITATIONS OF EXISTING FACILITIES

Along with other stockpile stewardship responsibilities, DOE has assigned a hydrodynamic testing mission
to its two nuclear weapons physics laboratories, LANL and LLNL. The Pulsed High Energy Radiation
Machine Emitting X-Rays (PHERMEX) is the existing radiographic hydrodynamic testing facility at
LANL and the Flash X-Ray (FXR) is the existing radiographic hydrodynamic testing facility at LLNL.

PHERMEX has been in continuous operation since 1963. In addition to major, full-scale hydrodynamic
tests, PHERMEX is used for smaller types of experiments, such as high-explosive tests or static
radiographs. Although PHERMEX was state of the art in the 1950s when it was designed, it is no longer
adequate. It cannot provide the degree of resolution, depth of penetration, rapid time sequencing, or three-
dimensional views that are needed to provide answers to current questions regarding weapons condition or
performance. Even if these types of diagnostic information were not needed, PHERMEX would not
remain a viable test facility over time without significant upgrades or replacement because of the
increasing difficulty to maintain the facility. For example, the 30-year-old radio-frequency accelerator that
powers PHERMEX uses eight large vacuum tubes; each tube costs about $90,000 and has to be replaced
about every 18-24 months. While DOE has about a two to three year supply in stock, the sole
manufacturer for the tubes does not manufacture this item in quantity because there are very few
customers for the product.

FXR has been in continuous operation since 1983; it is DOE’s most advanced radiographic hydrodynamic
testing facility. At the time it was constructed, it represented a great improvement in capability over
PHERMEX. Although FXR uses linear induction accelerator technology for high-speed radiography, it
cannot provide the degree of resolution, depth of penetration, or three-dimensional views needed to
address current questions. Additionally, DOE does not perform dynamic experiments with plutonium at
LLNL.

Neither PHERMEX nor FXR are adequate to provide the enhanced radiographic hydrodynamic testing
capability that DOE now needs in the absence of nuclear testing. At present, both PHERMEX and FXR
can take only one image at a time. If planned upgrades are completed, PHERMEX and FXR may soon
have the capability to make sequential radiographs up to 100 microseconds apart, but without improvement
in x-ray dose or spot size. Neither PHERMEX nor FXR is capable of producing a high enough x-ray dose
with a small enough beam spot size to provide the diagnostic capability that DOE now needs. Neither
machine is capable of taking very high-resolution radiographs, which is dependent upon the accelerator
beam spot size. Neither machine is capable of producing x-ray beams with the degree of penetration
required, which is principally dependent upon x-ray dose strength. Neither machine has the capability to
obtain three-dimensional information for one test event, which requires the ability to take pictures from
more than one point of view. To obtain three-dimensional data at PHERMEX or FXR, the laboratory
personnel must make up more than one test assembly and explode them, one at a time, rotating each
subsequent device to obtain an additional point of view. Besides increasing costs — a full-scale
hydrodynamic test costs $1.5 to $2 million, with the cost multiplied by the number of views tested — it is
difficult to reproduce precise dimensions and alignments (within hundredths of an inch) to replicate test
results for components in a series of tests. The confidence in the resulting data is also limited because of
the uncertainties of using sequential tests. DOE’s observations regarding the limitations of PHERMEX
and FXR, even after planned upgrades have been incorporated, have also been reflected by independent
researchers (JASON 1994).

2-10
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2.5 NONPROLIFERATION

DOE has determined that enhanced hydrodynamic testing capability in support of the science-based
stockpile stewardship program is consistent with the United States policy on nonproliferation.

The President is committed to curbing the proliferation of nuclear weapons. The DOE science-based
stockpile stewardship and management program is a key component of the United States nonproliferation
strategy. This Nation’s commitment to nonproliferation is evident by our support for an indefinite
extension of the Nonproliferation Treaty [in force 1970; 21 UST 483] and our goal of achieving a
comprehensive test ban as soon as possible. In support of these goals, the stockpile stewardship program
provides a means to assure the safety and reliability of the Nation’s remaining stockpile of nuclear
weapons under a continuing testing moratorium and a future comprehensive test ban.

One global benefit of science-based stockpile stewardship is to demonstrate the U.S. commitment to
Nonproliferation Treaty goals; however, the U.S. nuclear posture is not the only factor that might affect
whether or not other nations might develop nuclear weapons of their own. Some nations which are not
declared nuclear states have the ability to develop nuclear weapons. Many of these nations rely on the
U.S. nuclear deterrent for security assurance. The loss of confidence in the safety or reliability of the
weapons in the U.S. stockpile could result in a corresponding loss of credibility of the Nation’s ability to
provide a nuclear deterrent, and could provide an incentive to other nations to develop their own nuclear
weapons program.

The United States has halted the development of new nuclear weapons systems. The Nuclear Posture
Review commits the United States to maintaining a safe and reliable nuclear deterrent. The hydrodynamic
testing program, when used to assess the safety and reliability of the nuclear weapon primaries in the
remaining stockpile, does not constitute proliferation. The results of such testing are classified and could
not lead to proliferation without a breach of security. Because the United States is already a nuclear
weapons state, and has had a hydrodynamic testing program for several decades, continuing to maintain a
hydrodynamic testing capability does not change our Nation’s status in regards to proliferation. Lack of
hydrodynamic testing capability, while seriously impacting our ability to ensure the continued safety and
reliability of the stockpile, also would not change the status of the United States in terms of proliferation —
we would remain a nuclear weapons state. Proliferation drivers for other states, such as international
competition or the desire to deter conventional armed forces, would remain unchanged regardless of
whether DOE implemented the proposed action analyzed in this EIS.

Most of the component technology used for hydrodynamic testing is unclassified and is available in the
open literature; many other nations have developed a considerable accelerator technology capability.
Accelerator-based radiographic technology is currently used by other weapons states for many of the same
reasons it is used by the United States.

2.6 RELATIONSHIP OF THE DARHT EIS TO OTHER DOE EIS’S

DOE plans two other National Environmental Policy Act (NEPA) reviews regarding proposed actions at
LANL related to the Dual Axis Radiographic Hydrodynamic Test (DARHT) Facility environmental impact
statement (EIS) — the LANL Sitewide Environmental Impact Statement (SWEIS) and the Stockpile
Stewardship and Management Programmatic Environmental Impact Statement (PEIS).

2-11
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DOE is in the process of preparing the SWEIS for

LANL [Advance Notice of Intent, 59 FR 40889]. Draft
The purpose of the SWEIS is to provide DOE and EIS
its stakeholders a comprehensive look at the

cumulative environmental impacts of ongoing and ggRHT :;av 3'?)’
reasonably foreseeable future operations at LANL.

The SWEIS will focus on impacts of current LANL  May Apr
LANL activities and activities proposed or . SWEIS 95 %
anticipated to occur 5 to 10 years into the future. SS&M Jun  Feb
It will replace the prior SWEIS that was completed PEIS 95 96

in 1979. The SWEIS will include all activities at Note: Daies are subject to change.
LANL and will incorporate the results of any
related environmental impact analyses in any
current NEPA documents, which will be combined with impact analyses performed specifically for the
SWEIS. Under current schedules, the DOE plans to issue the Record of Decision (ROD) on the DARHT
EIS prior to issuing the draft SWEIS. The information on environmental impacts of the course of action
selected in the DARHT ROD will be included in the analysis of cumulative impacts for the SWEIS.

DOE will prepare a stockpile stewardship and management PEIS to support future decisions regarding
DOE’s responsibilities in connection with the nuclear weapons stockpile [59 FR 54175). As discussed
earlier in this section, the President and Congress have included within the definition of stockpile
stewardship the actions needed to improve DOE’s capability to conduct hydrodynamic tests. The
environmental impact analysis of the course of action selected in the DARHT ROD will be incorporated
into the PEIS.

The DOE proposal to provide enhanced high-resolution radiography capability responds to Presidential and
Congressional direction, and is independently justified compared to the DOE stockpile stewardship and
management program. Because enhanced hydrodynamic capability is needed in the near-term regardless
of the alternatives analyzed in or the courses of action selected as a result of the stockpile stewardship and
management PEIS, DOE believes that a decision on whether to implement the proposed action analyzed in
this EIS would not prejudice any ultimate decision regarding the stockpile stewardship and management
program. The No Action Alternative will not meet the purpose and need for the Proposed Action.
Proceeding with the DARHT EIS in advance of the completion of either the SWEIS or the PEIS is
necessary because a decision on whether to proceed with DARHT, or pursue an alternative, is needed as
soon as possible to help ensure the continued safety and reliability of the nuclear weapons stockpile. As
explained in chapter 3 of this EIS, DOE has considered alternative means to obtain the enhanced
capability for hydrodynamic tests and dynamic experiments that it now needs, and has analyzed in detail
in this EIS the range of alternatives that would meet the current need. Furthermore, as a matter of policy
and Presidential and Congressional direction, DOE will continue to maintain and improve its
hydrodynamic testing capability regardless of the outcome of either of the SWEIS or the PEIS. Thus, the
alternatives analyzed in this DARHT EIS are not dependent on the decisions expected to flow from either
the SWEIS or the PEIS. Accordingly, DOE does not believe that a decision on whether to proceed with
DARHT would prejudice the outcome of either of these NEPA reviews.

2-12
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CHAPTER 3
PROPOSED ACTION AND ALTERNATIVES

This Chapter describes the proposed action and alternative ways to accomplish it. It also describes
considerations that are common to all alternatives and alternatives that were considered but not
analyzed.

3.1 OVERVIEW

The alternatives analyzed in this environmental impact statement (EIS) would implement all or part of the
Proposed Action. The Proposed Action is to provide an enhanced high-resolution radiographic capability
to perform hydrodynamic tests and dynamic experiments in support of DOE’s historical mission and the
near-term stewardship of the Nation’s nuclear weapons stockpile. The aspects of the DOE hydrodynamic
testing and dynamic experiment program that would not change regardless of the course of action selected
are described in this chapter as considerations common to all alternatives. DOE considered, but did not
analyze in detail, other alternatives, which are described here along with an explanation as to why they
would not meet the DOE’s purpose and need for enhanced testing capability. The environmental impacts
of all analyzed alternatives, along with other decision factors, are summarized. The discussion in this
chapter is augmented by the classified supplement for this Environmental Impact Statement.

The No Action Alternative would not meet the DOE’s purpose and need for enhanced radiographic
hydrodynamic testing but is provided as a basis of comparison. The next two alternatives address various
ways to meet part or all of the purpose and need. The remaining alternatives would modify the Preferred
Alternative to mitigate possible environmental impacts; these mitigation measures could also be applied to
the other alternatives, but they are not expressly analyzed. For example, the Single-Axis Alternative could
be constructed instead of the dual-axis facility under the Upgrade PHERMEX Alternative as well as the
modification to the DARHT Facility analyzed under the Single-Axis Alternative. However, since the
environmental impacts would be similar, and within the expected bounds of the alternative analyzed, this
EIS does not specifically analyze that particular option.

The alternatives analyzed are:

* No Action Alternative: DOE would continue to use the Pulsed High Energy Radiation Machine
Emitting X-Rays (PHERMEX) Facility at the Los Alamos National Laboratory (LANL) and the
Flash X-Ray (FXR) Facility at the Lawrence Livermore National Laboratory (LLNL) in support of
its stockpile stewardship mission. Construction of the Dual Axis Radiographic Hydrodynamic Test
(DARHT) Facility would not be completed; the structure would be completed for other uses. DOE
would perform some dynamic experiments; those using plutonium would be conducted in
containment vessels.

* Preferred Alternative: DOE would complete and operate the DARHT Facility and phase out
operations at PHERMEX. DOE may delay operation of the second axis of DARHT until the
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accelerator equipment in the first axis is tested and proven. DOE would perform some dynamic
experiments; those using plutonium would be conducted in containment vessels.

e Upgrade PHERMEX Alternative: Construction of the DARHT Facility would not be completed.
Major upgrades would be constructed at PHERMEX, and the high-resolution radiographic
technology planned for DARHT would be installed at PHERMEX, including a second accelerator
for two-axis imaging. DOE would perform some dynamic experiments; those involving plutonium
would be conducted in containment vessels.

* Enhanced Containment Alternative: Similar to the Preferred Alternative except that some or all
tests would be conducted in a containment vessel or containment structure. Most tests would be
contained if containment vessels were used. All tests would be contained if a containment
structure were used.

* Plutonium Exclusion Alternative: Similar to the Preferred Alternative except that plutonium
would not be used in any of the experiments at DARHT. DOE would conduct dynamic
experiments with plutonium at PHERMEX or other facilities.

* Single-Axis Alternative: Similar to the Preferred Alternative except that only one accelerator hall
would be completed and operated for hydrodynamic tests or dynamic experiments. The other hall
would be completed for other uses.

3.2 PROPOSED ACTION

As discussed in chapter 2, DOE needs to ensure that the U.S. nuclear weapons stockpile remains safe,
secure, and reliable. Science-based stockpile stewardship is DOE’s program to gain the scientific
understanding needed to assess the condition of nuclear weapons and to assure their continued safety,
performance, and reliability. DOE has determined that, in the absence of nuclear testing, radiographic
hydrodynamic testing and dynamic experiments are necessary to provide information regarding the
condition and behavior of nuclear weapon primaries. DOE has determined that enhanced diagnostic
capability is needed. DOE also has determined that no other currently available technique would provide
a level of information comparable to that provided by enhanced high-resolution radiographic
hydrodynamic testing and dynamic experiments. As discussed in chapter 2, these conclusions have been
independently verified by panels of technical experts.

In response to the specified purpose and need, DOE proposes to provide an enhanced high-resolution
radiographic capability to perform hydrodynamic tests and dynamic experiments in support of its historical
mission and the near-term stewardship of the Nation’s nuclear weapons stockpile. DOE’s preferred
approach would be to complete and operate the DARHT Facility.

3.3 CONSIDERATIONS COMMON TO ALL ALTERNATIVES

Certain aspects of the DOE’s hydrodynamic test and dynamic experiments program would not change,
regardless of which alternative would be implemented. The type of diagnostic experiment — e.g., optical,
pin shot, or weapons geometry (explained below) — would not change even though the ability to obtain
diagnostic information would vary among alternatives. The complex infrastructure needed to support
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hydrodynamic tests and dynamic experiments would not change. The operation of the FXR at LLNL and
the Radiographic Support Laboratory (RSL) at LANL would not change.

3.3.1 Hydrodynamic Tests

For many years, DOE has relied upon hydrodynamic tests to obtain certain types of information about the
behavior of nuclear weapon primaries during the complex interactions expected in an implosion (see
figure 1-2). Hydrodynamic tests use full weapons geometry. The fissile material inside the weapon is
replaced with another material. Hydrodynamic tests are used to measure material motions and
compression by using pins, optics, and radiography. Hydrodynamic tests are supplemented with static,
dynamic, or high-explosives experiments. The information obtained is then used to develop calculations to
predict the safety, performance, or reliability of the weapons device.

Pin shot hydrodynamic tests involve replacing the fissile material of a weapon primary with another
material and inserting a post, called a blast pipe, with various lengths of electrical sensors, called pins,
which radiate from its end. The blast pipe is highly shielded to protect the diagnostic equipment. High
explosives are placed around the outside of the inert material and pin assembly and used to detonate the
mock device. The pins record the movement of the implosion. The information obtained is used to
improve the understanding of how the pit surface moves during the short period of time up to a few
microseconds before criticality would be achieved. Personnel extrapolate the pin shot data and estimate
what would happen in an actual weapon up to the point of a nuclear explosion. These estimates become
less certain as the estimated point of criticality is approached. After extrapolating the pin shot
information, personnel calculate estimated changes in imploding shapes and stages of reactivity. The pin
assembly and blast pipe affect the geometry of implosion, so this type of test does not exactly mimic the
behavior expected during an actual weapons implosion. Pin shots do not provide information about the
boost gas associated with a pit. Radiography is often used as an additional diagnostic with pin shots.

Radiographic hydrodynamic tests supply additional information needed to understand the behavior of an
imploding pit, and information regarding boost gas. Unlike a pin shot, the entire shape of the weapon
primary is replicated. These tests involve replacing the fissile material of a weapon with another material,
detonating the mock device with high explosives, and taking very high-speed (60 to 200 nsec) x-ray
photographs of the imploding device. Radiographic images of mock-up weapons can be taken at any point
during an experiment, including up to the estimated point at which a nuclear explosion would occur in an
actual weapon. They provide information about density and shape changes as the pit implodes. From this
information, LANL personnel modify and improve calculations and infer more detailed information about
an actual nuclear explosion.

To avoid risking security, health, and safety, weapons researchers use some surrogate materials for tests
and experiments. Depleted uranium is often used to mock the weapons-grade plutonium. Depleted
uranium has a higher density, greater strength, and a higher melting point than weapons-grade plutonium.
Tantalum is used for some hydrodynamic tests. The density of tantalum is similar to that of weapons-
grade plutonium, but, like depleted uranium, it has a higher strength and higher melting point. Lead is
sometimes used, primarily to look at material ejected from the pit surface and joints. The density of lead
is lower than weapons-grade plutonium, and lead has lower strength and melting point.
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The certainty of information for radiographic hydrodynamic tests increases with the number of views that
are obtained. This applies to both sequential images and images taken from different viewpoints. The
amount of information obtained from radiographic hydrodynamic tests also depends on the clarity of the
image. This, in turn, depends on the resolution provided by the x-ray beam spot size (a smaller beam spot
size provides greater resolution) and the penetration provided by the x-ray intensity. The dense pit
materials, typically represented by depleted uranium, inhibit the penetration of the x-rays and inhibit the
ability to obtain images of the imploding pit. To obtain better penetration, hence better images, other
surrogate materials are sometimes used, such as tantalum, which allows very good x-ray penetration.

Depleted uranium is also used for related mock-up components. For example, hydrodynamic tests are
sometimes used to determine the effect that a large mass, such as a weapon secondary, would have on the
physics of the imploding primary. The mock-ups of the weapon secondary are often made of depleted
uranium.

Optical means are sometimes used to record information for a hydrodynamic test. Under this technique,
light and conventional high-speed photography are used (instead of x-rays and radiography) to record the
movement of materials in the weapons mock-up. Lasers are also used for high-speed photography and
interferometry to provide additional diagnostic capability.

3.3.2 Dynamic Experiments

While hydrodynamic tests examine interactions among parts of the primary, dynamic experiments explore
broader issues regarding materials science. Dynamic experiments involve a variety of techniques.
Depending upon the properties being examined, a variety of different materials may be used. Dynamic
motion is usually achieved by driving test materials with high explosives.

In the past, DOE has conducted dynamic experiments at PHERMEX using weapons-grade and other forms
of plutonium metal. These experiments were conducted inside double-walled steel containment vessels.
Plutonium is an extremely complex material, and DOE’s understanding of its behavior is important to
predict nuclear performance. In the future, DOE plans to conduct dynamic experiments to help understand
the constitutive properties of plutonium, its equations-of-state (particularly under conditions involving high
temperatures and pressures), and its surface behavior following shocks. Dynamic experiments may involve
observing the effects that would occur on plutonium or other adjunct materials after being shocked by
explosives-driven materials. As a matter of policy, dynamic experiments involving plutonium would
always be conducted inside double-walled steel containment vessels.

3.3.3 Infrastructure Requirements

Hydrodynamic testing and dynamic experiment operations require considerable infrastructure — facilities,
equipment, and personnel — in support of test events. Hydrodynamic testing and dynamic experiment
operations at PHERMEX take advantage of the existing infrastructure at LANL. If DARHT were to be
completed and operated as proposed, those operations would take advantage of the same infrastructure.
However, hydrodynamic testing and dynamic experiment operations at LANL are only a small proportion
of the total workload at the LANL support facilities; these facilities support many other DOE activities at
LANL such as weapons research, science, and waste management.
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Hydrodynamic testing and high-explosives experiments are conducted in several phases, each requiring
extensive interactions among personnel. Any given test requires direct support from several organizations,
as well as additional indirect support such as security, clerical, maintenance, or monitoring personnel.

To conduct a hydrodynamic test, weapons researchers decide what kind of information is needed, and test
designers and engineers determine how the information can be obtained. Special parts are designed,
engineered, and fabricated for each test. The test configuration is assembled and inspected. The test
assembly is transported to the firing test facility, temporarily stored until the test can be conducted, and set
up at the firing site. Firing-site personnel, such as accelerator specialists and radiograph technicians, must
assure that the equipment is ready to record the diagnostic information. The final test assembly is
inspected, the shot is fired, and the diagnostic information recorded. The test materials are collected,
recycled or cleaned up, and the information obtained is analyzed. Computer projections are made to
extrapolate the information, and the results are used to verify computational codes. Each part of the
process is iterative; for example, a part manufactured for a hydrodynamic test first undergoes mechanical
testing and inspection, and, if it appears inadequate, the parts designer and machinist may consult with
both the weapons researchers and the test designers to develop a different part. The infrastructure
requirements to support the different steps in the radiographic test experiments are summarized in

table 3-1.

3.3.4 Flash X-Ray Facility

The FXR Facility (Building 801 at Site 300) at LLNL is included in this EIS baseline because the facility
is an integral part of the DOE’s capability for hydrodynamic testing. Under all alternatives analyzed in
this EIS, DOE would continue to operate FXR. The continued operation of FXR would not be affected
by any of the alternatives discussed in this EIS. However, the level and scope of the testing program at
FXR could be affected by decisions resulting from this review.

The FXR is a key facility used by DOE to address physics issues associated with the primary stage of a
nuclear weapon and other types of experiments. PHERMEX and FXR are the two DOE facilities that
currently provide flash x-ray capability for the stockpile stewardship program. DOE anticipates
maintaining and operating FXR into the next century to support LLNL’s weapons stockpile stewardship
mission. It is possible that in the future DOE could propose activities at LLNL which might affect
operation of FXR, but at this time no such proposals are foreseen except those discussed below.

LLNL has operated the FXR Facility since 1983 at their Site 300, making it 20 years newer than
PHERMEX. Currently, FXR represents the best hydrodynamic testing capability available to the DOE.
The FXR Facility contains a linear induction accelerator with an array of diagnostic capabilities that have
been used to provide a detailed understanding of the behavior of the implosion systems (HPAIC 1992).
FXR is a single, linear induction accelerator operating at 17 MeV to provide an x-ray dose greater than
285 rad from a spot size that is approximately the same as PHERMEX (Baker 1995; JASON 1994).

FXR is being upgraded as part of a larger revitalization project at Site 300 valued at $27.4 million (Baker
1995). The upgrades at Site 300 include a high-speed optics maintenance facility, a bunker support
facility, diagnostic equipment for the bunkers, road upgrades, central control post, and a new water supply.
A $5.3 million segment of the upgrade is scheduled to begin October 1995 and be completed in October
1997 (Baker 1995). This latter segment will increase the capability of FXR by allowing for two pictures




CHAPTER 3

DARHT DEIS

TABLE 3-1.—Infrastructure Requirements for Typical Radiographic Test Experiments

ment design

and engineering

Implementation Requirement
We puter codes

Hardware engineering specifications

infrastructure Capabilities and

weapons work

Component and assembly design

engineers |
Test design Hydrodynamic test engineers
Test materials and Parts design Component and assembly design

component
fabrication

High-precision parts fabrication

High-precision quality inspection

High-explosives fabrication

High-energy detonators

Pin dome precision assembly and
quality inspection

Special materials:
plastics, glues, foams, binders, organics

Salt mock-ups

engineers

Precision manufacturing designers and
facilities

Facilities and operators for depleted
uranium, beryllium, tantalum, tungsten,
and high explosives

Quality inspection instruments housed in
controlied environment facilities

High-explosives fabrication facilities
Experienced fabrication engineers and
safety engineers

High-energy detonators design, fabrication,
and testing facilities

Experienced detonator designers,
engineers, technicians, and safety
engineers

Assembly facilities near test facility

Inspection instrumentation near test facility

Experienced assembly designers,
engineers, and technicians

Chemistry laboratories, assembly facilities,
technicians

High-explosives fabrication facilities,
technicians

Test assembly and
inspection

High-explosives handling facility

Precision mechanical inspection

Penetrating x-ray nondestructive
inspection and inspection

High-explosives facility
Experienced high-explosives operators

Mechanical inspection instrumentation
housed in controlled environment facility

Static radiographic testing instrumentation
Experienced radiographic technicians
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TABLE 3-1.—Infrastructure Requirements for Typical Radiographic
Test Experiments — Continued

Secure transport

Secure (classified) interim storage area

Activity Implementation Requirement Infrastruc Rtu:;:z:::ilitlu and

| firing site and
integral storage

containers

Department of Transportation approved
vehicles; access via nonpublic roads or
public road closures; Safe Secure
Transport security vehicles used with
special shipping containers

Approved secure storage facility in vicinity
of firing site

Firing-site
preparation

Perimeter control

Multiple diagnostic capabilities

Facility operations support

Small firing-site support

Test set-up and take-down

Security and safety control systems in
place

Engineering and administrative controls for
safety

Security and safety personnel

Flash radiography instrumentation

High-speed electronic recording
instrumentation

High-speed optical diagnostic test
equipment

Laser diagnostics equipment

Microwave diagnostics equipment

Experienced diagnostic test engineers and
equipment operators

Specific temperature, environmental
controls for inspection and diagnostic
equipment

Facility, instrumentation and equipment
calibration, maintenance and repair
support, and technicians

Machine shop

Electronics calibration equipment
Communication system and equipment
Security support systems

Plant operations support personnel
Fire Suppression Personnel

Equipment, personnel for qualifying
detonations and characterizing high
explosives

Onsite mobile cranes, trucks, operators
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TABLE 3-1.—Infrastructure Requirements for Typical Radiographic
Test Experiments — Continued

ctu Clos and
Resources

Materials rry

Exrienr staff, eqipmnt

Materials recycle Materials classifiers, materials
characterization facility and equipment,
materials storage

uranium, beryllium, tantalum, tungsten, |
and high explosives processing for !
reuse; technicians, transportation

Waste management Treatment, storage facilities, and staff for |
mixed waste, low-level radioactive ‘

waste, RCRA waste, sanitary waste i
Disposal facilities (offsite and onsite) ‘

Environmental monitoring Environmental scientists, sampling and
analytical technicians, chemistry
laboratory facilities

Worker health and safety monitoring Health physicists, industrial hygienists, and ‘
industrial safety specialists, monitoring

equipment, laboratory facilities ‘

\ Materials processing Reprocessing facilities for depleted
|

Contained Containment vessel support Vessel design engineers
experiments Vessel test engineers, facilities
Vessel cleanout
Debris-handling capabilities
Material recovery, reprocessing
Waste treatment

Vessel staging and storage

Plutonium dynamic experiments Plutonium fabrication, storage
and handling

Plutonium chemistry facilities

Material processing and storage

Specialized engineers, chemists,
technicians, security, and worker safety
personnel

Post-testing Develop, digitize radiographs Radiographic facilities and technicians \
activities ‘
Analyze images, signals Custom computer analysis software

Develop and refine analytic tools Weapons components functional modeling
capabilities, custom computer hardware |
and software, weapons personnel and
technicians
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to be taken along a single axis of the FXR accelerator; this is referred to as a double-pulse. However, the
x-ray dose would be reduced to about 55 R per pulse. Following completion of the second upgrade, the
replacement cost for FXR would be approximately $90 million.

All FXR explosive experiments are currently uncontained. In addition to the ongoing upgrades, DOE has
funded studies to examine the option of using a containment facility at LLNL that would be capable of
containing an explosion of up to 172 Ib (80 kg) of high explosives (DOE 1992; HPAIC 1992). This
potential containment facility is in the conceptual design stage. Design funding is included in DOE’s FY
1996 budget. An environmental assessment for the proposed Contained Firing Facility is in progress.
During the construction period, DOE could not use FXR for hydrodynamic testing. Although the firing
site is in compliance with current environmental regulations and does not adversely impact upon
residential areas near Site 300, a containment facility would provide LLNL with additional flexibility to
continue hydrodynamic tests and dynamic experiments, particularly in the event that future environmental
regulations in California would restrict uncontained operations. Even with the planned upgrades and the
inclusion of the proposed containment system, DOE has no plans to conduct experiments with plutonium
at Site 300 (Multhauf 1995). In the event that in the future DOE proposes other major modifications to
the FXR facility or its operations, DOE would conduct appropriate studies [including National
Environmental Policy Act (NEPA) review if required] at that time.

3.3.5 Radiographic Support Laboratory

The RSL was the first part of the DARHT project at LANL. Construction started in 1988 and was
completed in 1990. Under all alternatives analyzed in this EIS, DOE would continue to operate the RSL
to support radiographic operations undertaken at LANL. The RSL is a 21,000-% (1,950-m?) building
located in Technical Area 15 (TA-15). The main functions of the RSL are development, calibration,
testing, and repair of high-energy flash x-ray machines. The facility includes a radiographic machine
room, control room, mechanical and electronics room, machine shop, and offices. In addition to
supporting ongoing radiographic testing at the PHERMEX Facility, the RSL has been serving as a staging
area for development of accelerator technology and the Integrated Test Stand that DOE proposes to use to
achieve an enhanced radiographic hydrodynamic test capability.

Two separate panels of independent consultants convened by DOE studied the linear induction accelerator
technology that DOE proposed to use, and they agreed that DOE needed to design and test the Integrated
Test Stand as the front-end of the linear induction accelerator proposed to be installed at DARHT

(DFAIC 1995, DOE 1993a). The same linear induction accelerator would be used under all alternatives
analyzed in this EIS except that under the No Action Alternative an enhanced accelerator capability would
not be installed in PHERMEX. However, under all alternatives, including the No Action Alternative,
DOE would continue to perform accelerator research in support of flash x-ray technology and use the RSL
facility in the same way it is used now.

3.3.6 Site Description

All of the alternatives analyzed in this EIS refer to the PHERMEX site and/or the DARHT site

(figure 3-1). These sites are located in the southeastern part of LANL TA-15 on Threemile Mesa. TA-15
is located in the center of the high-explosives research, development, and testing area, in the southwestern
part of LANL, which makes up about 20 mi? (52 km?), or about half of the area of LANL (LANL 1994).
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FIGURE 3-1.—The Relationship of the LANL Technical Areas to the Location
of PHERMEX and the DARHT Facility.

3-10



DARHT DEIS CHAPTER 3

The PHERMEX site and the DARHT site are about 2,000 ft (600 m) apart. These locations constitute a
single site for many of the environmental impacts. For the purpose of analysis, the combined sites are
considered to be Area III in TA-15, as defined by LANL for safety, security, and control of the firing sites
at PHERMEX and the DARHT Facility. Area III includes the mesa top from the southeast boundary of
TA-15 extending northwestward a little over 1 mi (about 2 km) to a fence line near R-183 (see

figure 3-2).

The PHERMEX site, shown in figure 3-1, is a small complex of buildings and structures which have been
used for hydrodynamic testing and dynamic experiments at LANL. The buildings, structures, and
roadways at the PHERMEX site occupy about 11 ac (4 ha). About 120 ac (48 ha) of the mesa top lie
behind the safety fence for PHERMEX and within TA-15. At PHERMEX, the mesa is about 1,500 to
2,000 ft (460 to 610 m) wide, bounded on the north by Potrillo Canyon, and on the south by Water
Canyon.

The DARHT site is located to the west of the PHERMEX site, also in TA-15 on Threemile Mesa. The
total area for the DARHT Facility is about 8 ac (2.3 ha). This area includes about 1 ac (0.4 ha)
previously disturbed under the RSL contract for the DARHT Facility access road and utilities and 7 ac
(2.3 ha) disturbed by the DARHT construction. Previous DARHT construction activities through 1994
account for the clearing of 14,000 board-feet of lumber. Potential impacts related to the future
construction of the DARHT site are discussed in section 5.2.2.1.1 and section 5.2.5.1.1. At this site, the
mesa is about 1,600 ft (490 m) wide. It is bounded on the north by the upper reaches of Potrillo Canyon
and on the south by Water Canyon. The site lies only a few hundred feet from the mesa rim for Water
Canyon.

The elevation on the mesa top in Area III is about 7,180 ft (2,190 m). In the vicinity of Area III,
vegetation is mainly the Ponderosa pine plant community. This plant community within the 8 ac (2.3 ha)
associated with DARHT has been altered due to construction. Any reptile, amphibian, bird, and large
mammal population have been displaced by these activities. Small mammals such as rodents would have
been displaced temporarily and would likely return to the disturbed area. Soils on the nearby portions of
~ the mesa top include the Pogna fine sandy loam, rock outcrop, and Seaby loam (LANL 1993). The
surface is well drained, and the main aquifer lies approximately 1,200 ft (370 m) below the surface
(Broxton et al. 1994). Beneath the site, the Bandelier Tuff is likely to be more than 700 ft (215 m) thick,
and the underlying Puye formation makes up the remaining interval to the water table.

3.3.7 Development of Operating Procedures

Operating procedures are already in place at PHERMEX and would be used under the No Action
Alternative. Under all of the other alternatives analyzed, DOE would develop operating procedures to
assist with safe, secure operation of the facility.

LANL policy provides general safety guidance and requires that procedures more specific to actual
operations be developed within the operating group. The operating group would also prepare a plan for
emergency response. To foster a general safety awareness within the operating group, periodic meetings
would be held to emphasize the aspects and consequences of safety and emergency planning. Safety
considerations would take precedence over operational necessity of the operating group.
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3.3.8. Decontamination and Decommissioning

Under all alternatives analyzed in this EIS, eventually DOE would no longer need PHERMEX or the
DARHT Facility and would decontaminate and decommission (D&D) the structures. The structures would
eventually be demolished as well.

The only difference among alternatives would be the timing of the eventual D&D. For example, under the
No Action Alternative and Upgrade PHERMEX Alternative, DOE would continue to operate PHERMEX
indefinitely, while under the Preferred Alternative DOE would phase out operations at PHERMEX over a
four-year transition period. DOE would then proceed with D&D and demolition of the structure when it
is no longer needed for any purpose. DOE estimates that the DARHT Facility has a 30-year design life,
regardless of whether the structure is used for hydrodynamic tests and dynamic experiments, as under the
Preferred Alternative, or for other uses, as under the No Action Alternative.

At the end of the useful life of either PHERMEX or DARHT, DOE would evaluate options for disposal of
the facility. At that time DOE would perform engineering evaluation, environmental studies, and a NEPA
review to assess the consequences of different potential courses of action.

D&D activities would result in the generation of mixed waste, radiological waste, and solid waste.
Demolition would result in solid waste in the form of construction rubble and possibly other types of
waste. These wastes would be treated and disposed.

DOE anticipates that alternatives for disposition of the two facilities would include:
* D&D and demolish the structures and release the site for unrestricted use
* D&D and demolish the structures and restrict use of the site
* Partial D&D and retain structures for unrestricted use
* Partial D&D and retain structures for modified or restricted use
* No D&D and retain structures for similar or modified use

DOE cannot anticipate which options may be considered reasonable in the future and so cannot assess
these alternatives in this EIS.

3.4 NO ACTION ALTERNATIVE

The No Action Alternative describes the continuation of the current situation (status quo) that would be
expected in the future if DOE did not implement the Preferred Alternative or any other alternative
analyzed in this EIS. The No Action Alternative serves as a basis of comparison for all other alternatives
analyzed. For this EIS, the No Action Alternative would be to continue to operate PHERMEX at LANL
and FXR at LLNL and not acquire an enhanced radiographic hydrodynamic testing capability. However,
the No Action Alternative is not static. DOE would use these facilities to support its science-based
stockpile stewardship and management program to the greatest extent possible. Accordingly, the type and
number of hydrodynamic tests and dynamic experiments could vary from the type and number used in the
past, as program needs change.
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Under the No Action Alternative, the following would occur:
* PHERMEX and FXR would continue to provide hydrodynamic test capability

* The partially constructed DARHT Facility would be mothballed, and construction would not
resume until another use for the structure could be determined (e.g., office space or accelerator
applications), and appropriate reviews, including design and NEPA review as appropriate, were
completed

* The RSL would continue to support radiography technology and operations at LANL

¢ Three-dimensional or time-dependent information would be partially obtained at PHERMEX by
conducting sequential tests of nominally the same design

* DOE would perform some dynamic experiments; those using plutonium would be conducted in
double-walled containment vessels

Under this alternative, DOE would continue to operate PHERMEX well into the next century. As
discussed in chapter 2, over time, maintenance of the facility would be increasingly difficult in the event
that replacement parts become unavailable to maintain and operate the vintage accelerator.

Under this alternative, DOE would determine another use for the partially constructed DARHT Facility,
and would complete the structure following redesign and other appropriate reviews. This may require
additional NEPA review. For the purposes of this EIS, in order to serve as basis of comparison for other
alternatives, DOE has assumed that completing the structure would involve completing a concrete shell
similar to the DARHT Facility; DOE recognizes that other types of uses may require modification to the
structure and different construction materials or techniques, compatible with other requirements for
structures within TA-15 or the larger explosives testing area.

3.4.1 Facility

PHERMEX was constructed in the 1960s and first operated in 1963; the north and south amplifier rooms
were added in 1980 and the R-310 Multidiagnostics Operations Center in 1988. The PHERMEX Facility
includes three major buildings and several other support buildings and structures (see figure 3-2).

Table 3-2 lists some of the PHERMEX buildings and their functions. PHERMEX uses a radio-frequency
accelerator (instead of a linear induction accelerator, like that at FXR) that was designed and built at
LANL specifically for radiography. The accelerator is unique in that it was designed for a maximum
charge per pulse by using a very low frequency (50 Mhz) to provide maximum stored energy per pulse.
Although PHERMEX is able to obtain several hundred amperes peak beam current, the voltage quickly
drops, resulting in a beam energy spread that limits beam spot size (DFAIC 1995).

No new construction or site modification at PHERMEX is included in the No Action Alternative, with the
exception of DOE’s proposal to relocate the Ector machine. In 1991, DOE proposed moving Ector from
Site R-306, TA-15, to the PHERMEX site. Site preparations to receive the Ector machine have been
ongoing since 1992 and have consisted of installing a concrete pad and an above-ground oil tank. Ector is
an existing 30-year-old x-ray diagnostic machine that is scheduled to be moved to the PHERMEX site in
1995 or 1996 for experiments in which a wide-field-of-view, medium-resolution radiograph of an entire
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TABLE 3-2.—PHERMEX Buildings and Their Functions

Building - Function

R-185 Power Control Building for PHERMEX (two-story). Contains equipment for regular site power and heating,
ventilation, and air conditioning (HVAC), and special equipment to generate and control high voitages, store
electrical energy, generate and control radio-frequency energy, and control PHERMEX functions during a
test shot. One of only two buildings at the facility that personnel are allowed to occupy during a test shot.

Houses the linear accelerator, PHERMEX, and its ancillary equipment that produce the x-rays for imaging a
test shot. Accelerator's 25 to 30 MeV electron beam impinges on a tungsten target which then emits the x-
ray beam. Has high voltage power supplies and radio-frequency equipment. Personnel are not allowed in

the building when the accelerator is operating.

Multidiagnostics Operations Center, built in 1988. Has a control room for firing explosive tests independently
or in conjunction with PHERMEX radiography. Houses diagnostic equipment associated with firing control
and data collection from test shots. Second of the two buildings that may be occupied during a test shot.

Contains detonator firing equipment. Firing site can handle 150 Ib® (70 kg) of explosives on the pad in front
of the Building R-184 bulinose which protects the x-ray converter. Larger explosive charges, up to about
1,000 b (454 kg), can be accommodated by moving the firing point up to a distance of 160 ft (48 m) to the
east away from Building R-184.

® Throughout this EIS, quantities of explosives are mentioned. Although different explosive compounds may be used,
quantities are always given as an equivalent amount of TNT, which serves as a standard reference.

assembly being tested is needed simultaneously with a high-resolution radiograph of the same test. Ector
could be used to image the large-scale motion of the lower-density region of an experiment while
PHERMEX images a smaller high-density region of the same test. Ector would not require a separate
building. DOE has completed NEPA review of certain site preparation activities that could be used for
Ector and will complete all required NEPA review before the proposed relocation of Ector to the
PHERMEX site is done. Use of Ector at PHERMEX would eventually be phased out.

Under the No Action Alternative, a double-walled steel containment vessel would be used at the firing-site
facility to contain emissions and debris from selected dynamic experiments, particularly those involving
plutonium.

3.4.2 Operations

The historic operational baseline for PHERMEX is described in appendix B. The PHERMEX Facility can
detonate high-explosive charges up to 150 Ib (70 kg) located at the principal firing point. If larger high-
explosive charges are necessary, such charges up to about 1,000 Ib (454 kg) would be located at firing
points to the east along the accelerator axis. For such experiments, a temporary expendable blast shield
would be constructed as necessary to mitigate blast effects. Both uncontained and contained shots are
fired at PHERMEX.

Typical requirements to conduct a radiographic test are listed in table 3-1. Operations specific to
PHERMEX can be divided into six steps: planning, assembly, placement, diagnostic verifications, firing,
and post firing. Typically, the need and the initial planning for a test shot involve several LANL
organizations (see section 3.3.3). Experts within the division that operates PHERMEX often participate in
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the planning aspects related to mechanical support, placement, and diagnostics. Completed assemblies are
usually prepared elsewhere and delivered to the firing site. The Access Control Office (ACO) monitors
transportation activities within the PHERMEX controlled area. A limited number of assembly operations,
such as electrical connections at the firing point, may be performed at the TA-15 site.

Before a shot is fired, the firing supervisor clears the firing point of personnel and makes the final
connections to the high-explosive assembly. The firing supervisor contacts the ACO for a list of personnel
in the PHERMEX area and accounts for each one. No one is allowed to enter or exit the area until the
shot is fired. Clearance patrolmen make a sweep from the PHERMEX site out to the designated control
point and set up a roadblock. The roadblock remains in place until the shot is fired and the area is
declared safe by the firing supervisor. The firing supervisor, clearance patrolmen, and the ACO maintain
radio contact during the firing procedure. Fire suppression personnel and equipment remain in standby at
the designated control point during the firing procedures.

Activation of the detonators occurs just before the PHERMEX x-ray machine is pulsed and is controlled
by the facility safety system. Operation of the PHERMEX radiographic beam is controlled by physical
interlocks and a machine visual disconnect terminal. The system includes an explosives visual disconnect
terminal. For pin test assemblies, the pins are connected to their power supply just prior to firing and
comprise the pin diagnostic network. The pin diagnostic network connections are protected in a manner
similar to connections for the detonator circuit.

Prior to use, all simulated weapon assemblies are monitored for the presence of fissile material according
to pit verification procedures. This monitoring is performed and verified by the firing supervisor and a
member of the firing crew.

After the shot has been fired and the site declared safe, the clearance patrolmen remove the roadblocks
and fireman on standby enter the area to control fires. The operating crew enters the firing area, collects
any diagnostic data, and moves the film cassette to another building for dismantling. Film cassettes are
heavily armored containers that protect the x-ray film from the explosive blast. Post-firing activities
include cleaning up the firing site and collecting firing-site debris. Cleanup and debris removal are often
scheduled only after a sequence of shots. If a containment vessel has been used, the vessel is moved by
truck to another LANL facility for opening, cleaning, and refurbishing.

Personnel who are engaged in recovery or cleanup activities typically are required to wear protective
clothing as deemed necessary by the LANL Environment, Safety, and Health radiation control technician.
Contamination of the firing point by undetonated explosives is highly unlikely, but remotely possible. If
such contamination occurs, cleanup under a Special Work Permit is required before the firing point may
be used again.

The PHERMEX operating crew includes personnel to field an experiment and support personnel to
maintain the PHERMEX accelerator and all of the site’s ancillary equipment. The number of workers
with radiation safety training and available to be assigned to tasks at or near the PHERMEX firing area
currently ranges from 67 to 77. Only nine radiation workers are required at one time. Some of the
support personnel for a test typically include two electronics technicians for the diagnostic chamber, two
or more PHERMEX operators, two staff members to provide physics support, one or more mechanical
technicians for maintenance and upgrades, two clearance personnel, a firing crew of three technicians, a
photographic technician to handle and process the x-ray films, and additional personnel depending on the
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diagnostics fielded for a test shot. Most of these people also support other programmatic efforts unrelated
to PHERMEX.

3.5 PREFERRED ALTERNATIVE

Under the Preferred Alternative, DOE would complete construction and operate both axes of the DARHT
Facility. An artists’ conception of the DARHT Facility is shown in figure 1-1. If the DARHT Facility
becomes operational, DOE would phase out operation of PHERMEX over approximately four years. The
Preferred Alternative is not expected to affect future operations of the RSL at LANL, the FXR at LLNL,
or other smaller explosive test facilities at LANL and LLNL. Under the Preferred Alternative, a steel
containment vessel could be used at the firing site facility to contain emissions and debris from selected
dynamic experiments; experiments involving plutonium would be conducted inside a double-walled steel
vessel.

The DARHT Facility responds to DOE’s need to obtain enhanced hydrodynamic testing capability.
Through its weapons research and design expertise at LANL, DOE developed DARHT to provide
enhanced diagnostic capability to study the behavior of nuclear weapons. DARHT was designed
specifically to provide three-dimensional information and to obtain deeply penetrating, high-resolution
radiographic images.

DARHT would be used to study the three-dimensional implosion of mock nuclear weapon primaries.
DARHT would enable imaging through very thick, dense materials; take multiple, very brief, snapshots
from two different lines of sight; and provide images of very high resolution. Completion and operation
of the first axis of DARHT would produce radiographic images with significantly higher spatial resolution
and penetration than is now possible at either PHERMEX or FXR. With completion and operation of the
second axis, DOE would be able to obtain three-dimensional data as well as time-sequenced images taken
within millionths of a second or at arbitrary times.

Compared to the present capability at PHERMEX and FXR, the DARHT Facility would:

* Provide higher resolution of the entire imploded primary area

* Provide more information content in each radiographic image because of the reduction in beam
size proposed for DARHT and the corresponding increase in resolution

* Provide two independent views, taken at right angles to each other, of the systems being tested;
this capability could be used to provide either three-dimensional data or provide information at two
slightly different times, whichever would be more important in observing a particular system

 Provide this increased information content over the full field of view of the machine, which would
encompass a full-scale mockup of the system to be tested

 Provide a 100 percent increase in x-ray strength, compared to PHERMEX
DARHT was first proposed in the early 1980s as a diagnostic facility to be used as part of LANL’s

ongoing weapons research and development mission. DARHT was intended, then as now, to assist in
evaluating the safety, performance, and reliability of existing weapons. In addition, at that time
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hydrodynamic testing at DARHT, in conjunction with underground nuclear testing, was intended to assist
in designing new nuclear weapons and replacement parts.

The DARHT Facility would provide a flash radiographic capability for the testing of high explosives
systems and components. Other types of electronic, optical, and photographic diagnostics would also be
available at the site. Timing options would allow triggering of the two x-ray beams either simultaneously
or with slight delays. Simultaneous images from the two axes would provide for three-dimensional data
while sequential images would aid in studying the time history of a test assembly.

DOE may install, test, and prove the linear induction accelerator equipment in the first axis (the southeast
accelerator hall) before purchasing, assembling, and installing the accelerator equipment in the second axis.
This would be to ensure that the accelerator technology will perform as anticipated before incurring the
expense of equipment for the second axis. Accordingly, DOE has split the expenditure for the second axis
equipment into a separate budget line item for the remainder of the project. This is in keeping with the
recommendations of independent panels of consultants convened by DOE to review technology plans
(HPAIC 1992; DFAIC 1995; DOE 1993a). Although the two 1992 reports suggested delaying
construction of the second axis until the first axis was tested and proven, in 1992 DOE approved funding
for construction of accelerator halls for both axes. DOE allowed for site preparation and construction for
both accelerator halls to proceed at the same time to avoid undue disruption to operation of the first axis
while the second accelerator hall was constructed. The accelerator halls and associated diagnostic areas
were modified to accommodate the recommendations of the various panels and to ensure that the DARHT
facility could provide diagnostics used by LLNL, and thereby function as a shared user facility (DOE
1993a).

Hydrodynamic and explosives operations proposed for the DARHT firing-site facility are similar to those
currently undertaken at the PHERMEX facility, which is located approximately 2,000 ft (610 m) to the
east of the DARHT site. The DARHT Facility would provide increased information and improved
radiographic diagnostic capability over PHERMEX because of the increased temporal and spatial
resolution and two lines of sight. Although the DARHT Facility is designed to provide more and better
data for each shot, the total number of shots per year would remain about the same as for the No Action
Alternative.

Hydrodynamic testing at the DARHT Facility would consist of observations of explosive systems in
combination with surrogate materials, such as depleted uranium or tantalum, which simulate the behavior
of weapons materials but are physically incapable of producing energy from nuclear reactions during
testing. In addition, the facility could be used for testing systems such as high-velocity impacts and
explosive forming of metals.

3.5.1 Facility

The DARHT Facility would consist of a new accelerator building, with two accelerator halls, firing point,
and the associated support and diagnostic facilities at the DARHT site (see figure 3-3). The proposed
firing point would be at the juncture of x-ray beams produced by two electron beam accelerators oriented
at right angles to each other to provide dual-axis, line-of-sight radiographs. The accelerators would be
housed in halls about 225 ft (70 m) long by 50 ft (15 m) wide. The existing RSL, which supports all
radiographic machines at TA-15, would be used to support the DARHT Facility.

3-18
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Construction of the DARHT Hydrotest Firing Site (HFS) began in May 1994, and construction was halted
on January 27, 1995, by preliminary injunction from the U.S. District Court, Albuquerque, New Mexico.
At that time, approximately 34 percent of the construction of the HFS was complete. It is estimated that
construction, installation, and testing activities for the first axis would take an additional 38 months, and
for both axes 66 months, if this alternative were to be implemented.

3.5.2 Operations

The steps necessary to conduct a radiographic test are shown in table 3-1. The DARHT Facility would be
able, by design, to detonate high explosives charges up to 150 Ib (70 kg) located at the dual axis firing
point. If larger high explosives charges were necessary, charges up to 500 1b (230 kg) would be located at
a firing point to the northwest along the axis of the southeast accelerator to provide sufficient distance
between the firing site and the building. For such experiments, a temporary expendable blast shield would
be constructed to mitigate blast effects.

The operations to be performed at the proposed facility would be similar to those currently performed at,
and proposed for, the PHERMEX facility. Some differences arise because there would be two x-ray
machines to coordinate with a test detonation, and the DARHT x-ray machines would not be identical in
their operating parameters to the PHERMEX machine. The operational tasks include design; assembly and
placement of the test assembly at the firing point; setting up and checking out the diagnostic apparatus;
executing the experiment from a remote control room; and completing post-firing tasks associated with
securing the firing pad and cleanup. Preliminary data reduction is usually done onsite to determine the
success of the experiment.

One of the few differences between operations at the DARHT and existing PHERMEX Facilities would be
the operation of two accelerators from the remote control room in the two-axis mode of operation. Since
there would be two buildings containing accelerators, only minor upgrades to most existing operating
procedures and administrative controls would be needed. However, the new technology of DARHT would
result in changes to electronic operation and control of the facility.

Accelerators at the DARHT Facility would produce a sharply focused x-ray beam that would be much
narrower than that of PHERMEX or FXR (approximately 60 nsec pulse width) and with a much stronger
x-ray dose rate [at least 350 R/pulse at 3.3 ft (1 m) from the exit of each machine on the beam axis]. The
electron beam energy would be in the range of 16 to 20 MeV. The electron beam would be converted
into an intense x-ray beam emanating from a spot size that is approximately one-third that of PHERMEX.
The initial dose strength of the x-ray beam would be about double that of PHERMEX. The performance
history of electron accelerators for flash radiography shows that the machine performance improves
considerably in a few years from the original start up. Such improvements are expected for DARHT, and
a dose strength of up to 2000 R could be achievable, which is about 10 times that of PHERMEX. The
DARHT pulse width would be approximately one-third of the existing situation at PHERMEX and would
result in improved radiographic resolution.

The accelerator could also be operated in a second mode without the production of x-ray beams. In this
mode of operation, the electron beam would be stopped within a graphite target (beam stop) placed within
the building near the exit of the accelerator. Tantalum shielding would be used to enclose x-ray
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production in the beam stop. This mode would be used during testing and beam-tuning operations in
preparation for beam production for an actual test. Operational procedures in this mode would be
essentially the same as in the x-ray production mode.

Explosives would not be stored, handled, or processed inside any DARHT building. Explosives operations
would be performed in accordance with approved procedures and at other locations on the site.
Conventional high explosives consisting of bare charges and clad devices would be positioned outside the
DARHT structure and detonated at the firing point. Several kinds of test and x-ray preparation activities,
identical to those conducted at PHERMEX, would be conducted at the firing point prior to detonation.
These include positioning and mechanical alignment of the test assembly relative to the x-ray beam,
establishing and verifying the cabling for diagnostics, and resistance measurement testing of the detonators
to be used in the hydrodynamic test.

During preparations for a test, repetitively pulsing the accelerators would be necessary to focus and adjust
the electron and/or x-ray beams. Tuning of the accelerator components is expected to account for a very
large fraction of the estimated 25,000 pulses per year.

The proposed facility would use lasers both for lining up radiographic tests and for diagnostic purposes in
optical tests. Operation of both the helium-neon laser and the solid state lasers (Neodymium: yttrium
aluminum garnet with harmonic generator) to be employed in the accelerator rooms at the DARHT
Facility would be performed in accordance with standard industrial safety practices. Further administrative
and engineering controls in accordance with LANL procedures would be used for laser operation. Only
operators who have been trained and certified in laser operation would be allowed to operate the lasers
when used for alignment and checkout. When used as a diagnostic in an experiment, the lasers would be
operated from the control room.

When containment would be used for a test shot, the blast p}oducts would remain in the containment
vessel that would be taken to another LANL facility for cleaning and refurbishing. The contained blast
debris would be taken to appropriate processing or disposal facilities according to the nature of the debris.

In 1988, a U.S. Environmental Protection Agency (EPA) radiological air emissions approval to construct
the DARHT Facility under 40 CFR Part 61, the National Emission Standards for Hazardous Air Pollutants
regulations, was obtained for the Preferred Alternative. This approval limits the annual expenditure of
uranium to 440 1b (200 kg). This limit was based on the amount of depleted uranium used at PHERMEX
during the mid-1980s. However, since that time, underground nuclear testing has ceased, programmatic
objectives have changed, and a limit of 1,540 1b (700 kg) would be required to meet all objectives under
this alternative. For example, safety tests of full-scale systems involving accident scenarios with
stockpiled systems in sympathetic detonation would expend more depleted uranium per test than a single
system test of the type envisioned at the time the permit was obtained. During a hydrodynamic test,
ascertaining the proper function of certain stockpiled components that contain tritium could also be
needed. These tests would be expected to release a small amount of tritium, and the maximum annual
release would be less than 0.06 in> (1 mL, 3 Ci) of tritium. A new EPA approval would be needed in
order for DARHT to operate at these new limits, and unless it could be obtained, operations at the
DARHT Facility would be bounded by the current approval.

Sanitary wastes from the DARHT Facility would be handled by a septic system at the facility.
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3.6 UPGRADE PHERMEX ALTERNATIVE

Under the Upgrade PHERMEX Alternative, DOE would upgrade PHERMEX with the new high-resolution
radiographic technology developed for DARHT (see figure 3-4). (The existing PHERMEX x-ray machine
is not technically capable of meeting DOE’s need for enhanced high-resolution radiography.) PHERMEX
would be remodeled and enlarged to accept the new equipment. Under this alternative, DOE would obtain
improved high-resolution capability, as compared to the present capability at PHERMEX and FXR, and
would construct a second accelerator hall to provide the capability to obtain three-dimensional and time-
sequence data. As in the Preferred Alternative, the accelerator equipment for the second axis may be
procured and installed after the equipment in the first axis was installed, tested, and proven. As in the
Preferred Alternative, a steel containment vessel could be used at this firing site facility to contain
emissions and debris from selected dynamic experiments; experiments involving plutonium would be
conducted inside a double-walled steel vessel.

As discussed earlier in this chapter, some of the potential measures discussed for the Preferred Alternative
could be applied to this alternative; however, they are not expressly analyzed. For example, DOE could
decide to enlarge the existing single axis at PHERMEX and equip it with the enhanced radiographic
capability originally planned for the DARHT Facility. Although this would not meet all of the DOE’s
programmatic objectives, the environmental impacts of such an approach would be within the range of
impacts expected from the alternatives analyzed in this EIS.

The DARHT Facility would not be completed, but the partially constructed concrete shell of the firing site
facility would be put to other uses, as described in the No Action Alternative. The Upgrade PHERMEX
Alternative is not expected to affect future operations of the RSL at LANL, the FXR at LLNL, or other
smaller explosive test facilities at LANL and LLNL. During the upgrade construction, expected to last a
little over four years, DOE would suspend its hydrodynamic testing program at LANL.

3.6.1 Facility

Under the Upgrade PHERMEX Alternative, DOE would install the proposed enhanced hydrodynamic
capabilities at the present PHERMEX Facility site. The PHERMEX structures and equipment would be
used to the extent possible, but extensive replacements of and modifications to the present PHERMEX
Facility would be required. Because only the enhanced radiographic technology developed for DARHT is
currently available to provide the capability needed, and because the linear induction accelerator planned
for DARHT is the only currently available technology to provide the needed capability, the radio-
frequency accelerator now at PHERMEX would be removed and replaced with a linear induction
accelerator. The new accelerator is physically larger than the existing accelerator, and would not fit in the
existing accelerator hall. The existing hall would have to be extensively remodeled.

Under the conceptual design for this upgrade, the two accelerator halls and other buildings for the firing
site would be sized and laid out similarly to the plans for the DARHT Facility. Orientation of the
complex would be consistent with the existing accelerator hall at the PHERMEX site, with the first
upgraded accelerator hall being an extension of the existing hall and the second hall constructed at a right
angle to the first. The demolition of several existing structures and cleanup of existing debris would be
necessary before construction could begin on facilities under the Upgrade PHERMEX Alternative.
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The existing PHERMEX building would be used under the Upgrade PHERMEX Alternative, but the
structure would require substantial modification. The current PHERMEX diagnostic buildings are not
appropriately configured for the Upgrade PHERMEX Alternative and would be demolished and replaced.
The underground tunnels, which interconnect buildings, would be removed where necessary and
abandoned in place if no longer needed. The mechanical and electrical systems at PHERMEX are
inappropriate for DARHT technology and would be replaced. Cleanup, demolition, construction,
installation, and testing activities associated with the Upgrade PHERMEX Alternative would require
approximately 51 months to complete.

No new transmission lines would be required for the upgraded PHERMEX Facility; however, new water,
fire protection, and gas lines would be installed to meet the requirements of the upgraded facility. A new
sanitary sewer would also be required.

3.6.2 Operations

The operations to be performed at the upgraded PHERMEX Facility would be identical to those planned
for the DARHT Facility. These operational tasks are described in section 3.5.2.

3.7 ENHANCED CONTAINMENT ALTERNATIVE

The Enhanced Containment Alternative is similar to the Preferred Alternative, but with the addition of a
means (i.e., containment) to prevent the release of most or all airborne emissions, metal fragments, and
other debris resulting from firing-site operations. The containment could be either portable steel vessels or
a permanent building. DOE currently uses steel containment vessels at LANL facilities for some dynamic
experiments. Under this alternative, using the containment vessel approach, DOE would conduct most
hydrodynamic tests and dynamic experiments using containment vessels. On a case-by-case basis, DOE
might opt to conduct certain types of tests as uncontained, such as those using a very large explosives
charge (larger than the containment vessel rating); those requiring complex diagnostics (such as certain
optics or laser tests) that cannot be achieved using a containment vessel; those requiring measurement of
material movement beyond the confines of the vessel; or those using a very small explosives charge or
small amounts of hazardous materials where use of the vessel would not be practical or cost-effective. For
the purpose of this EIS analysis, DOE estimates that up to about 25 percent of all tests might be
uncontained. Under this alternative, using the containment building approach, all hydrodynamic tests and
dynamic experiments would be contained. Dynamic experiments involving plutonium would always be
conducted in a double-walled steel containment vessel under either approach.

Under this alternative, using the containment vessel approach, DOE would expect to use containment for
any experiment with materials made from beryllium, depleted uranium, or Resource Conservation and
Recovery Act (RCRA) characteristic metals. At least 99 percent by mass of these materials would be
retained as a result of using a single-walled containment vessel. Although DOE expects that any such
vessel system would be designed to be highly effective, for the purpose of this EIS, DOE has made a
conservative assumption that the single-walled containment vessel system might fail and allow a release of
material to the outside environment up to S percent of the time. Such a failure would be expected to
release gaseous by-products of the detonation and possibly small fragments. To simplify the analysis of
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impacts of such a release, for this EIS DOE has made a conservative assumption to equate the effects of
such a release to a standard uncontained experiment. Experiments using plutonium would always be done
within double-walled vessels that have been demonstrated to fully contain these types of tests and would
not lead to environmental release.

For the Enhanced Containment Alternative, the DARHT Facility, as described in section 3.5.1, would be
augmented by either the portable steel containment vessels or the addition of a permanent containment
building to the DARHT structure. Either of these would require construction of a separate recycling
facility, in addition to the construction for the Preferred Alternative. Compared to the Preferred
Alternative, DOE would have to acquire several additional portable single-walled containment vessel
systems under the containment vessel approach. Under this alternative, DOE would obtain greatly
improved high-resolution capability, as compared to the present capability at PHERMEX and FXR, but
would forego some degree of image resolution due to some loss of x-ray penetration through the
containment vessel or structure.

3.7.1 Facility

This section describes the facility that would be constructed at the DARHT site to implement the
Enhanced Containment Alternative. Under this alternative, if single-wall steel vessels were used, a
separate recycling facility would be built near the DARHT site to recycle the vessels after each use.
Double-wall vessels would be handled the same as under the No Action Alternative. The recycling facility
would include a vessel and debris recycling area and handling equipment to minimize secondary waste
generation and personnel exposure during recycling operations. Any secondary waste would then be
transferred to a LANL disposal area. Under this approach, several new containment vessels would be
purchased or fabricated. If a permanent building for containment were added to the current DARHT
plans, the separate recycling facility for shot debris would still be needed and would be built near the
containment building. The proposed site of such a facility is yet to be determined, but it would be
somewhere within TA-15 and probably within 1 mi (1.6 km) of the DARHT Facility. Appropriate NEPA
reviews will be conducted if this facility is required.

A containment structure would add about 13,000 2 (1,210 mz) to the DARHT building, but all of this
additional area would be within the original DARHT Facility area. Portions of the earthen berm around
the northern side of the site would have to be removed to build the containment structure and provide
access to the building, but the berm would no longer be needed for its original purpose, which was to
provide radiation shielding. A recycling facility, about 12,000 f2 (1,115 m2), would be built at the
DARHT site for the containment building approach. The specific location has not been determined
(pending more detailed design of the containment building); it might sightly enlarge the DARHT site. For
the vessel containment approach, the recycling facility would be located in TA-15 outside the DARHT
hazard zone.

3.7.1.1 Containment Vessels

LANL is experienced in using containment vessels for explosives tests up to 44 Ib (20 kg) of high
explosives and is presently developing modern, reusable, transportable vessels for use with higher
explosive loadings and a full suite of diagnostic capabilities. A prototype containment vessel for a 110 Ib
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(50 kg) high explosive load is in the design stage (see figure 3-5). This single-walled vessel would be
modular in design to allow users to modify the vessel geometry to accommodate different experiments and
shot configurations. The vessel would consist of a 12-ft (4-m) cylindrical shell with four ports for
extension modules and a removable hemispherical top shell. The extension modules would be 6 ft (2 m)
in diameter, 8 ft (2.5 m) long, and could be specifically configured to accommodate a particular
experiment or diagnostic. Each extension module would have five ports: one on top for placing diagnostic
equipment in the module and two ports on each side that can accommodate optical windows. The vessels
would be fabricated from a state-of-the-art military steel so that field repairs and modifications would be

possible. A support and alignment system would provide adjustments to align experiments for radiography
or other diagnostics.

l'\IISI nuG I

Stand

FIGURE 3-5.—Conceptual Design of a 110-Ib (50-kg) Containment Vessel .

DOE has considered proposing a Contained Explosives Test Complex, which would expand DOE’s current
capabilities for contained experiments. The Test Complex would provide for 15-ft (5-m) diameter vessels
for firing capability up to 440 1b (200 kg) in addition to the 110-lb (50-kg) vessels described above and
the support complex for containment vessels.

3.7.1.2 Containment Building

A containment building would be attached to the planned DARHT structure at its north end; it would
enclose the firing point and extend to the northwest aligned with the axis of the southeast accelerator hall.
This addition would extend to approximately the center line of the existing earthen berm. A concept for
such a building, designed to contain a 185-Ib (85-kg) test explosion at the DARHT firing point is shown
in figure 3-6 (LANL 1995). A 625-1b (285-kg) test explosion could be accommodated in this building at
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the firing point shown about 40 ft (12 m) northwest of the dual-axis firing point, but only one accelerator
could be used for imaging a test there. Preconceptual design is used to assist general layout and analyses
of tradeoffs between chamber volume and resulting maximums for internal temperatures and pressures.

The walls, floor, and roof of the chamber that would contain a test explosion would be reinforced concrete
5t0 6 ft (1.5 to 1.8 m) thick. The roof would also have 6 ft (2 m) of gravel above the concrete to
prestress the roof against explosive pressure. Replaceable fragment shielding would protect the inside
surfaces of the chamber. In the design shown, the containment area within the building would be about
10,400 f2 (970 m?), and its volume would be about 260,000 ft> (7,360 m>) as fixed by the maximum
charge of 625 1b (285 kg). If a maximum of only 185 Ib (85 kg) of high explosives is to be fired, the
building could be sized down by shortening its length in the northwest direction. The need to vent the
resultant hot atmosphere, up to 650°F (343°C), would require a large robust mechanical cleanup system.
A support area within the containment building would also be necessary to provide decontamination for
personnel and other services during cleanup and shot preparation. Construction of the containment
building would add at a minimum about one year to the DARHT construction schedule (LANL 1995).

3.7.1.3 Recycling Facility

A conceptual sketch of the proposed recycling facility is shown in figure 3-7. The facility would be
constructed at TA-15 if portable single-wall steel vessels were used for containment, or near the
containment building if such a building were used. The approximate size of the building would be

12,000 ft% (1,115 m?). The main components of this facility would be two large bays, a debris processing
room, and an analytical laboratory.

3.7.2 Operations

Under the Enhanced Containment Alternative, operations at the DARHT Facility would be the same as for
the Preferred Alternative for the accelerators and their ancillary equipment. However, differences in
operations would arise for setting up a test assembly and for post-shot operations to clean up the test shot
products. Two operations scenarios would be possible depending on whether the approach to containment
would be to use portable steel vessels or a containment building. With steel vessels or a containment
building, there would be an exclusion area as for uncontained shots, but it would be reduced appropriately.

3.7.2.1 Containment Vessels

To set up a shot, a new or refurbished single-wall steel vessel would be delivered to the firing area by a
heavy-duty tractor-trailer unit. The facility set-up crew would transfer the vessel to the firing point using
a crane. The crew would also attach tested extension modules (figure 3-5) to the vessel if needed to
accommodate the test assembly for a particular test. The main vessel and its attached extension modules
would then constitute the containment vessel. Removing the hemispherical top to the vessel would
provide access so the test assembly could be placed or assembled in the vessel. The containment vessel
would have an electrical pass through and optical ports for the test assembly and diagnostics to
communicate with the outside world.
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Following a shot, the containment vessel would pass through several steps to render it safe, remove
internal debris, and prepare it for subsequent reuse. First, the vessel’s post-shot atmosphere would be
vented and pumped out through high-efficiency particulate (HEPA) filters. A crane would be used to
place the vessel on a trailer, and the vessel would be transported away from the DARHT Facility to
adjacent recycling and test refurbishment facilities. The vessel would remain on the trailer during the
cleanout and preparation process by using a mechanism to rotate the vessel-trailer assembly 90 degrees to
facilitate cleanout.

Operations at the recycling facility would include single-wall vessel cleanout, debris recovery/
decontamination/recycling, vessel decontamination, recovery of process fluids for reuse and solidification
of nonrecoverable materials from the process for disposal. Debris would be emptied from the vessel and
separated by size. Large pieces of debris would be decontaminated in a cleaning tray using a polymeric
extractant solution that binds and solubilizes radioactive and toxic metals. The cleaned debris would be
stored for recycling. Fine debris not suitable for recovery would be transferred into a reaction tank where
it would be agitated with the polymer extractant and the resulting slurry would subsequently be filtered to
collect the solids. Following cleanout, the emptied vessel would be moved to secondary containment in
the wet bay, sprayed for further decontamination using polymeric extractant, and finally rinsed. Metal-
loaded polymer from the extraction and wash processes would be collected in a tank for extraction of the
metal and regeneration of the polymer.

Cleaned vessels would be moved on their trailers to an existing building (R-285) for refurbishing. The
refurbishing operations might include detection and repair of damaged areas, painting the interior,
installation of shot supporting fixtures and diagnostics, and pressure tests.

3.7.2.2 Containment Building

The blast chamber in the containment building would be approximately 48 ft (15 m) wide by 160 ft

(49 m) long (see figure 3-6); walls would be no closer than 17 ft (5.1 m) to the dual-axis firing point; and
the chamber would have a 25-ft (8-m) floor-to-ceiling interval. However, access to the chamber,
proximity of the inner surfaces, and the need for portable lighting affect the efficiency of experiment setup
compared to uncontained testing.

Before a shot, the firing crew would verify that no personnel were in any portion of the containment
building and that the mechanical systems affecting containment were functional. Following the detonation
of a maximum charge, gases and aerosols would fill the blast chamber, increasing the pressure to about
20 psi (14,060 kg/m“) and temperature to 650° F (343° C). This pressure would bleed off through blast
valves into the treatment area where the gases would be mixed with sufficient ambient air to allow
filtration through HEPA filters. The process of venting and purging gases would take about two hours.
Following purging, an automated wash system using three ceiling-mounted, retractable water cannons
would spray the walls and ceiling with water or other solutions. Wash-down water or solutions would be
collected in floor drains connected to a collection tank, filtered, and stored for reprocessing. Following
the wash down, a decontamination team wearing protective clothing would enter and clean the chamber to
make it safe for minimally protected personnel to enter. Venting, purging, cleanup, and testing of the
chamber are estimated to take approximately two days using four workers. In addition, replacement of
damaged fragment shielding would be an ongoing activity.
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The processes for recovering debris from the containment building would be similar to those described for
the portable steel vessels. The recycling facility would be sited near the containment building. Debris
resulting from detonations within the blast chamber would be segregated and reclaimed. Polymer
extractant solutions would be used for decontaminating chamber surfaces.

3.8 PLUTONIUM EXCLUSION ALTERNATIVE

Under the Plutonium Exclusion Alternative (referred to in the Notice of Intent as the “Institutional Control
Alternative”), DOE would complete and operate DARHT as described in the Preferred Alternative but
would limit use of the facility to exclude any applications involving experiments with plutonium. This
alternative is analyzed to provide a basis of comparison between the environmental impacts expected to
occur if the DARHT Facility were used to conduct contained dynamic experiments with plutonium (the
Preferred Alternative) or not used for contained dynamic experiments with plutonium. DOE would
conduct dynamic experiments with plutonium at PHERMEX or other facilities. This alternative would not
be expected to affect future operations at the RSL at LANL, the FXR at LLNL, or other smaller explosive
test facilities.

3.8.1 Facility

The facilities required under the Plutonium Exclusion Alternative are identical to those described for the
Preferred Alternative at the DARHT site.

3.8.2 Operations

Operations at the DARHT Facility under the Plutonium Exclusion Alternative would be the same as those
described for the Preferred Alternative except that DOE would not incorporate plutonium into any of the
experiments at DARHT. The Preferred Alternative specifies containment for experiments that incorporate
plutonium. Under the Plutonium Exclusion Alternative, containment vessels would be used for selected
experiments involving hazardous materials. There would be no differences in facility operations for
uncontained tests and no differences in the explosion products that might be deposited on the firing site or
the surrounding area.

3.9 SINGLE-AXIS ALTERNATIVE

Under the Single-Axis Alternative, DOE would complete construction of the DARHT Facility with one
accelerator hall and would operate only a single axis of DARHT with one accelerator. The second hall
(second axis) would not be completed as an accelerator hall for DARHT but could be put to other uses
such as office space. Under this alternative, DOE would obtain greatly improved high-resolution
capability, as compared to the present capability at PHERMEX and FXR, but would forego the capability
to obtain three-dimensional, rapid-time-sequenced data.

3-31
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Under the Single-Axis Alternative, operation of PHERMEX would be phased out. This alternative is not
expected to affect future operations of the RSL at LANL, the FXR at LLNL, or other smaller explosive
test facilities at LANL and LLNL.

3.9.1 Facility

The facility for the Single-Axis Alternative would be identical to that for the Preferred Alternative at the

. DARHT site except that DOE would not install an accelerator and its ancillary equipment in the southwest
accelerator hall. Figure 3-3 shows the layout of the DARHT Facility. The southeast accelerator hall
would be completed as planned to provide the single-axis, x-ray radiographic capability. The DARHT
firing site, associated support and diagnostic facilities, and the RSL would all be considered part of the
single-axis facility.

Construction at the DARHT site would be nearly the same for the Single-Axis Alternative as for the
Preferred Alternative. The entire firing-site complex would be completed under this alternative, but only
the basic structure of the southwest accelerator hall would be finished as planned. The interior finish
would depend on how that space might best be used, and that determination would be made at a later date.
Possible uses for the southwest wing include storage, office space, or laboratory space for research efforts.

3.9.2 Operations

Operations under the Single-Axis Alternative would be similar to those under the Preferred Alternative,
but they would be somewhat simplified by the need to coordinate only one x-ray machine with the test
assembly detonation. Operation of the single x-ray machine would be the same as its operation as part of
a dual x-ray system. Under the Single-Axis Alternative, some tasks might be reduced in number or scope,
but all of the activities described as part of the Preferred Alternative would remain. The high-explosive
testing program would be modified to single-axis capabilities and would be similar to that for the No
Action Alternative.

More emphasis would be placed on studying the late stages of hydrodynamic phenomena under the Single-
Axis Alternative, resulting in less use of blast-protected, electronic-position-indicating diagnostics
compared to the No Action Alternative. However, more total shots would be required to synthesize three-
dimensional and time-sequence data and to address reproducibility among shots. Therefore, the cost and
yearly progress of the testing program would be similar to the No Action Alternative.

For this alternative, use of heavy equipment inside the accelerator hall, such as overhead cranes, would be
about half of that needed for the Preferred Alternative. On the other hand, use of heavy equipment on the
firing point would be the same as for the Preferred Alternative.

3.10 ALTERNATIVES CONSIDERED BUT NOT ANALYZED IN DETAIL

A NEPA review specifies the purpose and need for an agency to take action, describes the action that the
agency proposes to meet that purpose and need, and identifies reasonable alternatives to meet part or all of
the purpose and need. A potential alternative may be dismissed from a NEPA review as unreasonable if it
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would not meet part or all of the agency’s purpose and need to take action, or for such reasons as taking
too long to implement, being prohibitively expensive, or being too speculative in nature. An agency does
not need to analyze an alternative that would not be responsive to the specified purpose and need.

The DOE considered, but did not analyze in detail, several alternatives in addition to those discussed
above. None of the following would meet DOE’s need for enhanced radiographic hydrodynamic test
capability. These include:

* Alternative sites

* Alternative location at LANL

* Alternative facilities

* Consolidation

» Use of FXR

* Alternative types of tests

* Relinquishing reliability of the nuclear stockpile
* Weapons design

* No hydrodynamic testing

 Other programmatic alternatives

¢ Other mission alternatives

3.10.1 Alternative Sites

As an alternative to constructing and operating the DARHT Facility at LANL, construct
and operate the facility at an alternative site.

DOE considered, but dismissed as unreasonable, the alternative of locating, constructing, and operating the
DARHT Facility at a site other than LANL. DOE’s need for hydrodynamic test facilities for weapons
work is limited to those needed to support testing programs for LANL and LLNL. DOE has no need to
construct hydrodynamic test facilities at non-DOE sites.

As discussed in section 3.3.3, LANL already has infrastructure in place to support its dynamic experiments
and hydrodynamic testing program. This infrastructure supports operations at the PHERMEX Facility and
other smaller LANL firing sites. The same infrastructure would be needed to support hydrodynamic
testing and dynamic experiments at the DARHT Facility. Although other DOE sites have some of this
infrastructure in place, no other DOE site currently has all the infrastructure in place to support all aspects
of hydrodynamic tests and dynamic experiments being done at PHERMEX or proposed to be done at
DARHT. DOE considers that this would represent an unreasonably expensive option to replicate some or
all the infrastructure at another DOE site to support a facility with the same capability as the proposed
DARHT Facility. It would not be cost-effective for DOE to replicate support facilities solely to support
hydrodynamic testing or dynamic experiments.
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In the future, DOE may choose to change facilities or operations at LANL or other DOE sites for other
reasons. However, any such changes would be the result of separate DOE proposals in response to a
different Departmental need and would be subject to appropriate reviews, including a NEPA review.

DOE considered two alternative means of conducting LANL’s hydrodynamic testing at a site other than
LANL:

* Single Site — Locate and construct the proposed radiographic hydrodynamic test facility at another
site, make use of existing infrastructure at that site, and construct the remaining infrastructure at
that site

» Multi Site — Locate and construct the proposed radiographic hydrodynamic test facility at another
site and make use of existing infrastructure at that site, supplemented by existing infrastructure at
LANL or other sites

Neither alternative was considered to be reasonable for reasons described in the following sections.

3.10.1.1 Single Site

Replicating all the infrastructure needed to support a hydrodynamic test program or dynamic experiments
at a single site other than LANL would be unreasonably expensive. Although theoretically all of the
support facilities could be constructed and operated at another site, depending on the infrastructure already
in place at the site, this could increase the cost of the DARHT Facility several times.

Depending on the location of the alternative site, DOE could incur extensive travel costs because LANL
personnel would have to oversee the LANL testing program at another site, which would involve travel of
several people at least once a week. If the other site had a hydrodynamic test or dynamic experiment
program of its own (as does LLNL), the number of shots that could be scheduled to support both
programs could be limited; this could be detrimental to both. In the event that the radiographic
hydrodynamic test or dynamic experiment capability were to be located elsewhere, DOE would have to
continue to operate and maintain PHERMEX to support smaller tests or dynamic experiments at LANL
that would not be cost-effective to transport to the other site. DOE would therefore have to invest
substantial capital to repair the facility to keep it viable over the long term, in addition to constructing and
maintaining the enhanced radiographic test facility. This would not meet the need to replace PHERMEX.

Besides LANL, LLNL, NTS, and Pantex have some hydrodynamic testing infrastructure in place.
However, they are considered to be unreasonable alternatives to LANL for siting a testing facility to
support the proposed action because they would require expensive additional specialized infrastructure to
support the hydrodynamic tests and dynamic experiments under the Proposed Action. In addition, as
discussed above, DOE would need to continue to operate and maintain PHERMEX, which does not meet
the need to replace the existing PHERMEX radiographic capability.

e LLNL. LLNL is the only DOE site, besides LANL, which has the capability currently in place to
support hydrodynamic tests. However, LLNL is considered unreasonable to support a LANL
hydrodynamic testing facility for two reasons. First, the type, size, and number of shots that
LANL would require in addition to the number of shots that LLNL already conducts could unduly
burden the support infrastructure that currently exists at LLNL, unless personnel and equipment
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were replicated. This would be considerably more costly than the Preferred Alternative. Second,
without a major additional investment, LLNL could not provide the material recovery/recycle
capability and waste treatment, storage, and disposal to support LANL’s program in addition to its
own. In addition, DOE does not conduct dynamic experiments with plutonium at LLNL. It would
be unreasonably expensive to replicate the required infrastructure needs at LLNL for the sole
purpose of supporting a facility as small as the Preferred Alternative.

* NTS. NTS has supported a testing program with experiments similar to hydrodynamic tests.
However, NTS is considered unreasonable to support a radiographic hydrodynamic testing facility
in the near term because NTS does not now have the required material recovery/recycle capability.
It would be unreasonably expensive to replicate the required infrastructure needs at NTS for the
sole purpose of supporting a facility as small as the Preferred Alternative.

» Pantex. Pantex has supported high explosives testing. However, Pantex is considered
unreasonable to support a radiographic hydrodynamic testing facility in the near term because
Pantex does not currently have any of the required infrastructure other than instrumented firing
sites. In addition, currently the site could not support dynamic experiments with plutonium. It
would be unreasonably expensive to replicate the required infrastructure needs at Pantex for the
sole purpose of supporting a facility as small as the Preferred Alternative.

3.10.1.2 Multi-Site

Making use of multiple sites presents logistical problems that would be unreasonably inefficient and
expensive to overcome. DOE believes that the quality of the hydrodynamic testing program would be
degraded by splitting among multiple sites the testing functions for the improved capability needed.
Collocated personnel achieve a certain synergism and efficiency in their interactions; this would be lost if
personnel involved in different stages of a test event were located at different sites. Depending on the
split, the ability to fix in-process mistakes or to iterate a design feature could be slowed to the point that
test schedules could not reliably be met. Splitting the mission responsibility among sites would dilute the
focus achieved by consolidating at a single institution, and would also blur lines of funding and
responsibility. DOE would incur significant costs for transporting equipment, materials, and personnel
among multiple sites and LANL. As described for a single site, travel costs would increase, the number
of shots could be limited, and LANL would have to continue to operate and maintain PHERMEX, which
does not meet the need to replace the existing PHERMEX radiographic capability.

DOE has considered whether each of the different steps of the hydrodynamic testing process could take
place at a location other than LANL. Although some aspects could take place at various DOE sites,
transportation, firing-site support, and materials management (materials reprocessing and recycling, and
waste treatment and disposal) are limiting factors. Sites with some infrastructure in place include LLNL,
at Livermore, California; the Nevada Test Site (NTS), near Las Vegas, Nevada; and the Pantex Plant, near
Amarillo, Texas.

» Transportation of test assemblies. Shipping assembled hydrodynamic test assemblies is difficult.
An assembled pin shot cannot be transported for more than a short distance because the diagnostic
sensors must be very precisely located and are very susceptible to dislocation when moved. If
transported, they must be moved only under controlled conditions (secure transport, very stable
shipping container, very slow speeds). If public roads were used, either the road would have to be
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3.10.2

closed to the public (as is now the case at LANL), or safe, secure, transport vehicles would have to
be used.

Firing site. High explosive testing areas require a large buffer zone for safety reasons and
perimeter-limited access for security and safety reasons. Several DOE sites are large enough to
provide adequate secure buffer zones for a hydrodynamic test or dynamic experiment firing site.
However, to operate a radiographic hydrodynamic test or dynamic experiment facility would
require that several collocated support functions be available at the firing site. This would be a
limiting factor for an alternative site because it would be difficult and expensive to replicate all the
support facilities that would have to be located in the vicinity of the firing site. The site would
have to have appropriate permits and licenses to allow for high explosives work. Other than
LANL, LLNL is the only DOE site with in-place, firing-site support capability sufficient to support
radiographic hydrodynamic tests or dynamic experiments. LLNL facilities are sized and scheduled
to handle their own testing program, and the additional shots sufficient to support LANL’s testing
program could unreasonably burden the existing LLNL facilities. The NTS has firing sites and is
currently qualifying a firing site to conduct radiographic hydrodynamic tests, which would use
large charges of high explosives. Pantex has instrumented firing sites used to test high explosives,
but these firing sites are not currently configured to support the required radiographic
hydrodynamic testing and dynamic experiments, and to do so, besides being very expensive, would
conflict with the current use of these sites.

Materials Management. Materials management includes materials reprocessing and recycling,
waste treatment, and disposal. Waste processing and disposal are limiting factors. Cleanup and
recycling operations for hydrodynamic tests and dynamic experiments require specialized handling
techniques. An alternative site would have to have the means to treat and dispose of debris and
other waste hardware after a test is complete, and to collect, process and recycle reusable materials.
This would include the ability to clean out and, if necessary, dispose of large containment vessels.
LANL is the only site with the requisite facilities in place. Although LLNL has waste processing,
disposal, and recycling facilities in place that are sufficient to handle their own hydrodynamic
testing program, it does not have facilities in place to handle containment vessels or sufficient
capability to handle LANL’s waste stream in addition to its own. NTS has a waste disposal
capacity that is used by other DOE sites, but does not have in place the specialized facilities
required to support the Proposed Action.

Alternative Location at LANL

As an alternative to constructing DARHT at the proposed sites, construct DARHT at an
alternative site at LANL.

In the 1980s, DOE considered different locations at LANL for the DARHT Facility, and determined that
the proposed site was preferable. The proposed site is within the explosives testing area and makes use of
existing infrastructure such as access roads and utilities. Replicating the proposed facility at another
location at LANL would result in duplicating infrastructure and related construction that has already
occurred, with no programmatic gain, increase in onsite safety.
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3.10.3 Alternative Types of Facilities

As an alternative to constructing a hydrodynamic testing facility, use an alternative type
of facility to conduct diagnostic experiments.

The DARHT Facility responds to DOE’s need for enhanced capability for hydrodynamic testing and
dynamic experiments. No other type of facility provides hydrodynamic testing capability other than a
hydrodynamic testing facility. An alternative type of hydrodynamic testing facility that could produce the
needed capability in the near-term would be essentially a replication of the DARHT Facility. DOE and
LANL have spent more than 10 years optimizing the design of DARHT; DOE does not consider it
reasonable to spend additional time and expense to develop additional design studies for alternative
facilities that would not meet the specified need nor add programmatic value.

DOE proposes to install a linear induction accelerator to operate the radiography equipment at the DARHT
Facility. Other types of accelerators are available, such as radio-frequency, pulsed-power, or inductive-
voltage-adder accelerators, and theoretically they could be used to power a radiography machine. The
equipment proposed to be installed in DARHT, if the facility is completed and operated as proposed, was
designed to improve on the technology and equipment used at FXR (which is also a linear induction
accelerator). The technology proposed for the DARHT Facility has been reviewed by two independent
technical panels, DARHT Feasibility Assessment Independent Consultants (DFAIC) and Independent
Consultants Reviewing Integrated Test Stands (ITS); both have concurred with the technology proposed
(DFAIC 1992; DOE 1993 MDW?2). DOE does not consider it reasonable to revisit the technical
evaluation of the currently available technology for the enhanced capability proposed, or to await possible
development of future technologies that are now considered either speculative or inferior to the proposed
technology for the intended use.

DOE has conceptualized a multi-axis, multi-time Advanced Hydrotest Facility (AHF) for the next
generation of advanced hydrotesting capability. The AHF would be based on new and developing
accelerator technology, drawing partially on the rapidly advancing state of the art in high-power, high-
speed, solid-state components. This conceptualized facility has not yet reached the stage of a firm
Departmental proposal. The DARHT facility would provide information useful for the design of the AHF,
and experience gained from its operation would be important in optimizing the operations of this advanced
facility. AHF is not considered to be a reasonable alternative to the DARHT Facility for the following
reasons: it is still only a concept, the technology to support AHF is not yet developed or proven, and the
conceptual design and development of the technology for AHF would take several years to complete, as
would siting studies and construction design.

3.10.4 Consolidation

As an alternative to operating more than one hydrodynamic test facility, consolidate
hydrodynamic testing capability at one site.

The DOE has historically maintained hydrodynamic testing capability at both LANL and LLNL; it would
not be advantageous to fulfilling the mission of the DOE to maintain hydrodynamic testing facilities at
only one site. DOE has proposed DARHT to be a shared user facility but has not proposed shutting down
hydrodynamic testing capability at either LLNL or LANL. Consolidating LANL’s testing program with
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LLNL’s at LLNL is discussed section 3.10.1.3., and is dismissed as unreasonable. DOE has not identified
any need to consolidate LLNL’s testing program with LANL’s at LANL. Consolidation at one site is
therefore not considered as a reasonable alternative to the Preferred Alternative.

3.10.5 FXR

As an alternative to operating DARHT, modify and upgrade the FXR facility at LLNL to
provide the capabilities proposed for DARHT.

DOE is in the process of upgrading the FXR Facility under a separate proposal. Under this type of
alternative, in addition to the already proposed upgrades, FXR would be remodeled and enlarged to
construct a second accelerator hall to accept the new technology developed for DARHT, and PHERMEX
would continue to operate at LANL. This is considered unreasonable as an alternative for the Proposed
Action because DOE does not conduct dynamic experiments with plutonium at LLNL. In the event that in
the future DOE would propose to provide three-dimensional capability at LLNL, a separate NEPA review
would be prepared at that time if required.

3.10.6 Alternative Types of Tests

As an alternative to operating DARHT, use an alternative type of test to conduct
diagnostic experiments.

Although hydrodynamic testing is used in conjunction with other types of testing capability, such as
computer modeling or nuclear testing, no other type of experimental facility will produce the diagnostic
results of a hydrodynamic testing facility. The President, Congress, and the Secretaries of Energy and
Defense have determined that the Nation needs to maintain and improve its hydrodynamic test capabilities
that reside with DOE. The purpose of the Proposed Action is to provide improved hydrodynamic test
capability. Other types of tests would not meet the agency and National need for the type of information
that can only be obtained from hydrodynamic tests. DOE will continue to use other diagnostic tools, such
as computer modeling, in conjunction with hydrodynamic testing, as has been done for more than

30 years.

3.10.7 Relinquishing Reliability of the Nuclear Stockpile

As an alternative to operating DARHT, relinquishing the goal of maintaining the
reliability of nuclear weapons would mean that hydrodynamic testing (hence the DARHT
Facility) would not be needed.

The alternative of not maintaining the integrity of the nuclear weapons stockpile does not meet the
direction from the President and Congress to maintain a safe, secure, and reliable nuclear deterrent as a
cornerstone of National defense. Thus this alternative is not considered to be reasonable.
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3.10.8 Weapons Design

As an alternative to operating DARHT to ensure weapons safety and reliability, operate
DARHT to design prototype weapons, and study impacts on the Nation’s nonproliferation
objectives and the impact of fabricating prototype weapons.

As discussed in section 3.5, in the 1980s, DOE proposed to operate DARHT to provide enhanced
hydrodynamic testing capability in support of the Nation’s nuclear weapons design program, as well as in
support of ensuring safety and reliability of stockpiled nuclear weapons. As stated in section 2.3.4, in the
event that this Nation decides as a matter of policy that new nuclear weapons should again be developed,
we would use all appropriate means at our disposal to accomplish this. Hydrodynamic testing, along with
many other tools, could be used to assist in weapons development. However, in 1991, the President stated
that the United States would not design new nuclear weapons in the foreseeable future; any decision to
reverse this policy would come from the President and Congress. Accordingly, DOE does not at this time
need to propose, design, or construct new facilities to assist with new weapons design. In any event, the
environmental impacts of hydrodynamic tests at the DARHT Facility, the existing hydrodynamic testing
facilities, or other alternatives analyzed in this EIS would vary by the number of test shots, size of
explosive charge, materials used, and the design of the facility, not the intended application of test results.

3.10.9 No Hydrodynamic Testing Alternative

As an alternative to operating DARHT, do not construct or operate any hydrodynamic
testing facility, and do not conduct hydrodynamic tests.

As discussed in chapter 2, the President and Congress have directed DOE to ensure the safety,
performance, and reliability of the weapons stockpile, and to maintain and enhance its hydrodynamic
testing capability in order to perform this task. A proposal not to conduct hydrodynamic testing would not
meet this purpose.

3.10.10 Other Programmatic Alternatives

As an alternative to operating DARHT, use alternative means to conduct the Nation’s
stockpile stewardship program.

As discussed in chapter 2, the Stockpile Stewardship and Management Programmatic Environmental
Impact Statement (PEIS) will analyze alternative means to conduct the Nation’s stockpile stewardship
program. The relationship of the DARHT EIS to that PEIS is discussed in that chapter. The President
and Congress have determined that, as one aspect of conducting stockpile stewardship, the Nation needs to
maintain and improve its hydrodynamic test capabilities that reside with DOE. The DARHT Facility
responds to that purpose and need.
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3.10.11 Other Mission Alternatives

As an alternative to operating DARHT as part of the DOE weapons program, consider
an alternative nonweapons mission for DOE or LANL.

The nuclear weapons mission of DOE is established by law. Alternative missions for LANL do not
respond to the purpose and need specified in this EIS. Accordingly, nonweapons missions are not
considered to be reasonable alternatives to the Preferred Alternative.

DOE anticipates that the LANL Sitewide EIS discussed in chapter 2, will examine the cumulative impacts
of facility operations in support of the mission assignments at LANL and that the PEIS discussed in
chapter 2 will examine the impacts of alternative ways to carry out the stockpile stewardship program. If,
in the future, DOE would eliminate weapons research at LANL, including hydrodynamic testing, the
Department would examine the need for additional NEPA review. This review would be used to
determine the disposition of existing weapons research facilities at LANL, including any hydrodynamic
test facilities existing at that time. DOE currently has no plans to withdraw weapons research work from
LANL.

3.11 COMPARISON OF ALTERNATIVES

The following tables comparatively summarize the alternatives analyzed in this EIS in terms of their
expected environmental impacts and other possible decision factors. Table 3-3 compares the
environmental impacts of the alternatives as discussed in detail in chapter 5; for the most part,
environmental impacts would be expected to be similar among the alternatives analyzed.

Table 3-4 summarizes facility construction and operations factors. The entries in this table are self
explanatory for the most part. However, the material releases information needs explanation. These
entries represent estimated annual material releases to the environment immediately after high-explosive
tests conducted at PHERMEX, or the DARHT Facility. Subsequent cleanups are not considered in the
estimated amounts. As discussed in section 3.7, under the Enhanced Containment Alternative, for the
containment vessel approach, this EIS conservatively assumes that the vessels would be used for most, but
not all, tests, and that the single-wall containment vessels may have a leak rate of one percent and a
maximum failure rate of five percent. The gaseous products from the detonation of high explosives
(90 percent) would not be contained, and the remaining products would consist of carbon soot. For all
alternatives, any future dynamic experiments using plutonium would be conducted within double-walled
vessels that have been demonstrated to fully contain the tests and yield no measurable releases.

Table 3-5 compares the hydrodynamic testing capabilities that would be expected under the alternatives
analyzed.
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CHAPTER 4
AFFECTED ENVIRONMENT

The Los Alamos National Laboratory (LANL) is located in north-central New Mexico in Los Alamos and
Santa Fe counties. Most of LANL and the surrounding community development is situated on mesa tops.
The areas that may be impacted by the Proposed Action include land use, air quality and noise, water
resources, geology and soils, biotic resources, cultural and paleontological resources, socioeconomic
environment, and radiological and hazardous chemical environment. The scope of the affected
environment differs from discipline to discipline, and the approach in this chapter is to describe the portion
of the geographic area that is relevant to each resource type. Sufficient detail is presented for assessing
the consequences of the analyzed alternatives for each area of the affected environment. The discussion in
this chapter is augmented by the classified supplement for this EIS.

The PHERMEX site and the DARHT site, which are about 2,000 ft (600 m) apart, essentially constitute a
single site for many of the environmental impact analyses. For the impact analyses, the combined sites are
considered to be Area III (shown in figure 3-2) in Technical Area 15 (TA-15), as defined by LANL for
safety, security, and control of the firing sites at PHERMEX and the DARHT Facility. In order to
maintain clarity, the following terminology conventions are used in this chapter:

» “Site” refers to Area III containing both the PHERMEX and DARHT facilities.

e “PHERMEX site” or “DARHT site” refers to the area at, and immediately around, each respective
facility.

This chapter describes the affected environment using information drawn from existing data on the specific
technical areas (TAs), facilities and projects conducted in these areas, and LANL environmental
protection/monitoring programs supporting compliance objectives. The data used to characterize the
affected environment, while not all from the same calendar year(s), are the most recent and relevant
published data available. These data are presented as representative of the conditions of the affected
environment.

4.1 LAND RESOURCES

The study area for Land Resources is limited to Los Alamos National Laboratory (LANL) and its adjacent
lands. LANL is located in north-central New Mexico, 60 mi (97 km) north-northeast of Albuquerque,
25 mi (40 km) northwest of Santa Fe, and 20 mi (32 km) southwest of Espafiola in Los Alamos and Santa
Fe counties. The associated communities of Los Alamos and White Rock are in Los Alamos County.
Figure 4-1 shows the geographical location of LANL. The 28,000 ac (11,300 ha) LANL site and adjacent
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FIGURE 4-1.—The Regional Location of LANL Showing the Geographical Relationship to Adjacent
Commupnities and the State of New Mexico.
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communities are situated on the Pajarito Plateau, which consists of a series of finger-like mesas separated
by deep canyons that run from the Jemez Mountains on the west toward the Rio Grande Valley on the
east. Mesa tops range in elevation from approximately 7,800 ft (2,400 m) on the west to about 6,200 ft
(1,900 m) on the east (LANL 1994a). The developed acreage of LANL consists of 30 active Technical
Areas (TAs) (see figure 3-1).

4.1.1 Land Use

Most developments within Los Alamos County are confined to mesa tops. The surrounding land is largely
undeveloped with large tracts north, west, and south of the LANL site administered by the U.S. Forest
Service (Santa Fe National Forest) the National Park Service (Bandelier National Monument), and Los
Alamos County (figure 4-2). The San Ildefonso Pueblo borders the LANL site to the east (LANL 1994a).

Area III [approximately 1,400 ac (567 ha)] is located within TA-15 on Threemile Mesa, with Cafion de
Valle to the southwest, Potrillo Canyon to the southeast, and Threemile Canyon to the northeast. The
topography in the vicinity is varied, ranging from steep, precipitous canyon walls to gently sloping mesa
tops. The elevation of Threemile Mesa ranges from 7,100 to 7,300 ft (2,165 to 2,225 m). The Pulsed
High Energy Radiation Machine Emitting X-Rays (PHERMEX) Facility and the Radiographic Support
Laboratory (RSL) lie within Area III (as shown in figure 3-2). Eight ac (3 ha) of land at Area III has
been disturbed for DARHT construction (Chastain 1995).

PHERMEX has a 4,100-ft (1,250-m) radius exclusion zone available, but typically a 2,460-ft (750-m)
radius zone is used (shown in figure 4-3). The areas of these zones are 1,212 and 436 ac (490 and

176 ha), respectively. These exclusion zones are the areas surrounding the firing point that are cleared of
all personnel for a test shot; they are concentric and are partially shared with exclusion areas for other test
shot facilities. Facilities and development in this exclusion zone are limited to those needed in direct
support of the firing site or which have use restrictions to ensure compatibility in the firing site. The
LANL Site Development Plan (LANL 1994) defines a larger area, about 20 miZ (50 km?), as the High
Explosives Research and Development and Testing area; it separates explosives activity from
noncompatible uses.

The major public roads that are used at LANL include State Road 501, State Road 4, and Pajarito Road.
State Roads 501 and 4 are the closest to TA-15 (figure 4-1). Threemile Mesa is limited to Federal use,
with no plans to release any portion of this mesa for public use.

4.1.2 Visual Resources

The topography of LANL affords spectacular views of the surrounding landscape of forested mountains,
deep canyons, and the Rio Grande Valley. The mountain scenery, unusual geology, and archeological
heritage create a diverse visual environment. The scenery contrasts greatly with the functional industrial
facilities of LANL. A majority of LANL’s parking lots, security gates, and service and storage yards are
highly visible to employees and visitors using public roads (LANL 1990). Most structures are
cinderblock, frame, or metal, painted various shades of tan. Many of these buildings were constructed in
the 1940s, 1950s, and 1960s.
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Area III, which is not visible from public roads, contains the same visual resources as LANL. However,
at Area III, the facilities are widely separated, so that vistas include canyons, mesas, and forests with
occasional buildings. Immediately following a large test at Area III, the smoke plume may be briefly
visible offsite.

4.1.3 Regional Recreation

The public is allowed limited access to certain areas of LANL. An area north of Ancho Canyon between
the Rio Grande and State Road 4 is open to the public for selected recreation activities such as hunting
and hiking. Vehicles and activities, such as woodcutting, are prohibited. Portions of Mortandad and
Pueblo Canyons are also open to the public. TA-15, including Area III, is restricted to the public, except
for specially permitted activities. An archeological site (the Otowi tract), northwest of State Road 502
near White Rock, is open to the public, subject to restrictions imposed by regulations that protect cultural
resources (LANL 1993a).

Although they are not on the LANL site, other recreational areas are nearby. Located immediately south
of LANL (figure 4-2), Bandelier National Monument is a popular public attraction. Natural beauty, Indian
ruins, abundant wildlife, and historic structures are present. It has 65 mi (105 km) of maintained hiking
trails that range from easy to strenuous (Los Alamos County Chamber of Commerce 1995). Another
portion of Bandelier National Monument, located north of White Rock and south of State Road 502, is
open to the public. The Jemez Mountains rise above Los Alamos to the west and offer a vast array of
scenic attractions. This mountainous terrain in the Santa Fe National Forest offers the public opportunities
for fishing, hunting, skiing, hiking, swimming, camping, and horseback riding.

42 AIR QUALITY AND NOISE

The study area for this section includes LANL and the surrounding areas where affected air may move or
where noise may be perceived. This section describes the climate, air quality, noise, and air monitoring at
LANL and TA-15. LANL quantifies and assesses the radiologic and nonradiologic air emissions to
determine compliance with the Federal standards set by the U.S. Environmental Protection Agency (EPA)
and State standards set by the New Mexico Environmental Improvement Board. All of the areas within
LANL and its surrounding counties are designated as attainment areas with respect to the National
Ambient Air Quality Standards (NAAQS). These standards define levels of air quality that are necessary,
with an adequate margin of safety, to protect the public health (primary standards) and the public welfare
(secondary standards).

4.2.1 Meteorology and Climatology

Los Alamos has a semiarid, temperate mountain climate. The climate averages for atmospheric variables
such as temperature, pressure, moisture, and precipitation are based on observations made at the official
LANL weather station at TA-59 from 1961 through 1990. The meteorological conditions described here
are representative of conditions on the Pajarito Plateau at an elevation of approximately 7,200 ft (2,190 m)
above sea level (LANL 1994a). The TA-59 weather station is approximately 2 mi (3 km) north of TA-15
and is considered representative of the weather conditions at that location.
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In July, the average daily high temperature is 81 °F (27 °C), and the average nighttime low temperature is
55 °F (13 °C).  The average January daily high is 40 °F (4 °C), and the average nighttime low is 17 °F
(-8 °C). The highest recorded temperature is 95 °F (35 °C), and the lowest recorded temperature is -18 °F
(-28 °C). The large daily range in temperature of approximately 23 °F (13 °C) results from the site’s
relatively high elevation and dry, clear atmosphere, which allows high insolation during the day and rapid
radiative losses at night (LANL 1994a).

The average annual precipitation is 18.7 in (48 cm) but is quite variable from year to year. The lowest
recorded annual precipitation is 6.8 in (17 cm), and the highest is 30.3 in (77 cm). The maximum
precipitation recorded for a 24-hour period is 3.5 in (9 cm). Because of the eastward slope of the terrain,
there is a large east-to-west gradient in precipitation across the plateau. White Rock often receives about
5 in (13 cm) less annual precipitation than the official weather station at TA-59, and the eastern flanks of
the Jemez Mountains often receive about 5 in (13 cm) more (Bowen 1992).

Approximately 36 percent of the annual precipitation normally occurs from thundershowers during July
and August. Winter precipitation falls primarily as snow, with accumulations of about 59 in (150 cm)
seasonally (LANL 1993a). The highest recorded snowfall for one season is 153 in (389 cm), and the
highest recorded snowfall for a 24-hour period is 22 in (56 cm). In a typical winter season, snowfall
equal to or exceeding 1 in (2.5 cm) will occur on 14 days, and snowfall equal to or exceeding 4 in

(10 cm) will occur on 4 days. The snow is generally dry; on the average, 20 units of snow at LANL are
equivalent to 1 unit of water (LANL 1994a).

Los Alamos winds are generally light, averaging 6.3 mi/h (10 km/h). Strong winds are most frequent
during the spring when peak gusts during this season often exceed 50 mi/h (80 km/h). The highest
recorded wind gust is 77 mi/h (124 km/h). The semiarid climate promotes strong surface heating by day
and strong radiative cooling by night. Because the terrain is complex, heating and cooling rates are
uneven over the LANL area, which results in local thermally generated winds. The distributions of wind
direction and wind speed for the four measurement stations (located at TA-6, TA-49, TA-53, and TA-54)
on the plateau are shown in figures 4-4 and 4-5 (LANL 1994a). The wind roses presented in these figures
provide general information of the daytime and nighttime wind conditions surrounding TA-15.

During sunny, light-wind days, an upslope air flow often develops over the plateau in the moming hours.
This flow is more pronounced along the western edge of the plateau, where the flow is 650 to 1,650 ft
(200 to 500 m) deep. By noon, southerly flow usually prevails over the entire plateau.

At measurement sites closer to the eastern edge of the plateau, wind roses show a weak secondary peak in
the daytime wind direction in the northeast sector. These northeasterlies also show up in the wind roses
for observations made at 300 ft (92 m) and 1,670 ft (510 m) above the ground. They are thought to result
from cold air drainage down the Rio Grande Valley that persists into the early morning hours (LANL
1994a). ‘

The prevailing nighttime flow along the western edge of the plateau is west-southwesterly to
northwesterly. These nighttime westerlies result from cold air drainage off the Jemez Mountains and the
Pajarito Plateau; the drainage layer is typically 165 ft (50 m) deep in the vicinity of TA-3. At sites farther
from the mountains, the nighttime direction is more variable but usually has a relatively strong westerly
component. Just above the drainage layer, the prevailing nighttime flow is southwesterly, with minor
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92-m Winds, TA-6 510-m Winds, TA-6
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1.6-4.0—17.7 — 26.6+ The two roses at the top of the figure are for winds at 302 ft (92 m) above the ground (from tower
SPEED (kmvh) measurements) and 1,673 ft (510 m) above the ground (from SODAR measurements). The four roses at
Source: LANL 1994 the bottom of the figure are for winds observed at 36 ft (11 m) above the ground at the four plateau towers.

FIGURE 4-4.—Wind Roses at LANL Monitoring Sites for Daytime Winds in 1992.
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1.6-4.0—17.7—26.6+ The two roses at the top of the figure are for winds at 302 ft (82 m) above the ground (from tower

SPEED (kmvh) measurements) and 1,673 ft (510 m) above the ground (from SODAR measurements). The four roses at
Source: LANL 1994 the bottom of the figure are for winds observed at 36 ft (11 m) above the ground at the four plateau towers.

FIGURE 4-5. Wind Roses at LANL Monitoring Sites for Nighttime Winds in 1992.
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peaks in the distribution around northwest and northeast. At 1,673 ft (510 m) above the ground, the wind
direction distribution exhibits a broad, flat peak covering the whole western half of the compass (LANL
1994a).

Atmospheric flow in the canyons is quite different than over the plateau. Data collected from Los Alamos
Canyon suggest that at night a cold air drainage fills the lower portion of the canyon more than 75 percent
of the time. The flow is steady and continues for about an hour after sunrise when it ceases abruptly and
is followed by an unsteady up-canyon flow for a couple of hours. Down-canyon flow begins again around
sunset, but the onset time appears to be more variable than cessation time in the morning (LANL 1994a).

4.2.2 Severe Weather

Thunderstorms are common at LANL, with 61 occurring in an average year. A thunderstorm day is
defined as a day in which either a thunderstorm occurs or thunder is heard nearby. Most thunderstorm
days occur during July and August, the so-called monsoon season. During this time of year, large-scale
southerly and southeasterly winds bring moist air into New Mexico from the Gulf of Mexico and the
Pacific Ocean. The combination of moist air, strong sunshine, and warm surface temperatures encourages
the formation of afternoon and evening thundershowers, especially over the Jemez Mountains. Upper air
winds often move the thunderstorms over TA-15. The resultant drainage patterns are discussed in

section 4.4.1. No tornadoes have been reported to have touched down in Los Alamos County.

Lightning in LANL can be frequent and intense during some thunderstorms. Because lightning can cause
occasional brief power outages, lightning protection is an important design factor for most facilities at
LANL and the surrounding area. Lightning protection is used at PHERMEX and has been designed into
the alternatives.

Hail is also very common at LANL. In fact, the area around Los Alamos has the most frequent hailstorms
in New Mexico. Typically, the hailstones have diameters of about 0.25 in. (0.6 cm), with a few somewhat
larger. Some storms produce measurable accumulation on the ground. Rarely, hailstorms cause
significant damage to property and plants. Very little hail damage is expected on hydrodynamic testing
operations.

Large-scale flooding is not common in New Mexico. However, flash floods from heavy thunderstorms are
possible in susceptible areas, such as arroyos, canyons, and low spots. Severe flooding has never been
observed in Los Alamos, but heavy downpour combined with already saturated soil caused flash flooding
in Los Alamos on August 4, 1991. Flooding washed out sewer lines in Pueblo Canyon, with extensive
flooding of streets and basements. This type of flooding is possible at TA-15 and could serve as a
mechanism to transport contaminants.

Flooding is possible in the spring from snowmelt, although snowmelt flooding is usually confined to the
larger rivers in the state. However, snowmelt can cause muddy conditions in the LANL area, along with
minor flooding of streams in the Jemez Mountains (Bowen 1992). Flooding from snowmelt is not
expected to impact TA-15.
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4.2.3 Atmospheric Dispersion

The irregular and complex terrain at LANL affects the atmospheric dispersion. The terrain and forests
create an aerodynamically rough surface, forcing increased horizontal and vertical turbulence and
dispersion. The dispersion generally decreases at lower elevations where the terrain becomes smoother
and less vegetated, and canyons also limit dispersion by channeling air flow. The frequent clear skies and
light winds cause good daytime vertical dispersion, especially during the warm season.

Clear skies and light winds have a negative effect on dispersion at night, creating strong, shallow surface
inversions. The inversions are especially strong during the winter. Overall dispersion is greater in the
spring during strong winds. However, vertical dispersion is the greatest during summer afternoons
(Bowen 1992).

4.2.4 Air Quality

The criteria pollutants — nitrogen dioxide (NO,), carbon monoxide (CO), hydrocarbons, particulate matter,
and sulfur dioxide (SO,) — make up approximately 79 percent of the stationary source emissions at LANL.
The source of these criteria pollutants is combustion in power plants, steam plants, asphalt plants, and
local space heaters. Toxic and other hazardous pollutants represent the remaining 21 percent of emissions
from stationary sources at LANL. These emissions include equipment surface cleaning, coating, acid
gases, metals, and miscellaneous emissions such as wood dust, hazardous gases, and plastics (LANL
1994a).

Table 4-1 shows the results of two studies that estimated emissions of nonradioactive chemicals. The
1987 emissions inventories were designed to collect information on emissions of these chemicals for the
state’s toxic air pollutant registration regulation. The 1990 inventory expanded the list of chemicals and
sources and was designed to give LANL an estimate of its overall emissions. Data from the 1987 and
1990 inventories represent the only available listings of chemical emissions for LANL. The main
difference between the two inventories is that the 1990 estimates included the emissions from the boilers,
which accounts for the large emissions of nitrogen dioxide, carbon monoxide, and particulate matter. The
amount and type of nonradioactive chemical emissions will also change from year to year as experiments
change (LANL 1994a).

Natural atmospheric and fallout radioactivity levels fluctuate and affect measurements made during
LANL’s air sampling program. Worldwide background airborne radioactivity is largely composed of
fallout from past atmospheric nuclear weapons tests, natural radioactive constituents from the decay of
thorium and uranium attached to dust particles, and materials resulting from interactions with cosmic
radiation (for example, natural tritiated water vapor produced by interactions of cosmic radiation and stable
water). Levels of background radioactivity in the atmosphere are summarized in table 4-2. Note that the
measurements taken in Santa Fe on the roof of the Public Employment Retirement Association Building
by the EPA are similar to those taken by LANL as regional background values (LANL 1994a).

The annual air emissions reports for CY 1992 (DOE 1993b) and CY 1993 (DOE 1994) have estimated the
radiological dose assessment from nonpoint sources, as defined by the Clean Air Act, such as the
experiments conducted at TA-15. In 1992, the contribution from TA-15 operations to the Effective Dose
Equivalent from all LANL operations for the maximally exposed individual [located approximately
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TABLE 4-1.—Summary of Total LANL Estimated Emissions of Nonradioactive Air Pollutants® in
1987and 1990° that may be Associated with Area III at TA-15°
- e

1987

1 1987 1990
Pollutant Emluio:ls i Pollutant Emissions | Emissions
(Iblyr) (Iblyr) ( (Iblyr) (Iblyr)
Nitrogen dioxide —° 118,772 [ Hydrogen fluoride as 6 534
Nonmethane 10,872 6,377 . Fluorine

hydrocarbons | Trichiorethylene 1,229 463
Particulate Matter —_ 5,629 | Aluminum welding - 271

Ammonia 3,816 1,761 i fumes ‘
Nitric acid 1,674 1,457 Heavy metals — 251
Hydrogen chioride 1,832 1,407 Tungsten (insoluble) — 241
Methyl alcohol 4,437 1,298 Ethylene glycol 50 159
Isopropyl alcohol 829 1,188 Nickel metal — 122
Acetic acid 96 1,184 Aluminum 5 89

} Welding fumes 253 1,127 | (metal and oxide)

| (ot otherviss lsted) | softwood 525 88
Wood dust —_ 1,003 Mineral oil mist 13 76
(certain hard woods) Cyclohexane 9 62
Nitrogen oxide 1,049 044 Lead - 57
Stoddard solvent 941 583 \ Hydrogen peroxide 17 43
Kerosene 15,265 574 ' Chlorine 29 29

% Only poliutants with 1990 emissions of 25 Ib/yr or more are reported here.

b Data for these two years are not adjusted for changes in LANL activities. Only those materials likely to be used at a
hydrodynamic testing facility are listed here.

¢ This table represents poliutants associated with Area Ill operations. Emissions stated in this table are for the entire LANL Site.
For a complete listing of LANL emissions see the 1992 LANL Environmental Surveillance Report.

9 Conversion factor: 1 Ib/yr = 0.454 kglyr.

® Data not collected for these poliutants.

Source: Adapted from LANL 1994.

2,600 ft (800 m) north-northeast of the Los Alamos Meson Physics Facility stock in TA-53] was 9 x 10°¢
rem of the total of 7.9 x 107 rem (DOE 1993b). In 1993, the estimated dose from TA-15 operations was
6.6 x 1073 rem (DOE 1994), which was higher for TA-15 but still very small. These values are
approximately 1 percent of the total annual LANL dose to the public.

Particulate radionuclide matter in the atmosphere is primarily caused by the resuspension of soil, which is
dependent on current meteorological conditions and human disturbance. Windy, dry days can increase the
soil resuspension, whereas precipitation (rain or snow) can wash particulate matter out of the air.
Consequently, there are often large daily and seasonal fluctuations in airborne radioactivity concentrations
caused by changing meteorological conditions.

Construction of the DARHT Facility, which is 34 percent complete, affected the air quality of the area.
Dust and auto emissions increased during the period of construction because of the increase in vehicles
and construction machinery in the area.
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TABLE 4-2.—Average Background Concentrations of Radioactivity
in the Regional Atmosphere

OE ue
5400.5 for
Uncontrolled

Radioactive

Constituent 1988-1991

Uranium (natural)
Uranium-234
| Uranium-235

| Uranium-238

| Plutonium-238

} Plutonium-239,240
| Americium-241

2 ,CilmL

pg/m®
1078 ,CumL
1018 xCumL

1078 ,CumL
1018 uCumL
1018 ,CumL
10°18 LCimL

58.2 (19.5)
22.5(7.5)
0.8 (0.4)

22.5 (7.5)
0.3(0.2)
0.2 (0.1)

~ 0.3(08)°

82.0 (15.0)
30.6 (9.0)
2.6 (0.7)

28.8 (8.0)
0.6 (3.8)
1.5 (2.2)
1.3 (4.1)

200,000
100,000

90,000
100,000

100,000
30,000
20,000
20,000

® EPA (1989-1993), Reports 53 through 68. Data are from the EPA, Santa Fe, New Mexico, sampling location and |

| were taken from January 1988 through December 1991. Data for 1992 were not available at time of publication. |
| ® Data are annual averages from the regional stations (Espafiola, Pojoaque, Santa Fe) and were taken by LANL

during 1992.

| © Uncertainties (1 20) are in parentheses.

Source: LANL 1994.

4.2.5 Air Monitoring

The visibility at and near LANL has been monitored since 1988 at the Bandelier National Monument
southwest of LANL off of State Road 4 (see figure 4-1). Visibility monitoring quantifies how well the
visible information (i.e., images) is transmitted through the atmosphere to an observer some distance away.

The data are measured according to the Standard Visual Range (SVR), which can be interpreted as the
farthest distance that a large black feature can be seen on the horizon. From summer 1993 to spring 1994,
the SVR was measured during a four-hour average variation in visual air quality (excluding weather-
affected data) at Bandelier National Monument. The SVR ranged from approximately 48 to 103 mi (77 to
166 km). This is a typical visibility range for the area according to data collected since 1988 (Air

Resource Specialists 1994).

LANL operates or accesses a network of nonradiological ambient air monitors to routinely measure criteria
pollutants, beryllium, acid precipitation, and visibility (see table 4-3). The nonradiological monitoring
network consists of a variety of monitoring stations: 1 onsite criteria pollutant monitoring station,

17 beryllium monitors, 1 perimeter acid rain monitor, and 1 perimeter visibility monitoring station
(LANL 1994a). Beginning in FY 1995, no measurements of the criteria pollutants are being made by
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TABLE 4-3 —Nonradmlogtcal Ambient Air Momtormg Results in the LANL Regwn for 1992

Averaglng
Time

Annual anthmet:c mean
24 hours
3 hours
1 hour

Total suspended Annual Geometric Mean
particulate matter 30 days '
7 days

24 hours®

PM,* Annual arithmetic mean
24 hours pglm

Ozone® 1 hour ppm

Nitrogen dioxide® | Annual arithmetic mean ppm
24 hours ppm
1 hour ppm
Lead Calendar quarter ug/m®
BerylliumP 30 day ug/m®

Heavy Metals 30 days ug/m3

a Measurements made at Bandelier Monitoring Compound
® Measurement made at TA-52
¢ Maximum concentration, not to exceed more than once per year.

Source: LANL 1994.

LANL on a continuing basis because past observed values were low relative to standards. Measurements
are made on an as-needed basis for activities with potential for pollution (Jardine 1995).

The 1992 sampling network for ambient airborne radioactivity consists of 55 continuously operating air
sampling stations, including 17 offsite locations (3 regional and 14 perimeter), 14 onsite stations, and

5 onsite waste site stations. One station at TA-18 is inactive. The regional monitoring stations, 18 to 28
mi (29 to 45 km) from LANL, are located in Espafiola, Pojoaque, and Santa Fe (figure 4-6). The data
from these stations are used as reference points for determining regional background levels of atmospheric
radioactivity. Ambient air is routinely sampled for beryllium, tritium, isotopic plutonium and uranium
americium, iodine, gross alpha, beta and gamma activity. Table 4-4 presents 1992 radionuclide releases
from LANL operations (LANL 1994a).

Later in 1993, three air monitoring stations (76, 77, and 78 in figure 4-6) were added downward of the
firing site for PHERMEX and DARHT. The monitoring stations are about 320 to 3,300 ft (100 to

1,000 m) northeast of the firing site. Samples collected at these stations are analyzed for isotopic uranium,
isotopic plutonium, gross alpha, beta, gamma, and beryllium (Jacobson 1995).
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V Air Sampler
(25) Air Sampler Number

Note: Some new monitoring stations
are not shown on this figure.

2 miles

N
[ = I ]
0 2 4 kilometers

=semmsmm | ANL Boundary
Source: LANL 1994 and Jacobson 1995

FIGURE 4-6.—Approximate Locations for Offsite Perimeter and Onsite LANL Stations for
Sampling Airborne Radionuclides in 1992 and TA-15 Stations added in Late 1993.
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TABLE 4-4.—1992 Airborne Releases of 4.2.6 Noise

Noise measurements have been made in the
standard unit for measuring noise levels in
the A-weighted decibel (ABA) scale. Two
kinds of noise are emitted from TA-15 -
peak (or impact), which is high level and

Phosphorus-32 ‘ short duration noise, and continuous, which
Uranium i is of moderate level and relatively lengthy
Plutonium i |  duration.
Gaseous mixed Ci Continuous noise at TA-15 results from
activation products background noise and from construction
Mixed fission products uCi ‘ activities (such as the construction of
. . DARHT which is currently halted).
l::ﬁr\t;:zl:;e;vrgdpz;ts c ' Background noise levels range from 31to
) . 35 dBA at the vicinity of the Bandelier

Spallation products Ci : National Monument entrance and State Road

TOTAL Ci 4 (Vigil 1995). Background noise levels at

White Rock range from 38 to 51 dBA

® Does not include uncontained hydrodynamic testing. Reported | (Burns 1995). The higher background noise

releases are measured at 88 LANL discharge locations. levels at White Rock result from a greater
Source: LANL 1994. amount of traffic.

The sources of peak noise are explosive
experiments in the PHERMEX and surrounding TAs. Peak noise measurements of a test using 20 Ib (9
kg) of trinitrotoluene (TNT) at TA-14 (northeast of TA-15) at a distance of 750 ft (230 m) from the
source ranged from 140-148 dBA. Noise measurements on March 11, 1995, from 150 Ib (70 kg) of TNT
at PHERMEX showed levels of 71 dBA at State Highway 4 [closest public approach, 1.3 mi (2 km)]}, 60
dBA near the state highway entrance to Bandelier National Monument [closest permanent residences, 2.6
mi (4.3 km)], and about 70 dBA in White Rock [a nearby residential community, 4 mi (6.4 km)).

When recent construction was underway at the DARHT site, it included use of heavy equipment such as
dozers, loaders, backhoes, and generators. While actual noise measurements were not made during the use

of the heavy equipment, existing data are available to quantify the range of noise levels. The mean level
of noise from these equipment types ranges from 81 to 85 dBA (Chastain 1995 and Wyle Labs 1981).

43 GEOLOGY AND SOILS
The geology of the affected environment includes consideration of two perspectives:

» The broad area that is the source of geologic phenomena (such as earthquakes) that could affect
the proposed facility
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» The immediate area where the hydrodynamic test facility would be located and might subsequently
impact the environment.

This section of the EIS first describes the geologic setting of the broader area and then progresses toward
the greater specificity of local geologic pressures and features of the Pajarito Plateau, where the site is
located.

43.1 Geology

The broad geological area described here is in north-central New Mexico (see figure 4-1). The Pajarito
Plateau lies between the Jemez Mountains on the west and the Rio Grande on the east (figure 4-7).
Although Precambrian rocks more than a billion years in age are found in deep drill holes in the LANL
region, the most important geologic events for understanding the environment occurred during the past
32 million years, particularly the last million years.

The primary, controlling feature in the region is the Rio Grande rift that begins in northern Mexico, trends
northward across central New Mexico, and ends in central Colorado. The rift owes its origins to tension
along the crest of a broad, gentle crustal uplift some 32 million years ago. The rift now comprises a
series of basins formed by faulting that dropped the basin rocks relative to the uplift, usually much more
deeply on either the east or west margins. These basins are filled with sediments derived from highlands
to the east and west as well as occasional lake deposits and lava flows. The rift basin in the Los Alamos
and Santa Fe area is the Espafiola Basin.

Faulting associated with the rifting provided conduits for volcanic activity such as the basaltic lavas that
are interbedded with the basin-filling sediments. In addition, the deep faulting helped localize the
expression of some major trends in volcanic activity. The volcanic vents in and near the Jemez Mountains
lie at the intersection of a northeast trend of volcanic centers and the western edge of the Espafiola Basin
of the Rio Grande rift (Seager and Morgan 1979). Deposits from these Jemez Mountams vents buried the
basin-filling sediments and the adjacent uplands over an area of more than 800 miZ (2100 km?).

The climactic eruptions occurred about 1.5 to 1.1 million years ago; during this time the Bandelier Tuff
was laid down in a sequence of ash falls from individual eruptions in the series. Also, during these
eruptions, the crater, Valles Caldera, formed by collapse when a great volume of magma was ejected along
the ring-shaped fractures that now define the caldera structure.

The Rio Grande rift, along with its faulting and volcanism, is complicated in detail and is the subject of
both extensive literature and ongoing research. This is evident in descriptive documents with extensive
bibliographies that have been published by Turin and Rosenburg (1994), Woodward-Clyde Federal
Services (Wong et al. 1995), LANL (1993a), and Gardner and House (1987). The geologic summary
provided here is generalized to the level of information needed for environmental assessment.

The major portion of LANL is underlain by the Tshirege member of the Bandelier Tuff, a sequence of
ashfall strata dipping slightly to the south-southeast. Along the eastern portion of LANL, canyons have
exposed underlying strata within the Bandelier Tuff and older, deeper formations.
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4.3.2 Structure and Stratigraphy

Structure and stratigraphy are the key elements of the local geologic environment. The geologic structure
at the site is dominated by three fault zones: the Pajarito, Rendija Canyon, and Guaje Mountain faults.
These faults are clearly expressed by surface offsets at some locations and inferred from geologic evidence
at others. Figure 4-8 shows the results of recent mapping of faults, including the young faulting that is
significant to LANL in general and the proposed site in particular (Wong et al. 1995). The figure
distinguishes between clearly observable faulting and photo lineaments that may indicate connections or
extensions of the faults. Other geologic maps often show simpler and more continuous faults.

The Pajarito fault is thought to mark the currently active western boundary of the Espafiola Basin (Wong
et al. 1995). Prior to the Jemez Mountains volcanism, the basin boundary may have been farther west and
under the present Valles Caldera. The Rendija Canyon and Guaje Mountain faults are shorter and
secondary to the Pajarito fault. However, a recent investigation determined that all three faults are
geologically young and are capable of producing future earthquakes (see table 4-5) (Wong et al. 1995).

Earthquakes in the region are not always well correlated with faults that are expressed in the surface
geology. Figure 4-8 shows the epicenters for reported earthquakes near LANL from 1873 through 1992
(Wong et al. 1995). A few of these epicenters are near the Pajarito and Rendija Canyon faults. However,
the epicenter determinations necessarily have some uncertainties, and the true locations may be somewhat
different. The important conclusion from both the geologic and seismic evidence is that faulting in the
region is an ongoing process.

Figure 4-9 is a general cross section of the area from the east edge of the Jemez Mountains across the
Pajarito Plateau to the Rio Grande (DOE 1979). This cross section shows the Pajarito fault, the
Precambrian basement rocks, the basin-filling sediments, volcanic rocks of the Jemez Mountains, and the
volcanic Bandelier Tuff that forms the Pajarito Plateau.

A stratigraphic section for TA-67, about 1 mi (1.6 km) north of the proposed site is shown in figure 4-10
(adapted from Broxton et al. 1994). The Tshirege member of the Bandelier Tuff is divided into several
distinct units. Units 4 and 3 are important as contributors to the mesa-top soils. Unit 3, because of its
welding, is a comparatively strong rock and resists erosion sufficiently to form the mesa topography.
Units 2 and 3, as well as the nonwelded bed between them, contribute to the soils in the canyons.

The main aquifer below the proposed site is estimated to be in the Puye formation some 1,100 to 1,200 ft
(335 to 365 m) below the mesa top. The porosity, permeability, and fracture flow (if present) for these
formations are described in section 4.4 on water resources.

43.3 Soils

Several distinct soils have developed on the Pajarito Plateau as the result of interactions among the
bedrock, surface morphology, and local climate. Nyhan et al. (1978) mapped these soils as shown in
figure 4-11. The mineral components of the soils on Threemile Mesa are in large part derived from the
Bandelier Tuff, but other underlying formations are locally important elsewhere on the Pajarito Plateau.
Alluvium derived from the plateau, the Jemez Mountains, and windblown deposits contributes to soils in
the canyons and also on some of the mesa tops. Layers of pumice from the El Cajete eruption in the
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0T A T Unit 4 (poorly welded, fractured)
Unit 3 ( welded, fractured)
IR
g Nonwelded, few penetrating fractured)
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FIGURE 4-10.—Stratigraphic Column at Threemile Mesa, TA-15.
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FIGURE 4-11.—Soil Types in TA-15.
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TABLE 4-5.—Major Faults at LANL

Approximate Most Recent
Length (mi) Movement

ajarito Normal, East Side Down tiple in past
100,000 to
200,000 years

Rendija Canyon Normal, West Side Down | 8,000 to 9,000
years ago

Guaje Mountain Normal, West Side Down | 4,000 to 6,000
years ago

® Normal Fault: a steep to moderately steep fault for which the movement is downward for the rocks above the fault zone.
® Mw denotes the moment magnitude scale (Katsuyuki 1995), which is physically based and calibrated to the Richter local
magnitude scale at the lower values.

_ Source: Wong et al. 1995,

Jemez Mountains and windblown sediment from beyond the Pajarito Plateau are also significant
components of many soils on the plateau.

Soils on the mesas can vary widely in thickness and are typically thinnest near the edges of the mesas,
where bedrock is often exposed. The walls of the canyons often consist of steep rock outcrops and
patches of shallow, undeveloped colluvial soils. South-facing canyon walls are steep and usually have
little or no soil material or vegetation. In contrast, the north-facing walls generally have areas of very
shallow, dark-colored soils and are more heavily vegetated (LANL 1993a).

Soils at the proposed site on Threemile Mesa have been mapped but not studied in detail (Nyhan et al.
1978). These soils at the proposed site are mapped as the Pogna fine sandy loam, rock outcrop, and sandy
loam that formed in material weathered from tuff on gently to strongly sloping mesa tops. Typically,
these soils are light brownish grey, fine sandy loam, or sandy loam, over tuff bedrock at 10 to 20 in (25 to
51 cm).

Detailed soil studies at Pajarito Mesa, about a mile north of the DARHT site, can provide general
expectations for the origin of both the surface and buried soils at the proposed site. The two localities
have similar bedrock, topography, and local climate. Near-surface stratigraphic units on Pajarito Mesa
include two general soil-stratigraphic units (pre- and post-60,000 years old) and an older consolidated
alluvium (perhaps greater than 1 million years old) (Broxton et al. 1994).

The uppermost soil-stratigraphic unit at Pajarito Mesa includes the El Cajete pumice (about 60,000 years
old) and overlying deposits. These deposits comprise the loosest material at Pajarito Mesa and are the
deposits most susceptible to collapse. The average thickness of these deposits in mesa-top trenches is
about 3 ft (0.9 m), although the deposits are probably thinner away from the mesa top. Pure deposits of
El Cajete pumice generally occur as small patches beneath the mesa top. The pumice deposit reaches a
maximum of 2.8 ft (0.85 m) thick. Elsewhere, the pumice is mixed into the fine-grained mesa-top soils
(Broxton et al. 1994). A patch of El Cajete pumice is visible in an excavation for the DARHT site.
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Beneath the El Cajete pumice are older, consolidated soils that have thicknesses ranging from 0.2 to 6.7 ft
(0.06 to 2.04 m), with their base typically occurring 4 to 6 ft (1 to 2 m) below the surface. This unit
typically has a relatively high clay content and holds vertical walls (Broxton et al. 1994).

On Pajarito Mesa, some deposits of old, consolidated alluvium and associated pumice beds were found.
These deposits may exceed 1 million years in age. They are up to 7 ft (2 m) thick, with their base up to
11 ft (3 m) below the surface. This unit is very cohesive and holds vertical walls.

The soil around PHERMEX is contaminated with materials which were part of the experiments exposed to
high explosives. DOE has conducted studies, including aerial surveys using helicopters and soil-sampling
surveys, that indicate that elevated levels of depleted uranium are found on the firing point (Fresquez
1995). These studies indicate that gamma radiation levels decrease uniformly until only natural
background levels are detected at about 460 ft (140 m) from the firing point. Another study (not
radiological) indicated that approximately 90 percent of the depleted uranium remains within 490 ft

(150 m) of the firing point (McClure 1995). No depleted uranium has been observed in samples obtained
outside LANL.

4.3.4 Site Stability

Site stability could be affected by natural and engineered slopes near the hydrodynamic test facilities,
erosional retreat of cliffs forming the mesa rims, and shaking from seismic ground motion. Engineering
geology studies did not identify any slope stability problems at the DARHT site nor did they report any
near-surface materials that would fail to support the buildings during seismic shaking (Korecki 1988). The
PHERMEX site has similar near-surface geology, and has not experienced any slope stability problems
during its operations since 1963. Geology studies of the stability of rocks near the rim of nearby Pajarito
Mesa concluded that placing disposal facilities more than 200 ft (60 m) from the mesa rim would be
adequate to ensure the integrity of such facilities for periods exceeding 10,000 yr (Reneau 1994).
PHERMEX is, and the DARHT Facility would be, more than 200 ft (60 m) from the mesa edge. Seismic
shaking may be an important triggering mechanism for major rock falls.

The three faults listed in table 4-5 control the estimates of seismic hazard at TA-15 because of their
lengths, proximity, and evidence of geologically young movement. The maximum earthquakes could
cause damage to structures not designed to resist such large earthquakes. It’s important to note that the
maximum earthquake on any of these faults would be a rare event. The WCFS report infers annual
probabilities on the order of 104, which corresponds to a return period of 10,000 yr. Even moderate
earthquakes on these faults would have return periods of hundreds to thousands of years.

The firing-site facilities are engineered to withstand the blast wave and ground motion from detonating
high explosives. However, vibratory ground motion from blasts has been raised as a possible concern for
other structures, specifically for standing walls at cultural resources such as the Nake’muu ruin. Vibratory
ground motion from detonation of high explosives was measured in conjunction with noise measurements
(Vibronics 1995). Peak ground motion (particle velocity) for the energy transmitted through the ground
was found to be less than the ground motion caused by the air wave pulse when it arrived. This result is
reasonable because the high explosives are placed above ground and their energy does not couple into the
ground as efficiently as it would in blasting for construction or mining. These measurements indicate that
ground motion from test shots would have less effect on structures than the corresponding air-wave pulse.
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44 WATER RESOURCES

This section describes the surface and ground water resources at LANL. LANL continuously monitors
these resources for primary pollutants and radionuclides. Area III has no streams or surface water bodies,
but there are ground water resources; a portion of the main aquifer is present below the site.

4.4.1 Surface Water

The Rio Grande is the major source of surface water in north-central New Mexico. All surface water
drainage and ground water discharge from the Pajarito Plateau ultimately arrives at the Rio Grande. The
Rio Grande at Otowi, just east of Los Alamos, has a drainage area of 14,300 mi2 (37,037 km?) in southern
Colorado and northern New Mexico. The flow at Otowi has ranged from a minimum of 60 ft°/s

(1.7 m3/s) in 1902 to 24,400 f%/s (691 m?/s) in 1920. The river transports about 1 million tons of
suspended sediments past Otowi annually (LANL 1993a).

The major canyons that contain reaches of perennial streams inside LANL are Pajarito, Water, Ancho, and
Chaquehui Canyons. Los Alamos, Water, and Pajarito Canyons, and perennial streams originate upstream
of LANL facilities or effluent discharge points (see figure 4-7) (LANL 1993a).

Perennial streams in the lower portions of Ancho and Chaquehui Canyons extend to the Rio Grande
without being depleted. In lower Water Canyon, the perennial stream is very short and does not extend to
the Rio Grande. In Pajarito Canyon, Homestead Spring feeds a perennial stream only a few hundred yards
long, followed by intermittent flows for varying distances, depending on climate conditions

(LANL 1993a).

Springs between 7,900 and 8,900 ft (2,408 and 2,713 m) elevation on the eastern slope of the Jemez
Mountains supply base flow throughout the year to the upper reaches of Cafion de Valle, Los Alamos,
Pajarito, and Water Canyons. These springs discharge water perched in the Bandelier Tuff and Tschicoma
Formation at rates from .0045 to .30 f%/s (.0001 to .0085 m%/s). The volume of flow from the springs is
insufficient to maintain surface flow within more than the western third of the canyons before it is
depleted by evaporation, transpiration, and infiltration into the underlying alluvium (LANL 1993a).

Eleven drainage areas, with a total area of 82 mi? (212 km?), pass through the eastern boundary of LANL.
Runoff from heavy thunderstorms and heavy snowmelt reaches the Rio Grande several times a year from
some drainages. Los Alamos, Pajarito, and Water Canyons have drainage areas greater than 10 mi2

(26 km?2). Pueblo Canyon has 8 mi® (21 km?), and all others have less than 5 miZ (13 km 2). Theoretical
maximum flood peaks range from 24 /s (0.7 m?/s) for a 2-year recurrence to 686 ft3/s (19 m3/s) for a
50-year recurrence. The overall flood risk to LANL and TA-15 buildings is low because nearly all the
structures are located on the mesa tops, from which runoff drains rapidly into the deep canyons

(LANL 1993a).

4.4.2 Ground Water

Ground water in the LANL area occurs in four modes — in shallow alluvium in canyons, perched water, in
the unsaturated zone between the surface and the main aquifer, and the main aquifer (LANL 1994a).
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Threemile Canyon has a small drainage area that heads on the Pajarito Plateau, and ephemeral streamflow
occurs in response to snowmelt runoff and from seasonal storms. The presence of a permanent perched or
alluvial water body in this canyon is considered unlikely. Potrillo Canyon heads on the Pajarito Plateau at
TA-15. Streamflow in the channel results from snowmelt and runoff from seasonal storms. The stream
channel in the upper reaches of the watershed in TA-15 is cut directly into the Bandelier Tuff. There is
little to no alluvial fill in this reach; therefore, it is unlikely that a permanent alluvial deposit exists in this
canyon. No alluvial aquifers were found in the watershed further downstream where streamflow discharge
is greater due to a larger contributing area (LANL 1993b).

Caiion de Valle heads on the flanks of the Sierra de los Valles. Cafion de Valle receives small amounts of
recharge from springs in its uppermost reaches, but because of evapotranspiration and infiltration,
streamflow from this source does not reach West Jemez Road. Cafion de Valle receives effluent from
permitted wastewater discharge in the reaches below West Jemez Road but above TA-15.

Water Canyon is a large canyon that heads on the flanks of Sierra de Los Valles. Several springs
discharge from perched aquifers in the tuff in upper Water Canyon. A short distance downstream from
the confluence of Water Canyon and Cafion de Valle is Beta Hole, a dry well extending 187 ft (57 m) into
the Bandelier Tuff. Two other shallow wells were drilled into the alluvium in Water Canyon, one of
which is located at TA-15. These wells are also dry, which confirms that Water Canyon in the vicinity of
TA-15 contains no permanent perched or alluvial aquifers. There is a possibility of perched water zones
lying above basalt flows that interfinger with sediment beds at intermediate depth.

The main aquifer in the LANL area is the only aquifer in the area capable of serving as a municipal water
supply. The surface of the aquifer rises westward from the Rio Grande within the Santa Fe Group, a
sequence of basin-filling sediments, passing into the lower part of the Puye Formation beneath the central
and western part of the Pajarito Plateau (LANL 1994a). Based on the regional water table contour map
presented in figure 4-10, the depth of the main aquifer beneath TA-15 is estimated to vary from about
1,150 to >1,200 ft (350 to >365 m below the mesa tops), with depths increasing to the west and from
valley bottoms to mesa tops (figure 4-12). Aquifer hydrologic characteristics vary (LANL 1993b). Recent
drilling results suggest that the main aquifer may be as shallow as 650 ft (198 m) (Gardner et al. 1993).

The aquifer beneath TA-15 is located within the layers of rock known as the Chino Mesa basalts, Puye
conglomerate, and the Santa Fe Group, as shown in figure 4-13. These units are composed of various
rock types — basalts, interflow breccias, conglomerates, sandstones, and siltstones. Not all of these rocks
transmit water equally well. Thick basalts, siltstones, and fine-grained sandstones will not yield water as
readily as coarse-grained conglomerates, sandstones, highly jointed basalts, and coarse sediments. To
maximize production, supply and test wells are completed within a thick section of the aquifer to draw
from multiple, highly permeable layers (figures 4-13 and 4-9) (LANL 1993a). The water in the aquifer
moves from the main recharge area in the Valles Grande in the Jemez Mountains eastward towards the Rio
Grande, where there is some discharge into the river through seeps and springs.

LANL, the nearby communities of Los Alamos and White Rock, and Bandelier National Monument are
entirely dependent on ground water for their water supply. The water supply is primarily obtained from
well fields. About 4.1 million gal/day (16 million L/day) are used by these communities (DOE 1993a).
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443 Water Monitoring

LANL monitors surface waters and ground waters to detect any contaminants from LANL. Measurable
concentrations of radionuclides from operations (primarily during the early years) have been transported by
surface water offsite to Pueblo and Los Alamos Canyons. Surface water transport almost certainly is the
predominant mechanism for redistributing many of the contaminants at the DARHT site. Important
contaminant transport mechanisms associated with surface water include:

 Erosion and sedimentation (sediment and contaminant accumulation) of contaminated surface and
near-surface materials

* Infiltration of surface water that may be contaminated, or movement of water through a
contaminated deposit that in turn carries contamination deeper into the soil/rock profile

* Movement of contaminants in surface water as solutes, suspended sediments, and bedload phases.
(LANL 1993a).

Los Alamos, Sandia, and Mortandad Canyons currently receive treated industrial or sanitary effluent.
Pueblo Canyon does not receive LANL effluents. Surface waters in these canyons are not a source of
municipal, industrial, or agricultural water supply. Only during periods of heavy precipitation or snowmelt
would waters from Pueblo, Los Alamos, or Sandia Canyons extend beyond LANL boundaries and reach
the Rio Grande.

In Mortandad Canyon, no surface runoff to LANL’s boundary has occurred since studies were initiated in
1960. Pueblo Canyon received both untreated and treated industrial effluents from 1944 to 1964. It
currently receives treated sanitary effluents from Los Alamos County treatment plants in its upper and
middle reaches.

Existing wastewater generation from LANL is approximately 183 million gal/yr (693 million L/yr) (DOE
1993a). Permitted effluent discharges at LANL emerge from 2 sanitary wastewater treatment facilities and
124 industrial outfalls. Some of these outfalls include power plant discharges (1 outfall), boiler blowdown
(2 outfalls), treated cooling wastewater (40 outfalls), noncontract cooling wastewater (44 outfalls),
radioactive wastewater (1 outfall), high explosive production facilities wastewater (18 outfalls),
photographic laboratory rinse wastewater (14 outfalls), asphalt plant wastewater (1 outfall), printed circuit
board process wastewater (1 outfall), and sanitary wastewater (2 outfalls) (LANL 1994a).

Surface water sampling station locations near TA-15 are presented in figure 4-14. The radiochemical,
trace metals, and chemical quality analyses of samples taken at Pajarito Canyon, Water Canyon, and
Ancho Canyon at the Rio Grande are listed in tables 4-6 and 4-7 (LANL 1994a).

The perched alluvial ground water in offsite reaches of Pueblo and Los Alamos Canyons also shows the
ongoing influence of both industrial and sanitary effluents.

Ground water sampling station locations and results of analyses are presented in figures 4-15 and 4-16 and
tables 4-8 and 4-9. Ground water samples from wells are collected after sufficient water has been pumped
or bailed to ensure that the sample is representative of the aquifer (LANL 1994a).
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TABLE 4-7.—Surface Water Quality Monitoring at LANL
Units of Water Pajarito | Water Canyon Ancho at
Parameter | 00 ure Quality Canyon® at Beta® Rio Grande®

Criteria (an® (48) (36)
Aluminum mg/L NA 0.09 25 0.05
Beryllium mg/L NA 0.0026 <0.0003° <0.0005
Bicarbonate mg/L NA 95 61 55
Calcium mg/L NA 25 15 14
Carbonate mg/L NA <5 <2 16
Chlorine mg/L 250 17 9 3
Copper mg/L 1f <0.005 <0.002 0.007
Fluorine mg/L NA 0.3 <0.2 04
Magnesium mg/L NA 6.3 5 32
Mercury mg/L 0.002° <0.0001 <0.0002 <0.0001
Nitrate mg/L 109 0.12 2.7 0.91
pH pH 6.5-8.5' 7.2 6.8 8.9

units”

Phosphorus mg/L NA 0.0 0.2 <0.0
Potassium mg/L NA 4 4 2
Sodium mg/L NA 21 19 12
Sulfate mg/L 250 4 7 4
Total mg/L 500f 196 168 20
Dissolved
Solids
Total mg/L NA 88 58 48
Hardness

® Results from 1992 sampling.
b Sampling locations shown in figure 4-14
¢ Results from 1991 sampling (most recent data available).

9 NA means analysis not performed, lost in analysis, or not completed.

¢ Less than symbol (<) means measurement was below the specified detection limit of the analytical method.
! Maximum contaminant level (MCL) for secondary constituents, applicable to drinking water system, given here

for comparison only [40 CFR141].

9 MCL for primary constituents, applicable to drinking water systems, National Primary Drinking Water
Regulations, given here for comparison only [40 CFR141].

P Standard Units.
Source: LANL 1994 and LANL 1993.

In 1991, in an effort to better understand the nature of recharge (replenishment of ground water) to the
main aquifer in the Los Alamos area, LANL initiated a study to help define the sources and times of
recharge. These studies include a range of geochemical and geochronological techniques to help identify
ages and potential sources of water in the main aquifer.

“Age of water” means the time elapsed since the water, as precipitation, entered the ground and became
isolated from the atmosphere. The precipitation at the time of entry into the ground is assumed to have
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CHAPTER 4 DARHT DEIS

contained atmospheric equilibrium amounts of both tritium and carbon-14. Therefore, the amount of
tritium and carbon-14 in the aquifer would be an indicator of the water’s age. Radioactive carbon-14 is
mainly from natural sources, while tritium comes from both natural sources and fallout from atmospheric
nuclear weapons testing. For comparative purposes, the studies included a series of isotope (tritium) and
age-dating (carbon-14) measurements on ground water samples.

LANL has also collected samples from the test wells and the water supply production wells that penetrate
the main aquifer and tested them with a variety of radioactive and stable isotope measurements. At
present, a number of measurements of carbon-14 and low-level tritium are available that permit some
preliminary estimates of the age of the water in the main aquifer at various locations (Gallaher 1995).

Before atmospheric nuclear testing, the tritium levels in atmospheric water were about 20 pCi/L, or about
6 tritium units (TU). By the mid 1960s, tritium in atmospheric water in northern New Mexico reached a
peak level of about 6,400 pCi/L (2,000 TU) (annual average for 1963 to 1964). Since then, both
radioactive decay and dilution by mixing through the global hydrologic cycle have reduced the
concentrations of tritium in atmospheric water. At present, general atmospheric levels in northern New
Mexico are about 30 pCi/L (10 TU). As a basis for comparison, the present EPA and New Mexico state
drinking water standard is 20,000 pCi/L (6,200 TU). Routine compliance with the drinking water
regulations is done by liquid scintillation counting with a detection limit of about 300 to 7,000 pCi/L (100
to 2,200 TU) (Gallaher 1995). See table 4-10 for the results of the most recent analyses from samples
taken at wells near TA-15 (Gallaher 1995).

Run off from the PHERMEX firing site is potentially contaminated with depleted uranium and other
materials released during explosive testing. Four separate watersheds, each with an established stream
channel drainage network, are present within TA-15. These watersheds are Threemile Canyon, Potrillo
Canyon, Water Canyon, and Caifion de Valle. A fifth watershed, Pajarito Canyon, receives runoff from a
small, undeveloped area within TA-15. This watershed is not expected to receive any contaminants from
activities at TA-15. All surface water transport of contaminants at TA-15 ultimately will flow into one of
the other four canyons mentioned previously (LANL 1993a).

The presence of either perched or alluvial aquifers in Threemile, Potrillo, Cafion de Valle, or Water
Canyons has not been confirmed; however, the geology and hydrology of these canyons are clearly
consistent with the existence of perched and alluvial aquifers (LANL 1993a). These four perched or
alluvial aquifers are within the influence of TA-15 operations.

There are no wells in TA-1S5; therefore, all inferences on the main aquifer beneath this technical site have
been drawn from information derived from supply wells and deep test wells near TA-15 (table 4-11 and
figure 4-15) (LANL 1993a). Data in the table are measures of the amount of water and its ability to move
through the rocks.

4.5 BIOTIC RESOURCES

The LANL area contains a diversity of plant communities (figure 4-17) due in part to the dramatic

5,000 ft (1,500 m) elevational gradient from the Rio Grande on the east, to the Jemez Mountains 12 mi
(20 km) on the west, and to the many canyons with abrupt surface slope changes that dissect the area
(figure 4-7 shows the location of many of these features). Biological surveys of LANL have been carried
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TABLE 4-10—Summary of Carbon-14 and Tritium-Based Age Estimates
Jor Wells Near TA-15

[ 1T ~ Carbon-14 Age Estimates Tritlum Age Estimates
Well Carbon-14 Tritium v Wen
Locations (% modern) a b (pCiL)* n e
Minimum Maximum Flow® Mixed®
Los Alamos o e
| Supply Wells ‘
| (Main Aquifer) ‘
| PM-1 18.5 5,620 14,000 1.65 >45 >3,000 |
PM-2 62.7 50 3,860 1.59 >45 >3,000
1 PM-3 239 4,950 11,800 045 >70 >9,000
PM-3 @ 987 ft 28.2 6,770 10,500 0.42 >70 >9,000
PM-3 @ 1,226 ft 245 7,700 11,600 0.26 >70 >10,000
| PM-3 @ 1,650 ft 229 7910 12,200 0.03 >100 >10,000 |
i PM-3 @ 2,000 ft 239 6,390 11,800 0.10 >100 >10,000 ;
PM-5 53.7 1,040 5,140 0.29 >70 >10,000 |
Los Alamos Test
| welts (Main
{ Aquifer)
| DT-5A 576 1,810 4,560 0.23 >80 >10,000
| DT-9 69.1 163 3,060 045 >70 >9,000
| DpT-10 82.0 <0 1,640 1.33 ~55 >4,500
| ® Assumes dilution by “dead” carbon from dissolution of carbonates, estimated by ratios of carbon isotopes
i b Assumes radioactive decay only, no dilution by dissolution of carbonates.
| © 3.24 pCiL = 1 Tritium Unit (TU); one tritum atom in 10'® hydrogen atoms.
\ 9 Piston Flow model assumes no mixing or dilution with other water.
| © Well Mixed model assumes complete mixing in reservoir, inflow = outflow, no other inputs.
| ' Applying dilution factor (footnote®) results in meaningless minimum age.
| 9 “Contaminated” indicates sample contains recent contamination from the surface because concentration of tritium or carbon-14
| greater than that could be attributed to any atmospheric precipitation.
{{ Source: Gallaher 1995.

out at various times — most recently in 1992 — to identify the plant and animal species of the area. These
studies were summarized by Dunham (1995) and Risberg (1995). Plant and animal species found in these
surveys are listed in appendix E. This section describes the terrestrial resources, wetlands, and aquatic
resources, and addresses threatened and endangered species at LANL and the DARHT site.

4.5.1 Terrestrial Resources

Ecological diversity in terrestrial landscapes is typified by plant communities (assemblages of similar plant
forms, each of which is dominated by one or two major species). Six major vegetative community types
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TABLE 4-11.—Hydrological Characteristics of are found in Los Alamos
County. Three of them —
Jjuniper-grassland, pifion-
Jjuniper, and ponderosa pine

'?haltcukr:::‘; Transmissivity ‘ — are predominant, each
ft (gpd/ft) P bii occupying about one-third of
(ft) ‘(:“p:,‘ﬁz)"y LANL (figure 4-17). The
other three are
1,426 : 40,000 28 mixed-conifer, spruce-fir,
PM-4 1,828 : 44,000 24 and subalpine grassland
DT-5A 643 . 11,000 17 (Risberg 1995)
DT-9 498 61,000 122 | '
DT-10 324 The juniper-grassland
. community is found along
Well locations shown on figure 4-14. the Rio Grande on the

| Source: LANL 1983. eastern border of the Pajarito
= = e plateau and extends upward
on the south-facing sides of
the canyons at 5,600 to 6,200 ft (1,700 to 1,900 m). Principal species in this community include one-
seeded juniper (Juniperus monosperma), skunk bush sumac (Rhus trilobata), and sagebrush (Artemisia

spp)-

The pifion-juniper community, generally found in the 6,200 to 6,900 ft (1,900 to 2,100 m) elevation range,
includes large portions of the mesa tops and north-facing slopes at the lower elevations. This woodland
consists of stands of pifion pine (Pinus edulis) and one-seeded juniper, both dominant, and includes grasses
such as blue grama (Bouteloua gracilis) and galleta (Hilaria jamesii) (Travis 1992).

The ponderosa pine community is found in the western portion of the plateau and on mesa tops in the
6,900 to 7,500 ft (2,100 to 2,300 m) elevation range. This community is characterized by ponderosa pine
(Pinus ponderosa) as the primary overstory vegetation. It also contains Douglas fir (Pseudotsuga
menziesii), Gambel oak (Quercus gambelii), mountain muhly (Muhlenbergia montana), and little bluestem
grass (Andropogon scoparius) (Travis 1992).

The mixed conifer, at 7,500 to 9,500 ft (2,300 to 2,900 m), interfaces with the ponderosa pine in the
deeper canyons and north slopes and extends to the west from the higher mesas on the slopes of the Jemez
Mountains. The major species found here include quaking aspen (Populus tremuloides), Engelmann
spruce (Picea engelmannii), Douglas fir, limber pine (Pinus flexilis), and white fir (4bies concolor). This
community also has an understory of bearberry (4rctostaphylos uvaursi), creeping barberry (Berberis
repens), and various grasses and forbs (Travis 1992).

The subalpine grassland is mixed with the spruce fir community at elevations of 9,500 to 10,500 ft (2,900
to 3,200 m). The pronounced east-west canyon and mesa orientation, with accompanying differences in
soils, moisture, and solar radiation, produces an interlocking finger effect, resulting in transitional overlaps
of plant and animal communities within small areas (DOE 1979). Species within this community include
blue spruce (Picea pungens), Engelmann spruce, and mountain muhly.
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FIGURE 4-17.—Plant Communities on the Pajarito Plateau.
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The top of Threemile Mesa is characterized by pifion-juniper and ponderosa pine communities. The
dominant overstory species are ponderosa pine, one-seed juniper, and pifion pine. Oak species (Quercus
spp.) dominate the shrub layer. The dominant understory species are blue grama, mountain muhly, galleta,
and big bluestem (4Andropogon gerardii) grasses. A mixed-conifer forest of Douglas fir and mountain
muhly covers the north-facing slopes. The south-facing slopes support a ponderosa pine forest and pifion-
juniper woodland with ponderosa pine and wavyleaf oak (Quercus undulata). Douglas fir and open
ponderosa pine forests make up the canyon bottom.

Undeveloped areas within LANL provide habitat for a diversity of terrestrial wildlife. Species lists have
been compiled from observational data and published data, but the occurrence of some species has not
been verified (Risberg 1995). Invertebrates at LANL include a number of ant species collected in 1986 as
well as many other invertebrates (Risberg 1995). Among vertebrates, the collared lizard (Crotaphytus
collaris), easter fence lizard (Sceloporus undulatus), and whiptail lizard (Cnemidophorus spp.) are some
of the reptiles found at LANL. Typically, these are found at elevations between 6,265 and 7,000 ft (1,910
and 2,134 m). Bird species which nest in the area include the great-horned owl (Bubo virginianus) and
red-tailed hawk (Buteo jamaicensis) among the raptors, and Say’s phoebe (Sayornis saya), lesser goldfinch
(Carpodacus psaltria), and American robin (Turdus migratorius) among other types. Overwintering
species include the scrub jay (dphelocoma coerulescens), common raven (Corvus corax), and house finch
(Carpodacus mexicanus) (Travis 1992).

Some of the larger mammals at LANL are the American black bear (Ursus americanus), coyote (Canis
latrans), and raccoon (Procyon lotor) while the smaller species include the Mexican woodrat (Neotoma
mexicana), deer mouse (Peromyscus maniculatus), Abert’s squirrel (Sciurus aberti), and cottontail rabbit
(Sylvilagus nuttalli) (Risberg 1995). The most important and prevalent big game species at LANL are the
Rocky Mountain mule deer (Odocoileus hemionus) and Rocky Mountain elk (Cervus canadensis). LANL
lands have traditionally been a transitional area for wintering elk and deer. More recently, these two
species have been using LANL property on a year-round basis.

Throughout LANL’s history, developments within various technical areas have caused significant
alterations in the terrain and the general landscape of the Pajarito Plateau. These alterations have resulted
in significant changes in land use by most groups of wildlife species, particularly birds and larger
mammals that have large seasonal and/or daily ranges. Certain projects required the segregation of large
areas, such as mesa tops, and in some cases, project areas were secured by virtually impenetrable fences
around their perimeters. These have undoubtedly caused some species of wildlife, such as elk and deer, to
alter their land use patterns by cutting off seasonal and/or daily travel corridors to wintering areas,
breeding habitat, foraging habitat, and bedding areas, as well as other necessary habitats.

In 1980, elk were primarily using the southwestern portion of LANL (White 1981). In addition, critical
calving areas and important high-use areas were identified, all of which were primarily in the west and
southwest part of LANL. Since 1980, the number of elk using LANL lands has increased significantly.
Studies of elk conducted from 1991 to 1993 (Risberg 1995) reveal increased use of habitats north and
northeast of previously documented high-use areas (White 1981). There have also been recent concerns
about increases in motor vehicle accidents involving elk and deer in the LANL area (Kirk 1995). In
general, however, little is known of habitat use patterns, population trends, and characteristics of elk on
the Pajarito Plateau.
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4.5.2 Wetlands

Wetlands have characteristics of both aquatic and terrestrial systems and include riparian (streambank) and
floodplain ecosystems. Riparian areas are characterized by an abundance of deciduous and moisture-
loving species. Riparian zones are generally associated with floodplains, and in the Southwest these zones
have a higher diversity of plants providing cover, food, and breeding areas for a wider diversity of animals
than the surrounding arid areas.

A 1992 LANL field study at TA-15 determined that no wetlands exist in the immediate area where the
DARHT site is located (Dunham 1995). However, natural wetland areas, both floodplain and riparian,
occur in some canyons of TA-15, and more extensive wetlands have developed as a result of effluent
outfalls from LANL facilities (LANL 1993a). Floodplains are located at the bottom of Potrillo, Water,
Threemile, and Pajarito Canyons, and Cafion de Valle (Dunham 1995). Narrow riparian areas line the
intermittent stream channels in the canyon bottoms, and the perennial channel in Pajarito Canyon. These
riparian zones consist of arroyos with water flowing intermittently during the spring runoff and summer
monsoon season (usually July into August). The U.S. Fish and Wildlife Service (USFWS) has mapped
the floodplain areas of LANL (figure 4-18).

The canyon riparian zones manifest a mixed-conifer tree canopy dominated by ponderosa pine. The
understory layer is a mixed-deciduous woodland, dominated by boxelder (4cer negundo). The shrub layer
consists of various oak (Quercus) species along with mountain mahogany (Cercocarpus montanus) and
Apache plume (Fallugia paradoxa). The herbaceous layer is dominated by redtop (4grostis spp.),
accompanying other grasses, notably bluegrass (Poa spp.), bromegrass (Bromus spp.), and blue grama.
This layer also contains a number of forbs, particularly meadowrue bedstraw (Thalictrum fendleri)
(Dunham 1995).

453 Aquatic Resources

Aquatic habitats at LANL are limited to the Rio Grande and several springs and intermittent streams in the
canyons. These habitats currently receive National Pollutant Discharge Elimination Systems (NPDES)-
permitted wastewater discharges. The springs and streams at LANL do not support fish; however, many
other aquatic species thrive in these waters (DOE 1993a; Cross 1994; Bennett 1994).

45.4 Threatened and Endangered Species

Surveys conducted at TA-15 in 1992 (Risberg 1995) did not locate any currently listed threatened or
endangered species (table 4-12), although suitable habitat may exist for many of these. Twelve species
which may occur on the DARHT site are listed as threatened or endangered by either the USFWS or the
New Mexico Departments of Game and Fish, and Energy, Minerals and Natural Resources. Eight more
are considered candidates for inclusion on the Federal endangered or threatened list or are considered rare
by the state of New Mexico (table 4-12).
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FIGURE 4-18.—Floodplain map of LANL.
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4.6 CULTURAL AND PALEONTOLOGICAL RESOURCES

This section provides a summary evaluation of the prehistoric and historic cultural resources within a
2,500 ft (760 m) radius of shrapnel of the DARHT site. The published data on cultural and
paleontological resources were presented relative to the DARHT site, rather than the site as defined in the
introduction. Figure 4-19 shows the DARHT site and the remaining areas to be surveyed. There are other
archeological sites within the PHERMEX hazard radius of 4,000 ft (1,250 m) of that facility, but none
have standing walls other than those at Nake’muu. These archeological sites are shown in figure 4-20.

Prehistoric cultural resources refer to any material remains of items used or modified by people prior to
the establishment of a European presence in the upper Rio Grande valley in the early 17th century
(Spanish Colonial and Territorial Periods as shown on table 4-13). Historic cultural resources include all
material remains and any other physical alterations of the landscape since the arrival of Europeans in the
region. An overview of the prehistory and history of the LANL area is summarized in table 4-13 (Larson
1995).

Types of prehistoric sites identified in the vicinity of LANL include large multi-room pueblos, pithouse
villages, field houses, talus houses, cave kivas, shrines, towers, rockshelters, animal traps, hunting blinds,
water control features, agricultural fields and terraces, quarries, rock art, trails, campsites, windbreaks, rock
rings, and limited activity sites. Approximately 75 percent of LANL has been inventoried for cultural
resources. Coverage for some inventories has been less than 100 percent; however, about 60 percent of
LANL has received 100 percent coverage. Over 975 prehistoric sites have been recorded; about

95 percent of these sites are considered eligible or potentially eligible for the National Register for Historic

Places (NRHP) (DOE 1993a).

4.6.1 Prehistoric Archeological Resources

Two field surveys were conducted and a third is planned to determine the presence of archeological and
historical cultural resources in the area of potential affects for the DARHT site. Each is described below.
The first survey was constructed between June 1987 and November 1988 in the DARHT construction area
and involved examination of 24.7 acres (10 ha). Three archeological sites were recorded in the
construction area. Laboratory of Anthropology (LA) 71408, LA 71409 and LA 71410 (tables 4-14 and
4-15). The New Mexico State Historic Preservation Officer (NM SHPO) concurred that these sites were
eligible for the National Register of Historic Places (NRHP) based solely on their research potential
(Criterion D) in correspondence with the DOE dated February 21, 1989) (SHPO 1989). An additional
archeological site was also discussed in this report, LA 12655, also known as “‘Nake’muu,” and will be
discussed below. :

The second survey was conducted in the summer of 1992 as part of a larger survey conducted for the
LANL Environmental Restoration (ER) Program site characterizations of TA -15, -16 and -49. The larger
ER survey included areas within the 2,500 ft (760 m) hazard radius around the DARHT firing point. A
total of 35 archeological sites have been located as a result of these two surveys. Thirty-two of these are
eligible for nomination to the NRHP under criterion D (research potential) and one archeological site
(Nake’muu) is also eligible under criterion C (excellent state of preservation) (tables 4-13 and 4-14). The
remaining resources were recommended as not eligible for nomination to the NRHP because their research
potential has been exhausted through data retrieval. Evaluations of potential effect for individual cultural
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FIGURE 4-19.—Archeological Sites Located within a 2500-ft (760-m) Radius of the DARHT Site.
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FIGURE 4-20.—Archeological Sites Located Within a 4,000-ft (1,250-m) Radius of the PHERMEX Facility.
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Pao-ndian
Period

Early
Developmental
Period

Late
Developmental
Period

Coalition
Period

Classic Period

to AD. 600

AD. 1325
to 1600

the Rio Grande, with trips onto the Pajarito Plateau to procure obsidian and
other resources. This period is represented at LANL by occasional surface
finds of diagnostic projectile points made from both local obsidian and exotic
unidentified chert.

Small groups who may have used the Pajarito Plateau for hunting and for
seasonal uses of certain wild plants. This period is represented at LANL as

scatters of lithic tools, chipping debris, and diagnostic projectile points. Littie |

research has been conducted for this period; it is possible that buriod
habitation sites are also present at LANL.

Settled hunter-gatherers living in semi-subterranean pithouses and making
simple pottery. Some possible pithouse locations and associated artifacts
have been identified at LANL, but identification is tenuous.

Small groups of maize horticulturalists who also relied to a great extent on
gathering wild plants. Sites are typically small adobe, sometimes crude
masonry, pueblo structures. Very few sites from this period are at LANL;

most of those recorded are located close to the Rio Grande in the vicinity of ||

Chaquehui Mesa and Lower Water Canyon.

Maize horticulturalists. Early sites are adobe and masonry rectangular
structures, and later sites are large masonry enclosed plaza roomblocks of
over 100 rooms. Most of the ruins, recorded at LANL can be attributed to
this time period; 700 ruins have been recorded. Some researchers attribute
the increase in site density to migration while others see the increase in site
numbers as a result of local population growth.

Intensive maize horticulturists. Settiements on the Pajarito Plateau
aggregated into three population clusters with outlying one- to two-room
fieldhouses. The central site cluster consists of four temporally overlapping
sites: Navawi, Otowi, Tsankawi, and Tsirege. Otowi and Tsirege are at
LANL. These ruins are ancestral to the Tewa speakers now living at San
lidefonso Pueblo.

Spanish
Colonial and
Termitorial
Periods
Homesteading
Period

Post 1943

A.D. 1890
to 1943

A.D. 1943
to Present

Grazing and seasonal use of the Plateau during this time by non-Indian
groups is highly probable but has not been thoroughly documented.

This was an outgrowth of the earlier undocumented use of the plateau for
cattie grazing, timbering, and farming activities. Hispanic and Anglo
homestead era sites are characterized by wooden cabin and corral
structures, rock or cement cisterns, and scattering of debris associated with
household and farming/grazing activities. In 1918 the Los Alamos Ranch
School, a school for boys, was founded in present day Los Alamos.

In the 1940s during the early stages of the Manhattan Project, many of the
Los Alamos Ranch School buildings were appropriated for use by the U.S.

Government. The central portion of the Pajarito Plateau is now owned by

either the Federal government, Los Alamos County, San lidefonso Pueblo,
or by private citizens.
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TABLE 4-14.—Archeology Sites within a 2,500-ft (750-m) Radius of the

DARHT Firing Site
Site Tech National Register
r Q65 Artifact scatter 15 Mesita del Potrillo | Eligible — Criterion D l
‘ Q76 One- to three-room structure 15 | Mesita del Potrillo | Eligible — Criterion D L
Q78 Single roomblock pueblo 15 | Mesita del Potrillo | Eligible — Criterion D !
‘ Q87 Rock shelter 15 | Water Canyon Eligible — Criterion D ‘
\ Q88 Water control structure 15 Mesita del Potrillo | Not eligible ‘;
‘ Q90 Artifact scatter 15 Mesita del Potrillo | Eligible — Criterion D
‘ Q91 Cavate 15 | Water Canyon Not eligible i
Q 105 One- to three-room structure 15 Mesita del Potrillo | Eligible — Criterion D ,‘
| Q111 Cavate 15 | Water Canyon Eligible — Criterion D
| Q112 Rock art 15 | Water Canyon Eligible — Criterion D ‘
| Q113 Rock shelter 15 | Water Canyon Eligible — Criterion D i
‘ Q114 Cavate 15 | Water Canyon Eligible — Criterion D '
‘ Q 140 Single roomblock puebio 15 | Mesita del Potrillo | Eligible — Criterion D ‘
Q 142 Single roomblock puebio 15 | Mesita del Potrillo | Eligible — Criterion D ‘
| Q146 Recent structure (Laboratory era) 15 Potrillo Canyon Eligible —~ Criterion D ‘
Q 147 Historic structure 15 Potrillo Canyon Eligible — Criterion D \
Q 159 One- to three-room structure 15 Mesita del Potrillo | Eligible — Criterion D ‘
‘ LA 4663 Single roomblock pueblo 15 Threemile Mesa Eligible — Criterion D ’
| LA 4664 Single roomblock pueblo 15 Threemile Mesa Eligible — Criterion D
| LA 4665 Enclosed plaza pueblo 15 Threemile Mesa Eligible — Criterion D
LA 4667 One- to three-room structure 15 Mesita del Potrillo | Eligible — Criterion D
LA 4668 One- to three-room structure 15 Threemile Mesa Not eligible (excavated)
| LA 4669 One- to three-room structure 15 | Threemile Mesa Eligible — Criterion D
‘ LA 12657C One- to three-room structure 49 | Frijoles Mesa Eligible - Criterion D
LA 12657D One- to three-room structure 49 Frijoles Mesa Eligible — Criterion D
LA 12657E Single roombiock pueblo 49 Frijoles Mesa Eligible - Criterion D
LA 12657F One- to three-room structure 49 | Frijoles Mesa Eligible —~ Criterion D
} LA 12657G One- to three-room structure 49 | Frijoles Mesa Eligible ~ Criterion D
| LA 14869 Rock ring 15 | Threemile Mesa Eligible — Criterion D &
potentially elig. Crit. A
LA 89759 One- to three-room structure 49 Frijoles Mesa Eligible — Criterion D
| LA 89760 One- to three-room structure 49 Frijoles Mesa Eligible — Criterion D
| LA 71408 Single roomblock pueblo 15 Mesita del Potrillo | Eligible — Criterion D,
| SHPO concurrence
‘ LA 71409 Single roomblock pueblo 15 Mesita del Potrillo | Eligible — Criterion D,
| SHPO concurrence
! LA 71410 One- to three-room structure 15 Mesita del Potrillo | Eligible — Criterion D,
i SHPO concurrence
| LA 12655 Nake’'muu - enclosed plaza pueblo 15 | Mesita del Potrillo | Eligible — Criteria C & D,
\ SHPO concurrence

® LA - New Mexico Laboratory of Anthropology number; Q - LANL Field Number.

Source: Larson 1995.
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TABLE 4-15.—Archeology Sites within a 2,500-ft (750-m) and 4,000-ft (1,250-m) Radius
¢#M&HﬂMMEXHmmSm

-
1
‘

Q77 One- to three-room structure
LA 4665 Enclosed plaza pueblo

LA 4668 One- to three-room structure
LA 4669 One- to three-room structure
LA 108732 One- to three-room structure
LA 108733 Single roomblock pueblo
Q61 Single roomblock pueblo

1 Q73 Single roomblock pueblo
Q74 Single roomblock pueblo
Q75 Single roomblock pueblo
Q83 Artifact scatter

| Q84 Single roomblock puebio
Q85 Artifact scatter

Q86 Single roomblock pueblo
Q145 Rock shelter

Q 155 One- to three-room structure
I W15 Single roomblock pueblo
W 16 One- to three-room structure
I W19 Single roomblock pueblo

| LA 4667 One- to three-room structure
1 LA 14869 Rock ring

LA 108734 Rock sheiter

LA 108735 Water control feature

LA 108736 Artifact scatter
1 LA 108737 Cavate
I LA 108745 Historic structure
| LA 108746 Historic rockpile and artifact scatter
| Q62 Artifact scatter
I Q64 One- to three-room structure
I Q66 One- to three-room structure
I Q67 One- to three-room structure
| Q69 Single roomblock pueblo
1 Q70 Single roomblock pueblo
Q72 Single roomblock pueblo
1 Q92 Cavate
| Q138 Water control feature
| Q144 Rock Art

vé One- to three-room structure
V9 Single roomblock pueblo
LA 4682 Enclosed plaza pueblo

LA 4683 One- to three-room structure
LA 21366 Single roomblock puebio

o888 88aaaan

885888

Threemile Mesa
Mesita del Potrillo
Mesita del Potrillo
Mesita del Potrillo
Mesita del Potrillo
Mesita del Potrillo
Mesita del Potrillo
Mesita del Potrillo
Mesita del Potrillo

Mesita del Potrillo
Mesita del Potrillo
Potrillo Canyon

Mesita del Potrillo
Mesita del Potrillo
Mesita del Potrillo

Mesita del Potrilio
Mesita del Potrilio
Threemile Mesa
Water Canyon
Potrillo Canyon
Potrillo Canyon

Mesita del Potrillo
Mesita del Potrillo
Mesita del Potrillo
Mesita del Potrillo
Mesita del Potrillo
Mesita del Potrillo
Mesita del Potrillo
Mesita del Potrillo
Mesita del Potrillo
Mesita del Potrillo
Water Canyon

Mesita del Potrillo

Potrillo Canyon

Mesita del Potrillo
Mesita del Potrillo
Mesita del Potrillo
Mesita del Potrillo
Mesita del Potrillo

Eligible — Criterion D
Eligible — Criterion D
Not eligible (excavated)
Eligible — Criterion D
Eligible — Criterion D
Eligible - Criterion D

Eligible — Criterion D
Eligible — Criterion D
Eligible — Criterion D
Eligible — Criterion D
Eligible — Criterion D
Eligible — Criterion D

Eligible — Criterion D
Eligible — Criterion D
Eligible — Criterion D
Eligible — Criterion D
Eligible — Criterion D
Eligible — Criterion D
Eligible — Criterion D
Eligible — Criterion D
Eligible — Criterion D &
potentially elig. Crit. A
Eligible — Criterion D
Not eligible

Eligible — Criterion D
Not eligible

Eligible — Criterion D
Eligible — Criterion D
Elngble - Criterion D

Eligible — Criterion D
Not Eligible

Eligible — Criterion D
Eligible — Criterion D
Eligible — Criterion D
Eligible — Criterion D
Eligible — Criterion D
Eligible — Criterion D
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TABLE 4-15.—Archeology Sites within a 2,500-ft (750-m) and 4,000-ft (1,250-m) Radius
of the PHERMEX Firing Site — Continued

T DR = = = s . =
| Site Tech National Register :,
| Number® Site Type Area | General Location Eligibility |
e = — — = — —{

LA 71408 Single roomblock pueblo 15 Water Mesa Eligible — Criterion

LA 71410 One- to three-room structure 15 Water Mesa D,SHPO Concurrence
LA 89759 One- to three-room structure 49 Frijoles Mesa Eligible — Criterion

LA 89760 One- to three-room structure 49 Frijoles Mesa D,SHPO Concurrence
LA 108731 Artifact scatter 15 Mesita del Potrillo | Eligible — Criterion D
LA 108738 One- to three-room structure 15 Mesita del Potrillo | Eligible — Criterion D
LA 108739 Cavate 15 Water Canyon Eligible — Criterion D
LA 108740 Rock Art 15 Water Canyon Eligible — Criterion D
LA 108743 Single roomblock pueblo 15 Mesita del Potrillo | Eligible — Criterion D
LA 108744 Single roomblock pueblo 15 Mesita del Potrillo | Eligible — Criterion D

4,000-ft Radius

B 283388

W W
O~

<< <<<PO0PO0P OPOLPOLPOLOO

NO DWONaAaa

| V12

Artifact scatter

Single roomblock pueblo
Single roomblock pueblo
Single roomblock pueblo
Water control feature

One- to three-room structure

Single roomblock pueblo
Single roomblock pueblo
Single roomblock pueblo
Water control feature
Water control feature
Water control feature

Water control feature

One- to three-room structure
Single roomblock pueblo
Water control feature

Water control feature

Single roomblock pueblo

Single roomblock pueblo
One- to three-room structure
Single roomblock pueblo
One- to three-room structure
Single roomblock pueblo
Single roomblock pueblo

B8 288888 8888 888888

S H
ODOOO;m

Maesita del Potrillo
Mesita del Potrillo
Mesita del Potrillo
Mesita del Potrillo
Mesita del Potrillo
Mesita del Potrillo

Mesita del Potrillo
Mesita del Potrilio
Mesita del Potrilio
Maesita del Potrillo
Mesita del Potrillo
Mesita del Potrillo

Mesita del Potrillo
Mesita del Potrillo
Mesita del Potrilio
Mesita del Potrillo
Mesita del Potrillo
Threemile Mesa

Mesita del Potrillo
Mesita del Potrillo
Mesita del Potrillo
Mesita del Potrillo
Frijoles Mesa
Frijoles Mesa

Eligible - Criterion D
Eligible — Criterion D
Eligible - Criterion D
Eligible - Criterion D
Eligible - Criterion D
Eligible - Criterion D
Eligible — Criterion D
Eligible — Criterion D
Eligible — Criterion D
Not Eligible

Not Eligible

Not Eligible

Not Eligible
Eligible — Criterion D
Eligible -~ Criterion D
Not Eligible
Not Eligible
Eligible — Criterion D

Eligible — Criterion D

Not eligible (excavated)

Eligible — Criterion D

Not eligible (excavated)

Eligible -~ Criterion D
Eligible -~ Criterion D
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TABLE 4-15.—Archeology Sites within a 2,500-ft (750-m) and 4,000-ft (1,250-m) Radius

of the PHERMEX Firing Site — Continued

Site Tech
T2 o
LA 46978 Single roomblock puebio 49 Frijoles Mesa
LA 12655A Enclosed plaza pueblo 37 TA-16 Mesa
| LA 12657E Single roomblock puebio 49 Frijoles Mesa
| LA 12657F One- to three-room structure 49 Frijoles Mesa
| LA 12657G One- to three-room structure 49 Frioles Mesa
‘ LA 71409 Single roomblock puebio 15 Water Mesa
|
| LA 89761 Artifact scatter 49 Frijoles Mesa
| LA 89762 Cavate 49 Branch of Water
| LA 89763 Rock shetter 49 Canyon
| LA 108741 Rock shelter 15 Water Canyon
| Q95 One- to three-room structure 15 Water Canyon
Q96 Cavate 15 Potnilio Canyon
Potrillo Canyon
Q 150 One- to three-room structure 15 Mesita del Potrillo
Q 151 One- to three-room structure 15 Mesita del Potrillo
1 LA 4683 Single roomblock pueblo 15 Threemile Mesa
| LA 4667 One- to three-room structure 49 Frijoles Mesa
I LA 4691 One- to three-room structure 49 Frijoles Mesa
| LA 4695 One- to three-room structure 49 Frijoles Mesa
|
LA 4698 Single roomblock puebio 49 Frijoles Mesa
| LA 4698 One- to three-room structure 49 Frioles Mesa
1 LA 4699 Single roomblock pueblo 49 Frijoles Mesa
| LA 4699 One- to three-room structure 49 Frijoles Mesa
| LA 12657 Single roomblock puebio 49 Frijoles Mesa
i LA 12657 One- to three-room structure 49 Frijoles Mesa
| LA 12657 One- to three-room structure 49 Frioles Mesa
I LA 13286 Caim 15 Threemile Mesa
1 LA 21322 Artifact scatter 38 Potrillo Canyon
| LA 89736 Artifact scatter 49 Fnjoles Mesa
‘ LA 89738 Artifact scatter 49 Frijoles Mesa
| LA 89739 Water control feature 49 Fnjoles Mesa
} LA 89740 Artifact scatter 49 Frijoles Mesa
| LA 89741 Artifact scatter 49 Frijoles Canyon
| LA 89742 One- to three-room structure 49 Frioles Mesa
| LA 89744 Rubble Mound 49 Frijoles Mesa
LA 89745 Rubble Mound 49 Frijoles Mesa
LA 89746 Rubble Mound 49 Frijoles Mesa
One- to three-room structure 49 Frijoles Mesa
LA 89757 Artifact scatter 49 Frijoles Mesa
LA 108742 Cavate 15 Water Canyon

Eligible — Criterion C,SHPO
Concurrence

Eligible — Criterion D
Eligible — Criterion D
Eligible — Criterion D
Eligible — Criterion D,SHPO
Concurrence

Potentially eligible — Crit. D
Potentially eligible — Crit. D
Potentially eligible — Crit. D
Eligible — Criterion D
Eligible — Criterion D
Eligible — Criterion D

Eligible — Criterion D
Eligible — Criterion D
Eligible — Criterion D
Eligible - Criterion D
Eligible — Criterion D
Eligible — Criterion D

Eligible — Criterion D
Eligible — Criterion D
Eligible — Criterion D
Eligible — Criterion D
Eligible — Criterion D
Eligible — Criterion D

Eligible — Criterion D

Not eligible (excavated)
Potentially eligible — Crit. D
Potentially eligible — Crit. D
Potentially eligible — Crit. D
Not Eligible

Potentially eligible — Crit. D
Potentially eligible — Crit. D
Eligible — Criterion D
Potentially eligible — Crit. D
Potentially eligible - Crit. D
Potentially efigible — Crit. D

Eligible — Criterion D
Potentially eligible — Crit. D
Eligible - Criterion D

® LA - New Mexico Laboratory of Anthropology number; Q - LANL Field Number

LA 89756
| Source: Larson 1995.
|
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resources and recommendations/concurrences for “determinations of no effect” and/or “determinations of
no adverse effect” will be presented in chapter 5.

A third survey is underway to identify cultural resources in the remaining unsurveyed areas within the
2,500 ft (760 m) radius. Additional archeological sites recorded in this survey are anticipated to be similar
to those previously recorded as eligible for the National Register under criteria D. The evaluation of
cultural resources identified in this survey will be coordinated with the NM SHPO for concurrence of
eligibility determinations and potential effects. Results from this survey will be documented in an
additional cultural resource survey report and included in the final EIS.

The Nake’muu site, LA 12655, is an enclosed plaza pueblo located 1,100 ft (335 m) to the southwest from
the DARHT facility. Unique architectural features are still visible, making it eligible for NRHP
nomination under both criteria D and C. The NM SHPO concurred in this determination in
correspondence to the DOE dated February 21, 1989 (SHPO 1989). This site is an irregular shaped
pueblo of possibly 50 rooms. The site has been described as the best-preserved ruin in this region.

This site is unusual in that it is located at a high elevation, 7,175 ft (2,187 m), and is built on bedrock
somewhat distant from agricultural resources as compared to other similar sites in the LANL area.
Nake’muu is positioned on a high point of rocks above the junction of Cafion de Valle and Water Canyon,
which at first appears to be for defensive purposes, yet the mesita above the ruin to the west allows easy
access to it, and there is no sign of any defensive work west of the site (Larson 1988).

Assigning occupational dates to the Nake’muu site is difficult. Based on masonry style, which is notable
for the large size of tuff masonry blocks and excellent workmanship, the ruin resembles other classic
period sites on the Pajarito Plateau. The roomblock arrangement around a central plaza is also more
typical of Classic Period ruins than of Early Coalition ruins. There is very little pottery on the surface of
the site. It is possible that trash was thrown over the steep canyon walls, leaving very little in the way of
datable material immediately near the site (Larson 1988). The third survey will investigate the area in
Water Canyon and Caiion de Valle below Nake’muu and will resurvey the mesa where Nake’muu is
located in an effort to find additional cultural material that can be used to establish the dates of occupation
for the pueblo.

LA 71408 and LA 71409 are located outside the construction zone proper but early plans for the facility
placed the access road adjacent to the sites. The access road was re-sited in 1989 to avoid contact with
the site boundaries and the two sites were fenced to protect them from any accidental disturbance during
construction work. The NM SHPO, in correspondence to the DOE dated February 21, 1989, stated
satisfaction “... that adequate consideration has been given to measures to avoid adverse effects to the
recorded sites.” (SHPO 1989)

LA 71410 is located in the construction zone under the earth berm to the north of the firing point.
Realignment of the berm in order to avoid disturbing this archeological site would have exposed
Nake’muu to more potential debris from blasting (see chapter 5 for a full discussion). At the request of
the Pueblo San Ildefonso (Torres 1994) and with the concurrence of the NM SHPO (SHPO 1994), LA
71410 was thoroughly recorded and then capped with clean earth on April 26, 1994, and buried several
days later under the earth berm.
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4.6.2. Historical Resources

There are two Manhattan Project/Early Cold War buildings in the 2,500 ft (760 m) radius which are
potentially eligible for inclusion on the NRHP under criterion A: Control Chamber B (TA-15-9) and
Firing Pit H/Camera Chamber (TA-15-92). The PHERMEX Facility itself, although not 50 years old, is
also potentially eligible for NRHP inclusion because of its association with the Cold War. A thematic
NRHP nomination of LANL structures associated with the Manhattan Project and the Cold War Era is
ongoing.

4.6.3. Native American Cultural Resources

Cultural resources are of special importance to Native Americans. Those resources, located on LANL,
may consist of prehistoric sites with ceremonial features such as kivas, village shrines, petroglyphs,
burials, or may consist of traditional cultural properties with no observable man-made features.

Figure 4-21 shows the locations of Native American Pueblos in the immediate vicinity of LANL.

Consultations with local Native Americans to identify any such locations have been conducted in the past
and are currently ongoing.

In the spring of 1993, consultations with San Ildefonso Pueblo were renewed. On December 6, 1993, a
tribal representative visited LA 71410, LA 714108 and LA 71409 to discuss mitigation alternatives for LA
71410. A copy of the 1988 cu<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>