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ACRONYMS AND ABBREVIATIONS

To ensure a more reader-friendly document, the U.S. Department of Energy (DOE) limited the use of
acronyms and abbreviations in this environmental impact statement. In addition, acronyms and
abbreviations are defined the first time they are used in each chapter or appendix. The acronyms and
abbreviations used in the text of this document are listed below. Acronyms and abbreviations used in
tables and figures because of space limitations are listed in footnotes to the tables and figures.

BWR
CFR
DOE
EIS
EPF

FR
LCF
MTHM
NWPA
OCRWM
PMi,
PM: s
PWR
UFSAR
USC

DOE has used scientific notation in this EIS to express numbers that are so large or so small that they can
r write. Scientific notation is based on the use of positive and negative powers of 10.
in scientific notation is expressed as the product of a number between | and 10 and a

be difficult to read o
The number written

boiling-water reactor

Code of Federal Regulations

U.S. Department of Energy (also called the Department)

environmental impact statement

energy partition factor

Federal Register

latent cancer fatality

metric tons of heavy metal

Nuclear Waste Policy Act, as amended

Office of Civilian Radioactive Waste Management

particulate matter with an aerodynamic diameter of 10 micrometers or less
particulate matter with an aerodynamic diameter of 2.5 micrometers or less
pressurized-water reactor

Updated Final Safety Analysis Report

United States Code

UNDERSTANDING SCIENTIFIC NOTATION

positive or negative power of 10. Examples include the following:

Positive Powers of 10 Negative Powers of 10
10'=x1=10 10°=1/10=0.1

10° =10 x 10 = 100 107 = 1/100 = 0.01

and so on, therefore. and so on, therefore,

10% = 1,000,000 (or 1 million) 10 = 0.000001 (or 1 in | million)

Probability is expres

sed as a number between 0 and 1 (0 to 100 percent likelihood of the occurrence of an

event). The notation 3 x 10°° can be read 0.000003, which means that there are three chances in
1,000,000 that the associated result (for example, a fatal cancer) will occur in the period covered by the

analysis.
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ABSTRACT: The Proposed Action addressed in this EIS is to construct, operate and monitor, and
eventually close a geologic repository at Yucca Mountain in southern Nevada for the disposal of spent
nuclear fuel and high-level radioactive waste currently in storage at 72 commercial and 5 DOE sites
across the United States. The EIS evaluates (1) projected impacts on the Yucca Mountain environment of
the construction, operation and monitoring, and eventual closure of the geologic repository; (2) the
potential long-term impacts of repository disposal of spent nuclear fuel and high-level radioactive waste;
(3) the potential impacts of transporting these materials nationally and in the State of Nevada; and (4) the
potential impacts of not proceeding with the Proposed Action.

PUBLIC COMMENTS: A 180-day comment period on this Draft EIS begins with the publication of
the Environmental Protection Agency Notice of Availability in the Federal Register. DOE will consider
comments received after the end of the 180-day period to the extent practicable. DOE will hold public
meetings to receive comments on the Draft EIS at the times and locations to be announced in local media
and a DOE Notice of Availability in the Federal Register. Written comments can also be submitted by
U.S. mail to Wendy R. Dixon at the above address, or via the Internet at atip://www.ymp.gov.
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Foreword

FOREWORD

The purpose of this environmental impact statement (EIS) is to provide information on potential
environmental impacts that could result from a Proposed Action to construct, operate and monitor, and
eventually close a geologic repository for the disposal of spent nuclear fuel and high-level radioactive
waste at the Yucca Mountain site. The potential repository would be located in Nye County, Nevada.
The EIS also provides information on the potential environmental impacts from an alternative referred to
as the No-Action Alternative, under which there would be no development of a geologic repository at
Yucca Mountain.

U.S. Department of Energy Actions

The Nuclear Waste Policy Act, enacted by Congress in 1982 and amended in 1987, establishes a process
leading to a decision by the Secretary of Energy on whether to recommend that the President approve
Yucca Mountain for development of a geologic repository. As part of this process, the Secretary of
Energy is to:

e Undertake site characterization activities at Yucca Mountain to provide information and data required
to evaluate the site.

e Prepare an EIS.

e Decide whether to recommend approval of the development of a geologic repository at Yucca
Mountain to the President.

The Nuclear Waste Policy Act, as amended (the EIS refers to the amended Act as the NWPA), also
requires the U.S. Department of Energy (DOE) to hold hearings to provide the public in the vicinity of
Yucca Mountain with opportunities to comment on the Secretary’s possible recommendation of the
Yucca Mountain site to the President. The hearings would be separate from the public hearings on the
Draft EIS required under the National Environmental Policy Act. If, after completing the hearings and
site characterization activities, the Secretary decides to recommend that the President approve the site, the
Secretary will notify the Governor and legislature of the State of Nevada accordingly. No sooner than 30
days after the notification, the Secretary may submit the recommendation to the President to approve the
site for development of a repository.

If the Secretary recommends the Yucca Mountain site to the President, a comprehensive statement of the
basis for the recommendation, including the Final EIS, will accompany the recommendation. This Draft
EIS has been prepared now so that DOE can consider the Final EIS, including the public input on the
Draft EIS, in making a decision on whether to recommend the site to the President.

Presidential Recommendation and Congressional Action

If, after a recommendation by the Secretary, the President considers the site qualified for application to
the U.S. Nuclear Regulatory Commission for a construction authorization, the President will submit a
recommendation of the site to Congress. The Governor or legislature of Nevada may object to the site by
submitting a notice of disapproval to Congress within 60 days of the President’s action. If neither the
Governor nor the legislature submits a notice within the 60-day period, the site designation would become
effective without further action by the President or Congress. If, however, the Governor or the legislature
did submit such a notice, the site would be disapproved unless, during the first 90 days of continuous
session of Congress after the notice of disapproval, Congress passed a joint resolution of repository siting
approval and the President signed it into law.
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Actions To Be Taken After Site Designation J

Once a site designation became effective, the Secretary of Energy would submit to the Nuclear
Regulatory Commission a License Application, based on a particular facility design, for a construction
authorization within 90 days. The NWPA requires the Commission to adopt the Final EIS to the extent
practicable as part of the Commission’s decisionmaking on the License Application.

Decisions Related to Potential Environmental Impacts
Considered in the EIS

This EIS analyzes a Proposed Action to construct, operate and monitor, and eventually close a geologic
repository for the disposal of spent nuclear fuel and high-level radioactive waste at Yucca Mountain. The
EIS also analyzes a No-Action Alternative, under which DOE would not build a repository at the Yucca
Mountain site, and spent nuclear fuel and high-level radioactive waste would remain at 72 commercial
and 5 DOE sites across the United States. The No-Action Alternative is included in the EIS to provide a
baseline for comparison with the Proposed Action. DOE has developed the information about the
potential environmental impacts that could result from either the Proposed Action or the No-Action
Alternative to inform the Secretary of Energy’s determination whether to recommend Yucca Mountain as
the site of this Nation’s first monitored geologic repository for spent nuclear fuel and high-level
radioactive waste. In making that determination, the Secretary would consider not only the potential
environmental impacts identified in this EIS, but also other factors as provided in the NWPA.

As part of the Proposed Action, the EIS analyzes the potential impacts of transporting spent nuclear fuel
and high-level radioactive waste to the Yucca Mountain site from 77 sites across the United States. This
analysis includes information on such matters as the comparative impacts of truck and rail transportation,
alternative intermodal (rail to truck) transfer station locations, associated heavy-haul truck routes, and
alternative rail transport corridors in Nevada. Although it is uncertain at this time when DOE would —
make any transportation-related decisions, DOE believes that the EIS provides the information necessary
to make decisions regarding the basic approaches (for example, mostly rail or mostly truck shipments), as
well as the choice among alternative transportation corridors. However, follow-on implementing
decisions, such as selection of a specific rail alignment within a corridor, or the specific location of an
intermodal transfer station or the need to upgrade the associated heavy-haul routes, would require
additional field surveys, state and local government consultations, environmental and engineering
analyses, and National Environmental Policy Act reviews.
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Purpose and Need for Agency Action

1. PURPOSE AND NEED FOR AGENCY ACTION

Spent nuclear fuel and high-level radioactive waste are long-lived, highly radioactive materials that result
from nuclear activities. For more than 50 years these materials have accumulated and continue to
accumulate at sites across the United States. Figure 1-1 shows the 72 commercial nuclear power sites and
the 5 U.S. Department of Energy (DOE) sites in 35 states that currently store these radioactive materials.
Because of their nature, spent nuclear fuel and high-level radioactive waste must be isolated, confined,
and monitored for long periods. The United States has focused a national effort on siting and developing
a geologic repository for disposal of these materials and on developing systems for transporting the
materials from their present storage locations to a repository.

Congress has determined through the passage of the Nuclear Waste Policy Act, as amended (NWPA) (42
USC 10101 ef seq.), that:

* The Federal Government has the responsibility to dispose of these materials permanently to protect
the public health and safety and the environment.

* The Federal Government needs to take precautions to ensure these materials do not adversely affect
the public health and safety and the environment for this or future generations.

® The Yucca Mountain site in southern Nevada should be evaluated as a potential location for a
monitored geologic repository.

A geologic repository for spent nuclear fuel and

high-level radioactive waste is a system for ENVIRONMENTAL IMPACT STATEMENT
permanently isolating radioactive materials in a i ] _

deep subsurface location to ensure minimal risk to An environmental impact statement or EIS is
the health and safety of the public. This a detailed analysis that addresses a major

Federal action that may significantly affect
the quality of the human and natural
environment. An EIS describes the potential

environmental impact statement (EIS) addresses
actions that DOE proposes to take to develop a

repository at Yucca Mountain, and also considers beneficial and adverse environmental effects
systems for the transportation of spent nuclear fuel of the proposed action and alternatives. It is
and high-level radioactive waste from the 77 sites to a tool to assist in decisionmaking and
the Yucca Mountain site. : provides public disclosure of information.

In addition, DOE has ultimate management
responsibility for other highly radioactive materials. Examples of such materials include Greater-Than-
Class-C and Special-Performance-Assessment-Required wastes. The Department might need to dispose
of these materials in a monitored geologic repository to protect public health and safety. However,
disposal of Greater-Than-Class-C and Special-Performance-Assessment-Required wastes at the proposed
Yucca Mountain Repository could require additional legislative action or a determination by the U.S.
Nuclear Regulatory Commission to classify them as high-level radioactive waste.

Section 1.1 describes potential actions and decisions concerning the proposed repository. Section 1.2
provides an overview of spent nuclear fuel and high-level radioactive waste. Section 1.3 describes the
major steps in the process Congress has established for evaluations and decisions concerning the Yucca
Mountain site. Section 1.4 provides an overview of the site, potential transportation systems for moving
spent fuel and radioactive waste to the site, and studies of the site. Section 1.5 presents information on
the EIS process as it applies to the proposal for a monitored geologic repository at Yucca Mountain.
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Purpose and Need for Agency Action

1.1 Potential Actions and Decisions Regarding the
Proposed Repository

This EIS analyzes a Proposed Action to construct, operate and monitor, and eventually close a geologic
repository for the disposal of spent nuclear fuel and high-level radioactive waste at Yucca Mountain. The
EIS also analyzes a No-Action
Alternative, under which DOE would not
build a repository at the Yucca Mountain
site, and spent nuclear fuel and high-level
radioactive waste would remain at 72

PROPOSED REPOSITORY

DOE has used the term proposed repository as a term
of convenience to indicate the relationship of the Yucca

commercial and 5 DOE sites across the Mountain Repository to the Proposed Action of this EIS.
United States. The No-Action DOE could not pursue the use of Yucca Mountain as a
Alternative is included in the EIS to repository until the Secretary of Energy decided
provide a baseline for comparison with whether to recommend approval of the site to the
the Proposed Action. DOE has President and a Presidential site designation has
developed the information about the become effective. At that ttime DOE would submit a
potential environmental impacts that License Application to the Nuclear Regulatory

Commission seeking authorization to construct a
repository at Yucca Mountain.

could result from either the Proposed
Action or the No-Action Alternative to
inform the Secretary of Energy’s
determination whether to recommend
Yucca Mountain as the site of this Nation’s first monitored geologic repository for spent nuclear fuel and
high-level radioactive waste. In making that determination, the Secretary would consider not only the
potential environmental impacts identified in this EIS, but also other factors as provided in the NWPA.

~ As part of the Proposed Action, the EIS analyzes the potential impacts of transporting spent nuclear fuel
and high-level radioactive waste to the Yucca Mountain site from 77 sites across the United States. This
analysis includes information on such matters as the comparative impacts of truck and rail transportation,
alternative intermodal (rail to truck) transfer station locations, associated heavy-haul truck routes, and
alternative rail transport corridors in Nevada. Although it is uncertain at this time when DOE would
make any transportation-related decisions, DOE believes that the EIS provides the information necessary
to make decisions regarding the basic approaches (for example, mostly rail or mostly truck shipments), as
well as the choice among alternative transportation corridors. However, follow-on implementing
decisions, such as selection of a specific rail alignment within a corridor, or the specific location of an
intermodal transfer station or the need to upgrade the associated heavy-haul routes, would require
additional field surveys, state and local government consultations, environmental and engineering
analyses, and National Environmental Policy Act reviews.

1.2 Radioactive Materials Considered for Disposal in a
Monitored Geologic Repository

Commercial nuclear powerplants, which supply approximately 20 percent of the Nation’s electricity,
produce spent nuclear fuel. In addition, DOE manages a complex of large government-owned facilities
that formerly produced nuclear weapons materials, and in doing so produced spent nuclear fuel and high-
level radioactive waste. DOE also operates research reactors that produce spent nuclear fuel and
processing facilities that produce high-level radioactive waste.

The following discussion describes spent nuclear fuel and high-level radioactive waste, including mixed-
oxide fuel (a mixture of uranium oxide and plutonium oxide that could be used to power commercial
nuclear reactors) and immobilized plutonium forms. The discussion also identifies other waste forms,
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particularly Greater-Than-Class-C wastes and Special-Performance-Assessment-Required wastes, that are
currently classified as low-level radioactive wastes but that could require disposal in a monitored geologic
repository.

1.21 GENERATION OF SPENT NUCLEAR FUEL AND HIGH-LEVEL RADIOACTIVE
WASTE

The material used to power commercial nuclear reactors typically consists of cylindrical fuel pellets made
of uranium oxide. Fuel pellets are placed in tubes that are ordinarily about 3.7 meters (12 feet) long and
0.64 centimeter (0.25 inch) in diameter. Sealed tubes with fuel pellets inside them are called fuel rods
(Appendix A). Fuel rods are arranged in bundles called fuel assemblies (see Figure 1-2), which are
placed in a reactor.

In the reactor, neutrons from the fuel strike other uranium atoms, causing them to split into parts, and
producing heat, radioactive fission products, and more free neutrons. This splitting of atoms is a form of
nuclear reaction called fission. The neutrons produced by the fission process sustain the nuclear reaction
by striking other uranium atoms in the fuel pellets, causing additional atoms to split. Control of the
configuration and machinery associated with the fuel assemblies provides control of the rate at which
fission occurs and, consequently, the amount of heat produced.

In a commercial power reactor, the heat that fission produces is used to convert water to steam. The
steam turns turbine generators to produce electric energy. The reactors that power many naval vessels use
the steam primarily to turn turbines to provide ship propulsion. Some research reactors also use the steam
produced to generate electricity.

After a period in operation, enough of the fissile uranium atoms have undergone fission that the fuel is
said to be “spent”; some of these spent nuclear fuel assemblies must be replaced with fresh fuel for
operation to continue. During replacement, fresh fuel is placed in the reactor and spent fuel is placed in a
pool of water. In commercial reactors, typical fuel cycles run 18 to 24 months, after which 25 to

50 percent of the spent nuclear fuel is replaced.

Nuclear reactor operators initially store spent nuclear fuel under water in spent fuel pools because of high
levels of radioactivity and heat from decay of radionuclides. When the fuel has cooled and decayed
sufficiently, operators can use two storage options: (1) continued in-pool storage or (2) above-ground dry
storage in an independent installation. Twenty-six sites have existing or planned independent above-
ground dry storage facilities. Dry storage includes the storage of spent nuclear fuel at reactor sites in
approved storage casks.

Beginning in 1944, the United States operated reactors to produce materials such as plutonium for nuclear
weapons. All of these reactors have been shut down for several years. When defense plutonium
production reactors were operating, they used a controlled fission process to irradiate nuclear fuel and
generate plutonium. DOE used chemical processes (called reprocessing) to extract plutonium and other
materials from spent nuclear fuel for defense purposes. One of the chemical byproducts remaining after
reprocessing is high-level radioactive waste. The reprocessing of limited quantities of naval reactor fuels
and some commercial reactor fuels, DOE test reactor fuels, and university research reactor fuels has also
produced high-level radioactive waste.

Concerns about safety and environmental hazards contributed to DOE decisions to shut down parts of the
weapons production complex in the 1980s. The shutdown, which became permanent due primarily to the
reduced need for weapons materials at the end of the Cold War, included both production reactors and

—
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Source: Modified from DOE (1995a, page 1-3).

Figure 1-2. Typical nuclear fuel assembly and rod.
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spent fuel reprocessing facilities. As a result, not all DOE spent nuclear fuel was reprocessed. Some of
this fuel is now stored at DOE sites.

1.2.2 SPENT NUCLEAR FUEL

Spent nuclear fuel consists of nuclear fuel that has been withdrawn from a nuclear reactor following
irradiation, provided that the constituent elements of the fuel have not been separated by reprocessing.
Commercial spent nuclear fuel comes from nuclear reactors operated to produce electric power for
domestic use. DOE manages spent nuclear fuel from DOE defense production reactors, U.S. naval
reactors, and DOE test and experimental reactors, as well as fuel from university research reactors,
commercial reactor firel acquired by DOE for research and development, and fuel from foreign research
reactors. Most nuclear fuel is encased in highly corrosion-resistant cladding before being placed in a
reactor. The fuel remains in the cladding after it is irradiated and withdrawn as spent nuclear fuel. The
purpose of the cladding is to protect its contents in operating conditions associated with a reactor, which
can reach temperatures of around 370°C (700°F) and pressures of 1.4 million kilograms per square meter
(2,000 pounds per square inch) (Appendix A). Cladding, if it is not damaged or corroded, has the
capability to isolate the spent nuclear fuel and delay the release of radionuclides to the environment for
long periods.

Spent nuclear fuel is intensely radioactive in comparison to nonirradiated fuel and would be the primary
source of radioactivity and heat generation in the proposed repository.

1.2.2.1 Commercial Spent Nuclear Fuel

Commercial spent nuclear fuel typically consists of uranium oxide fuel (which also contains actinides,
fission products, and other materials), the cladding that contains the fuel, and the assembly hardware. The
cladding for nuclear fuel assemblies is normally made of a zirconium alloy. However, about 1 percent of
the spent nuclear fuel included in the Proposed Action is clad in stainless steel (Appendix A).

The sources of commercial spent nuclear fuel are the commercial nuclear powerplants throughout the
United States. Figure 1-1 shows the locations of these sites. Appendix A, Section A.2.1, provides details
on spent nuclear fuel and discusses the amount currently stored and projected to be stored at each site.
Mixed-oxide fuel would be part of the commercial spent nuclear fuel inventory for the proposed
repository. Section 1.2.4 includes a discussion of mixed-oxide fuel.

1.2.2.2 DOE Spent Nuclear Fuel

DOE spent nuclear fuel, like commercial spent nuclear fuel, has been withdrawn from a reactor following
irradiation. Much of the DOE spent nuclear fuel is associated with past operations of reactors at the
Hanford and Savannah River Sites that previously produced material for DOE’s defense programs and
research and development programs. These reactors are no longer operating. Smaller quantities of spent
nuclear fuel have resulted from experimental reactor operations and from research conducted by
approximately 55 university- and government-owned test reactors. DOE spent nuclear fuel also includes
spent fuel from reactors on nuclear-powered naval vessels and naval reactor prototypes.

DOE stores most of its spent nuclear fuel in pools or dry storage facilities at three primary locations: the
Hanford Site in Washington State, the Idaho National Engineering and Environmental Laboratory in
Idaho, and the Savannah River Site in South Carolina. Some DOE spent nuclear fuel is currently stored at
the Fort St. Vrain dry storage facility in Colorado and the West Valley site in New York, a site presently
owned by the New York State Energy Research and Development Authority (see Figure 1-1). Additional
small quantities remain at other locations. With the exception of Fort St. Vrain, which will retain its spent
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nuclear fuel in dry storage until disposition, DOE plans to ship all of the spent nuclear fuel for which it is
responsible from other sites to one of the three primary locations mentioned above for storage and
preparation for ultimate disposition [discussed in DOE (1995b, all)]. This EIS does not analyze
consolidation of spent nuclear fuel at DOE sites (see DOE 1995a, all). Appendix A, Section A.2.2,
provides details on DOE spent nuclear fuel and discusses the amount currently stored and projected to be
stored at each site.

1.2.3 HIGH-LEVEL RADIOACTIVE WASTE

DOE stores high-level radioactive waste in below-grade tanks at the Hanford Site, the Savannah River
Site, the Idaho National Engineering and Environmental Laboratory, and West Valley (see Figure 1-1 for
locations). High-level radioactive waste can be in a liquid, sludge, or saltcake form, and a solid
immobilized glass form (see below). Liquid waste consists of water and organic compounds that contain
dissolved salts. Sludge is a mixture of insoluble (that is, materials that will not dissolve in tank liquid)
metallic salt compounds that precipitated and settled out of the solution after the waste became alkaline.
Saltcake is primarily sodium and aluminum salt that crystallized from the solution following evaporation.
High-level radioactive waste can also include other highly radioactive material that the Nuclear
Regulatory Commission determines by rule to require permanent isolation (Nuclear Waste Policy Act
definitions, Section 12), as well as immobilized plutonium waste forms. Appendix A, Section A.2.3,
provides details on high-level radioactive waste and discusses the amount currently stored and projected
to be stored at each site. Included in this total is immobilized high-level radioactive waste that would
result from the proposed electrometallurgic treatment of DOE sodium-bonded nuclear fuel at Argonne
National Laboratory-West on the Idaho National Engineering and Environmental Laboratory site. DOE is
preparing an EIS (64 FR 8553, February 22, 1999) to help it decide the disposition of this sodium-bonded
fuel.

The DOE process for preparing high-level radioactive waste for disposal starts with the transfer of the
waste from storage tanks to a treatment facility. Treatment ordinarily includes separation of the waste
into high-activity and low-activity fractions, followed by vitrification of the high-activity fraction.
Vitrification involves adding materials to the waste and heating the mixture until it melts. The melted
mixture is poured into canisters, where it cools into a solid glass or ceramic form that is very resistant to
the leaching of radionuclides. The solidified, immobilized glass forms have been developed to keep the
waste stable, confined, and isolated from the environment when inserted into disposal containers and
disposed of in a monitored geologic repository. DOE will store the solidified high-level radioactive waste
on the sites in canisters (see Figure 1-3) before eventual shipment to a repository.

DOE has begun to solidify and immobilize waste at the Savannah River Site and West Valley and plans
to begin solidification and immobilization at Hanford.  DOE is preparing an EIS (62 FR 49209,
September 19, 1997) to help it determine the method it will use to solidify and immobilize high-level
radioactive waste at the Idaho National Engineering and Environmental Laboratory.

1.2.4 SURPLUS WEAPONS-USABLE PLUTONIUM

DOE has declared 50 metric tons (55 tons) of weapons-usable plutonium to be surplus to national security
needs. This material includes purified plutonium, nuclear weapons components, and materials and
residues that could be processed to produce purified plutonium (Appendix A). DOE currently stores these
plutonium-containing materials at the Pantex Plant, the Rocky Flats Environmental Technology Site, the
Savannah River Site, the Hanford Site, the Idaho National Engineering and Environmental Laboratory,
and the Oak Ridge, Los Alamos, and Lawrence Livermore National Laboratories.
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DOE could emplace surplus weapons-usable
plutonium in the repository in two forms. One form
Waste package lid would be an immobilized plutonium ceramic that
DOE would dispose of as high-level radioactive
waste. The second form would be mixed uranium
and plutonium oxide fuel (called mixed-oxide fuel)
assemblies that would be used for power production
in commercial nuclear reactors and disposed of in
the same manner as other commercial spent nuclear
fuel. The analysis in this EIS assumed that
approximately 18 metric tons (20 tons) of surplus
plutonium would be immobilized plutonium and
approximately 32 metric tons (35 tons) would be
Vitrified high-level | ixed-oxide spent nuclear fuel (Appendix A). The
radioactive waste final waste forms would be immobilized plutonium
canisters and spent mixed-oxide fuel. The actual split could
include the immobilization of between 18 and 50
Inner barrier metric tons (20 and 55 tons). Appendix A, Section
A.2.4, contains details on sources, generation and
storage status, and material characteristics of this
surplus plutonium, and other high-level radioactive
waste forms (for example, electrometallurgically
treated sodium-bonded fuel).

Inner barrier lid

Waste package

1.2.5 OTHER WASTE TYPES WITH HIGH
RADIONUCLIDE CONTENT

The Nuclear Regulatory Commission classifies most
low-level radioactive waste into Classes A, B, and C
(10 CFR Part 61), which reflect increasing levels of
radioactivity. Greater-Than-Class-C is the term for
S e s pesn iy o Voume | radioactive waste generated by commercial

Figure 1-3. Vitrified high-level radioactive activities that exceeds Nuclear Regulatory
waste canisters in waste package Commission concentration limits for Class C waste,

as specified in 10 CFR Part 61. The Nuclear
Regulatory Commission has determined that
shallow land burial of Greater-Than-Class-C low-level radioactive waste generally is not acceptable.
Special-Performance-Assessment-Required waste is DOE-generated low-level radioactive waste with
radioactive content higher than Class C shallow land disposal limits.

1.3 National Effort To Manage Spent Nuclear Fuel and
High-Level Radioactive Waste

This section provides background information on the management of spent nuclear fuel and high-level
radioactive waste, and describes the Nuclear Waste Policy Act and its amendments.

1.3.1 BACKGROUND

In the late 1950s, active investigation began on the concept of mined geologic repositories for the disposal
of spent nuclear fuel and high-level radioactive waste. In the 1970s, the United States reprocessed a small
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amount of commercial spent nuclear fuel to extract plutonium and studied the feasibility of expanded
reprocessing. The plutonium would have been combined with uranium and used again as reactor fuel,
substantially reducing the total amount of new enriched uranium required (NRC 1976, all). President

Carter cancelled consideration of this approach, leaving disposal as a primary option for spent nuclear
fuel.

In a February 12, 1980, message to Congress, President Carter stated that the safe disposal of radioactive
materials generated by both defense and civilian nuclear activities is a national responsibility. In
fulfillment of that responsibility, he announced a comprehensive program for the management of
radioactive materials and adopted an interim planning strategy focusing on “the use of mined geologic
repositories capable of accepting both waste from reprocessing and unreprocessed commercial spent fuel”
(DOE 1980, page 2.7). President Carter stated that he would reexamine this interim strategy and decide if
changes were required after the completion of the environmental reviews required by the National
Environmental Policy Act. As part of this reexamination, DOE issued the F’ inal Environmental Impact
Statement, Management of Commercially Generated Radioactive Waste (DOE 1980, all). That EIS
analyzed the environmental impacts that could occur if DOE developed and implemented various
technologies for the management and disposal of spent nuclear fuel and high-level radioactive waste. It
examined several alternatives, including mined geologic disposal, very deep hole disposal, disposal in a
mined cavity that resulted from rock melting, island-based geologic disposal, subseabed disposal, ice
sheet disposal, well injection disposal, transmutation, space disposal, and no action. The 1981 Record of
Decision for that EIS announced the DOE decision to pursue the mined geologic disposal alternative for
the disposition of spent nuclear fuel and high-level radioactive waste (46 FR 26677, May 14, 1981).

1.3.2 NUCLEAR WASTE POLICY ACT

In 1982, Congress enacted the Nuclear Waste Policy Act (Public Law 97-425; 96 Stat 2201), which
acknowledged the Federal Government’s responsibility to provide permanent disposal of the nation’s
spent nuclear fuel and high-level radioactive waste, and established the Office of Civilian Radioactive
Waste Management, which has the responsibility to carry out the evaluative, regulatory, developmental,
and operational activities the Act assigns to the Secretary of Energy. The Nuclear Waste Policy Act
began a process for selecting sites for technical study as potential geologic repository locations. In
accordance with this process (shown in Figure 1-4), DOE identified nine candidate sites, the Secretary of
Energy nominated five of the nine sites for further consideration, and DOE issued environmental
assessments for the five sites in May 1986. DOE recommended three of the five sites (Deaf Smith
County, the Hanford Site, and Yucca Mountain) for possible study as repository site candidates, and
President Reagan approved the three as candidates. In addition, the Nuclear Waste Policy Act recognized
a need to ensure that spent nuclear fuel and high-level radioactive waste now accumulating at commercial
and DOE sites do not adversely affect public health and safety and the environment [NWPA, Section

111() (7).

In 1987, Congress significantly amended the Nuclear Waste Policy Act. This Act, as amended (42 USC
10101 ef seq.), which this EIS refers to as the NWPA, identified one of the three Presidentially approved
candidate sites, Yucca Mountain, as the only site to be studied as a potential location for a geologic
repository. Congress directed the Secretary of Energy to study the Yucca Mountain site and recommend
whether the President should approve the site for development as a repository. Congress also required
that a Final EIS accompany a Secretarial recommendation to approve the Yucca Mountain site to the
President [NWPA, Section 114(a)(1)]. DOE is preparing this EIS to fulfill that requirement.
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~—  1.3.2.1 Requirement To Study and Evaluate the Site

In addition to the general responsibilities it establishes, the NWPA requires the Secretary of Energy
specifically to characterize and evaluate the Yucca Mountain site for a geologic repository. The Act
directs the Secretary of Energy to characterize only the Yucca Mountain site as a potential repository
location and establishes a decisionmaking process to determine whether to designate Yucca Mountain as
qualified for an application for repository construction authorization (NWPA, Sections 113, 114, 115, and
160).

Congress created the Nuclear Waste Technical Review Board as an independent organization to evaluate
the technical and scientific validity of site characterization activities for the proposed repository and
activities related to the packaging and transportation of spent nuclear fuel and high-level radioactive
waste (NWPA, Section 503). The Nuclear Waste Technical Review Board must report findings,
conclusions, and recommendations based on its evaluations to Congress and to the Secretary of Energy at
least twice each year (NWPA, Section 508).

1.3.2.2 Elements of Site Evaluation

Sections 113, 114, and 115 of the NWPA contain specific and mostly sequential steps in the evaluation
and decisionmaking process Congress has established for the Yucca Mountain site. The rest of this
section and Section 1.3.2.3 describe that process.

The first steps in the evaluation and decisionmaking process for the Yucca Mountain site require the
Secretary of Energy and, by extension, DOE, to gather data about Yucca Mountain and evaluate whether
to recommend Yucca Mountain for approval as the site for a license application to the Nuclear Regulatory
Commission for repository development. The Secretary’s specific duties include:

e Undertake physical characterization of the Yucca Mountain site.
e Hold public hearings in the Yucca Mountain site vicinity.

e Prepare a description of the site, of spent nuclear fuel and high-level radioactive waste forms and
packaging to be used, and of site safety.

e Make a recommendation to the President on whether to approve the site for development as a
repository.

Section 1.4.3.3 describes the elements that the Secretary of Energy must develop and consider in making
a site recommendation to the President and in providing a statement of the basis for that recommendation.

The NWPA directs the Secretary of Energy to evaluate a scenario under which DOE would place an
inventory of material in the proposed Yucca Mountain Repository. This EIS considers a repository
inventory of 70,000 metric tons of heavy metal (MTHM) comprised of 63,000 MTHM of commercial
spent nuclear fuel and 7,000 MTHM of DOE spent nuclear fuel and high-level radioactive waste. This
overall inventory includes approximately 50 metric tons (55 tons) of surplus weapons-usable plutonium
as spent mixed-oxide fuel and immobilized plutonium. Appendix A provides additional details of the
inventory of materials.

To determine the number of canisters of high-level radioactive waste included in the Proposed Action
waste inventory, DOE used 0.5 MTHM per canister of defense high-level radioactive waste. DOE has
used the 0.5-MTHM-per-canister approach since 1985. Using a different approach would change the
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number of canisters of high-level radioactive waste in the Proposed Action. Regardless of the number of
canisters, the impacts of the analysis would not significantly change because long-term repository
performance results would be dominated by the spent nuclear fuel inventory. In addition, the EIS
analyzes the impacts from the entire inventory of high-level radioactive waste in the cumulative impacts
analysis.

Operating nuclear powerplants could generate approximately 105,000 MTHM through 2046. The total
projected DOE inventory of materials includes 2,500 MTHM of spent nuclear fuel and approximately
22,280 canisters of high-level radioactive waste. Chapter 8 evaluates potential consequences of using a
repository at Yucca Mountain to dispose of all spent nuclear fuel and high-level radioactive waste that
could be produced through 2046 for which DOE retains ultimate responsibility.

1.3.2.3 Site Qualification and Authorization Process

The Nuclear Waste Policy Act, enacted by Congress in 1982 and amended in 1987, establishes a process
leading to a decision by the Secretary of Energy on whether to recommend that the President approve
Yucca Mountain for development of a geologic repository. As part of this process, the Secretary of
Energy is to:

¢ Undertake site characterization activities at Yucca Mountain to provide information and data required
to evaluate the site.

e Prepare an EIS.

* Decide whether to recommend approval of the development of a geologic repository at Yucca
Mountain to the President.

The Nuclear Waste Policy Act, as amended (the EIS refers to the amended Act as the NWPA), also
requires DOE to hold hearings to provide the public in the vicinity of Yucca Mountain with opportunities
to comment on the Secretary’s possible recommendation of the Yucca Mountain site to the President.
These hearings would be separate from the public hearings on the Draft EIS required under the National
Environmental Policy Act. If, after completing the hearings and site characterization activities, the
Secretary decides to recommend that the President approve the site, the Secretary will notify the Governor
and legislature of the State of Nevada accordingly. No sooner than 30 days after the notification, the
Secretary may submit the recommendation to the President to approve the site for development of a
repository.

[f the Secretary recommends the Yucca Mountain site to the President, a comprehensive statement of the
basis for the recommendation, including the Final EIS, will accompany the recommendation. This Draft
EIS has been prepared now so that DOE can consider the Final EIS, including the public input on the
Draft EIS, in making a decision on whether to recommend the site to the President.

If, after the recommendation by the Secretary, the President considers the site qualified for an application
to the Nuclear Regulatory Commission for a construction authorization, the President will submit a
recommendation of the site to Congress. The Governor or legislature of Nevada may object to the site by
submitting a notice of disapproval to Congress within 60 days of the President’s action. If neither the
Governor nor the legislature submits a notice within the 60-day period, the site designation would become
effective without further action by the President or Congress. However, if the Governor or the legislature
did submit such a notice, the site would be disapproved unless, during the first 90 days of continuous
session of Congress after the notice of disapproval, Congress passed a joint resolution of repository siting
approval and the President signed it into law.
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~—" If the site designation became effective, the Secretary of Energy would submit to the Nuclear Regulatory
Commission a License Application, based on a particular facility design, for a construction authorization
no later than 90 days after the designation. The NWPA requires the Commission to adopt the Final EIS
to the extent practicable as part of the Commission’s decisionmaking on the License Application.

1.3.2.4 Environmental Protection and Approval Standards for the Yucca Mountain Site

Section 121 of the Nuclear Waste Policy Act of 1982 directed the U.S. Environmental Protection Agency
to establish generally applicable standards to protect the general environment from offsite releases from
radioactive materials in repositories and directed the Nuclear Regulatory Commission to issue technical
requirements and criteria for such repositories. In 1992, Congress modified the rulemaking authorities of
the Environmental Protection Agency and the Nuclear Regulatory Commission in relation to a possible
repository at Yucca Mountain. Section 801(a) of the Energy Policy Act of 1992 directed the
Environmental Protection Agency to retain the National Academy of Sciences to conduct a study and
issue findings and recommendations on setting reasonable standards for protecting public health and
safety in relation to a repository at Yucca Mountain. Section 801(a) also directs the Environmental
Protection Agency to establish Yucca Mountain-specific standards based on and consistent with the
Academy’s findings and recommendations. The standards will set health-based limits for any radioactive
releases from a repository at Yucca Mountain. The National Academy of Sciences issued its findings and
recommendations in a 1995 report (National Research Council 1995, all). The Environmental Protection
Agency is in the process of establishing standards and is expected to place them in the Code of Federal
Regulations (probably at 40 CFR Part 197). Chapter 11 contains a more detailed discussion of applicable
regulations and other requirements.

Section 801(b) of the Energy Policy Act directs the Nuclear Regulatory Commission to revise its general

-~ technical requirements and criteria for geologic repositories (10 CFR Part 60) to be consistent with the
Environmental Protection Agency site-specific Yucca Mountain standards. The Nuclear Regulatory
Commission has issued draft site-specific technical requirements and criteria (proposed 10 CFR Part 63).
The Commission would use these requirements and criteria, when final, to evaluate an application to
construct a repository at Yucca Mountain, to receive and possess spent nuclear fuel and high-level
radioactive waste at such a repository, and to close and decommission such a repository.

The Nuclear Waste Policy Act of 1982 required the Secretary of Energy to issue general guidelines for
use in recommending potential repository sites for detailed site characterization. DOE issued these
guidelines in 1984 (10 CFR Part 960). DOE is issuing this EIS before the Environmental Protection
Agency and the Nuclear Regulatory Commission have completed their rulemaking processes and before
DOE has determined whether to modify 10 CFR Part 960. The EIS provides current information on the
proposed repository and presents an evaluation of the repository site, potential repository development,
and anticipated repository performance measured against human health and other relevant technical
criteria. DOE intends the results of the EIS evaluation to be useful for decisionmakers and to enhance the
understanding and knowledge of members of the public.

1.4 Yucca Mountain Site and Proposed Repository

Spent nuclear fuel and high-level radioactive waste generate large amounts of radiation from the gradual
decay of radioactive isotopes. These isotopes have the potential to cause severe human health impacts.
In addition, the materials can generate heat from radioactive decay for periods lasting thousands of years.
The Nuclear Waste Policy Act directs DOE to analyze and consider the disposal of spent nuclear fuel and
~._~  high-level radioactive waste in a geologic repository.
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SITE-RELATED TERMS

Yucca Mountain site (the site): The area on which
DOE has built or would build the majority of facilities
or cause the majority of land disturbances related to
the proposed repository.

Region

Yucca Mountain vicinity: A general term used in
nonspecific discussions about the area around the
Yucca Mountain site. The EIS also uses terms such
as area, proximity, etc., in a general context.

Land withdrawal area

—_—

~
Vicinity  \

Land withdrawal area: An area of Federal property
set aside for the exclusive use of a Federal agency.
For the analyses in this EIS, DOE used an assumed
land withdrawal area of 600 square kilometers, or
150,000 acres.

Region of influence (the region). A specialized

term indicating a specific area of study for each of | note: Not to scate
the resource areas that DOE assessed for the EIS
analyses.

1.4.1 YUCCA MOUNTAIN SITE

The site of the proposed Yucca Mountain Repository (see Figure 1-5) is on lands administered by the
Federal Government in a remote area of the Mojave Desert in Nye County in southern Nevada,
approximately 160 kilometers (100 miles) northwest of Las Vegas, Nevada. The area surrounding the site
1s sparsely populated and receives an average of about 170 millimeters (7 inches) of precipitation per
year. Chapter 3, Section 3.1, provides detailed information on the environment at the site.

The land withdrawal area analyzed in the EIS includes about 600 square kilometers (230 square miles or
150,000 acres) of land currently under the control of DOE, the U.S. Department of Defense, and the U.S.
Department of the Interior (see Figure 1-6). Approximately 3.5 square kilometers (1.4 square miles or
870 acres) comprising the repository site would be needed for development of surface repository
facilities, with the remainder serving as a large buffer zone. If Yucca Mountain is recommended for
development as a repository, all or a portion of the land withdrawal area would have to be withdrawn
permanently from public access to satisfy Nuclear Regulatory Commission licensing requirements
currently at 10 CFR 60.121. If the land to be withdrawn included land that this EIS does not consider for
withdrawal, DOE would perform additional analysis as required by the National Environmental Policy
Act.

1.4.2 PROPOSED DISPOSAL APPROACH

The proposed monitored geologic repository at Yucca Mountain would be a large underground
excavation with a network of driffs (funnels) serving as the emplacement area for spent nuclear fuel and
high-level radioactive waste. Rail, legal-weight trucks, or heavy-haul trucks would provide most of the
transportation of spent nuclear fuel and high-level radioactive waste from the present storage sites to the
repository. Barges could move spent nuclear fuel from some sites to rail and truck transfer points.
Shippers would transport the materials in Nuclear Regulatory Commission-approved shipping containers
designed to transport radioactive materials with minimal risk to the public health and safety and to the
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~  environment. (Chapter 6 discusses potential transportation systems.) Figure 1-7 shows the concept of

temporary storage of spent nuclear fuel and high-level radioactive waste at storage sites, transporting
these materials to the proposed repository, and disposing of the materials in an emplacement area.

At the repository, the material would be loaded in disposal containers. The filled disposal containers
would be sealed, thereby becoming waste packages. The waste packages would be moved underground
by rail. Remote-controlled handling vehicles would place the waste packages in emplacement drifts. The
waste packages, which would be designed to remain intact for thousands of years (at a minimum), would
be part of an engineered barrier system inside the mountain that would isolate spent nuclear fuel and high-
level radioactive waste from the environment. The engineered barrier system, together with the geologic
and hydrologic properties of the Yucca Mountain site, would ensure that a potential release of radioactive
material after repository closure would meet applicable performance standards to contain and isolate the
waste for 10,000 years or more. Chapter 5 provides detailed discussions of the natural system and of
waste packages. Chapter 2 describes the Proposed Action at Yucca Mountain in additional detail,
including the transportation activities required to move the spent nuclear fuel and high-level radioactive
waste to the site.

Under the NWPA, the proposed repository, if authorized, would be a facility for the permanent disposal
of 70,000 MTHM of spent nuclear fuel and high-level radioactive waste. The Nuclear Waste Policy Act
requires the Nuclear Regulatory Commission to include in the authorization a prohibition against the
emplacement of more than 70,000 MTHM in the first repository until a second repository is in operation
[Nuclear Waste Policy Act, Section 114(d)]. DOE has allocated 63,000 MTHM of commercial spent
nuclear fuel and 7,000 MTHM equivalent of DOE spent nuclear fuel and high-level radioactive waste to
the proposed repository at Yucca Mountain. The Proposed Action that this EIS evaluates, therefore,
includes the transportation of spent nuclear fuel and high-level radioactive waste from the present storage
sites to Yucca Mountain and the emplacement of as much as 70,000 MTHM of spent nuclear fuel and
high-level radioactive waste in the proposed repository. Chapter 8 of this EIS analyzes cumulative
impacts from the disposal at Yucca Mountain of all spent nuclear fuel and high-level radioactive waste
projected to be produced through 2046 for which DOE will retain ultimate responsibility. Chapter 8 also
considers the disposal of Greater-Than-Class-C waste and Special-Performance-Assessment-Required
waste at Yucca Mountain.

1.4.3 DOE ACTIONS TO EVALUATE THE YUCCA MOUNTAIN SITE

The primary evaluation activities related to the Yucca Mountain site that DOE has performed or will
perform are site characterization studies, a Viability Assessment, and a potential Site Recommendation.
The following sections address these activities.

1.4.3.1 Site Characterization Activities

In accordance with the NWPA [Section 113(b)], the DOE Office of Civilian Radioactive Waste
Management prepared a Site Characterization Plan for the Yucca Mountain site (DOE 1988a, all). DOE
has had an ongoing program of investigations and evaluations to assess the suitability of the Yucca
Mountain site as a potential geologic repository and to provide information for this EIS. The program
consists of scientific, engineering, and technical studies and activities.

Examples of activities, investigations, and evaluations associated with site characterization include the
following:

e Construction of an Exploratory Studies Facility, including the North and South Portal Ramps
(openings into the mountain)
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e Excavation of underground tunnels and rooms in the Exploratory Studies Facility for scientific and
engineering studies, testing, and experiments

e Investigations of such topics as hydrology, including groundwater characteristics; general site
geology; and specific geologic issues such as erosion, seismicity, and volcanic activity

e Field monitoring, including air quality, meteorological, radiological, and water resources monitoring
e Cultural resources studies, including Native American interests

e Terrestrial ecosystem studies
1.4.3.2 Viability Assessment

Pursuant to the Energy and Water Development Appropriations Act for Fiscal Year 1997 (Public Law
104-206), DOE issued the Viability Assessment of a Repository at Yucca Mountain in December 1998
(DOE 1998a, all). The Viability Assessment provides information on the progress of the Yucca Mountain
Site Characterization Project to Congress, the President, regulatory agencies, stakeholder organizations,
and the general public. In addition, the Viability Assessment identifies issues to be addressed before the
Secretary of Energy can make a recommendation to the President on whether to approve the site for
development as a repository. Further, the Viability Assessment provides an understanding of Yucca
Mountain’s capability to contain and isolate spent nuclear fuel and high-level radioactive waste in the
repository system and limit releases to the accessible environment. The Viability Assessment includes
the following:

e The preliminary design concept for the critical elements of the repository and waste package

e A total system performance assessment,

based on the design concept and the TOTAL SYSTEM PERFORMANCE

scientific data and analyses available by
1998, that describes the probable behavior
of the repository in the Yucca Mountain
geologic setting

A plan and cost estimate for the remaining
work required to complete and submit a
License Application to the Nuclear
Regulatory Commission

An estimate of the costs to construct and
operate the repository in accordance with
the design concept

This EIS summarizes results from the Viability
Assessment, where applicable (see Chapter 5),
and data analyses that continued after the
completion of the Viability Assessment.

ASSESSMENT

The total system performance assessment is an
analysis tool to evaluate one particular
environmental impact—possible future
radioactivity doses to people living near the
proposed repository. If it occurred, this impact
would take place thousands of years in the
future. Therefore, calculations must be used,
based on the best available knowledge today of
future phenomena. The analysis brings together
computer simulations of the processes in the
natural and engineered components of the
repository, transport of radioactive substances to
the affected people via available pathways, and
effects of these materials on people and the
environment. Because we cannot know
definitively what will happen, the analysis

considers a range of possible inputs. Therefore,
the results are statistical ranges of outcomes.
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1.4.3.3 Site Recommendation

Section 114(a) of the Nuclear Waste Policy Act requires that the recommendation be based on the record
of information developed during site characterization and be submitted to the President together with a
comprehensive statement of the basis of that recommendation. The recommendation is to be supported
by:

* A description of the proposed repository, including preliminary engineering specifications for the
facility

* A description of the material forms or packaging proposed for use at the repository, and an
explanation of the relationship between the forms or packaging and the geologic medium of the site

* A discussion of data obtained in site characterization activities that relate to the safety of the site

* A Final EIS prepared for the Yucca Mountain site accompanied by comments from the Secretary of
the Interior, the Council on Environmental Quality, the Environmental Protection Agency, and the
Nuclear Regulatory Commission

® The preliminary comments of the Nuclear Regulatory Commission on the extent to which the
material form proposal and the at-depth site characterization analysis are sufficient for inclusion in a
License Application

* The views and comments of the governor and legislature of any state and of the governing bodies of
affected Native American tribes

* Any impact report submitted under Section 116(c)(2)(B) of the Nuclear Waste Policy Act, as
amended, by the State of Nevada

e Other information the Secretary considers appropriate
1.4.3.4 No-Action Alternative

Under the No-Action Alternative, DOE would end site characterization activities at Yucca Mountain and
begin site decommissioning and reclamation. The commercial utilities and DOE would continue to store
spent nuclear fuel and high-level radioactive waste. For purposes of analysis, the No-Action Alternative
assumes that those sites would treat and package the materials, as necessary, in a condition ready for
shipment to a repository. The potential environmental impacts from two No-Action scenarios, described
below, serve as a baseline to compare the potential environmental impacts of the Proposed Action.

¢ Scenario 1 assumes that spent nuclear fuel and high-level
radioactive waste would remain at the commercial and DOE
sites under institutional control for at least 10,000 years.

INSTITUTIONAL CONTROL

Monitoring and maintenance of
storage facilities to ensure that

radiological releases to the ¢ Scenario 2 assumes that spent nuclear fuel and high-level
environment and  radiation radioactive waste would remain at the commercial and DOE
doses to workers and the public sites in perpetuity, but under institutional control for only about
remain within Federal limits and 100 years. This scenario assumes no effective institutional
DOE Order requirements. control of the stored spent nuclear fuel and high-level

radioactive waste after 100 years.
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~— DOE recognizes that neither scenario would be likely if there were a decision not to develop a repository
at Yucca Mountain; however, they are part of the EIS analysis to provide a baseline for comparison to the
Proposed Action. There are a number of possibilities that DOE could pursue, including continued storage
of the material at its current locations or at one or more centralized location(s); the study and selection of
another location for a deep geologic repository; development of new technologies; or reconsideration of
alternatives to deep geologic disposal. However, these potential actions are speculative.

1.5 Environmental Impact Analysis Process

The National Environmental Policy Act of 1969, as amended, and regulations promulgated by the Council
on Environmental Quality established the procedures for Federal agencies to use when considering
potential beneficial and adverse environmental consequences of proposed major Federal actions. This
process requires Federal agencies to analyze potential impacts of proposed major Federal actions on the
human and natural environments to assist the agencies in making informed decisions on those actions. A
major emphasis of the EIS process is to promote public awareness of the proposed actions and provide
opportunities for public involvement.

An agency prepares an EIS in a series of steps: (1) soliciting comments from Federal and state agencies,
stakeholders, Tribal Nation representatives, and the general public to assist in defining the proposed
action, alternatives, and issues requiring analysis (a process known as scoping); (2) preparing a Draft EIS
for public distribution and comment; (3) receiving and responding to public comments on the Draft EIS;
and (4) preparing a Final EIS that incorporates or summarizes (if the public comments are exceptionally
voluminous) and responds to public comments on the Draft EIS. DOE conducted the scoping process for
this EIS from August to December 1995 (see Section 1.5.1). After a public comment period on this Draft
EIS, and after considering comments received, DOE will prepare a Final EIS. The Final EIS is scheduled
~—" for publication in August 2000.

The NWPA includes four specific provisions relevant to this EIS. Under the NWPA, the Secretary is not
required to consider in this EIS (1) the need for a geologic repository, (2) the time at which a repository
could become available, and (3) alternatives to isolating spent nuclear fuel and high-level radioactive
waste in a repository. The fourth provision addresses the issue of potential alternative sites by providing
that the EIS does not need to consider any site other than Yucca Mountain for repository development
[NWPA, Section 114(f)(2) and (3)]. However, DOE has focused the EIS analysis on two alternatives:
(1) the Proposed Action of constructing, operating and monitoring, and eventually closing a repository at
Yucca Mountain, and (2) the No-Action Alternative, which assumes that site characterization activities at
Yucca Mountain would end, resulting in spent nuclear fuel remaining at commercial sites and spent
nuclear fuel and high-level radioactive waste remaining at DOE facilities.

1.5.1 NOTICE OF INTENT AND SCOPING MEETINGS

The EIS scoping process is intended to determine the scope and the significant issues to be analyzed in
depth in the EIS. The scoping process must begin early and must be open, and must include public notice
of public meetings and of the availability of environmental documents to inform those persons and
agencies who might be interested in or affected by a proposed action.

On August 7, 1995, DOE published a Notice of Intent announcing that it would prepare an EIS for a
proposed repository at Yucca Mountain, Nevada (60 FR 40164, August 7, 1995). To encourage broad
participation by the public, before publishing the Notice of Intent DOE notified stakeholders, the media,
" Congressional representatives with jurisdiction over nuclear issues, the Nevada Congressional delegation,
the Office of the Governor of Nevada, affected units of local government in the Yucca Mountain site
vicinity, Native American tribes, the Nuclear Regulatory Commission, and the Nuclear Waste Technical
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Review Board. The notification discussed the Proposed Action and No-Action Alternative, the proposed
schedule of scoping meetings, and the means by which DOE intended to solicit public comments.

DOE representatives met with 13 Native American tribes and organizations to describe the EIS scoping
process and to request tribal involvement in the process. In addition, DOE invited public interest groups,
transportation interests, industry and utility organizations, regulators, and members of the general public
to participate in the process. The Department mailed a series of information releases to Yucca Mountain

stakeholders and members of the public notifying them of the opportunity to comment; submitted press
releases and public service announcements to newspapers and television and radio stations; and made
information about Yucca Mountain, the EIS, and the scoping process available to the public on the
Internet (at http://www.ymp.gov) and in designated public reading rooms around the country. DOE
solicited written comments and held 15 public scoping meetings across the country between August 29

and October 24, 1995, to enable interested parties to present
comments on the scope of this EIS. The scoping period
officially closed on December 5, 1995 (DOE 19974, page
7).

A total of 568 people submitted more than 1,000 comment
documents during the public scoping period. DOE
responded to these comments in the Summary of Public
Scoping Comments Related to the Environmental Impact
Statement for a Geologic Repository for the Disposal of
Spent Nuclear Fuel and High-Level Radioactive Waste at
Yucca Mountain, Nye County, Nevada (DOE 1997a, all).

DOE considered all comments received during the scoping
process. Several of these comments led to changes in the
analytical approach to the EIS. The two most notable
changes were the consideration of additional inventories and
the addition of new Nevada transportation route alternatives.
A number of commenters asked that the EIS discuss the
history of the Yucca Mountain site characterization program

PUBLIC SCOPING MEETING
LOCATIONS

Sacramento, California

Denver, Colorado

College Park, Georgia (near Atlanta)
Boise, Idaho

Chicago, lllinois

Linthicum, Maryland (near Baltimore)
Kansas City, Missouri

Caliente, Nevada

Las Vegas, Nevada

Pahrump, Nevada

Reno, Nevada

Tonopah, Nevada

Troy, New York (near Albany)
Dallas, Texas

Salt Lake City, Utah

and requirements of the NWPA; address DOE’s responsibility to begin accepting waste in 1998
(including an analysis of the potential for receipt of spent nuclear fuel and high-level radioactive waste
prior to the start of emplacement); describe the potential decisions that the EIS would support; and
examine activities other than construction, operation and monitoring, and eventual closure of a repository

at Yucca Mountain.

Other concerns raised by the public during scoping emphasized that DOE needed to ensure that the EIS
thoroughly addresses the impacts of constructing and operating a geologic repository and related facilities
(including the use of a rail line, heavy-haul truck routes, and intermodal transfer stations) on:

e Land uses in the Yucca Mountain vicinity (including consistency with existing land-use plans)

e Regional air quality and meteorology

o Geology (including the effects of earthquakes and volcanism and the potential for transport of

radioactive and hazardous materials from the repository)

e Regional hydrology (including groundwater quality in Amargosa Valley, Ash Meadows, and Death

Valley National Park)
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¢ Biological resources (including postclosure effects on wildlife from potential increased surface
temperatures)

¢ Health and safety (including past radiation exposures from activities at the Nevada Test Site for both
pre- and postclosure periods)

e Long-term performance assessment for the repository (including an evaluation of the ability of the
overall system to meet potential performance objectives, waste package performance and degradation
given different thermal loads, infiltration rates, corrosion models, and other relevant factors)

¢ Sabotage and safeguards and security measures during waste transport and disposal

o Cultural and historic resources and environmental justice

* Socioeconomics

e Mitigation (including the mitigation of impacts from both routine operations and accident conditions)

DOE included discussions and analyses in the EIS that respond to these public issues and concerns. In
addition, DOE received many requests for more formal involvement in the EIS preparation process by
representatives of the affected units of local government and Native American tribes. In response, DOE
tasked (and funded) the American Indian Writers Subgroup to prepare a document setting forth Native
American perspectives and views regarding the repository and Yucca Mountain; that document is quoted
and referenced in the EIS. A similar opportunity was extended to the State of Nevada and the affected
units of local government to prepare their own documents setting forth perspectives and views on a
variety of issues of local and regional concern, which DOE agreed to incorporate by reference in the EIS.
At Draft EIS publication, Nye County (Bugo 1999, all) had prepared such a document. In addition, other
documents related to the Yucca Mountain region have been prepared in the past by several local
government units including Clark, Lincoln, and White Pine Counties.

Many other public scoping comments presented views and concerns not related to the scope or content of
the Proposed Action. Examples of such comments include statements in general support of or opposition
to Yucca Mountain, repositories, and nuclear power; lack of public confidence in the Yucca Mountain
program; inequities and political aspects of the siting process by which Yucca Mountain was selected for
further study by Congress; the constitutional basis for waste disposal in Nevada; psychological costs or
effects; risk perception and stigmatization; legal issues involving Native American land claims and treaty
rights; and unrelated DOE activities. DOE considered and recorded these concerns in the comment
summary document on the scoping process (DOE 1997a, all), but has not included analyses of these
issues in the EIS.

1.5.1.1 Additional Inventory Studies

The Proposed Action is to construct, operate and monitor, and eventually close a geologic repository for
the disposal of 70,000 MTHM of spent nuclear fuel and high-level radioactive waste at Yucca Mountain.
During the scoping period, DOE received many comments that noted the potential existence of more than
70,000 MTHM of these materials and encouraged DOE to evaluate the total projected inventory. For
example, presently operating nuclear powerplants could generate approximately 105,000 MTHM of spent
nuclear fuel eligible for disposal by 2046 if all commercial licenses were extended. In addition, some
commenters requested that the EIS evaluate the disposal of radioactive waste types that might require
permanent isolation, such as Greater-Than-Class-C waste and Special-Performance-Assessment-Required
waste. For these reasons, DOE has included in the EIS cumulative impact analysis an evaluation of the

1-23



Purpose and Need for Agency Action

cumulative environmental impacts that could
occur as a result of the disposal of all
projected spent nuclear fuel and high-level
radioactive waste and the disposal of
quantities of Greater-Than-Class-C and
Special-Performance-Assessment-Required
waste in the Yucca Mountain Repository
(see Chapter 8).

1.5.1.2 Additional Nevada
Transportation Analyses

In response to public comments, DOE
decided to analyze a fifth branch rail line
and a fifth route for heavy-haul trucks in
Nevada. The Department added analyses of
the Caliente-Chalk Mountain branch rail line
and the Caliente-Chalk Mountain route for
heavy-haul trucks to the analyses of four rail
corridors and four heavy-haul routes it had
previously identified for potential
transportation impacts in Nevada. Chapter 6
and Appendix J describe the transportation
analyses. The U.S. Air Force opposes the
use of the Caliente-Chalk Mountain rail
corridor and heavy-haul truck route because
of national security concerns; at this time
DOE regards these routes as nonpreferred
alternatives.

APPROXIMATE WASTE INVENTORIES
(Measurement methods differ among waste types)

Commercial spent nuclear fuel

e Projected total: 105,000 MTHM in 2046

e Current disposal plan: 63,000 MTHM (includes
as much as 32 metric tons of plutonium disposed
of as mixed oxide spent nuclear fuel)

DOE spent nuclear fuel

¢ Projected total: 2,500 MTHM

» Current disposal plan: 2,333 MTHM (one-third of
the 7,000-MTHM total of DOE material proposed
for disposal, which includes high-level radioactive
waste)

High-level radioactive waste

e Projected total: 22,280 canisters (would include
as much as 50 metric tons of immobilized
plutonium)

* Current disposal plan: 8,315 canisters (includes
18 metric tons of immobilized plutonium)

Greater-Than-Class-C waste

e Projected total: 2,100 cubic meters

o Disposal evaluated in Chapter 8
Special-Performance-Assessment-Required
waste

* Projected total: 4,000 cubic meters
* Disposal evaluated in Chapter 8

1.5.2 CONFORMANCE WITH DOCUMENTATION REQUIREMENTS

DOE has performed formal documented reviews of data to identify gaps, inconsistencies, omissions, or
other conditions that would cause data to be suspect or unusable.

DOE planned analyses to ensure consistency and thoroughness in the environmental studies conducted for
this EIS. DOE has also used configuration control methods to ensure that EIS inputs are current, correct,
and appropriate, and that outputs reflect the use of appropriate inputs.

All work products for this EIS have undergone documented technical, editorial, and managerial reviews
for adequacy, accuracy, and conformance to project and DOE requirements. Work products related to
impact analyses (for example, calculations, data packages, and data files) have also undergone formal
technical and managerial reviews. Calculations (manual or computer-driven) generated to support impact
analyses have been verified independently and completely in accordance with project management

procedures.

1.5.3 RELATIONSHIP TO OTHER ENVIRONMENTAL DOCUMENTS

A number of completed, in-preparation, or proposed DOE National Environmental Policy Act documents
relate to this EIS. In addition, other Federal agencies have prepared related EISs. As directed by the
Council on Environmental Quality regulations that implement the National Environmental Policy Act,
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. DOE has used information from these documents in its analysis and has incorporated this material by
reference as appropriate throughout this EIS. Table 1-1 lists the documents that formed a basis for
decisions associated with a geologic disposal program and investigation of Yucca Mountain as a potential
repository site; these include the EIS for Management of Commercially Generated Radioactive Waste
(DOE 1980, all), the Surplus Plutonium Disposition Draft EIS (DOE 1998b, all), and the Yucca Mountain

Site Environmental Assessment (DOE 19864, all).

Table 1-1. Related environmental documents® (page 1 of 3).

Document

Material type

Relationship to Yucca Mountain Repository EIS

Nuclear materials activities

Final EIS, Management of
Commercially Generated Radioactive
Waste (DOE 1980, all)

EA, Yucca Mountain Site, Nevada
Research and Development Area
(DOE 19864, all) ~

Final Supplemental EIS, Defense
Waste Processing Facility, Savannah
River Site, Aiken, South Carolina
(DOE 19944, all)

Final EIS, Waste Management,
Savannah River Site (DOE 1995c, all)

HLW

HLW
HLW

HLW

Final EIS, Interim Management of HLwW
Nuclear Materials at the Savannah

River Site (DOE 1995d, all)

Final EIS, Management of Spent DOE SNF
Nuclear Fuel from the K-Basins at the
Hanford Site, Richland, Washington

(DOE 19963, all)

Draft EIS, Completion of the West
Valley Demonstration Project and
Closure or Long-Term Management of
Facilities at the Western New York
Nuclear Service Center (DOE 1996b,
all)

Final EIS, Proposed Nuclear Weapons
Nonproliferation Policy Concerning
Foreign Research Reactor Spent
Nuclear Fuel (DOE 1996c, all)

HLW

DOE SNF

Final EIS, Hanford Site Tank Waste
Remediation System (DOE 19964, all)

HLW

Draft EIS, Surplus Plutonium Plutonium

Disposition (DOE 1998b, all)

Commercial SNF;
DOE SNF and

Commercial SNF;
DOE SNF and

Examines different disposal alternatives. ROD
documented DOE decision to pursue geologic disposal
for SNF and HLW.

Examines impacts of site characterization activities
and possible geologic repository at Yucca Mountain.

Examines impacts of constructing and operating
DWPF, which processes HLW at SRS. SRS HLW
could be eligible for repository disposal.

Examines impacts of managing five types of waste
(including liquid HLW) at SRS over 10 years. SRS
HLW could be eligible for repository disposal.

Examines impacts of stabilization and interim storage
of plutonium, uranium, and other nuclear materials.
SRS SNF and HLW could be eligible for repository
disposal.

Examines impacts of managing SNF in K-Basins at
Hanford. Hanford SNF could be eligible for
repository disposal.

Examines impacts of solidifying liquid HLW obtained
from reprocessing commercial SNF. WVDP HLW
could be eligible for repository disposal.

Examines impacts of managing SNF from foreign
research reactors in accordance with U.S. policy to
reduce nuclear weapons proliferation. SNF from
foreign research reactors stored at SRS and INEEL
could be eligible for repository disposal.

Examines impacts of long-term management and
disposal of Hanford tank waste, including HLW.
Hanford HLW could be eligible for repository
disposal.

Examines the alternatives for and impacts of
disposition of 50 metric tons (55 tons) of surplus
plutonium. Ultimate disposition of the plutonium
could involve repository disposal.
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Table 1-1. Related environmental documents® (page 2 of 3).

Document

Material type

Relationship to Yucca Mountain Repository EIS

Nuclear materials activities (continued)
Supplement to the Surplus Plutonium
Disposition Draft Environmental
Impact Statement (DOE 1999b, all)

Draft EIS, Idaho High-Level Waste
and Facilities Disposition (in
preparation)

Plutonium

HLW

Draft EIS, Savannah River Site Spent DOE SNF
Nuclear Fuel Management (DOE

1998¢, all)

Record of Decision (USN 19974, all)
and the Second Record of Decision
(USN 1997b, all) for a Container
System for the Management of Naval
Spent Nuclear Fuel Final EIS (USN
19964, all)

DOE SNF

Supplement Analysis for a Container DOE SNF
System for the Management of DOE
Spent Nuclear Fuel Located at INEEL

(DOE 1999, all)

Record of Decision for a Multi-
Purpose Canister or Comparable
System for Idaho National Engineering
and Environmental Laboratory Spent
Nuclear Fuel (DOE 19991, all)

DOE SNF

Generic Environmental Impact
Statement for License Renewal of
Nuclear Plants, Main Report, Final
Report NUREG-1437 (NRC 1996, all)
and the Draft Supplement for the
Generic Environmental Impact
Statement for License Renewal of
Nuclear Plants, Addendum 1 (NRC
1999, all)

Programmatic examination of waste management
Record of Decision (DOE 1995b, all)  DOE SNF
for the Final Programmatic EIS,

Spent Nuclear Fuel Management and
Idaho National Engincering
Laboratory Environmental
Restoration and Waste Management
Programs (DOE 19954, all)

Final Programmatic EIS, Storage and
Disposition of Weapons-Usable
Fissile Materials (DOE 1996e, all)

DOE SNF and
HLW

Final Programmatic EIS, Managing HLW
Treatment, Storage, and Disposal of
Radioactive and Hazardous Waste

(DOE 1997b, all)

Commercial SNF

Examines potential environmental impacts of using
mixed oxide fuel in six reactors as well as program
changes made since the publication of the Draft EIS.

Examines impacts of treatment, storage, and disposal
of INEEL HLW and facilities disposition. INEEL
HLW could be eligible for repository disposal.

Examines impact of several technologies for
management of SNF at SRS, including placing these
materials in forms suitable for ultimate disposition.
Information from this EIS aids the study of packaging,
transportation, and disposition of SNF.

Evaluates potential impacts of using alternative
container systems for management of naval SNF
following examination at INEEL. "Naval SNF
processed and stored at INEEL could be eligible for
repository disposal. DOE used information from this
EIS to estimate impacts from manufacture of disposal
containers and shipping casks.

Determines the use of a multipurpose canister or
comparable system for the management of DOE SNF
at INEEL that might be suitable for shipment using
existing transportation casks.

Evaluates the impacts of using dual-purpose canisters
to prepare DOE SNF located at INEEL for interim
storage and transport outside the State of Idaho.

Addresses the cumulative impacts of transportation of
commercial spent nuclear fuel in the vicinity of the
proposed repository at Yucca Mountain, Nevada, and
the impacts of transporting higher-burnup fuel.

Examines programmatic impacts of storage of DOE
SNF that could be eligible for repository disposal. In
the associated ROD, DOE decided where DOE SNF
would be managed.

Examines impacts of long-term storage of plutonium
and highly enriched uranium at several DOE sites.
Spent mixed-oxide fuel and immobilized plutonium
could be eligible for repository disposal.

Examines impacts of managing five types of waste at
DOE sites. Examines storage of HLW canisters and
transportation of HLW canisters between DOE sites

and Yucca Mountain.
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~— Table 1-1. Related environmental documents® (page 3 of 3).

Document

Material type

Relationship to Yucca Mountain Repository EIS

Final EIS, Nevada Test Site and
Off-Site Locations in the State of
Nevada (DOE 1996f, all)

Final EIS, Withdrawal of Public
Lands for Range Safety and Training
Purposes at Naval Air Station Fallon,
Nevada (USN 1998, all)

Legislative EIS for Nellis Air Force
Range Renewal (USAF 1999, all)

Proposed Caliente Management
Framework Plan Amendment and
FEIS for the Management of Desert
Tortoise Habitat (BLM 1999a, all)

Final EIS for the Cortez Pipeline
Gold Deposit (BLM 1996, all)

EA, Pipeline Infiltration Project
(BLM 1999b, all)

Environmental Impact Analysis
process for a Draft Secretarial Report
to Congress regarding a proposal to
establish permanent Timbisha
Shoshone Tribal land use in and
around Death Valley National Park
(64 FR 19193 to 19194, April 19,
1999)

Programmatic examination of waste management (continued)

Regional description and cumulative impact information

Examines potential impacts of future mission activities
at NTS. DOE used information from NTS EIS for
Yucca Mountain site description and environmental
impacts of NTS waste management activities.
Cumulative impact analysis included activities
analyzed in NTS EIS.

Examines impacts of land withdrawal around Naval
Air Station Fallon. Repository EIS analysis of
cumulative impacts considered proposed actions at
Naval Air Station Fallon.

Examines impacts of renewal of land withdrawal for
Nellis Air Force Range. Yucca Mountain site is partly
on range, and Repository EIS considers proposed
actions at Nellis in its cumulative impacts analysis.

Examines the implementation of BLM management
goals and actions for the administration of the desert
tortoise habitat in Lincoln County, Nevada.

Examines potential for impacts from mining-related
activities at a location in western Nevada.

Examines potential for impacts from mining-related
activities at a location in western Nevada.

Examines the potential for impacts from creating a
Timbisha Shoshone Tribal reservation in and around
Death Valley National Park.

a.

Abbreviations: BLM = Bureau of Land Management; DOE = U.S. Department of Energy; DWPF = Defense Waste Processing
Facility; EA = environmental assessment; EIS = environmental impact statement; HLW = high-level radioactive waste;

INEEL = Idaho National Engineering and Environmental Laboratory; NTS = Nevada Test Site; ROD = Record of Decision;
SNF = spent nuclear fuel; SRS = Savannah River Site; WVDP = West Valley Demonstration Project.
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2. PROPOSED ACTION AND NO-ACTION ALTERNATIVE

Under the Proposed Action, the U.S. Department of Energy (DOE) would construct, operate and monitor,
and eventually close a geologic repository for the disposal of spent nuclear fuel and high-level radioactive
waste at Yucca Mountain (see Section 2.1). The Proposed Action includes transportation of spent nuclear
fuel and high-level radioactive waste from commercial and DOE sites to the Yucca Mountain site (see

Figure 2-1).

Under the No-Action Alternative (see Whether c;('zh
; : recommend the
Section 2.2), DOE would end site Yucea Mountain site

characterization activities at Yucca Mountain, to the President
and the commercial and DOE sites would
continue to manage their spent nuclear fuel
and high-level radioactive waste (see
Figure 2-1). The No-Action Alternat}ve Proposed Action i No-Action Alternative
assumes that spent nuclear fuel and high-level * Repository facilities | *Yucca Mountain site
radioactive waste would be treated and and operations ; decommissioning
packaged as necessary for its safe onsite » Transportation and reclamation
management. DOE QOes not intepd to actlvt| ] .g:r?]%]:r?:?alsg)r:ggg OaItE
represent the No-Action Alternative as a sites

viable long-term solution but rather to use it as

a baseline against which the Proposed Action  Figure 2-1. General activity areas evaluated under the
can be evaluated. Proposed Action and No-Action Alternative.

Section 2.3 discusses the alternatives that DOE considered but eliminated from detailed study in this
environmental impact statement (EIS). Section 2.4 summarizes findings from the EIS and compares the
potential environmental impacts of the Proposed Action and the No-Action Alternative. Section 2.5
addresses the collection of information and analyses performed for the EIS. Section 2.6 identifies the
preferred alternative.

DOE has developed the information about the potential environmental impacts that could result from
either the Proposed Action or the No-Action Alternative to inform the Secretary of Energy’s
determination whether to recommend Yucca Mountain as the site of this Nation’s first monitored geologic
repository for spent nuclear fuel and high-level radioactive waste.

As part of the Proposed Action, the EIS analyzes the impacts of transporting spent nuclear fuel and high-
level radioactive waste to the Yucca Mountain site from 77 sites across the United States. This analysis
includes information on such matters as the comparative impacts of truck and rail transportation,
alternative intermodal (rail to truck) transfer station locations, associated heavy-haul truck routes, and
alternative rail transport corridors in Nevada. Although it is uncertain at this time when DOE would
make any transportation-related decisions, DOE believes that the EIS provides the information necessary
to make decisions regarding the basic approaches (for example, mostly rail or mostly truck shipments), as
well as the choice among alternative transportation corridors. However, follow-on implementing
decisions, such as selection of a specific rail alignment within a corridor, or the specific location of an
intermodal transfer station or the need to upgrade the associated heavy-haul routes, would require
additional field surveys, state and local government consultations, environmental and engineering
analyses, and National Environmental Policy Act reviews.

2.1 Proposed Action

DOE proposes to construct, operate and monitor, and eventually close a geologic repository at Yucca
Mountain for the disposal of spent nuclear fuel and high-level radioactive waste. About 600 square
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kilometers (230 square miles or 150,000 acres) of land in Nye County, Nevada, could be permanently —_—
withdrawn from public access for DOE use for the repository (see Figure 2-2 for location of area). DOE

would dispose of spent nuclear fuel and high-level radioactive waste in the repository using the inherent,

natural geologic features of the mountain and engineered (manmade) barriers to ensure the long-term

isolation of the waste from the human environment. DOE would build the repository inside Yucca

Mountain between 200 and 425 meters (660 and 1,400 feet) below the surface and between 175 and 365

meters (570 and 1,200 feet) above the water table.

Under the Proposed Action, DOE would permanently place approximately 10,000 to 11,000 waste
packages containing no more than 70,000 metric tons of heavy metal (MTHM) of spent nuclear fuel and
high-level radioactive waste in the repository. Of the 70,000 MTHM to be emplaced in the repository,
63,000 MTHM would be spent nuclear fuel assemblies from boiling-water and pressurized-water reactors
(Figure 2-3) that DOE would ship from commercial nuclear sites to the repository. The remaining 7,000
MTHM would consist of about 2,333 MTHM of
DOE spent nuclear fuel and 8,315 canisters
DEFINITION OF (4,667 MTHM) containing solidified high-level
METRIC TONS OF HEAVY METAL i radioactive waste (see Figure 2-3) that the
| Department would ship to the repository from its

Quantities of spent nuclear fuel are traditionally i facilities. The 70,000 MTHM inventory would

expressed in terms of metric tons of heavy | include 50 metric tons (55 tons) of surplus
metal (typically uranium), without the inclusion weapons-usable plutonium as spent mixed-oxide
of other materials such as cladding (the tubes fuel or immobilized plutonium. Appendix A
containing the fuel) and structural materials. A 18 contains additional information on the inventory

metrig ton iLSJ 1’0_00 kilo%rar?hs (1.1 ttOTS or 2’200t and characteristics of spent nuclear fuel, high-
pounds). ranium and other metais in Spent @ .. .1 radicactive waste, and other materials that

nuclear fuel (such as thorium and plutonium) & . .
are called heavy metals because they are [ DOE could emplace in the proposed repository.

extremely dense; that is, they have high weights |2 For this EIS, a connected action includes the

per unlt Volume One metnc ton Of heavy metal : OffSlte manufacturing Of the COntainerS that DOE
disposed of as spent nuclear fuel would fill a would use for the transport and disposal of spent
space approximately the size of a typical nuclear fuel and high-level radioactive waste.

household refrigerator.

Figure 2-4 is an overview of components or
activities associated with the Proposed Action.
The implementing alternatives and scenarios analyzed in this EIS, as described in Section 2.1.1, represent
the potential range of variables associated with implementing the Proposed Action that could affect
environmental impacts. The Proposed Action would require surface and subsurface facilities and
operations for the receipt, packaging, and emplacement of spent nuclear fuel and high-level radioactive
waste (see Section 2.1.2) and transportation of these materials to the repository (see Section 2.1.3).
Section 2.1.4 summarizes the estimated cost of the Proposed Action. Chapters 4, 5, and 6 evaluate
potential environmental impacts from the Proposed Action. As part of the process to develop
implementing concepts, mitigation techniques have been designed into the Proposed Action through the
use of best engineering and management practices, as applicable.

The Proposed Action would use two types of institutional controls—active and passive. Active
institutional controls (monitored and enforced limitations on site access; inspection and maintenance of
waste packages, facilities, equipment, etc.) would be used through closure. Passive institutional controls
(markers, engineered barriers, etc., that are not monitored or maintained) would be put in place during
closure and used to minimize inadvertent exposures to members of the public in the future.
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Figure 2-2. Diagram and location of the proposed repository at Yucca Mountain.
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Notes: 1. Fifty metric tons (55 tons) of surplus weapons-usable plutonium would be included
in the inventory of commercial spent nuclear fuel as spent mixed-oxide fuel or in the
inventory of high-level radioactive waste as immobilized plutonium.

2. Typical boiling-water reactor fuel assemblies are 4.5 meters (15 feet) long with a cross
section of 14 x 14 centimeters (5.5 x 5.5 inches). Typical pressurized-water reactor fuel
assemblies are 4.1 meters (13 feet) long with a cross section of 21 x 21 centimeters
(8.3 x 8.3 inches). High-level radioactive waste canisters are 0.61 meters (2feet) in
diameter and range from 3.0 to 4.5 meters (10 to 15 feet) long.
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2.1.1 OVERVIEW OF IMPLEMENTING ALTERNATIVES AND SCENARIOS -

This EIS describes and evaluates the current preliminary design concept for repository surface facilities,
subsurface facilities, and disposal containers (waste packages), and the current plans for the construction,
operation and monitoring, and closure of the repository. DOE recognizes that plans for the repository
would continue to evolve during the development of the final repository design and as a result of the U.S.
Nuclear Regulatory Commission licensing review of the repository. In addition, decisions on how spent
nuclear fuel and high-level radioactive waste would be shipped to the repository (for example, truck or
rail) and how spent nuclear fuel would be packaged (uncanistered or in disposable or dual-purpose
canisters) would be part of future transportation planning efforts.

For these reasons, DOE developed implementing alternatives and analytical scenarios to bound the
environmental impacts likely to result from the Proposed Action (see Figure 2-5). The Department
selected the implementing alternatives and scenarios to accommodate and maintain flexibility for
potential future revisions to the design and plans for the repository. Because of uncertainties, DOE
selected implementing alternatives and scenarios that incorporate conservative assumptions that tend to
overstate the risks to address those uncertainties.

The following paragraphs describe the packaging scenarios, thermal load scenarios, national
transportation scenarios, Nevada transportation scenarios, and implementing rail and intermodal
alternatives evaluated in the EIS. In addition, these paragraphs discuss the continuing investigation of
options DOE is considering for the repository design at the next major program milestones (that is, Site
Recommendation and License Application).

DOE will evaluate future repository design revisions in accordance with its regulations for implementing

the National Environmental Policy Act (10 CFR 1021.314) to determine if there are substantial changes in

the proposal or significant new circumstances or information relevant to environmental concerns. Based - _
on these regulations, DOE will determine whether it will conduct further National Environmental Policy

Act reviews.

2.1.1.1 Packaging Scenarios

DOE operations at repository surface facilities would
differ depending on how the spent nuclear fuel in
shipping casks was packaged. Commercial spent
nuclear fuel could be received either uncanistered or in
disposable or dual-purpose canisters.

DISPOSAL CONTAINERS
AND WASTE PACKAGES

A disposal confainer is the vessel
consisting of the barrier materials and
internal components in which the spent

The EIS assumes that DOE spent nuclear fuel and nuclear fuel and high-level radioactive

high-level radioactive waste would be shipped to the waste would be placed. The filled, sealed,
repository in disposable canisters. In addition, it and tested disposal container is referred
evaluates the following packaging scenarios for to as the waste package, which would be
commercial spent nuclear fuel to cover the potential emplaced in the repository.

range of environmental impacts from repository
surface facility construction and operation:

e A mostly uncanistered fuel scenario

e A mostly canistered fuel scenario that includes:
— Disposable canisters
—  Dual-purpose canisters

Table 2-1 summarizes these scenarios.
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Proposed Action

—— Repository facilities
and operations
Subsurface
— facilities
i
High Intermediate Low
thermal thermal load thermal
load scenario load
scenario scenario
R Surface
facilities
|
Mostly Mostly Mostly
uncanistered disposable dual-purpose
spent nuclear  canister spent canister spent
fuel packaging nuclear fuel nuclear fuel
scenario packaging packaging
scenario scenario
Transportation
activities
— National
Mostly legal-weight Mostly rail
truck scenario scenario
e Nevada
Mostly Mostly
legal-weight rail and heavy-haul
truck scenarios

truck scenario

Rail Heavy-haul truck
implementing implementing
alternatives alternatives

Note: Thermal load scenarios also affect surface facilities

Figure 2-5. Analytical scenarios and implementing alternatives associated with the Proposed Action.
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Table 2-1. Packaging scenarios (percentage based on number of shipments).
Mostly canistered fuel

Material® Mostly uncanistered fuel Disposable canister Dual-purpose canister
Commercial 100% uncanistered fuel About 80% disposable canisters;  About 80% dual-purpose
SNF about 20% uncanistered fuel canisters; about 20%
uncanistered fuel
HLW 100% disposable canisters  100% disposable canisters 100% disposable canisters
DOE SNF 100% disposable canisters  100% disposable canisters 100% disposable canisters

a.  SNF = spent nuclear fuel; HLW = high-level radioactive waste.

DEFINITIONS OF PACKAGING TERMS

Shipping cask: A thick-walled vessel that meets applicable regulatory requirements for shipping
spent nuclear fuel or high-level radioactive waste.

Canister: A thin-walled metal vessel used to hold spent nuclear fuel assemblies or solidified high-
level radioactive waste.

Dual-purpose canister: A canister suitable for storing (in a storage facility) and shipping (in a
shipping cask) spent nuclear fuel assemblies. At the repository, dual-purpose canisters would be
removed from the shipping cask and opened. The spent nuclear fuel assemblies would be removed
from the canister and placed in a disposal container. The opened canister would be recycled or
disposed of offsite as low-level radioactive waste.

Disposable canister: A canister for spent nuclear fuel assemblies or solidified high-level
radioactive waste suitable for storage, shipping, and disposal. At the repository, the disposable
canister would be removed from the shipping cask and placed directly in a disposal container.

Uncanistered spent nuclear fuel: Fuel placed directly into storage canisters or shipping casks
without first being placed in a canister. At the repository, spent nuclear fuel assemblies would be
removed from the shipping cask and placed in a disposal container.

Disposal container: A container for spent nuclear fuel and high-level radioactive waste consisting
of the barrier materials and internal components. The filled, sealed, and tested disposal container is
referred to as the waste package, which would be emplaced in the repository.

Waste package: The filled, sealed, and tested disposal container that would be emplaced in the
repository.

2.1.1.2 Thermal Load Scenarios

The heat generated by spent nuclear fuel and high-level radioactive waste (the thermal load) could affect
the long-term performance of the repository (that is, the ability of the engineered and natural barrier
systems to isolate the emplaced waste from the human environment). Different thermal loads would have
a direct effect on internal and external waste package temperatures, thereby potentially affecting the
corrosion rate and integrity of the waste package. The heat generated by the waste packages would also
affect the geochemistry, hydrology, and mechanical stability of the emplacement drifts, which in turn
would influence the flow of groundwater and the transport of radionuclides from the engineered and
natural barrier systems to the environment. The thermal load would depend on factors related to the
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~ design of the repository including, but not limited to, the age of the spent nuclear fuel at the time of
emplacement, the spacing of the emplacement drifts and the waste packages in them, the repository
ventilation, and the decision on whether to backfill the emplacement drifts.

DOE evaluated three thermal load scenarios. These scenarios include a relatively high emplacement
density of spent nuclear fuel and high-level radioactive waste (high thermal load — 85 MTHM per acre), a
relatively low emplacement density (low thermal load — 25 MTHM per acre), and an emplacement
density between the high and low thermal loads (intermediate thermal load — 60 MTHM per acre). The
additional spacing required for the lower thermal loads would increase the subsurface area and the
amount of excavation. In addition, the different thermal loads would affect the area requirements for the
excavated rock pile on the surface.

2.1.1.3 National Transportation Scenarios

The national transportation scenarios evaluated in this EIS encompass the transportation options or modes
(legal-weight truck and rail) that are practical for DOE to use to ship spent nuclear fuel and high-level
radioactive waste from the commercial and DOE sites to the Yucca Mountain site. DOE would use both
legal-weight truck and rail transportation, and would determine the number of shipments by either mode
as part of future transportation planning efforts. Therefore, the EIS evaluates two national transportation
scenarios (mostly legal-weight truck and mostly rail) that cover the possible range of transportation
impacts to human health and the environment.

TERMS ASSOCIATED WITH TRANSPORTATION

Legal-weight trucks have a gross vehicle weight (both truck and cargo weight) of less than 36,300
— kilograms (80,000 pounds), which is the loaded weight limit for commercial vehicles operated on
public highways without special state-issued permits. In addition, the dimensions, axle spacing, and,
if applicable, axle loads of these vehicles must be in compliance with Federal and state regulations.

An intermodal transfer station is a facility for transferring freight from one transportation mode to
another (for example, from railcar to truck). In this EIS, intermodal transfer station refers to a facility
DOE would use to transfer rail shipping casks containing spent nuclear fuel or high-level radioactive
waste from railcars to heavy-haul trucks, and to transfer empty rail shipping casks from heavy-haul
trucks to railcars.

Heavy-haul trucks are overweight, overdimension vehicles that must have permits from state
highway authorities to use public highways. In this EIS, heavy-haul trucks refers to vehicles DOE
would use on public highways to move spent nuclear fuel or high-level radioactive waste shipping
casks designed for a railcar.

2.1.1.4 Nevada Transportation Scenarios and Rail and Intermodal Implementing
Alternatives

The transportation of spent nuclear fuel and high-level radioactive waste to the proposed repository would
affect all the states through which the shipments would travel, including Nevada. However, to highlight
the impacts that could occur in Nevada, DOE has chosen to discuss them separately. DOE is looking at
three transportation scenarios for Nevada. These scenarios include legal-weight truck and rail, which are
the same as the national scenarios but highlight the Nevada portion of the transportation, and heavy-haul
“_~ truck. The heavy-haul truck scenario includes the construction of an intermodal transfer station with
associated highway improvements for heavy-haul trucks in the State. DOE has identified five potential
rail corridors leading to Yucca Mountain and three potential intermodal transfer station locations with five
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associated potential highway routes for heavy-haul trucks. Section 2.1.3.3 describes these implementing
alternatives,

2.1.1.5 Continuing Investigation of Design Options

As noted, this EIS describes and evaluates the current preliminary design concept for the repository and
current plans for repository construction, operation and monitoring, and closure (see Section 2.1.2). DOE
continues to investigate design options for possible incorporation in the final repository design;

Appendix E identifies design features and alternative design concepts that DOE is considering for the
final design (for example, smaller waste packages, a waste package design using two corrosion-resistant
materials, and a long-term ventilated repository). The criteria for selecting these design options are
related to improving or reducing uncertainties in repository performance (the potential to provide
containment and isolation of radionuclides) and operation (for example, worker and operational safety,
ease of operation).

DOE has assessed each of the design options still being considered for the expected change it would have
on short- and long-term environmental impacts and has compared these impacts to the potential impacts
determined for the packaging, thermal load, and transportation scenarios evaluated in the EIS. This
assessment, which is described in Appendix E, found that the changes in environmental impacts for the
design options would be relatively minor in relation to the potential impacts evaluated in this EIS.
Therefore, DOE has concluded that the analytical scenarios and implementing alternatives evaluated in
this EIS provide a representative range of potential environmental impacts the Proposed Action could
cause. Chapter 9 discusses mitigation from design options that could be beneficial in reducing impacts
associated with repository performance or operation.

2.1.2 REPOSITORY FACILITIES AND OPERATIONS

This section describes proposed repository surface and subsurface facilities and operations (Sections
2.1.2.1 and 2.1.2.2), repository closure (Section 2.1.2.3), and the performance confirmation program
(Section 2.1.2.4). The description is based on TRW (19992, all), TRW (1999b, all), and TRW (1999c,
all), unless otherwise noted. The following paragraphs contain an overview of the repository facilities
and operations and the sequence of planned repository construction, operation and monitoring, and
closure. DOE would design the repository based on the extensive information collected during the Yucca
Mountain site characterization activities. These activities are summarized in semiannual site
characterization reports. [See the semiannual Site Characterization Progress Reports that the Department
prepares in accordance with Section 113(b)(3) of the NWPA (for example, DOE 19914, ali).] The
facilities used for site characterization activities at Yucca Mountain would be incorporated in the
repository design to the extent practicable. (See Chapter 3, Section 3.1, for additional information on
existing facilities at Yucca Mountain developed during site characterization activities.)

DOE would construct surface facilities at the repository site to receive, prepare, and package spent
nuclear fuel and high-level radioactive waste for underground emplacement. In addition, surface facilities
would support the construction of subsurface facilities. These facilities include the following primary
surface operations areas:

* North Portal Operations Area — Receive, prepare, and package spent nuclear fuel and high-level
radioactive waste for underground emplacement

* South Portal Operations Area — Support the construction of subsurface facilities

2-10
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e Emplacement Ventilation Shaft Operations Area — Exhaust air from the subsurface facilities where
waste packages would be emplaced (emplacement side)

e Development Ventilation Shaft Operations Area — Supply air to subsurface facilities where
construction activities would occur (development side)

Figure 2-6 is an aerial photograph of the Yucca Mountain site showing the locations of these surface
facilities. Figure 2-7 is an illustration of the repository surface facilities at the North Portal Operations
Area. The spent nuclear fuel and high-level radioactive waste would be handled remotely with workers
shielded from exposure to radiation using design and operations practices in use at licensed nuclear
facilities to the maximum extent practicable. The repository operations areas and supporting areas,
utilities, roads, etc., would require the active use of about 3.5 square kilometers (870 acres) of land. Of
this total area, about 1.5 square kilometers (370 acres) have been disturbed by previous activities.

" Develop ent:
ilatioh Shat

South Portal
Operations Area

Note: The North and South Portal Operations Areas are
approximately 2.7 kilometers (1.7 miles) apart.

Figure 2-6. Surface facilities at the proposed Yucca Mountain Repository.




e’

Proposed Action and No-Action Alternative

e Emplacement Ventilation Shaft Operations Area — Exhaust air from the subsurface facilities where
waste packages would be emplaced (emplacement side)

e Development Ventilation Shaft Operations Area — Supply air to subsurface facilities where
construction activities would occur (development side)

Figure 2-6 is an aerial photograph of the Yucca Mountain site showing the locations of these surface
facilities. Figure 2-7 is an illustration of the repository surface facilities at the North Portal Operations
Area. The spent nuclear fuel and high-level radioactive waste would be handled remotely with workers
shielded from exposure to radiation using design and operations practices in use at licensed nuclear
facilities to the maximum extent practicable. The repository operations areas and supporting areas,
utilities, roads, etc., would require the active use of about 3.5 square kilometers (870 acres) of land. Of
this total area, about 1.5 square kilometers (370 acres) have been disturbed by previous activities.

Emplacerent
“Ventilation Shaft
Operations Area

‘ North Portal
-~ Operations Area

Note: The North and South Portal Operations Areas are
approximately 2.7 kilometers (1.7 miles) apart.

Figure 2-6. Surface facilities at the proposed Yucca Mountain Repository.
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~~— Figure 2-8 shows the subsurface layout of the repository, which would consist of tunnels (called drifis)

and vertical ventilation shafts that DOE would excavate in the mountain. Along with the main drifts,
gently sloping ramps from the surface to the subsurface facilities would move workers, equipment, and
waste packages. Waste packages of spent nuclear fuel and high-level radioactive waste would be placed
in the emplacement drifts. The ventilation systems would move air for workers and would cool the
repository.

Figure 2-9 shows the expected timing for construction, operation and monitoring, and closure of the
proposed repository at Yucca Mountain. If a recommendation was made to proceed with the development
of the repository, DOE would continue performance confirmation activities to support a License
Application to the Nuclear Regulatory Commission. Preconstruction performance confirmation activities
at and in the vicinity of the Yucca Mountain site would be similar to those performed during site
characterization. These activities could require surface excavations, subsurface excavations and borings,
and in-place testing of rock characteristics.

The construction of repository facilities for the handling of spent nuclear fuel and high-level radioactive
waste could begin only after the receipt of construction authorization from the Nuclear Regulatory
Commission. For this EIS, DOE assumed that construction would begin in 2005. The repository surface
facilities, the main drifts, ventilation system, and initial emplacement drifts would be built in
approximately 5 years, from 2005 to 2010.

Repository operations would begin after DOE received a license from the Nuclear Regulatory
Commission to receive and possess spent nuclear fuel and high-level radioactive waste. For this EIS,
DOE assumed that the receipt and emplacement of these materials would begin in 2010 and that
emplacement would occur over a 24-year period ending in 2033, based on the emplacement of
70,000 MTHM at approximately 3,000 MTHM per year.

The construction of emplacement drifts would continue during emplacement and would end in about
2032. The repository design would enable simultaneous construction and emplacement operations, but it
would physically separate activities on the construction or development side from activities on the
emplacement side.

Monitoring and maintenance activities would start with the first emplacement of waste packages and
would continue through repository closure. After the completion of emplacement, DOE would maintain
those repository facilities, including the ventilation system and utilities (air, water, electric power) that
would enable continued monitoring and inspection of the emplaced waste packages, continued
investigations in support of predictions of long-term repository performance, and the retrieval of waste
packages if necessary. Immediately after the completion of emplacement, DOE would decontaminate and
close the facilities that handled nuclear materials on the surface to eliminate a potential radioactive
material hazard. However, DOE would maintain an area of the Waste Handling Building for the possible
recovery and testing of waste packages as a quality assurance contingency in the performance
confirmation program (see Section 2.1.2.4). Future generations would decide whether to continue to
maintain the repository in an open monitored condition or to close it. To ensure flexibility to future
decisionmakers, DOE is designing the repository with the capability for closure as early as 50 years or as
late as 300 years after the start of emplacement. This EIS assumes that closure would begin 100 years
after the start (76 years after the completion) of emplacement, but assesses impacts (in Chapter 4) for
closure beginning 50 and 300 years after the start of emplacement.

Repository closure would occur after DOE received a license amendment from the Nuclear Regulatory
Commission. The period to accomplish closure would range from about 6 years for the high thermal load
scenario to about 15 years for the low thermal load scenario. The closure of the repository facilities
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would include closing the subsurface facilities, decontamination and decommissioning the surface
facilities, reclaiming the site, and establishing long-term institutional barriers, including land records and
warning systems to limit or prevent intentional or unintentional activity in and around the closed
repository (see Section 2.1.2.3).

The performance confirmation program would continue some site characterization activities through
repository closure, including various types of tests, experiments, and analytical procedures. DOE would
conduct performance confirmation activities to evaluate the accuracy and adequacy of the information it
used to determine with reasonable assurance that the repository would meet the performance objectives
for the period after permanent closure (see Section 2.1 2.4).

2.1.2.1 Repository Surface Facilities and Operations

Surface facilities at the repository site would be used to receive, prepare, and package spent nuclear fuel
and high-level radioactive waste for subsurface emplacement. Surface facilities would also support the
construction of the subsurface facilities. DOE would upgrade some facilities built for site
characterization, but most surface facilities would be new. Most facilities would be in four areas—the
North Portal Operations Area, the South Portal Operations Area, the Emplacement Ventilation Shaft
Operations Area(s), and the Development Ventilation Shaft Operations Area(s)—as shown on

Figure 2-10. Facilities to support waste emplacement would be concentrated near the North Portal, and
facilities to support subsurface facility development would be concentrated near the South Portal.

2.1.2.1.1 North Portal Operations Area

This area, shown in Figure 2-11, would be the largest of the primary operations areas, covering about 0.6
square kilometer (150 acres) at the North Portal. It would include two areas: a Restricted Area for receipt
of spent nuclear fuel and high-level radioactive waste handling and packaging for emplacement, and a
Balance of Plant Area for support services (administration, training, emergency, and general
maintenance). The Restricted Area (called the Radiologically Controlled Area in other DOE documents)
would be enclosed by a fence and monitored to ensure adequate safeguards and security for radioactive
materials. The two principal facilities in the Restricted Area would be the Carrier Preparation Building
and the Waste Handling Building. Other support facilities planned for the North Portal Operations Area
include basic facilities for personnel support, warehousing, security, and transportation (motor pool).

When a legal-weight truck or railcar hauling a cask containing spent nuclear fuel or high-level radioactive
waste arrived at the repository site, it would move through the security check into the Restricted Area
parking area or to the Carrier Preparation Building. Rail casks arriving on heavy-haul trucks might be
transferred to a railcar outside the Restricted Area before entering it. Operations in the Carrier
Preparation Building would include performing inspections of the vehicle and cask, removing barriers
from the vehicle that protected personnel during shipment, and removing impact limiters from the cask.
The vehicle would then move to the Waste Handling Building for unloading or to a storage yard until
space became available for unloading. In the Waste Handling Building shipping casks would be removed
from the vehicle and placed on carts (see Figure 2-12). The carts would move through the Waste
Handling Building airlock to cask preparation areas, where the casks would be checked for contamination
and the interior gases sampled. The casks would then be vented and cooled, and the cask lids would be
unbolted.

After cask preparation operations, receipt and packaging operations would begin; the nature of these
operations would depend on how the spent nuclear fuel in the shipping cask was packaged. The
following paragraphs describe the different receipt and packaging operations for different types of
packages.
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Figure 2-10. Repository surface facilities site plan.
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Uncanistered spent nuclear fuel in a cask would be placed in a water transfer pool in the Waste Handling
Building. The cask lid would be removed and each fuel assembly would be removed and placed in a
transfer basket. When the transfer basket was loaded, it would be staged or moved from the pool to an
assembly transfer cell and dried. The dried assemblies would be loaded in a disposal container, which
would be decontaminated, and either transferred directly to a welding area or stored temporarily until a
welding area was available. Welding operations would include installing and welding the inner and outer
lids of the disposal container. The disposal container would be filled with an inert gas such as helium
after the inner lid was welded. Each welding operation would be followed by nondestructive weld
examination and certification. After weld certification, the loaded disposal container is called a waste
package (see Section 2.1.2.2). Each waste package would be decontaminated and loaded in a shielded
waste package transporter for transfer to the repository or held in the Waste Handling Building until a
transporter became available.

Shipping casks containing spent nuclear fuel or high-level radioactive waste in disposable canisters would
be moved directly to a dry canister transfer handling area. The shipping cask lid would be removed and
the disposable canisters would be staged, or transferred directly into a disposal container. The disposal
container sealing and welding process would be similar to that described for uncanistered spent nuclear
fuel.

Shipping casks containing spent nuclear fuel assemblies in dual-purpose canisters would be placed in a
water transfer pool. The shipping cask lid would be removed, the canister inside would be removed and
opened, and the assemblies would be unloaded to a transfer basket. Once the assemblies were in the
basket, the process would be the same as that described for uncanistered fuel.

DOE would decontaminate empty canisters, shipping casks, and related components as required in the
Waste Handling Building. After decontamination, the empty canisters and shipping casks would be
loaded on truck or rail carriers, sent to the Carrier Preparation Building for processing, and shipped off
the site.

Waste generated at the repository from the decontamination of canisters and shipping casks and from
other repository housekeeping activities would be collected, processed, packaged, and staged in the Waste
Treatment Building before being shipped off the site for disposal at permitted facilities. Waste
minimization and pollution prevention measures would reduce the amount of site-generated waste
requiring such management. For example, decontamination water could be treated and recycled to the
extent practicable. Site-generated wastes would include low-level radioactive waste, hazardous waste,
and industrial solid waste. Operations would not be likely, but that could occur, could produce small
amounts of mixed wastes (wastes containing both radioactive and hazardous materials). The repository
design would include provisions for collecting and storing mixed waste for offsite disposal.

The ventilation systems for the Waste Handling Building and the Waste Treatment Building would
provide confinement of radioactive contamination by using pressure differentials to ensure that the air
would flow from areas free of contamination to areas potentially contaminated to areas that are normally
contaminated. The monitored exhaust air from both buildings would pass through high-efficiency
particulate air filters before being released through a single exhaust stack.

2.1.2.1.2 South Portal Operations Area

The South Portal Operations Area would cover about 0.15 square kilometer (37 acres) immediately
adjacent to the South Portal of the subsurface facility. The structures and equipment in this area, which
would support the development of subsurface facilities, would include a concrete plant for fabricating and
curing precast components and supplying concrete for in-place casting, and basic facilities for personnel
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~~ support, maintenance, warehousing, material staging, security, and transportation. From this area,

overland conveyors would transport excavated rock from the repository to the excavated rock pile.
2.1.2.1.3 Emplacement Ventilation Shaft Operations Areas

DOE would develop these areas where ventilation shafts from the emplacement side of the subsurface
reached the surface. The number of shafts required to ventilate the subsurface would depend on the
thermal load scenario for the repository. A repository design with a high or intermediate thermal load
would require a single ventilation shaft with a corresponding surface operations area for the emplacement
side. A design with a low thermal load would require three emplacement ventilation shafts with
corresponding surface operations areas because of the increased area to be ventilated. Two of these
operations areas would contain fans to pull air from the emplacement area; the other would not contain
fans but would supply air to the emplacement area.

An Emplacement Ventilation Shaft Operations Area would cover about 12,000 square meters (3 acres)
and would normally be unstaffed. An emplacement side ventilation system would contain two fans, each
driven by a 2,000-horsepower electric motor with a capacity of about 17,000 cubic meters (600,000 cubic
feet) per minute. One fan would be in continuous operation and the other would be on standby.

Section 2.1.2.2 contains a description of the subsurface ventilation design.

2.1.2.1.4 Development Ventilation Shaft Operations Areas

Development ventilation shafts would supply air to the development side of the repository. A repository
design with a high or intermediate thermal load would require a single development ventilation shaft with
a corresponding surface operations area. A design with a low thermal load would require two
development ventilation shafts with corresponding surface operations areas because of the increased area
to be ventilated. Each Development Ventilation Shaft Operations Area would be similar in size to the
Emplacement Ventilation Shaft Operations Areas, and would contain two fans, each with a capacity of
about 17,000 cubic meters (600,000 cubic feet) per minute and driven by a 2,000-horsepower electric
motor. One fan would be in continuous operation, forcing air into the repository, and the other fan would
be on standby. Section 2.1.2.2 contains a description of the subsurface ventilation design.

2.1.2.1.5 Support Equipment and Utilities

Repository support equipment and utilities would be on the surface in the general vicinity of the North
and South Portal Operations Areas (see Figure 2-10). The storage area for excavated rock would be the
largest support area. For the high or intermediate thermal load scenario, the excavated rock storage area
would be between the North and South Portals, as shown in Figure 2-10, and would require about 1.0 and
1.2 square kilometers (250 and 300 acres), respectively. For the low thermal load scenario, the excavated
rock storage area would be about 5 kilometers (3 miles) east of the South Portal Operations Area, as
shown on Figure 2-13. Because the excavated rock pile would be higher at this location, the area required
would be about 1.1 square kilometers (270 acres).

The repository site would have two evaporation ponds for industrial wastewater, one at the North Portal
and one at the South Portal. Sources of industrial wastewater would include water used for dust
suppression during construction, water used for cooling tower operations at the North Portal, and water
used for concrete mixing and for form cleanup at the South Portal. Heavy plastic sheets would line both
ponds to prevent water migration into the soil. The North Portal pond would cover about 24,000 square
meters (6 acres). The evaporation pond at the South Portal would be about 2,300 square meters

(0.6 acre). The North Portal area would also include an approximately 130,000-square-meter (32-acre)
stormwater retention pond to control stormwater runoff from the North Portal Operations Area.
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~—"  DOE would develop an appropriately sized landfill [approximately 0.036 square kilometer (9 acres)] at
the repository site for nonhazardous and nonradiological construction and sanitary solid waste and for
similar waste generated during the operation and monitoring and closure phases. The South Portal
Operations Area would have a septic tank and leach field for the disposal of sanitary sewage. The North
Portal Operations Area has an existing septic system that would be adequate for use during repository
operations.

At present, electric power is obtained from the Nevada Test Site power distribution system. For the
repository, electric power would be distributed throughout the surface and subsurface areas and to remote
areas such as the Ventilation Shaft Operations Areas, construction areas, environmental monitoring
stations, transportation lighting and safety systems, and water wells. To accommodate the expected
demand for the repository, DOE would upgrade existing electrical transmission and distribution systems.
Backup equipment and uninterruptable electric power would be provided to ensure personnel safety and
operations requiring electric power continuity. Diesel generators and associated switchgear would
provide the backup power capability.

DOE would use existing wells about 5.6 kilometers (3.5 miles) southeast of the North Portal Operations
Area to supply water for repository activities. These wells have supplied water for site characterization
activities at Yucca Mountain. Water would be pumped to a booster pump station and then to potable and
nonpotable water systems that would distribute the water to the Restricted and Balance of Plant Areas and
to the subsurface.

Fuel supply systems would include fuel oil for a central heating (hot water) plant, which would consist of
a 950,000-liter (250,000-gallon) main tank and a 57,000-liter (15,000-gallon) day tank. In addition, there
would be fuel supply systems for generating steam to cure precast concrete, for fire water system tank
.~ heaters, for diesel-powered standby generators and air compressors, and for backup fire pumps. Diesel
fuel and gasoline would also be provided to fuel vehicles during the construction, operation and
monitoring, and closure of the repository. '

2.1.2.2 Repository Subsurface Facilities and Operations (Including Waste Packages)

DOE would construct the subsurface facilities of the repository and emplace the waste packages above
the water table in a mass of volcanic rock known as the Topopah Spring Formation (welded tuff) (see
Chapter 3, Section 3.1.3.1). The specific area in this formation where DOE would build the repository
would satisfy several criteria. The primary criteria would be to (1) be within select portions of the
Topopah Spring formation that have desirable properties, (2) avoid major faults for reasons related to both
hydrology and seismic hazard (see Section 3.1.3.2), (3) be at least 200 meters (660 feet) below the
surface, and (4) be at least 100 meters (330 feet) above the water table (TRW 1993, pages 5-99 to 5-101).

Figures 2-14, 2-15, and 2-16 show the repository footprint for the emplacement of spent nuclear fuel and
high-level radioactive waste for the high, intermediate, and low thermal load scenarios, respectively.
DOE would develop a high thermal load repository in the upper emplacement block, using 3 square
kilometers (740 acres), with two ventilation shafts to the surface, one on the emplacement side and one on
the development side (Figure 2-14). An intermediate thermal load repository would also be in the upper
emplacement block, would have an area of 4.25 square kilometers (1,050 acres), and would require two
ventilation shafis to the surface (Figure 2-15). A low thermal load repository would be in the upper and
lower emplacement blocks and in Area 5, would use an area of approximately 10 square kilometers
(2,500 acres), and would require three emplacement and two development ventilation shafts

__~ (Figure 2-16).
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The following paragraphs describe the subsurface facility design and construction (including the
ventilation system), the design of the waste packages, and waste package emplacement operations.

2.1.2.2.1 Subsurface Facility Design and Construction

The subsurface design would incorporate most of the drifts developed during the site characterization
activities. Other areas would be excavated during the repository construction phase. Excavated openings
would include gently sloping access ramps to enable rail-based movement of construction and waste
package handling vehicles between the surface and subsurface, subsurface main drifts to enable the
movement of construction and waste package handling vehicles, emplacement drifts for the placement of
waste packages, exhaust mains to transfer air in the subsurface area, and ventilation shafts to transfer air
between the surface and the subsurface. There would also be performance confirmation drifts for the
placement of instrumentation to monitor emplaced waste packages (see Figures 2-14, 2-15, and 2-16).

Access ramps connecting the surface and subsurface would be concrete-lined, 7.6-meter (25-foot)-
diameter tunnels excavated by electric-powered tunnel boring machines (see Figure 2-17). Rail lines and
an overhead trolley system would enable the movement of electric-powered construction and waste
package handling vehicles. The North and South Ramps were developed during site characterization and
would become part of the proposed repository. The North Ramp begins at the North Portal Operations
Area on the surface (see Section 2.1.2.1) and extends through the subsurface to the edge of the repository
area. It would support waste package emplacement operations. The South Ramp originates at the South
Portal Operations Area on the surface (see Section 2.1.2.1) and extends through the subsurface to the edge
of the repository area. It would support subsurface construction activities.

The main drifts for a high thermal load, shown in Figure 2-14, would include the East Main, the West
Main, and the North Main. These drifts would be extended for the intermediate or low thermal load
scenario. Additional main drifts would be excavated for the low thermal load scenario to provide access
to other emplacement areas. Main drifts would be concrete-lined, 7.6-meter (25-foot)-diameter tunnels
excavated by tunnel boring machines. Rail lines and an overhead trolley system in the main drifts would
enable the movement of electric-powered construction and waste package handling vehicles. The East
Main drift was excavated as part of site characterization activities but was not lined with concrete.
During the operation and monitoring phase, the main drifts would support both subsurface construction
and waste package emplacement, which would occur simultaneously. Ventilation barriers creating
airlocks would separate the emplacement and development sides of the repository, and the ventilation
system would be designed to maintain the emplacement side at a lower pressure than the development
side. This would ensure that any air leakage would be from the development side to the emplacement
side.

Emplacement drifts would be 5.5-meter (18-foot)-diameter tunnels connecting the main drifts; they could
have steel ribbing or be lined with concrete. These drifts would be excavated by an electrically powered
tunnel boring machine. An emplacement drift would be large enough to permit the movement of waste
packages over emplaced packages in the drift. Steel isolation doors at the emplacement drift entrances
would prevent unauthorized human access and reduce radiation exposure to personnel. In addition,
radiation shields would be placed at the ends of emplacement drifts that contained waste packages. The
isolation doors would be opened and closed remotely. Figure 2-18 shows an emplacement drift branching
off the East Main drift.

Exhaust main drifts would ventilate the emplacement side of the repository; they would be roughly
perpendicular to and at a level below the emplacement drifts (see Figure 2-19). The exhaust main drift
would connect with the emplacement drifts through a ventilation raise and would connect with an
emplacement ventilation shaft. For a high thermal load configuration, a 6.7-meter (22-foot) exhaust main
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Figure 2-18. Artist’s conception of emplacement drift branching from main drift.
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__~ drift would be excavated approximately 10 meters (33 feet) below the emplacement drift. This drift
would be extended for the intermediate and low thermal load scenarios. For the low thermal load
scenario, other exhaust main drifts would be excavated to ventilate the additional emplacement areas. For
a high thermal load configuration, DOE would excavate two 6.7-meter (22-foot)-diameter shafts for
repository ventilation, an emplacement ventilation shaft at the north end and a development ventilation
shaft at the south end of the upper emplacement block. An intermediate thermal load configuration would
also require two shafts. These vertical shafts would extend from approximately 10 meters (33 feet) below
the repository to the surface of the mountain. The emplacement ventilation shaft shown in Figure 2-19
would connect to the north end of the exhaust main drift and provide the only route for emplacement side
air to leave the repository. It would be the primary ventilation exhaust airway for emplacement and
monitoring activities before closure; as such, it would contain continuous radiation detection and
monitoring equipment. During emplacement and monitoring operations, fans on the surface would pull
air up the emplacement ventilation shaft. If the monitors detected a radioactive material leak from an
emplacement drift, the exhaust air would be diverted automatically through the high-efficiency particulate
air filters installed at the bottom of the emplacement ventilation shaft. Fresh air would be pulled into the
repository through the North Ramp.

The development ventilation shaft, shown in Figure 2-19, would supply fresh air to the construction side
of the repository. It would be the primary ventilation intake airway for subsurface development activities.
Fans at the development ventilation shaft operations area would force air down to the development side of
the repository. The South Ramp would be the exhaust path for air in the development side.

For a low thermal load configuration, DOE would excavate five ventilation shafts—three on the
emplacement side of the repository and two on the development side. Two of the shafts on the
emplacement side would contain fans to pull the air from the subsurface; the third would be an intake air
shaft with no fans. Air would be pulled into the subsurface from this shaft and the North Ramp. An
additional ventilation shaft would force air into the development side.

As noted above, electrically powered tunnel boring machines would excavate the emplacement drifts and
most main drifts. DOE would use other mechanical excavators in areas where tunnel boring machines
were impractical (for example, excavating turnouts and small alcoves) or industry-standard drill and blast
techniques in limited applications where mechanical excavators were impractical. No drill and blast
operations are currently envisioned, but if they were needed, care would be taken to ensure that the waste
isolation properties of the mountain were not compromised. Ventilation shafts would be bored from the
surface to the repository. Specialized equipment would move excavated rock in the subsurface to the
conveyor system, which would move the rock from the subsurface to the excavated rock storage area on
the surface. During drift excavation, water supplied to the subsurface in pipelines would be used for dust
control at the excavation location and along the conveyor carrying excavated rock. Some of the water
would be removed from the subsurface with the excavated rock, some would evaporate and be removed
in the ventilation air, and the remainder would be collected in sumps near the point of use and pumped to
the evaporation pond at the South Portal. DOE could recycle the water discharged to the evaporation
pond for surface dust suppression activities. Controls would be established, as necessary, to ensure that
water application for subsurface (and surface) dust control would not affect repository performance.

2.1.2.2.2 Waste Package Design

The function of the waste package changes over the repository lifetime. During the operation and
"~ monitoring phase, the disposal containers or waste packages would function as the vessels for safely
, handling, emplacing, and retrieving (if necessary) their contents. After closure, the waste packages would
" be the primary engineered barrier to inhibit the release of radioactive material to the environment,
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DOE is developing specific waste package designs for uncanistered spent nuclear fuel assemblies,
canistered spent nuclear fuel assemblies, and high-level radioactive waste canisters (Figure 2-20). The
waste packages would be cylindrical containers and, in the preliminary conceptual design, range from 3.7
meters (12 feet) to 6.2 meters (20 feet) long and 1.25 to 2.0 meters (4.1 to 6.6 feet) in diameter. The
waste packages of commercial spent nuclear fuel would hold as many as 21 pressurized-water reactor fuel
assemblies or 44 boiling-water reactor fuel assemblies. There would be two general waste package
designs for other types of spent nuclear fuel. These two designs would hold either a canister containing
assemblies of naval spent nuclear fuel, or several canisters containing DOE spent nuclear fuel assemblies.
There would be two general co-disposal waste package loading options, which would hold either five
high-level radioactive waste canisters with an additional canister containing DOE spent nuclear fuel
assemblies, or five canisters containing both high-level radioactive waste and immobilized plutonium
waste forms. In addition, there would be waste packages that would contain only high-level radioactive
waste.

The preliminary conceptual design of the waste packages would have two layers: a structurally strong
outer layer of carbon steel about 10 centimeters (4 inches) thick, and a corrosion-resistant inner layer of
high-nickel alloy (Alloy 22) about 2 centimeters (0.79 inch) thick. These two layers would work together
to preserve the integrity of the waste package for thousands of years.

Commercial spent nuclear fuel, DOE spent nuclear fuel, and immobilized plutonium contain fissile
material, which is material capable, in principle, of sustaining a fission chain reaction. Fora self-
sustaining chain reaction to take place, a critical mass of fissile material—uranium-233 or -235 or one of
several plutonium isotopes—must be arranged in a critical configuration. Waste packages are loaded
with fissile material and neutron absorbers, if needed, so criticality cannot occur even in the unlikely
event that the waste package somehow became full of water.

The waste packages would be placed horizontally on supports in the emplacement drifts (Figure 2-21).
The supports would be steel and concrete structures that would hold the waste packages above the drift
floor. DOE would place approximately 10,000 to 11,000 waste packages, which would include both
spent nuclear fuel and high-level radioactive waste, in the repository. For the high thermal load scenario,
the emplacement drifts would be spaced approximately 28 meters (92 feet) apart; for the intermediate
thermal load scenario, they would be spaced approximately 28 to 40 meters (92 to 130 feet) apart; and for
the low thermal load scenario, they would be spaced approximately 38 meters (125 feet) apart. In the
emplacement drifts, DOE would then use the optimum spacing of waste packages based on their actual
heat load; therefore, spacing would be greatest for the low thermal load scenario.

2.1.2.2.3 Waste Package Emplacement Operations

The transport of each waste package to the subsurface would start after the loading of a waste package on
a reusable railcar and the loading of that railcar in a shielded waste package transporter in the Waste
Handling Building (Figure 2-22). The transporter would be coupled at its closed end to a primary electric
powered locomotive (trolley). A secondary electric powered locomotive would be coupled to the door
end of the waste package transporter outside the Waste Handling Building. All waste packages would be
transported underground through the North Ramp to the emplacement area main drift (Figure 2-23). On
arrival at the emplacement drift, the secondary locomotive would be uncoupled from the transporter, and
the transporter would be pushed into the emplacement drift turnout by the primary locomotive and
stopped short of the isolation doors and loading dock. The doors would be opened remotely, as would the
transporter doors. The transporter would be moved to align with the loading dock. The waste package
would be moved on the railcar to the emplacement drift loading dock. The gantry would lift the waste
package from the railcar and carry it to its emplacement location. The empty railcar would be returned to
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Figure 2-20. Potential waste package designs for spent nuclear fuel and high-level radioactive waste.
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Figure 2-22. Artist’s conception of operations to move waste underground (view of Waste Handling Building and North Portal).
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~—" the transporter, the isolation doors would be closed remotely, and the empty transporter with locomotives

~

e

-

coupled front and rear would be returned to the surface for reuse.
2.1.2.3 Repository Closure

Permanent closure of the proposed repository would include closing the subsurface facilities,
decontaminating and decommissioning the surface facilities, reclaiming the site, and establishing
institutional barriers. This EIS assumes that repository closure would begin 100 years after the start of
emplacement (76 years after the completion of emplacement). The time to complete repository closure
would vary from about 6 years for the high and intermediate thermal load scenarios to about 15 years for
the low thermal load scenario.

The closure of the subsurface repository facilities would include the removal and salvage of equipment
and materials; filling of the main drifts, access ramps, and ventilation shafts; and sealing of openings,
including ventilation shafts, access ramps, and boreholes. Filling operations would require surface
operations to obtain fill material from the excavated rock pile or other source, and processing (screening,
crushing, and possibly washing) the material to obtain the required particle size. Fill material would be
transported on the surface in trucks and underground in open gondola railcars. A fill placement system
would place the material in the underground main drifts and ramps. Seals for shafts, ramps, and
boreholes would be strategically located to reduce radionuclide migration over extended periods, and so
that they could not become pathways that could compromise the repository’s postclosure performance.
Seal materials and placement methods would be selected to reduce, to the extent practicable, the creation
of preferential pathways for groundwater to contact the waste packages and the migration of radionuclides
through existing pathways.

Decommissioning surface facilities would include decontamination activities, if required, and facility
dismantlement and removal. Equipment and materials would be salvaged, recycled, or reused, if possible.
Site reclamation would include restoring the site to as near its preconstruction condition as practicable.
Reclamation could require the recontouring of disturbed surface areas, surface backfill, soil buildup and
reconditioning, site revegetation, site water course configuration, and erosion control.

DOE would use institutional controls, including land records and warning systems, to limit or prevent
intentional and unintentional activities in and around the closed repository. The repository area would be
identified by monuments that would be designed, fabricated, and placed to be as permanent as practicable.
Provisions could be added for postclosure monitoring.

2.1.2.4 Performance Confirmation Program

Performance confirmation refers to the program of tests, experiments, and analyses that DOE would
conduct to evaluate the accuracy and adequacy of the information used to determine with reasonable
assurance that long-term performance objectives have been met. The performance confirmation program,
which would continue through the closure phase, would include elements of site testing, repository
testing, repository subsurface support facilities construction, and waste package testing. Some of these
activities would be a continuation of activities that began during site characterization. The data collection
focus of the performance confirmation program initially would be to collect additional information to
support enhanced confidence in the data used in the License Application. After the granting of licenses,
the activities primarily would focus on monitoring and data collection for parameters important to terms
and conditions of the license. The types of data important in the performance confirmation programs
could include:

» Thermal response of the rock mass

e Air temperature and relative humidity in the emplacement drifts
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e Possible emanation of radioactive gases from the emplacement drifts —
e Condition of the waste packages and emplacement drifts

e Placement and recovery of test amounts of sample materials in the emplacement drifts

e Saturated zone monitoring

e Possible groundwater flow into the emplacement drifts and evidence of standing water accumulating
in the emplacement drifts

* Air permeability, stress, and deformation and displacement of the rocks around the emplacement
drifts

e Soil and rock temperature around the repository

* Moisture content, vapor content and humidity, fluid temperature, and air pressure in the rock adjacent
to the emplacement drifts that would be most strongly affected by the presence of the emplaced waste

Performance confirmation drifts would be built about 15 meters (50 feet) above the emplacement drifts

(see Figures 2-14, 2-15, and 2-16). DOE would drill boreholes from the performance confirmation drifts

that would approach the rock mass near the emplacement drifts; instruments in these boreholes would

gather data on the thermal, mechanical, hydrological, and chemical characteristics of the rock after waste
emplacement. DOE would acquire performance confirmation data by sampling and mapping, from

instruments in performance confirmation drifts or along the perimeter mains, ventilation exhaust

monitoring, remote inspection systems in emplacement drifts, and possible recovery of waste packages —
for testing.

The performance confirmation program data would be used to evaluate total system performance and to
confirm predicted system response. If the data determined that actual conditions differed from those
predicted, the results could support further evaluation of the impacts of actual conditions on the long-term
performance of the repository system.

2.1.3 TRANSPORTATION ACTIVITIES

Under the Proposed Action, DOE would transport spent nuclear fuel and high-level radioactive waste
from commercial and DOE sites to the repository. The Naval Nuclear Propulsion Program would
transport naval spent nuclear fuel from the Idaho National Engineering and Environmental Laboratory to
the repository. Transportation activities would include the loading of these materials for shipment at
generator sites (Section 2.1.3.1), transportation of the materials to the Yucca Mountain site by truck, rail,
or possibly barge [see Sections 2.1.3.2 (National) and 2.1.3.3 (Nevada)], and shipping cask
manufacturing, maintenance, and disposal (Section 2.1.3.4).

2.1.3.1 Loading Activities at Commercial and DOE Sites

This EIS evaluates the loading of spent nuclear fuel and high-level radioactive waste at commercial and
DOE sites for transportation to the proposed repository at Yucca Mountain. Activities would include
removing the spent nuclear fuel or high-level radioactive waste from storage, loading it in a shipping
cask, and placing the cask on a vehicle (see Figures 2-24 and 2-25) for shipment to the repository. This
EIS assumes that at the time of shipment the spent nuclear fuel and high-level radioactive waste would be
in a form that met approved acceptance and disposal criteria for the repository.
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Figure 2-24. Artist’s conception of a truck cask on a legal-weight tractor-trailer truck.
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Figure 2-25. Artist’s conception of a large rail cask on a railcar.
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2.1.3.2 National Transportation

National transportation includes the transport of spent nuclear fuel and high-level radioactive waste from
the commercial and DOE sites to the Yucca Mountain site using existing highways (see Figure 2-26) and
railroads (see Figure 2-27). Heavy-haul trucks could be used to transport spent nuclear fuel from
commercial sites that did not have rail access to a nearby rail access point. Such sites on navigable
waterways could use barges to deliver spent nuclear fuel to a nearby rail access point. The transportation
of spent nuclear fuel and high-level radioactive waste to the repository would comply with applicable
regulations of the U.S. Department of Transportation and the Nuclear Regulatory Commission, as well as
applicable state and local regulations.

DOE has developed TRANSCOM, a satellite-based transportation tracking and communications system,
to track current truck and rail shipments. Using the TRANSCOM system, DOE would monitor shipments
of spent nuclear fuel and high-level radioactive waste to the repository at frequent intervals. This or a
similar system could provide users (for example, DOE, the Nuclear Regulatory Commission, and state
and tribal governments) with information about shipments to the repository and would enable
communication between the vehicle operators and a central communication station. In heavily populated
areas, armed escorts would be required for highway and rail shipments (10 CFR 73.37).

Section 180(c) of the Nuclear Waste Policy Act requires DOE to provide technical and financial
assistance to states and tribes for training public safety officials in jurisdictions through which it plans to
transport spent nuclear fuel and high-level radioactive waste. The training is to include procedures for the
safe routine transportation of these materials and for emergency response situations. DOE is developing
the policy and procedures for implementing this assistance and has started discussions with the
appropriate organizations. The Department would institute these plans before beginning shipments to the
repository. In the event of an incident involving a shipment of spent nuclear fuel or high-level radioactive
waste, the transportation vehicle crew would notify local authorities and the central communications
station monitoring the shipment. DOE would make resources available to local authorities as appropriate
to mitigate such an incident.

2.1.3.2.1 National Transportation Shipping Scenarios

DOE would ship spent nuclear fuel and high-level radioactive waste from commercial and DOE sites in
some combination of legal-weight truck, rail, heavy-haul truck, and possibly barge. This EIS considers
two national transportation scenarios, which for simplicity are referred to as the mostly legal-weight truck
scenario and the mostly rail scenario. These scenarios illustrate the broadest range of operating
conditions relevant to potential impacts to human health and the environment. Table 2-2 summarizes
these scenarios, and Appendix J provides additional details.

Table 2-2. National transportation scenarios (percentage based on number of shipments).*

Material Mostly legal-weight truck Mostly rail
Commercial SNF 100% by legal-weight truck About 80% by rail; about 20% by
legal-weight truck
HLW 100% by legal-weight truck 100% by rail
DOE SNF Mostly legal-weight truck; includes about 300 naval 100% by rail

SNF shipments from INEEL to Nevada by rail

a.  SNF = spent nuclear fuel; HLW = high-level radioactive waste; INEEL = Idaho National Engineering and Environmental
Laboratory.
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Figure 2-26. Commercial and DOE sites and Yucca Mountain in relation to the U.S. Interstate Highway System.
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Figure 2-27. Commercial and DOE sites and Yucca Mountain in rela(‘ tothe U.S. railroad system.
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' 2.1.3.2.2 Mostly Legal-Weight Truck Shipping Scenario

Under this scenario, DOE would ship all high-level radioactive waste and most spent nuclear fuel from
commercial and DOE sites to the Yucca Mountain site by legal-weight truck. About 50,000 shipments of
these materials would travel on the Nation’s Interstate Highway System during a 24-year period. There
would be about 38,000 commercial spent nuclear fuel shipments and about 12,000 shipments of DOE
spent nuclear fuel and high-level radioactive waste. The exception would be about 300 shipments of
naval spent nuclear fuel that would travel from the Idaho National Engineering and Environmental
Laboratory to Nevada by rail. [The Navy prepared an EIS (USN 1996a, all) and issued two Records of
Decision (62 FR 1095, January 8, 1997; 62 FR 23770, May 1, 1997) on its spent nuclear fuel.]

Truck shipments would use Nuclear Regulatory Commission-certified, reusable shipping casks secured
on legal-weight trucks (Figure 2-24). With proper labels and vehicle placards (hazard identification) and
vehicle and cask inspections, a truck carrying a shipping cask of spent nuclear fuel or high-level
radioactive waste would travel to the repository on highway routes selected in accordance with U.S.
Department of Transportation regulations (49 CFR 397.101), which require the use of preferred routes.
These routes include the Interstate Highway System, including beltways and bypasses. Alternative routes
could be designated by states and tribes following Department of Transportation regulations (49 CFR
397.103) that require consideration of the overall risk to the public and prior consultation with affected
local jurisdictions and with any other affected states.

Shipments of naval spent nuclear fuel would travel by rail in reusable shipping casks certified by the
Nuclear Regulatory Commission. These shipments would use applicable and appropriate placards and
inspection procedures.

2.1.3.2.3 Mostly Rail Shipping Scenario

Under this scenario, DOE would ship most spent nuclear fuel and high-level radioactive waste to Nevada
by rail, with the exception of material from commercial nuclear sites that do not have the capability to
load large-capacity rail shipping casks. Those sites would ship spent nuclear fuel to the repository by
legal-weight truck. Commercial sites that have the capability to load large-capacity rail shipping casks
but not rail access could use heavy-haul trucks or barges to transport their spent nuclear fuel to a nearby
rail line. Under this scenario, about 11,000 railcars of spent nuclear fuel and high-level radioactive waste
would travel on the nationwide rail network over a period of 24 years. Rail shipments would consist of
Nuclear Regulatory Commission-certified, reusable shipping casks secured on railcars (see Figure 2-25).
In addition, there would be about 2,600 legal-weight truck shipments. All shipments would be marked
with the appropriate labels and placards and would be inspected in accordance with applicable
regulations.

Some of the logistics of rail transportation to the repository would depend on whether DOE used general
or dedicated freight service. General freight shipments of spent nuclear fuel and high-level radioactive
waste would be part of larger trains carrying other commodities. A number of transfers between trains
could occur as a railcar traveled to the repository. The basic infrastructure and activities would be similar
between general freight and dedicated trains. However, dedicated train service would contain only
railcars destined for the repository. In addition to railcars carrying spent nuclear fuel or high-level
radioactive waste, there would be buffer and escort cars, in accordance with Federal regulations. DOE
would use a satellite-based system to monitor all spent nuclear fuel shipments (see Section 2.1.3.2).
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TERMS RELATED TO RAIL SHIPPING

General freight rail service: A train that handles a number of commodities. Railcars carrying
spent nuclear fuel or high-level radioactive waste could switch in railyards or on sidings to a number
of trains as they traveled from commercial and DOE sites to Nevada.

Dedicated freight rail service: A train that handles only one commodity (in this case, spent nuclear
fuel or high-level radioactive waste). Use of a separate train with its own crew carrying spent
nuclear fuel or high-level radioactive waste would avoid switching railcars between trains.

Buffer cars: Railcars placed in front and in back of those carrying spent nuclear fuel or high-level
radioactive waste to provide additional distance from possibly occupied railcars. Federal regulations
(49 CFR 174.85) require the separation of a railcar carrying spent nuclear fuel or high-level
radioactive waste from a locomotive, occupied caboose, or carload of undeveloped film by at least
one buffer car. These could be DOE railcars or, in the case of general freight service, commercial
railcars.

Escort cars: Railcars in which escort personnel (for example, security personnel) would reside on
trains carrying spent nuclear fuel or high-level radioactive waste.

2.1.3.3 Nevada Transportation

Nevada transportation is part of national transportation, but the EIS also discusses it separately.
Depending on how a shipment was transported, DOE could use one of three options or modes of
transportation in Nevada: legal-weight trucks, rail, or heavy-haul trucks. Legal-weight truck shipments
arriving in Nevada would travel directly to the Yucca Mountain site. Two Interstate highways cross
Nevada—I-80 in the north and I-15 in the south. I-15, the closest Interstate highway to the proposed
repository, travels through Salt Lake City, Utah, to southern California, passing through Las Vegas.
Figure 2-28 shows the existing highway infrastructure in southern Nevada. The EIS analysis assumed
that the proposed Interstate bypass around the urban core of Las Vegas (the Las Vegas Beltway) would be
operational before 2010.

Shipments arriving in Nevada by rail would travel to the repository site by rail or heavy-haul truck (legal-
weight trucks could not be used due to the size and weight of the rail shipping casks). Existing rail lines
in the State include two northern routes and one southern route; the Southern Pacific Railroad owns one
of the northern routes and the Union Pacific Railroad owns the other northern route and the southern
route. The northern routes pass through or near the cities of Elko, Carlin, Battle Mountain, and Reno.
The southern route runs through Salt Lake City, Utah, to Barstow, California, passing through Caliente,
Las Vegas, and Jean, Nevada. Figure 2-29 shows the Nevada rail infrastructure. Rail access is not
currently available to the Yucca Mountain site, so DOE would have to build a branch rail line from an
existing mainline railroad to the site or transfer the rail cask to a heavy-haul truck at an intermodal
transfer station for transport to the repository.

To indicate distinctions between available transportation options or modes in Nevada and to define the
range of potential impacts associated with transportation in the State, this EIS analyzes three
transportation scenarios: the first, associated with the national legal-weight truck scenario, is a Nevada
legal-weight truck scenario; the second and third, both associated with the national rail scenario, are rail
transport directly to the Yucca Mountain site, and an intermodal transfer from railcar to heavy-haul truck
for travel to the site. Table 2-3 summarizes the Nevada transportation scenarios.
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'~ Table 2-3. Nevada transportation shipping scenarios (percentage based on number of shipments).®

Material Mostly legal-weight truck Mostly rail Mostly heavy-haul truck”
Commercial SNF  100% by legal-weight About 80% by rail; About 80% by heavy-haul truck;
truck about 20% by legal-weight  about 20% by legal-weight truck
truck
HLW 100% by legal-weight 100% by rail 100% by heavy-haul truck
truck
DOE SNF Mostly by legal-weight 100% by rail 100% by heavy-haul truck

truck; includes about 300
naval SNF shipments by
rail and heavy-haul truck

a. SNF = spent nuclear fuel; HLW = high-level radioactive waste.
b. Rail shipment to intermodal transfer station, and heavy-haul truck shipment from intermodal transfer station to the
repository.

The following sections describe the Nevada transportation scenarios and the implementing alternatives
DOE is considering for a new branch rail line or a new intermodal transfer station and associated highway
route for heavy-haul trucks. Detailed engineering descriptions are based on TRW (19994, all), unless
otherwise noted.

2.1.3.3.1 Nevada Legal-Weight Truck Scenario

Under this scenario, DOE would use legal-weight trucks in Nevada to transport spent nuclear fuel and
high-level radioactive waste to the repository. Naval spent nuclear fuel would be transported to Nevada
by rail. In Nevada, DOE would use heavy-haul trucks to transport these 300 shipments. DOE would
establish an intermodal transfer capability and an associated heavy-haul shipment capability (see
Section 2.1.3.3.3).

Legal-weight truck shipments would use existing routes that satisfy regulations of the U.S. Department
of Transportation for the shipment of highway route-controlled quantities of radioactive materials

(49 CFR 397.101). Legal-weight trucks would enter Nevada on I-15 from the north or south, bypass the
Las Vegas area on the proposed beltway, and travel north on U.S. 95 to the Nevada Test Site and then to
the Yucca Mountain site (Figure 2-28).

2.1.3.3.2 Nevada Rail Scenario

Under this scenario, DOE would construct and operate a branch rail line in Nevada. Based on previous
studies (described in Section 2.3), DOE has narrowed its consideration for a new branch rail line to five
potential rail corridors—Caliente, Carlin, Caliente-Chalk Mountain, Jean, and Valley Modified. These
rail corridors are shown on Figure 2-30 and are described in the following paragraphs. DOE would need
to obtain a 0.4-kilometer (0.25-mile)-wide right-of-way to construct a rail line and an associated access
road. As shown in Figure 2-30, there are possible alignment variations, which are described further in
Appendix J.

e Caliente Rail Corridor Implementing Alternative. The Caliente corridor originates at an existing
siding to the Union Pacific mainline railroad near Caliente, Nevada (Figure 2-30). The corridor is
513 kilometers (319 miles) long from the Union Pacific line connection to the Yucca Mountain site.

e Carlin Rail Corridor Implementing Alternative. The Carlin corridor originates at the Union Pacific
main line railroad near Beowawe in north-central Nevada (Figure 2-30). The Carlin and Caliente
corridors converge near the northwest boundary of the Nellis Air Force Range (also known as the
Nevada Test and Training Range). Past this point, they are identical. The corridor is 520 kilometers
(323 miles) long from the tie-in point with the Union Pacific line to the Yucca Mountain site.
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e Caliente-Chalk Mountain Rail Corridor Implementing Alternative. The Caliente-Chalk
Mountain corridor is identical to the Caliente corridor until it approaches the northern boundary of the
Nellis Air Force Range. At that point the Caliente-Chalk Mountain corridor turns south through the
Nellis Air Force Range and the Nevada Test Site to the Yucca Mountain site (Figure 2-30). The
corridor is 345 kilometers (214 miles) long from the tie-in point at the Union Pacific line to the Yucca
Mountain Site.

e Jean Rail Corridor Implementing Alternative. The Jean corridor originates at the existing Union
Pacific mainline railroad near Jean, Nevada (Figure 2-30). The corridor is 181 kilometers (112 miles)
long from the tie-in point at the Union Pacific line to the Yucca Mountain site.

« Valley Modified Rail Corridor Implementing Alternative. The Valley Modified corridor originates
at an existing rail siding off the Union Pacific mainline railroad northeast of Las Vegas. The corridor
is about 159 kilometers (98 miles) long from the tie-in point with the Union Pacific line to the Yucca
Mountain site.

2.1.3.3.2.1 Rail Line Construction. The selected rail line would be designed and built in
compliance with Federal Railroad Administration safety standards. In addition, a service road along the
rail line would be built and maintained. Rail
line construction along any of the corridors
would take an estimated 2.5 years.
Construction would start after the selection of a
route, completion of engineering studies,
completion of the rail line design, and land
acquisition.

RAILROAD CONSTRUCTION TERMS

Borrow areas: Areas outside the rail corridor
where construction personnel could obtain [
materials to be used in the establishment of & §
stable platform (subgrade) for the rail track.
Aggregate crushing operations could occur in

Construction activities would include the these areas.

development of construction support areas;

construction of access roads to the rail line Spoils areas: Areas outside the rail corridor for

construction initiation points and to major
structures to be built, such as bridges; and
movement of equipment to the construction
initiation points. The number and location of
construction initiation points would be based

the deposition of excavated materials from rail
line development.

Construction support areas: Areas along the
rail route that could be used as temporary
residences for construction crews, material and

on such variables as the route selected, the
length of the line, the construction schedule,
the number of contractors used for
construction, the number of structures to be
built, and the locations of existing access roads
adjacent to the rail line.

equipment storage areas, and concrete
production areas. Such camps probably would
routes far from

be for the construction of
population centers.

The construction of a rail line would require the clearing and excavation of previously undisturbed lands
in the corridor and the establishment of borrow and spoils areas outside the corridor. To establish a stable
platform for the rail track, construction crews would excavate some areas and fill (add more soil to)
others, as determined by terrain features. To the extent possible, material excavated from one area would
be used in areas that required fill material. However, if the distance to an area requiring fill material was
excessive, the excavated material would be disposed of in adjacent low areas, and a borrow area would be
established adjacent to the area requiring fill material. Access roads to spoils and borrow areas would be
built during the track platform construction work.
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Typical heavy-duty construction equipment (front-end loaders, power shovels, and other diesel-powered
support equipment) would be used for clearing and excavation work. Trucks would spray water along
graded areas for dust control and soil compaction. The fill material used along the rail line to establish a
stable platform for the track would be compacted to meet design requirements. Water could be shipped
from other locations or obtained from wells drilled along the route.

Railroad track construction would consist of the placement of railbed material, ties, rail, and ballast
(support and stabilizing materials for the rail ties) over the completed railbed platform. Other activities
would include the following:

* Installation of at-grade crossings (which would require rerouting existing utility lines in some areas)

* Installation of fences along the rail line, if requested by other agencies (for example, the Bureau of
Land Management or the Fish and Wildlife Service)

* Installation of the train control system (monitoring equipment, signals, communications equipment)

* Final grading of slopes, installation of rock-fall protection devices, replacement of topsoil,
revegetation and installation of other permanent erosion control systems, and completion of the
adjacent maintenance road

2.1.3.3.2.2 Rail Line Operations. Branch rail line operations from the Jjunction with the main line to
the proposed repository at Yucca Mountain would meet Federal Railroad Administration standards for
maintenance, operations, and safety. Current plans for the branch rail line anticipate a train with two
3,000-horsepower, diesel-electric locomotives; from one to five railcars containing spent nuclear fuel and
high-level radioactive waste; buffer cars; and escort cars.

The operational interface between the Union Pacific and the branch rail line would be determined by
whether the waste was shipped to Nevada by dedicated rail service or by general freight rail service.

With dedicated rail service to Nevada, the railcars would be transferred to the branch rail line and shipped
immediately to the repository. With general freight service, the railcars carrying spent nuclear fuel or
high-level radioactive waste could be parked on a side track (off the main rail line) at the connection point
until a train could be assembled to travel to the repository site. A small secure railyard off the main rail
line would be established for switching operations. Railcars with spent nuclear fuel or high-level
radioactive waste would have to be moved within 48 hours in accordance with U.S. Department of
Transportation regulations (49 CFR 174.14).

This EIS assumes there would be about four trains per week for shipments of spent nuclear fuel and high-
level radioactive waste to the repository. In addition, the rail line would enable the transport of other
material to the repository, including empty disposal containers, bulk concrete materials, steel, large
equipment, and general building materials. The EIS assumes one train per week for this other material for
a total of about five trains per week to the repository from about 2010 to 2033.

2.1.3.3.3 Nevada Heavy-Haul Truck Scenario

Under this scenario, rail shipments to Nevada would go to an intermodal transfer station where the
shipping cask would transfer from the railcar to a heavy-haul truck. The heavy-haul truck would travel on
existing roads to the repository. The following sections describe the implementing alternatives (the
intermodal transfer station locations and associated highway routes for heavy-haul trucks) that the EIS
analyzes.

2-50

. v/'

y



Proposed Action and No-Action Alternative

shipments to the repository, an intermodal transfer station would be built and operated in Nevada. DOE
is considering three potential locations for intermodal transfer operations: near Caliente, northeast of Las
Vegas (Apex/Dry Lake), and southwest of Las Vegas (Sloan/Jean) (Figure 2-31). DOE has identified
general areas at these three locations where it could build and operate an intermodal transfer station:

e Caliente Intermodal Transfer Station Implementing Alternative. The Caliente siting areas are
south of Caliente in the Meadow Valley Wash. DOE has identified two possible areas along the west
side of the wash.

e Apex/Dry Lake Intermodal Transfer Station Implementing Alternative. The potential areas
northeast of Las Vegas are between the Union Pacific rail sidings at Dry Lake and Apex. Two large
contiguous areas are available for intermodal transfer station siting near the Apex/Dry Lake sidings.
The first area is directly adjacent to the Dry Lake siding along the west side of the Union Pacific line.
The second area is on the east side of I-15 adjacent to the Union Pacific line and south of where the
main Union Pacific line crosses I-15. Because this area is between the Dry Lake and Apex sidings,
the construction of an additional rail siding would be necessary.

e Sloan/Jean Intermodal Transfer Station Implementing Alternative. The potential areas for an
intermodal transfer station southwest of Las Vegas are between the existing Union Pacific rail sidings
at Sloan and Jean. One area is on the west side of I-15, north of the Union Pacific rail underpass
at I-15. The second is south of the Sloan rail siding along the east side of the rail line. A third area is
south of the second, directly north of the Jean interchange on I-15.

The intermodal transfer station would be a fenced area of about 250 meters (820 feet) by 250 meters and a
rail siding that would be about 2 kilometers (1.2 miles) long (see Figure 2-32). The estimated total area
occupied by the facility and support areas would be about 0.2 square kilometer (50 acres). It would
include rail tracks, two shipping cask transfer cranes (one on a gantry rail, and one on a backup rubber-
tired vehicle), an office building, and a maintenance and security building. It would also have connection
tracks to the existing Union Pacific line and storage and transfer tracks inside the station boundary. The
maintenance building would provide space for routine service and minor repairs to the heavy-haul trailers
and tractors. The station would have power, water, and other services. Diesel generators would provide a
backup electric power source. Construction of an intermodal transfer station would take an estimated

1.5 years.

Intermodal transfer station operations would depend on whether the railcars that carried spent nuclear fuel
and high-level radioactive waste arrived on dedicated or general freight trains. A dedicated train would
enter the intermodal transfer station, passing the opened security gate and parking on a track for cask
inspection. After inspection, the train would proceed to a loading and unloading track or a designated
storage track (if the loading and unloading tracks were occupied).

General freight trains would switch from the main Union Pacific track to an existing or newly constructed
passing track. The railcars carrying casks of spent nuclear fuel or high-level radioactive waste would be
uncoupled from the freight train and switched to the intermodal transfer station track. The freight train
would return to the main Union Pacific line and continue its trip. A railyard locomotive would move the
cars containing the casks to the station.

The loading and unloading process would begin with the return of a heavy-haul truck from the repository.
The empty cask returning from the repository would be lifted from the truck, loaded on an empty railcar,
and secured. The gantry or mobile crane would then remove a loaded cask from another railcar and
transfer it to the same truck, where it would be secured and inspected before shipment to the repository.
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Figure 2-32. Conceptual diagram of intermodal transfer station layout.

The station would accept railcars as they arrived (24 hours a day, 7 days a week), but it would normally
dispatch heavy-haul trucks during early morning daylight hours on weekdays, consistent with current
Nevada heavy-haul shipment regulations.

At the completion of the 24 years of shipping, the intermodal transfer station would be decommissioned
and, if possible, reused.

2.1.3.3.3.2 Highway Routes for Heavy-Haul Shipments. Figure 2-33 is an illustration of a
heavy-haul truck that DOE could use to transport spent nuclear fuel and high-level radioactive waste to
the repository. The heavy-haul truck would weigh about 91,000 kilograms (200,000 pounds) unloaded
and would be up to 67 meters (220 feet) long. It would be custom-built for repository shipments.
Average trip speeds would be 32 to 48 kilometers (20 to 30 miles) per hour.

]

IL &7 meks (220 fout) 1

Soucs Keldhamae (ki cass X

Figure 2-33. Artist’s conception of a heavy-haul truck carrying a rail shipping cask.

Heavy-haul truck shipments from an intermodal transfer station to the repository would comply with U.S.
Department of Transportation requirements for shipments of highway route-controlled quantities of
radioactive materials (49 CFR Part 177) and with State of Nevada permit requirements for heavy-haul
shipments. Nevada permits heavy-haul shipments on Monday through Friday (excluding holidays) but
only in daylight hours.

Road upgrades for candidate routes, if necessary, would involve four kinds of construction activities:

(1) widening the shoulders and constructing turnouts and truck lanes, (2) upgrading intersections that are
inadequate for heavy-haul truck traffic, (3) increasing the asphalt thickness (overlay) of some sections,
and (4) upgrading engineered structures such as culverts and bridges. The overlay work would include

upgrades needed to remove frost restrictions from some road sections.

Shoulder widening and the construction of turnouts and truck lanes would occur as needed along the side
of the existing pavement. Shoulders would be widened from 0.33 or 0.66 meter (1 or 2 feet) to 1.2 meters
(4 feet). Widening would build the existing shoulder up to pavement height. Truck lanes would be built
on roadways with grades exceeding 4 percent. Turnout lanes would be built approximately every 8 to 32
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kilometers (5 to 20 miles) depending on projected traffic. The truck lanes and turnouts would require
land clearing and soil excavation or fill to establish the roadway. Culverts under the roadway would be
lengthened. Most borrow material for construction could come from existing Nevada Department of
Transportation borrow areas, if the State agreed. Asphalt could be produced at a portable plant in the

borrow areas. Appendix J contains descriptions of the specific highway improvements for the five routes.

The following paragraphs describe the potential highway routes for heavy-haul trucks DOE is considering
for the intermodal transfer station location and unique operational considerations for each route.

Caliente Intermodal Transfer Station Highway Routes. Heavy-haul trucks leaving the Caliente

intermodal transfer station could travel on one of three potential routes: (1) Caliente, (2) Caliente-
Chalk Mountain, and (3) Caliente-Las Vegas (see Figure 2-34).

The Caliente route would be approximately 533 kilometers (331 miles) long. Heavy-haul trucks
leaving an intermodal transfer station in the Caliente area would travel directly from the station to
U.S. Highway 93. The trucks would travel west on U.S. 93 to State Route 375, then on State Route
375 to the intersection with U.S. Highway 6. The trucks would continue on U.S. 6 to the intersection
with U.S. 95 in Tonopah, then into Beatty on U.S. 95, where an alternate truck route would be built
because the existing intersection is too constricted to allow a turn. Heavy-haul trucks would then
travel south on U.S. 95 to the Lathrop Wells Road exit, which accesses the Yucca Mountain site.
Because of the estimated travel time associated with the Caliente route and the restriction on
nighttime travel for heavy-haul vehicles, DOE would construct a parking area along the route to
enable these vehicles to park overnight. This parking area would be near the U.S. 6 and U.S. 95
interchange at Tonopah.

The Caliente-Chalk Mountain route would be approximately 282 kilometers (175 miles) long.
Heavy-haul trucks leaving an intermodal transfer station in the Caliente area would travel directly
from the station to U.S. 93. The trucks would travel on U.S. 93 to State Route 375, on State Route
375 to Rachel, and head south through the Nellis Air Force Range to the Nevada Test Site.

The Caliente-Las Vegas route would be approximately 377 kilometers (234 miles) long. Heavy-haul
trucks leaving an intermodal transfer station in the Caliente area would travel directly from the station
to U.S. 93. The trucks would travel south on U.S. 93 to the intersection with I-15, northeast of Las
Vegas. The trucks would travel south on I-15 to the exit for the proposed northern Las Vegas
Beltway, then would travel west on the beltway. They would leave the beltway at U.S. 95, and head
north on U.S. 95 to the Nevada Test Site. The trucks would travel on Jackass Flats Road on the
Nevada Test Site to the Yucca Mountain site.

Apex/Dry Lake Intermodal Transfer Station Highway Route. Heavy-haul trucks would leave the
intermodal transfer station at the Apex/Dry Lake location and enter I-15 at the Apex interchange. The
trucks would travel south on I-15 to the exit to the proposed northern Las Vegas Beltway, and would
travel west on the beltway. The trucks would leave the beltway at U.S. 95, and travel north on U.S.
95 to the Nevada Test Site. They would then travel on Jackass Flats Road on the Nevada Test Site to
the Yucca Mountain site. This route is about 183 kilometers (114 miles) long (see Figure 2-34).

Sloan/Jean Intermodal Transfer Station Highway Route. Heavy-haul trucks leaving a
Sloan/Jean intermodal transfer station would enter I-15 at the Sloan interchange. The trucks would
travel on I-15 to the exit to the southern portion of the proposed Las Vegas Beltway, and then travel
northwest on the beltway. They would leave the beltway at U.S. 95, and travel to the Nevada Test
Site. They would then travel on Jackass Flats Road to the Yucca Mountain site. This route would be
approximately 188 kilometers (117 miles) long (see Figure 2-34).
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2.1.3.4 Shipping Cask Manufacturing, Maintenance, and Disposal

To transport spent nuclear fuel and high-level radioactive waste to the repository, DOE would use
existing or new shipping casks that met Nuclear Regulatory Commission regulations (10 CFR Part 71).
One or more qualified companies that provide specialized metal structures, tanks, and other heavy
equipment would manufacture new shipping casks. The number and type of shipping casks required
would depend on the predominant mode of transportation.

DOE would remove casks from service periodically for maintenance and inspection. These activities
would occur at a cask maintenance facility(s) where cask functions and components would be checked
and inspected in compliance with Nuclear Regulatory Commission requirements and preventive
maintenance procedures. The major operations involved in cask maintenance would include
decontamination, replacement of limited-life components such as O-rings, and verification of radiation
shielding integrity, structural integrity, and heat transfer efficiency.

The large number of repository shipments would require new facilities for cask maintenance. DOE has
not decided where in the United States it would locate a cask maintenance facility(s), but this EIS
assumes that such a facility would be at the repository inside the Restricted Area at the North Portal on
approximately 0.01 square kilometer (2.5 acres). Minor cask maintenance activities could occur at
commercial or DOE sites.

2.1.4 ALTERNATIVE DESIGN CONCEPTS AND DESIGN FEATURES

The EIS analyzed thermal load and packaging scenarios to identify the range of potential short- and long-
term impacts of a repository at Yucca Mountain. This analysis used conceptual designs, which is typical
for an EIS. However, the level of design is insufficient to meet information needs for a License
Application to the Nuclear Regulatory Commission. Therefore, the repository design will continue to
evolve through the submittal of the License Application.

As part of this evolving design process, DOE is evaluating various design features and alternatives. The
purpose of the evaluation is to determine if these features and alternatives would reduce uncertainties in
the long-term performance of the repository, reduce costs, or improve operations. Other construction
materials could be evaluated in the future. The License Application Design Selection project is
considering a variety of design alternatives and features, as described in Appendix E. In addition, DOE
has made preliminary identification of five combinations of design features and alternatives, called
Enhanced Design Alternatives, as part of this process (Table 2-4). The EIS analysis categorized the

design features and alternatives into three groups, based on their primary function, which are intended to:

e Limit the release and transport of radionuclides
¢ Control the thermal/moisture environment in the repository
e Support operational and cost considerations

The following sections summarize the design approaches for the three groups DOE is considering within
the scope of the design features and alternatives.

2.1.4.1 Design Features and Alternatives To Limit Release and Transport of
Radionuclides

The features related to improving the barriers that limit the release and transport of radioactive material
focus on two areas of the design. Some of the features focus on improvements in the long-term integrity
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Table 2-4. Design features and alternatives used to form Enhanced Design Alternatives.

Enhanced Design Alternative

Category 1 I T v \'A
Barriers to limit release and transport of radionuclides
Drip shields X2 X X X X
Backfill to protect waste package and drip shield from rockfall X X
Waste package corrosion-resistant barrier X X X X
Additives and fillers X
Ground support options X

Repository design to control thermal/moisture environment
Low thermal alternative evaluation
Aging and blending of waste
Continuous postclosure ventilation
Drift diameter
Waste package spacing and drift spacing
Higher thermal load
Repository designs to support operational and cost considerations
Enhanced access design
Timing of repository closure
Maintenance of underground design features and ground support

XK AR
T e
>
>
Mo X

>
>
Pl
K

X
X
X

a. Xspecifies what is used in each Enhanced Design Alternative.

of the waste packages; others focus on limiting the transport of radioactive material released from a waste
package to the environment. Examples of designs include the following:

e Designs to improve the long-term integrity of waste packages, including coating the package with a
ceramic or using multiple types of corrosion-resistant materials, which should directly reduce waste
package failure due to corrosion.

e Designs to reduce the potential of structural damage to waste packages from rockfall, such as
backfilling the drifts or providing mechanical support to the drift wall (concrete or steel liner).

e Designs to limit the transport of radionuclides, including additives and fillers to the waste packages or
getters under the waste packages; these substances would capture radionuclides chemically to limit
transport.

Some features provide the potential to limit both the release and transport of radionuclides, and to modify
the temperature environment. For instance, backfill could protect against the release and transport of
contaminants by capturing corrosive salts in the water and retarding flow and by increasing the
emplacement drift temperature to decrease the relative humidity. For convenience of presentation, each
feature is listed in only one category.

2.1.4.2 Design Features and Alternatives To Control the Thermal/Moisture Environment
in the Repository

Potentially the most effective repository design would provide an environment in the emplacement drifts
that would accommodate the heat discharge from the waste packages, maintain the materials and contents
of the packages at low temperatures, and maintain low ambient moisture. Several alternatives and
features focus on these goals. An example of a design to control the repository drift environment would
be continuous postclosure ventilation of the drifts to provide both heat and moisture removal.
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Many designs use an integrated approach to control the drift environment. The high thermal load designs,
for example, provide ambient temperatures above 100°C (212°F) through portions of the repository so
moisture would vaporize and disperse. Designs involving the diameter and spacing of drifts and the
loading of waste packages consider similar integrated effects to control the heat load. Some designs focus
only on moisture control, such as those that involve surface modifications directly above the repository to

retard or eliminate any infiltration of moisture.

2.1.4.3 Design Features and Alternatives To Support Operational and Cost

Considerations

In general, these design features and alternatives focus on repository operation and cost, so they would
not usually affect long-term (postclosure) performance but could have short-term (preclosure) impacts.
Designs to enhance access to the drifts and to facilitate performance monitoring incorporate approaches

that would reduce occupational exposure. Modular design and phased construction would result in
slightly increased short-term impacts but would accommodate incremental funding of repository

construction.

The final design of the repository is likely to evolve from the current design (as described in Section 2.1
and analyzed in this EIS), combinations of the design features and alternatives, and other design concepts

that evolve from the DOE License Application Design Selection process (that is, Enhanced Design

Alternatives). The identification and evolution of the features and alternatives was underway as DOE was

preparing the Draft EIS. The evolution of the repository design is likely to incorporate some of the

features and alternatives discussed in this section and Appendix E. After incorporating modifications in
the design, DOE will evaluate the environmental impacts associated with the updated design in the Final

EIS.

The design features and alternatives are functionally equivalent to potential mitigation measures because
they have the potential to improve long-term (postclosure) performance (that is, they would reduce risk),
reduce operational impacts, or reduce costs. Chapter 9 summarizes the mitigation aspects of these design

features and alternatives and Appendix E describes them more fully. However, there are tradeoffs

associated with many of these features and alternatives that could have negative short-term (preclosure) or

long-term impacts that could be greater than the impacts associated with the basic design under the

thermal load and packaging scenarios evaluated as part of the Proposed Action. Appendix E contains
qualitative descriptions of the features and alternatives, including the reasons for their consideration

(potential benefits) and potential negative environmental considerations.

2.1.5 ESTIMATED COSTS ASSOCIATED WITH THE PROPOSED ACTION

DOE has estimated the total cost of the Proposed
Action to construct, operate and monitor, and close a
geologic repository at Yucca Mountain, including
the transportation of spent nuclear fuel and high-
level radioactive waste to the repository (TRW
1999¢, all). The estimate is based on acceptance and
disposal of about 63,000 MTHM of commercial
spent nuclear fuel, 2,333 MTHM of DOE spent
nuclear fuel, and 8,315 canisters of solidified high-
level radioactive waste (4,667 MTHM). Table 2-5
lists the estimated costs. The costs would total about
$29 billion. This is representative and would vary

Table 2-5. Proposed Action costs.*”

Description Costs
Monitored geologic repository $18.7
Waste acceptance, storage, 4.5

and transportation
Nevada transportation 0.8
Program integration 2.1
Institutional 2.7
Total $28.8

a. Source: TRW (1999e, all).
b. Adjusted to constant 1998 dollars, in billions.
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somewhat, depending on the thermal load, packaging, and transportation scenarios and on the Nevada
transportation implementing alternative selected.

2.2 No-Action Alternative

This section describes the No-Action Alternative, which provides a baseline for comparison with the
Proposed Action. Under the No-Action Alternative and consistent with the Nuclear Waste Policy Act, as
amended [Section 113(c)(3) (the EIS refers to the amended Act as the NWPA)], DOE would end site
characterization activities at Yucca Mountain and undertake site reclamation to mitigate adverse
environmental impacts from characterization activities. Commercial nuclear power utilities and DOE
would continue to manage spent nuclear fuel and high-level radioactive waste at 77 sites in the United
States (see Figure 2-35).

Under the NWPA, if DOE decided not to proceed with ~
. .. Mo-Action
the development of a repository at Yucca Mountain, it Alternativa
would prepare a report to Congress with its
recommendations for further action to ensure the safe " e
. . ] o Mouribsin sile
permanent disposal of spent nuclear fuel and high-level decommisioning
radioactive waste, including the need for new ard reclanabon
legislative authority. Furthermore, DOE intends to

comply with the terms of existing consent orders and ' m:'f
compliance agreements regarding the management of aoeen ant
. . . COE wites

spent nuclear fuel and high-level radioactive waste. |
However, the future course that Congress, DOE, and I ' ‘ ]
the commercial nuclear power utilities would take if Rosvissin 1 — BTG P

i i Lestp-texrin Ty affesiboens
Yucga Mountan} were not recommen(.ie'd. as a repository et 1aBR bl e rcH
remains uncertain. A number of possibilities could be ootk after 100y ees

pursued, including continued storage of the material at
its current locations or at one or more centralized
location(s); the study and selection of another location
for a deep geologic repository (Chapter 1 discusses
alternative sites previously selected by DOE for technical study); development of new technologies (for
example, transmutation); or reconsideration of other disposal alternatives to deep geologic disposal
(Section 2.3.1 discusses other disposal options previously evaluated by DOE). The environmental
considerations related to continued storage at current locations or at one or more centralized location(s)
have been analyzed in other contexts for both commercial and DOE spent nuclear fuel and high-level
radioactive waste in several documents (see Chapter 7, Table 7-1 for a description of representative
studies). Under any future course that would include continued storage, both commercial and DOE sites
would have an obligation to continue managing spent nuclear fuel and high-level radioactive waste in a
manner that protected public health and safety and the environment.

Figure 2-35. No-Action Alternative
activities and analytical scenarios.

In light of the uncertainties described above, DOE decided to illustrate one set of possibilities by focusing
its analysis of the No-Action Alternative on the potential impacts of two scenarios:

e Long-term storage of spent nuclear fuel and high-level radioactive waste at the current storage sites
with effective institutional control for at least 10,000 years (Scenario 1)

¢ ] ong-term storage at the current storage sites with no effective institutional control after
approximately 100 years (Scenario 2)
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DOE recognizes that neither of these scenarios is likely to occur in the event there is a decision not to ~—

develop a repository at Yucca Mountain. However, these two scenarios were chosen for analysis because
they provide a baseline for comparison to the impacts from the Proposed Action and they reflect a range
of the impacts that could occur. Scenario 1, which includes an analysis of impacts under effective
institutional controls for at least 10,000 years, is consistent with the portion of the analysis of the
Proposed Action that includes an analysis of effective institutional controls for the first 100 years after
closure. Scenario 2, in which the analyses do not consider institutional controls after approximately 100
years, is consistent with the portion of the analysis of the Proposed Action in which long-term
performance after 100 years also does not include institutional controls.

The following sections describe expected Yucca Mountain site decommissioning and reclamation
activities (Section 2.2.1), and further describe the scenarios for continued spent nuclear fuel and high-
level radioactive waste management at the commercial and DOE sites (Section 2.2.2). Chapter 7
describes the potential environmental impacts of the No-Action Alternative.

2.2.1 YUCCA MOUNTAIN SITE DECOMMISSIONING AND RECLAMATION

Under the No-Action Alternative, site

characterization activities would end at Yucca INSTITUTIONAL CONTROL
Mountain and decommissioning and reclamation o .
would begin as soon as practicable and could take Monitoring and maintenance of storage

facilities to ensure that radiological releases
to the environment and radiation doses to
workers and the public remain within
Federal limits and DOE Order requirements.

several years to complete. Decommissioning and
reclamation would include removing or shutting
down surface and subsurface facilities, and
restoring lands disturbed during site
characterization.

Portable and prefabricated buildings would be emptied of their contents, dismantled, and removed from
the site. Other facilities could be shut down without being removed from the site. DOE would remove
and salvage such equipment as electric generators and tunneling, ventilation, meteorological, and
communications equipment. Foundations and similar materials would remain in place.

DOE would remove equipment and materials from the underground drifts and test rooms. Horizontal and
vertical drill holes extending from the subsurface would be sealed. Subsurface drifts and rooms would
not be backfilled, but would be left with the concrete inverts in place. The North and South Portals would
be gated to prohibit entry to the subsurface.

Excavated rock piles would be stabilized. Topsoil previously removed from the excavated rock pile area
and stored in a stockpile would be returned and the areas would be revegetated. Areas disturbed by
surface studies (drilling, trenching, fault mapping) or used during site characterization (borrow areas,
laydown pads, etc.) would be restored. Fluid impoundments (mud pits, evaporation ponds) would be
backfilled or capped as appropriate and reclaimed. Access roads throughout the site (paved or graveled)
and parking areas would be left in place and would not be restored.

2.2.2 CONTINUED STORAGE OF SPENT NUCLEAR FUEL AND HIGH-L.EVEL
RADIOACTIVE WASTE AT COMMERCIAL AND DOE SITES

Under the No-Action Alternative, spent nuclear fuel and high-level radioactive waste would be managed
at the 72 commercial and 5 DOE sites (the Hanford Site, the Idaho National Engineering and
Environmental Laboratory, the Savannah River Site, Fort St. Vrain, and the West Valley Demonstration
Project) (see Figure 1-1). The No-Action Alternative assumes that the spent nuclear fuel and high-level

~
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~_~ radioactive waste would be treated, packaged, and stored. The amount of spent nuclear fuel and high-

level radioactive waste considered in this analysis is the same as that in the Proposed Action—70,000
MTHM, including 63,000 MTHM of commercial spent nuclear fuel, 2,333 MTHM of DOE spent nuclear
fuel, and 8,315 canisters of solidified high-level radioactive waste (4,667 MTHM). This EIS assumes that
the No-Action Alternative would start in 2002.

2.2.2,1 Storage Packages and Facilities at Commercial and DOE Sites

A number of designs for storage packages and facilities at the commercial and DOE sites would provide
adequate protection to the environment from spent nuclear fuel and high-level radioactive waste. Because
specific designs have not been identified for most locations, DOE selected a representative range of
commercial and DOE designs for analysis as described in the following paragraphs.

Spent Nuclear Fuel Storage Facilities

Most commercial nuclear utilities currently store their spent nuclear fuel in water-filled basins (fuel pools)
at the reactor site. Some utilities have built independent spent fuel storage installations in which they
store spent nuclear fuel dry, above ground, in metal casks or in weld-sealed canisters inside reinforced
concrete storage modules. Some utilities are planning to build independent spent fuel storage installations
so they can proceed with decommissioning their nuclear plants and terminating their operating licenses
(for example, the Rancho Seco and Trojan plants). Because utilities could elect to continue operations
until their fuel pools are full and then cease operations, the EIS analysis originally considered ongoing
wet storage in existing fuel pools to be a potentially viable option for spent nuclear fuel storage.
However, dry storage is the preferred option for long-term spent nuclear fuel storage at commercial sites
for the following reasons (NRC 1996, pages 6-76 and 6-85):

Dry storage is a safe economical method of storage.

Fuel rods in dry storage are likely to be environmentally secure for long periods.
Dry storage generates minimal, if any, amounts of low-level radioactive waste.
Dry storage units are simpler and easier to maintain.

Accordingly, this EIS assumes that all commercial spent nuclear fuel would be in dry storage at
independent spent fuel storage installations at existing locations. This includes spent nuclear fuel at sites
that no longer have operating nuclear reactors. Figure 2-36 shows a photograph of the independent spent
fuel storage installation at the Calvert Cliffs commercial nuclear site. Although most utilities and DOE
have not constructed independent spent fuel storage installations or designed dry storage containers, this
analysis evaluated the impacts of storing all commercial and most DOE spent nuclear fuel in horizontal
concrete storage modules (see Figure 2-37) on a concrete pad at the ground surface. Concrete storage
modules have openings that allow outside air to circulate and remove the heat of radioactive decay. The
analysis assumed that both pressurized-water reactor and boiling-water reactor spent nuclear fuel would
have been loaded into a dry storage canister that would be placed inside the concrete storage module.
Figure 2-38 shows a typical dry storage canister, which would consist of a stainless-steel outer shell,
welded end plugs, pressurized helium internal environment, and criticality-safe geometry for 24
pressurized-water or 52 boiling-water reactor fuel assemblies.

The combination of the dry storage canister and the concrete storage module would provide safe storage
of spent nuclear fuel as long as the fuel and storage facilities were properly maintained. The reinforced
concrete storage module would provide shielding against the radiation emitted by the spent nuclear fuel.
The concrete storage module would also provide protection from damage from such occurrences as
aircraft crashes, earthquakes, and tornadoes.
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.~ This analysis assumed that DOE spent nuclear fuel at the Savannah River Site, Idaho National

s

Engineering and Environmental Laboratory, and Fort St. Vrain would be stored dry, above ground in
stainless-steel canisters inside concrete casks. In addition, it assumed that the design of DOE above-
ground spent nuclear fuel storage facilities would be similar to the independent spent fuel storage
installations at commercial nuclear sites.

The analysis assumed that DOE spent nuclear fuel at Hanford would be stored dry in below-grade storage
facilities. The Hanford N-Reactor fuel would be stored in the Canister Storage Building, which would
consist of three below-grade concrete vaults with air plenums for natural convective cooling. Storage
tubes of carbon steel would be installed vertically in the vaults. Each storage tube, which would be able
to accommodate two spent nuclear fuel canisters, would be closed and sealed with a shield plug. The
vaults would be covered by a structural steel shelter.

High-Level Radioactive Waste Storage Facilities

With one exception, this analysis assumed that high-level radioactive waste would be stored in a below-
grade solidified high-level radioactive waste storage facility (Figure 2-39). At the West Valley
Demonstration Project, it was assumed that DOE would use a dry storage system similar to a commercial
spent nuclear fuel storage installation for high-level radioactive waste storage.

The high-level radioactive waste storage facility has four areas: below-grade storage vaults, an operating
area above the vaults, air inlet shafts, and air exhaust shafts. The canister cavities are galvanized-steel
Jarge-diameter pipe sections arranged in a grid. Canister casings are supported by a concrete base mat.
Space between the pipes is filled with overlapping horizontally stepped steel plates that direct most of the
ventilation air through the storage cavities.

The below-grade storage vault would be below the operating floor, which would be slightly above grade.
The storage vault would be designed to withstand earthquakes and tornadoes. In addition, the operating
area would be enclosed by a metal building, which would provide weather protection and prevent the
infiltration of precipitation. The storage vault would be designed to store the canisters and protect the
operating personnel, the public, and the environment as long as the facilities were maintained. Radiation
shielding would be provided by the surrounding earth, concrete walls, and a concrete deck that would
form the floor of the operating area. Canister cavities would have individual precast concrete plugs.

Each vault would have an air inlet, air exhaust, and air passage cells. The heat of radioactive decay would
be removed from around the canisters by the facility’s forced air exhaust system. The exhaust air could
be filtered with high-efficiency particulate air filters before it was discharged to the atmosphere through a
stack, or natural convection cooling could be used with no filter. The oversize diameter of the pipe
storage cavities would allow air passage around each cavity.

2.2.2.2 No-Action Scenario 1

In No-Action Scenario 1, DOE would continue to manage its spent nuclear fuel and high-level radioactive
waste in above- or below-grade dry storage facilities at five sites around the country. Commercial
utilities would continue to manage their spent nuclear fuel at 72 sites. The commercial and DOE sites
would remain under effective institutional control for at least 10,000 years. Under institutional control,
these facilities would be maintained to ensure that workers and the public were protected adequately in
accordance with current Federal regulations (10 CFR Parts 20 and 835) and the requirements in DOE
Order 5400.5, Radiation Protection of the Public and the Environment. DOE based the 10,000-year
analysis period on the generally applicable Environmental Protection Agency regulation for the disposal
of spent nuclear fuel and high-level radioactive waste (40 CFR Part 191), even though the regulation
would not apply to disposal at Yucca Mountain.
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.~ Under Scenario 1, the storage facilities would be completely replaced every 100 years. They would

undergo one major repair during the first 100 years, because this scenario assumes that the design of the
first storage facilities at a site would include a facility life of less than 100 years. The 100-year lifespan
of future storage facilities is based on analysis of concrete degradation and failure in regions throughout
the United States (Poe 1998a, all). The facility replacement period of 100 years represents the assumed
useful lifetime of the structures. Replacement facilities would be built on land adjacent to the existing
facilities. After the spent nuclear fuel and high-level radioactive waste had been transferred to the
replacement facility, the older facility would be demolished and the land prepared for the next
replacement facility, thereby minimizing land-use impacts. The top portion of Figure 2-40 shows the
conceptual timeline for activities at the storage facilities for Scenario 1. Only the relative periods shown
on this figure, not the exact dates, are important to the analysis.

2.2.2.3 No-Action Scenario 2

In No-Action Scenario 2, spent nuclear fuel and high-level radioactive waste would remain in dry storage
at commercial and DOE sites and would be under effective institutional control for approximately 100
years (the same as Scenario 1). Beyond that time, the scenario assumes no effective institutional control.
Therefore, after about 100 years and up to 10,000 years, the analysis assumed that the spent nuclear fuel
and high-level radioactive waste storage facilities at 72 commercial and 5 DOE sites would begin to
deteriorate and that the radioactive materials in them could eventually be released to the environment.
DOE based the choice of 100 years on a review of generally applicable Environmental Protection Agency
regulations for the disposal of spent nuclear fuel and high-level radioactive waste (40 CFR Part 191,
Subpart B), Nuclear Regulatory Commission regulations for the disposal of low-level radioactive material
(10 CFR Part 61), and a National Research Council report on standards for the proposed Yucca Mountain
Repository that generally discounts the consideration of institutional control for longer periods in
performance assessments for geologic repositories (National Research Council 1995, Chapter 4). The
lower portion of Figure 2-40 shows the conceptual timeline for activities at the storage facilities for
Scenario 2.

2.2.3 NO-ACTION ALTERNATIVE COSTS

The total estimated cost of the No-Action Alternative includes costs for the decommissioning and
reclamation of the Yucca Mountain site, and for the storage of spent nuclear fuel at 72 commercial sites
(63,000 MTHM), storage of DOE spent nuclear fuel (2,333 MTHM) at 4 sites (there would be no spent
nuclear fuel at the West Valley Demonstration Project), and storage of solidified high-level radioactive
waste (8,315 canisters) at 4 sites (there is no high-level radioactive waste at Fort St. Vrain). As listed in
Table 2-6, the estimated cost of both Scenarios 1 and 2 for the first 100 years ranges from $51.5 billion to
$56.7 billion, depending on whether the dry storage canisters have to be replaced every 100 years. The
estimated cost for the remaining 9,900 years of Scenario 1 ranges from $480 million to $529 million per
year. There are no costs for Scenario 2 after the first 100 years because the scenario assumes no effective
institutional control.

2.3 Alternatives Considered but Eliminated from Detailed Study

This section addresses alternatives that DOE considered but eliminated from detailed study in this EIS.
These include alternatives that the NWPA states this EIS need not consider (Section 2.3.1); design
alternatives that DOE considered but eliminated during the evolution of the repository design analyzed in
this EIS (Section 2.3.2); and alternative rail corridors and highway routes for heavy-haul trucks and

. associated intermodal transfer station locations that DOE considered but eliminated during the

transportation studies that identified the 10 Nevada implementing rail and intermodal alternatives
analyzed in this EIS (Section 2.3.3).
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Scenario 1:
Assumes effective institutional control for 10,000 years

50 100 200 300 10,000
Major
facility
repair
Facility
replacement Facility
replacement
(every 100 years)
>

Scenario 2:

Assumes no effective institutional control after 100 years

50 100
Major
facility
repair
No effective

institutional control;
facility degradation
assumed to begin

Dates are approximate and for illustration only.

Figure 2-40. Facility timeline assumptions for No-Action Scenarios 1 and 2.
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~_.~ Table 2-6. No-Action Alternative life-cycle costs (in billions of 1998 dollars).”

First 100 years Remaining 9,900 years (per year)
Factor Scenarios 1 and 2° Scenario 1>° Scenario 2¢
72 commercial sites (63,000 MTHM) $40.3 - 455 $0.376 - 0.425 $0
DOE spent nuclear fuel storage 7.4 0.069 0
sites (2,333 MTHM)
High-level radioactive waste storage 3.8 0.035 0
sites (8,315 canisters)
Decommissioning and reclamation of the © NAf 0
Yucca Mountain site
Totals $51.5 - 56.7 $0.480 - 0.529 $0

a. Source: TRW (1999, all).

b. Therange of costs for commercial sites is based on the assumption that the spent nuclear fuel would either be placed in dry
storage canisters that would not need to be replaced over the 10,000-year period (low cost) or would have to be placed in
new dry storage canisters every 100 years (high cost).

c. Stewardship costs are expressed in average annual disbursement costs (constant year 1998 dollars) only.

d. Costsarenotapplicable.

e. The costs for decommissioning and reclamation of the Yucca Mountain site would contribute less than 0.1 percent to the
total life-cycle cost of continued storage.

f. NA =not applicable.

2.3.1 ALTERNATIVES ADDRESSED UNDER THE NUCLEAR WASTE POLICY ACT

The NWPA states that, with respect to the requirements imposed by the National Environmental Policy
Act, compliance with the procedures and requirements of the NWPA shall be deemed adequate
consideration of the need for a repository, the time of the initial availability of a repository, and all
alternatives to the isolation of spent nuclear fuel and high-level radioactive waste in a repository [Section
114(f)(2)]. The geologic disposal of radioactive waste has been the focus of scientific research for more
than 40 years. Starting in the 1950s, the Atomic Energy Commission and the Energy Research and
Development Administration (both predecessor agencies to DOE) investigated different geologic
formations as potential hosts for repositories and considered different disposal concepts, including deep-
seabed disposal, disposal in the polar ice sheets, and rocketing waste into the sun. After extensive
discussion of the options in an EIS (DOE 1980, all), DOE decided in 1981 to pursue disposal in an
underground mined geologic repository (46 FR 26677, May 14, 1981). A panel of the National Academy
of Sciences noted in 1990 that there is a worldwide scientific consensus that deep geologic disposal, the
approach being followed by the United States, is the best option for disposing of high-level radioactive
waste (National Research Council 1990, all).

—

Chapter 1 of this EIS summarizes the process that led to the 1987 amendments to the Nuclear Waste
Policy Act of 1982, in which Congress directed DOE to study only Yucca Mountain to determine if it is
suitable for a repository. Consistent with this approach, the NWPA states that, for purposes of complying
with the requirements of the National Environmental Policy Act, DOE need not consider alternative sites
to Yucca Mountain for the repository [Section 114(f)(3)].

Under the Proposed Action, this EIS does not consider alternatives for the emplacement of more than
70,000 MTHM of spent nuclear fuel and high-level radioactive waste in a repository at Yucca Mountain
because the NWPA prohibits the Nuclear Regulatory Commission from approving the emplacement in
the first repository of a quantity of spent nuclear fuel containing more than 70,000 MTHM or a quantity
of solidified high-level radioactive waste resulting from the reprocessing of such a quantity of spent
nuclear fuel until a second repository is in operation [Section 114(d)]. However, Chapter 8 of this EIS

- analyzes the cumulative impacts from the disposal of all projected spent nuclear fuel and high-level
radioactive waste, as well as Greater-Than-Class-C waste and Special-Performance-Assessment-Required
waste in the proposed Yucca Mountain Repository.
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2.3.2 REPOSITORY DESIGN ALTERNATIVES ELIMINATED FROM DETAILED STUDY

The preliminary design concept for the proposed Yucca Mountain Repository analyzed in this EIS is the
result of a design process that began with early site characterization activities. The design process
identified design alternatives (options) that DOE considered. Some of the design options were eliminated
from further detailed study during the design evolution. Examples include placement of the emplacement
drifts in the saturated zone (rather than the unsaturated zone); vertical shafts (rather than the gently
sloping North and South Ramps); use of drilling and blasting methods for emplacement drift construction
(rather than mechanical excavation methods such as tunnel-boring machines); and use of diesel-powered
vehicles for waste package emplacement (rather than electrically powered, rail-based vehicles).

DOE recently undertook a comprehensive review and examination of possible design options to provide
information for use in support of the suitability recommendation and License Application. Appendix E
discusses the design options that DOE considered in this review, and Section 2.1.1 discusses their
consideration in this EIS.

2.3.3 NEVADA TRANSPORTATION ALTERNATIVES ELIMINATED FROM DETAILED
STUDY

Because rail access is not currently available to the Yucca Mountain site, DOE would have to build a
branch rail line from an existing mainline railroad to the repository or transfer rail shipping casks to
heavy-haul trucks at an intermodal transfer station to make effective use of rail transportation for shipping
spent nuclear fuel and high-level radioactive waste to the repository. Section 2.1.3 describes the

10 implementing rail and intermodal alternatives for Nevada transportation that this EIS evaluates. DOE
selected these implementing alternatives based on transportation studies that identified, evaluated, and
eliminated other potential Nevada transportation rail and intermodal alternatives (Tappen and Andrews
1990, all; TRW 1995a, all; TRW 1996, all). This section identifies the potential rail and highway routes
for heavy-haul trucks and associated intermodal transfer station locations that DOE considered but
eliminated from further detailed study.

2.3.3.1 Potential Rail Routes Considered but Eliminated from Further Detailed Study

In the Preliminary Rail Access Study (Tappen and Andrews 1990, all), DOE identified 10 potential
branch rail line routes to the Yucca Mountain site (Valley, Arden, Jean, Crucero, Ludlow, Mina, Caliente,
Carlin, Cherry Creek, and Dike). Figure 2-41 shows these potential rail routes, each named for the area
where it would connect to the mainline railroad. Alternatives within each route were developed wherever
possible. The routes were chosen to maximize the use of Federal lands, provide access to regional rail
carriers, avoid obvious land-use conflicts, and meet current railroad engineering practices. After the
development of these rail routes, Lincoln County and the City of Caliente identified three additional
routes (identified as Lincoln County Routes A, B, and C).

DOE evaluated these 13 potential rail routes in Tappen and Andrews (1990, all) and reevaluated them in
the Nevada Potential Repository Preliminary Transportation Strategy, Study I (TRW 19954, all). One
new route, Valley Modified, was added in the 1995 study based on updated information from the Bureau
of Land Management on the status of two Wilderness Study Areas that represent possible land-use
conflicts for the Valley route in the original evaluation. Three additional alignments—Caliente-Chalk
Mountain, Elgin/Rox, and Hancock Summit—were evaluated in the Nevada Potential Repository
Preliminary Assessment of the Caliente-Chalk Mountain Rail Corridor. The evaluations reviewed each
potential rail corridor to identify land-use compatibility issues (the presence or absence of land-use
conflicts, and the potential for mitigation of a conflict if one exists) and for access to regional rail carriers.
The evaluations also compared other factors of the routes, including favorable topography (gently sloping
rather than rugged terrain) and avoidance of lands withdrawn from public use by Federal action. Based
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on these evaluations, DOE eliminated the Valley, Arden, Crucero, Ludlow, Mina, Cherry Creek, Dike,
Elgin/Rox, Hancock Summit, and Lincoln County A, B, and C rail routes from further study.

2.3.3.2 Potential Highway Routes for Heavy-Haul Trucks and Associated Intermodal
Transfer Station Locations Considered but Eliminated from Further Detailed
Study

DOE identified and evaluated potential highway routes for heavy-haul trucks from existing mainline
railroads to the Yucca Mountain site (TRW 19954, all; TRW 1996, all; TRW 19994, all). The
Department identified highway routes for heavy-haul trucks and associated intermodal transfer station

locations to provide reasonable access to existing mainline railroads, to minimize transport length from an

existing mainline rail interchange point, and to maximize the use of roads identified by the Nevada
Department of Transportation for the highest allowable axle load limits. In addition to the five
implementing intermodal alternatives selected for analysis in this EIS (see Section 2.1.3), Figure 2-42

shows highway routes for heavy-haul trucks and associated intermodal transfer station locations that DOE

considered but eliminated from further detailed study. The eliminated alternatives include four routes
named for the location of the intermodal transfer station—Apex, Arden, Baker, and Apex/Dry Lake (Las
Vegas Bypass)—and three that are representative of routes from the northern Union Pacific mainline
railroad (Northern Routes 1, 2, and 3).

DOE considered the development of new roads for dedicated heavy-haul truck shipments. The analysis
assumed those routes would be within the corridors identified for potential rail routes, because the
selection criteria for heavy-haul routes and rail routes (land-use compatibility issues, access to regional
rail carriers, etc.) would be similar (TRW 1996, page 6-3). DOE also considered routes for heavy-haul
trucks in the potential rail corridors that could use portions of the existing road system for part of the
route length. DOE eliminated the development of a new road for heavy-haul trucks from further detailed
evaluation, because the construction of a new branch rail line would be only slightly more expensive and
transportation by rail would be safer (no intermodal transfers) and more efficient (TRW 1996, page 6-7).

2.4 Summary of Findings and Comparison of the
Proposed Action and the No-Action Alternative

This section summarizes and compares the potential environmental impacts of the Proposed Action and
the No-Action Alternative (Section 2.2). Detailed descriptions of the impact analyses are contained in the
following chapters:

¢ Chapter 4 describes the short-term environmental impacts associated with construction, operation and
monitoring, and closure of the repository and includes the manufacture of waste disposal containers
and shipping casks.

o Chapter 5 describes long-term (postclosure) environmental impacts from the disposal of spent nuclear
fuel and high-level radioactive waste in the repository.

e Chapter 6 describes the impacts associated with the transportation of spent nuclear fuel, high-level
radioactive waste, other materials, and personnel to and from the repository.

¢ Chapter 7 describes the short-term and long-term impacts associated with the No-Action Alternative.
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This EIS defines short-term impacts as those that would occur until and during the closure of the
repository (approximately 100 years following the start of emplacement) and long-term impacts as those
that would occur after repository closure (after 100 years) and for as long as 10,000 years.

This section summarizes the findings of the EIS analyses and contains a general comparison of the
Proposed Action and No-Action Alternative (Section 2.4.1), potential short-term impacts (Section 2.4.2),
long-term impacts (Section 2.4.3), and transportation impacts (Section 2.4.4).

2.4.1 PROPOSED ACTION AND NO-ACTION ALTERNATIVE

In general, the EIS analyses showed that the environmental impacts associated with the Proposed Action
would be small, as described in Chapters 4, 5, 6, and 8. For some of the resource areas specifically
analyzed in this study, there would be no impacts. Table 2-7 provides an overview approach to
comparing the Proposed Action and the No-Action Alternative.

Although generally small, environmental impacts would occur under the Proposed Action. DOE would
reduce or eliminate many such impacts with mitigation measures or implementation of standard Best
Management Practices. Under the No-Action Alternative, the short-term impacts would be the same
under Scenarios 1 or 2. Under Scenario 1, DOE would continue to manage spent nuclear fuel and high-
level radioactive waste facilities at 5 DOE sites, and commercial utilities would continue to manage their
spent nuclear fuel at 72 sites on a long-term basis and to isolate the material from human access with
institutional control. Under Scenario 2, with the assumption of no effective institutional control after 100
years, the spent nuclear fuel and high-level radioactive waste storage facilities would begin to deteriorate
and radioactive materials could escape to the environment, contaminating the local atmosphere, soils,
surface water, and groundwater, thereby representing a considerable human health risk.

2.4.2 SHORT-TERM IMPACTS OF REPOSITORY CONSTRUCTION, OPERATION AND
MONITORING, AND CLOSURE

DOE analyzed short-term impacts (about 100 years) for the Proposed Action and No-Action Alternative
in various resource areas. The information presented in Table 2-7 shows that the short-term
environmental impacts for the Proposed Action and the No-Action Alternative would generally be small
and do not differentiate dramatically between the two alternatives. The analyses also included cost
estimates for the two alternatives. Estimated short-term (to 100 years) costs for the Proposed Action
would be about $29 billion, and those for the No-Action Alternative would be as much as $57 billion for
the same period.

2.4.3 LONG-TERM IMPACTS OF THE PROPOSED ACTION AND THE NO-ACTION
ALTERNATIVE

In addition to the short-term impacts described above, DOE assessed the impacts from radiological and
nonradiological hazardous materials released over a much longer period (100 years to as long as 10,000
years) after the closure of the repository. Because these projections are based essentially on best available
scientific techniques, DOE focused the assessment of long-term impacts on human health, biological
resources, surface-water and groundwater resources, and other resource areas for which the analysis
determined the information was particularly important and could establish estimates of impacts.

The EIS also examined possible biological impacts from the long-term production of heat by the
radioactive materials disposed of in Yucca Mountain. Because there would be no repository activity after
approximately 100 years, there would be no changes in land use, employment of workers, and use of
water or utilities. The analysis determined that there would be no impacts to land use, noise,
socioeconomic resources, cultural resources, surface-water resources, aesthetics, utilities, or site services
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Table 2-7. Impacts associated with the Proposed Action and No-Action Alternative (page 1 of 4).

Proposed Action

No-Action Alternative

Short-term (through closure, about 100 years) Long-term (after closure, Short -term Long-term (100 to 10,000 years)
Resource area Repository Transportation about 100 to 10,000 years) (100 years) Scenario 1 Scenario 2
Land use and ownership Withdraw about 600 km*® 0 to about 20 km? of land Potential for limited access Small; storage would ~ Small; storage would  Potential contamination of
of land now under Federal  disturbed for new into the area; the only continue at existing continue at existing 0.04 to 0.4 km®
control; active use of about  transportation routes; Air surface features remaining sites sites surrounding each of the
3.5km’ Force identified conflicts would be markers 72 commercial and 5 DOE
for some routes; Valley sites
Modified rail corridor
would pass near the Las
Vegas Paiute Indian
Reservation; some rail
comridors could overlap
with potential Las Vegas
growth; heavy-haul trucks
could slow traffic flow;
some heavy-haul routes
would pass near or through
the Moapa and Las Vegas
Paiute Indian Reservations
Air quality Releases and exposures Releases and exposures No air releases Releases and Releases and Increases in airborne
well below regulatory below regulatory limits; exposures well below  exposures well below  radiological releases and
limits (less than 5 percent pollutants from vehicle regulatory limits regulatory limits exposures (potentially
of limits) traffic and trains would be exceeding current
small in comparison to regulatory limits)
other national vehicle and
) train traffic
Hydrology (groundwater ~ Water demand well below  Withdrawal of up to 710 Low-level contamination of ~ Small; usage would Small; usage would Potential for radiological
and surface water) Nevada State Engineer’s acre-feet ® from multiple groundwater in Amargosa be small in be small in contamination of
ruling on perennial yield wells and hydrographic Valley after a few thousand  comparison to other comparison to other groundwater around 72
(250 to 480 acre-feet ° per areas over 2.5 years years (estimated site use site use commercial and S DOE

year)

Small; minor changes to
runoff and infiltration
rates; floodplain
assessment concluded
impacts would be small

Small; minor changes to
runoff and infiltration
rates; additional floodplain
assessments would be
performed in the future as
necessary

concentration would be
below drinking water
standards)

Small; minor changes to
runoff and infiltration rates

Small; minor changes
to runoff and
infiltration rates

Small; minor changes
to runoff and
infiltration rates

sites

Potential for radiological
releases and
contamination of
drainage basins
downstream of 72
commercial and 5§ DOE
sites (concentrations
potentially exceeding
current regulatory limits)
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Table 2-7. Impacts associated with the Proposed Action and No-Action Alternative (page 2 of 4).

Resource area

Proposed Action

No-Action Alternative

Short-term (through closure, about 100 years)

Repository

Transportation

Long-term (after closure,
about 100 to 10,000 years)

Short -term

Long-term (100 to 10,000 years)

(100 years)

Scenario 1

Scenario 2

Biological resources and
soils

Cultural resources

Socioeconomics

Occupational and public
health and safety
Public

Radiological (LCFs®)
MEI’
Population

Nonradiological

-

Loss of about 3.5 km? of
desert soil, habitat, and
vegetation; adverse
impacts to threatened
desert tortoise
(individuals, not the
species as a whole);
reasonable and prudent
measures to minimize
impacts; impacts to other
plants and animals and
habitat small; wetlands
assessment concluded
impacts would be small

Repository development
would disturb about 3.5
km’; damage to and illicit
collecting at
archaeological sites;
programs in place to
minimize impacts;
opposing Native
American viewpoint
Estimated peak
employment of 1,800
occurring in 2006 would
result in less than a 1
percent increase in direct
and indirect regional
employment; therefore,
impacts would be low

1.9%10% to 5.1 x 10°
0.14 t0 0.41

Exposures well below
regulatory limits

Loss of 0 to about 20 km? of
desert soil, habitat, and
vegetation for heavy-haul
routes and rail corridors;
adverse impacts to
threatened desert tortoise
(individuals, not the species
as a whole); reasonable and
prudent measures to
minimize impacts; impacts
to other plants and animals
and habitat small; additional
wetlands assessments would
be performed in the future as
necessary

Loss of 0 to about 20 km’® of
land disturbed for new
transportation routes;
damage to and illicit
collecting at archaeological
sites; programs in place to
minimize impacts; opposing
Native American viewpoint

Employment increases would
range from less than 1 percent
to 5.7 percent (use of
intermodal transfer station or
rail line in Lincoln County,
Nevada) of total employment
by county; therefore, impacts
would be low

1.6x10* to 1.2x10°
3to18
Exposures below regulatory

limits; pollutants from vehicle regulatory limits or guidelines

traffic and trains

Slight increase in
temperature of surface soil
directly over the repository

for 10,000 years resulting in
a potential temporary shift in

plant and animal
communities in this small
area (about 8 km®)

Potential for limited access
into the area; opposing
Native American viewpoint

No workers, no impacts

1.9%x10% t0 4.4x10*
5.5%10°% to 5.3x10*
Exposures well below

Small; storage would
continue at existing
sites

Small; storage would
continue at existing
sites; limited
potential of
disturbing sites

Small; population and
employment changes
would be small
compared to totals in
the regions

43%10°
0.41

Exposures well below

regulatory limits or
guidelines

Small; storage would
continue at existing
sites

Small; storage would
continue at existing
sites; limited
potential of
disturbing sites

Small; population and
employment changes
would be small
compared to totals in
the regions

1.3x10%
3

Exposures well below
regulatory limits or
guidelines

Potential adverse impacts
at each of the 77 sites from
subsurface contamination
of 0.04 to 0.4 km®

No construction or
operation activities; no
impacts

No workers; no impacts

@
3,300°

Increases in releases of
hazardous substances in the
spent nuclear fuel and high-
level radioactive waste and
exposures to the public
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Table 2-7. Impacts associated with the Proposed Action and No-Action Alternative (page 3 of 4).

Proposed Action No-Action Alternative
Short-term (through closure, about 100 years) Long-term (after closure, Short -term Long-term (100 to 10,000 years)
Resource area Repository Transportation about 100 to 10,000 years) (100 years) Scenario 1 Scenario 2
Occupational and public
health and safety
(continued)
Workers (involved and
noninvolved)
Radiological (LCFs) 3to4 3toll No workers, no impacts 16 12 No workers, no impacts
Nonradiological 1to2 11to 16 No workers, no impacts 9 1,080 No workers, no impacts
fatalities (includes
commuting traffic
fatalities)
Accidents
Probability (frequency ~ 8.6x107 to 1.1x10° 1.4x107 t0 1.9x107 No credible accidents 3.2x10° 3.2x10° 3.2x10°
per year)
Public
Radiological (LCFs)
MEI 29x103 10 2.1x10° 0.002t00.013 Not applicable No impacts No impacts Not applicable
Population 1.0x10™t0 7.8x10° 0.02 to 0.07 Not applicable No impacts No impacts 3to13
Workers For some accident For some accident scenarios ~ No workers; no impacts For some accident For some accident No workers; no impacts
scenarios workers would  workers would likely be scenarios workers scenarios workers
likely be severely injured  severely injured or killed would likely be would likely be
orkilled severely injured or severely injured or
killed killed
Noise Impacts to public would be Transient and not excessive, ~ No activities, therefore, no Transient and not Transient and not No activities, therefore, no
low due to large distances  less than 90 dBA® noise excessive, less than 90 excessive, less than 90 noise
to residences; workers dBA dBA
exposed to elevated noise
levels — controls and
protection used as
necessary
Aesthetics Low adverse impacts to Low, temporary, and Small; only surface features  Small; storage would ~ Small; storage would ~ Small; aesthetic value
aesthetic or visual transient; possible conflict remaining would be markers ~ continue at existing continue at existing decreases as facilities

Utilities, energy, materials,
and site services

resources in the region

Use of materials would be

very small in comparison to  would be small in comparison

with visual resource
management goals for Jean
rail corridor

Use of materials and energy

amounts used in the region: to amounts used nationally

clectric power delivery
system to the Yucca
Mountain site would have
to be enhanced.

No use of materials or energy

sites; expansion as
needed

Small; materials and
energy use would be

small compared to total

site use

sites; expansion as
needed

Small; materials and
energy use would be

small compared to total

site use

degrade

No use of materials or
energy

2ADULBI]Y UONIDY-ON PUn uooy pasodoid




8L-C

Table 2-7. Impacts associated with the Proposed Action and No-Action Alternative (page 4 of 4).

Proposed Action

No-Action Alternative

Short-term (through closure, about 100 years) Long-term (after closure, Short -term Long-term (100 to 10,000 years)
Resource area Repository Transportation about 100 to 10,000 years) (100 years) Scenario 1 Scenario 2
Management of site- Radioactive and hazardous Radioactive and hazardous No waste generated or Small; waste generated Small; waste generated No waste generated or
generated waste and waste generated would be a waste generated would be a hazardous materials used and materials used and materials used hazardous materials used
hazardous materials few percent of existing few percent of existing offsite would be small would be small
offsite capacity; other capacity; other wastes would compared to total site  compared to total site
wastes would be managed  be managed offsite and some generation and use generation and use
offsite and some waste waste potentially at an onsite
potentially at an onsite landfill
landfill
Environmental justice No disproportionately high No disproportionately high No disproportionately high No disproportionately ~ No disproportionately ~ Potential for
and adverse impacts to and adverse impacts to and adverse impacts to high and adverse high and adverse disproportionately high anc
minority or low-income minority or Jow-income minority or low-income impacts to minority or  impacts to minority or  adverse impacts to minority
populations; opposing populations; opposing Native  populations; opposing Native low-income low-income or low-income populations
Native American viewpoint American viewpoint American viewpoint populations populations

knt = square kilometers; to covert to acres, multiply by 247.1.

To convert acre-feet to cubic meters, multiply by 1233.49.
LCF = latent cancer fatality; MEI = maximally exposed individual.

Downstream exposed population of approximately 3.9 billion over 10,000 years.
As many as 8 of these fatalities could be members of the public; fatalities include commuting traffic fatalities.

wore po T

less weighting than lower ones.

The maximally exposed individual could receive a fatal dose of radiation within a few weeks to months. Death would be caused by acute direct radiation exposure.

dBA = A-weighted decibels, a common sound measurement. A-weighting accounts for the fact that the human ear responds more effectively to some pitches than to others. Higher pitches receive
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. from the Proposed Action and limited impacts from the No-Action Alternative, depending on the
scenario. The analysis led to the following conclusions:

e From 0.04 to 0.4 square kilometer (10 to 100 acres) of land could be contaminated to the extent it
would not be usable for long periods near each of the 77 sites for No-Action Scenario 2. There could
be accompanying impacts on biological resources, socioeconomic conditions, cultural resources, and
aesthetic resources for long periods. Such impacts for the Proposed Action and No-Action Scenario 1
would be very small.

e For No-Action Scenario 2, there could be low levels of contamination in the surface watershed and
high concentrations of contaminants in the groundwater downstream of the 77 sites for long periods.
There would be no such impacts for No-Action Scenario 1. For the Proposed Action, there could be
low levels of contamination in the groundwater in the Amargosa Desert for a long period.

e Projected radiological impacts to the public for the first 10,000 years for the Proposed Action would
be low (0.000055 to 0.00053 latent cancer fatality per year) compared to No-Action Scenario 2 (3,300
latent cancer fatalities).

¢ Radionuclides would be released for a long period of time under the Proposed Action and peak doses
would occur hundreds of thousand years after closure of the repository.

e Projected long-term fatalities associated with No-Action Scenario 1 would be about 1,000, primarily
to the workforce at the storage sites.

¢ Risks associated with sabotage and materials diversion in relation to the fissionable material stored at
the 77 sites would be much greater than they would be if the fissionable material were in a monitored
deep geologic repository.

The projected cost associated with No-Action Scenario 1 would be approximately $600 million a year
(1998 dollars) for 9,900 years. Projected long-term costs for the Proposed Action would be very low
while there would be none for No-Action Scenario 2 due to the lack of institutional control.

2.4.4 IMPACTS OF TRANSPORTATION SCENARIOS
2.4.4.1 National Transportation

This section summarizes and compares transportation-related environmental impacts for the movement of
spent nuclear fuel and high-level radioactive waste from the 77 sites to the Yucca Mountain site.

Table 2-8 compares the environmental impacts for the two national transportation scenarios analyzed,
mostly rail and mostly legal-weight truck (see Section 2.1.3.2). Because DOE does not know the actual
mix for these potential national transportation modes, the analyses used these two scenarios to bound the
impacts from transportation activities that would move spent nuclear fuel and high-level radioactive waste to
the Yucca Mountain site. In addition, Table 2-8 lists estimates of the environmental impacts associated with
transportation activities in Nevada.

The values listed in Table 2-8 are limited to radiological impacts. As discussed in more detail in Chapter 6,
shipments of spent nuclear fuel and high-level radioactive waste to Yucca Mountain would be a small
fraction of the overall railroad and highway shipping activity in the United States. Thus, the incremental
impacts from shipments to Yucca Mountain for the resource areas would be small in comparison to

.~ background impacts from all shipping activities, with the exception of potential radiological impacts.
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Table 2-8. National transportation impacts for the transportation of spent nuclear fuel and high-level —
radioactive waste for the mostly rail and mostly legal-weight truck scenarios.

Mostly legal-weight

Group Impact truck scenario Mostly rail scenario
Worker Incident-free health impacts, radiological
Maximally exposed individual (rem) 48 48
Individual latent cancer fatality probability 0.02 0.02
Collective dose (person-rem) 11,000 1,900 - 2,300%
Latent cancer fatality incidence 45 0.8-0.9
Public Incident-free health impacts, radiological
Maximally exposed individual (rem) 24 0.31
Individual latent cancer fatality probability 0.001 0.00016
Collective dose (person-rem) 35,000 3,300 - 5,000°
Latent cancer fatality incidence 18 1.6-2.5"
Incident-free vehicle emissions impacts
Fatalities 0.6 03
Public Radiological impacts from maximum
reasonably foreseeable accident scenario
Probability (per year) 1.9 in 10,000,000 1.4 in 10,000,000
Maximally exposed individual (rem) 3.9 26
Individual latent cancer fatality probability 0.002 0.013
Collective dose (person-rem) 9,400 61,000
Latent cancer fatality incidence 47 31
Public and Fatalities from vehicular accidents 39 36

transportation workers
a. Range for the 10 rail and heavy-haul truck implementing alternatives in Nevada.

The following conclusions can be drawn from the analysis results summarized in Table 2-8: —

¢ Radiological impacts from maximum foreseeable accident scenarios during the transportation of spent
nuclear fuel and high-level radioactive waste would be lower for the mostly legal-weight truck case.

¢ Impacts from the transportation of spent nuclear fuel and high-level radioactive waste from the
commercial and DOE sites to the Yucca Mountain site would be low for either national shipping
mode.

e Radiological impacts to the public and to workers for normal transportation activities would be lower
for the mostly rail scenario.

Most of the occupational and public health and safety impacts to the public and to workers would occur
during the repository operating and monitoring phase.

Incremental differences in short-term impacts for the thermal load scenarios would be small, generally by
less than a factor of about 2. Short-term impacts would generally be largest for the low thermal load and
lowest for the high thermal load.

2.4.4.2 Nevada Transportation

For shipments coming into the State of Nevada by rail, there is no rail line to connect the national rail

routes with the Yucca Mountain site (see Section 2.1.3.3). As a consequence, DOE evaluated the

impacts in Nevada of moving spent nuclear fuel and high-level radioactive waste to the site using

10 implementing alternatives. These included five potential corridors for a new branch rail line (see . J
Section 2.1.3.3.2) and five potential combinations of intermodal transfer stations and highway routes for
heavy-haul trucks (see Section 2.1.3.3.3).
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_ Tables 2-9 and 2-10 compare the impacts from transportation activities in potential Nevada rail corridors
and heavy-haul truck corridors, respectively. In addition, they list impacts associated with engineering
attributes for each implementing alternative. These engineering factors include cost, institutional
acceptability of the route, construction and schedule risk, and operational compatibility. Additional

attributes could affect a decision on the choice of a transportation mode or route in Nevada.
The following conclusions can be drawn from the information in Tables 2-9 and 2-10:
e Environmental impacts for each of the 10 implementing alternatives would be small.

e  With the exception of collective dose, the environmental impacts for shipment by legal-weight truck
in Nevada would be smaller than those from the 10 implementing alternatives associated with
incoming shipments by rail. However, even for shipment by rail or heavy-haul truck in Nevada, the
projected collective dose impacts would be small (approximately 2 latent cancer fatalities to both the
public and transportation workers).

e With the exception of land use, differences in environmental impacts for the 10 implementing
alternatives related to incoming shipments by rail would be small, so environmental impacts do not
appear to be a major factor in the selection of transportation mode, route, or corridor in Nevada for

incoming rail shipments.

e For land use, the Caliente-Chalk Mountain routes for a rail corridor and for a highway route for
heavy-haul trucks would have conflicts with ongoing national defense activities at the Nellis Air

Force Range.

e Impacts to cultural resources for any of the potential implementing alternative routes or corridors
cannot be fully assessed until more detailed archaeological and ethnographic studies are conducted,
but they are likely to be similar to one another. Impacts to Native American values could occur from
the use of any of the routes including the use of highways in Nevada by legal-weight trucks that
would pass through the Moapa and Las Vegas Paiute Indian reservations.

2.5 Collection of Information and Analyses

DOE conducted a broad range of studies to obtain or evaluate the information needed for the assessment
of Yucca Mountain as a monitored geologic repository for spent nuclear fuel and high-level radioactive
waste. The Department used the information from these studies in the analyses described in this EIS.
Because some of these studies are ongoing, some of the information is incomplete.

The complexity and variability of the natural system at Yucca Mountain, the long periods evaluated, and
factors such as the use of incomplete information or the unavailability of information have resulted in a
certain degree of uncertainty associated with the analyses and findings in this EIS. DOE believes that it is
important that the EIS identify the use of incomplete and unavailable information and uncertainty to
enable an understanding of its findings. It is also important to understand that research can produce
results or conclusions that might disagree with other research. The interpretation of results and
conclusions has resulted in the development of views that differ from those that DOE presents in this EIS.
DOE has received input from a number of organizations interested in the Proposed Action or No-Action
Alternative or from potential recipients of impacts from those actions. These organizations include
among others the State of Nevada, local governments, and Native American groups. Their input includes
documents that present research or information that in some cases disagrees with the views that DOE
_~ bresents in this EIS. The Department reviewed these documents and evaluated their findings for inclusion
as part of the EIS analyses. If the information represents a substantive view, DOE has made every effort
to incorporate that view in the EIS and to identify its source.
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Table 2-9. Comparison of impacts for Nevada rail implementing alternatives and for legal-weight truck shipments (page 1 of 2).

Caliente-Chalk

Impact Caliente Carlin Mountain Jean Valley Modified Mostly legal-weight truck
Land use and ownership
Disturbed land (square kilometers)* 18 19 12 9 5 None
Private land (square kilometers) 0.9 7 0.8 3.6 None
Nellis Air Force Base land (square 20 19 22 0 10 None
kilometers)
Air quality
PM 4 (construction) Areas in Areas in Areas in Except in Clark Clark County is in No construction
attainment of air  attainmentofair  attainmentofair  County, areasin  nonattainment of
quality standards - quality standards - quality standards - attainment ofair  air quality
branch rail line branch rail line branch rail line quality standards - standards for
constructionnota constructionnota constructionnota branch rail line PM | - branch rail
significant source significant source significant source construction line construction
of pollution of pollution of pollution would not be a wouldnotbe a
significant source  significant source
of pollution of pollution
CO (operations) 93% of General ~ 93% of General ~ 93% of General ~ 93% of General  93% of General 93% of General Conformity
Conformity Rule ~ Conformity Rule  Conformity Rule Conformity Rule Conformity Rule  Rule threshold
threshold threshold threshold threshold threshold
Hydrology
Surface water Low Low Low Low Low None
Groundwater
Water use (acre-feet)’ 710 660 480 410 320 None
Water use (number of wells) 64 67 43 23 20 None
Biological resources and soils Low Low Low Low Low None
Cultural resources None identified to None identified to None identified to None identifiedto None identified Since shipments would use
archaeological, archaeological, archaeological, archaeological, to archaeological  existing highways, none to
historical, or historical, or historical, or historical, or or historical archaeological or historical
cultural resources  cultural resources  cultural resources  cultural resources  resources. Route  resources. Shipments from
passes close to the northeast would pass
the Las Vegas through the Moapa Indian
Paiute Indian Reservation. All shipments
Reservation would pass through the Las
Vegas Paiute Indian
Reservation
Noise Moderate Low Moderate Moderate Moderate Low
Utilities and resources
Diesel (million liters)® 42 39 33 26 13 Low
Steel (thousand metric tons)’ 71 72 48 26 22 None
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Table 2-9. Comparison of impacts for Nevada rail implementing alternatives and for legal-weight truck shipments (page 2 of 2).

Caliente-Chalk

Impact Caliente Carlin Mountain Jean Valley Modified  Mostly legal-weight truck
Concrete (thousand metric tons)® 420 400 280 150 130 None
Aesthetics Very low Very low Very low Potential small Very low None
area of conflict
Socioeconomics
New jobs (percent of workforce in affected 1,200 (< 1% to 1,100 (< 1%) 910 (< 1% to 720 (< 1%) 350 (< 1%) Low
counties 4%) 5.7%)
Peak real disposable income (million 27 25 19 16 7 Low
dollars)
Peak incremental Gross Regional Product 49 44 35 29 14 NAf
(million dollars)
Waste management Limited quantity ~ Limited quantity ~ Limited quantity ~ Limited quantity ~ Limited quantity None
Environmental justice (disproportionately None None None None None None
high and adverse impacts)
Incident-free health and safety
Industrial hazards
Total recordable incidents 250 240 220 170 130 NA
Lost workday cases 130 120 110 90 70 NA
Fatalities 1.3 12 1 0.9 05 NA
Collective dose (person-rem [LCFs])
Workers 430 [0.17] 470 [0.19] 390 [0.16] 400 [0.16] 380 [0.15] 1,600 [0.63]
Public 390 [0.20] 420 [0.21] 380 [0.19] 430 [0.21] 380 {0.19] 2,800 [1.4]
Fatalities from vehicle emissions 0.0019 0.0025 0.0017 0.014 0.0018 0.005
Traffic accident fatalities
Construction and operations workforce 1.9 1.8 1.5 1.2 0.9 NAf
SNF# and HLW " shipping 0.13 0.15 0.11 0.11 0.1 0.5
Radiological impacts, accident scenarios
Maximum exposed individual (rem) 26 26 26 26 26 39
Individual latent cancer fatality 0.02 0.02 0.02 0.02 0.02 0.002
probability
Collective dose 0.09 0.1 0.09 0.15 0.09 0.5
Latent cancer fatalities 0.00005 0.00005 0.00004 0.00008 0.00004 0.0002

To convert square kilometers to acres, multiply by 247.1.
To convert acre-feet to gallons, multiply by 325,850.1.
To convert liters to gallons, multiply by 0.26418.

To convert metric tons to tons, multiply by 1.1023.

NA = not applicable.
SNF = spent nuclear fuel.
HLW = high-level radioactive waste.

R e A0 o

To convert cubic feet to cubic meters, multiply by 0.028317.
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Table 2-10. Comparison of impacts for Nevada heavy-haul truck implementing alternatives and for legal-weight truck shipments (page 1 of 2).

Caliente-Chalk Caliente-Las

Impact Caliente Mountain Vegas Sloan/Jean Apex/Dry Lake Mostly legal-weight truck
Land use and ownership
Disturbed land (square kilometers)* (.28 0.24 0.24 0.2 0.2 None
Private land (square kilometers) 0 0 0 0 0 None
Nellis Air Force Base land (square 0 0 0 0 0 None
kilometers)
Air quality
PM 4 (construction) Areas in Areas in Except Clark 48% of GCR 48% of GCR No construction
attainmentof air  attainmentof air  County, areasin  Threshold for Threshold for
quality standards - quality standards - attainmentofair IMT construction IMT construction
highway upgrades highway upgrades quality standards -
not a significant  not a significant  highway upgrades
source of source of not a significant
pollution pollution source of pollutior,
CO (operations) 93% of General ~ 93% of General  93% of General  93% of General  93% of General
Conformity Rule ~ Conformity Rule Conformity Rule Conformity Rule Conformity Rule
threshold threshold threshold threshold threshold
Hydrology
Surface water Low Low Low Low Low None
Groundwater
Water use (acre-feet)’ 100 60 44 8 8 None
Water use (number of wells) 16 5 7 Truck water Truck water None
Biological resources and soils Low Low Low Low Low None
Cultural resources None identified to None identified to None identified to None identified to None identified to Since shipments would use existing
archaeological, archaeological, archaeological, archaeological, archaeological, highways, none to archaeological or
historical, or historical, or historical, or historical, or historical, or historical resources. Shipments from
cultural resources  cultural resources  cultural resources; cultural resources; cultural resources; the northeast would pass through the
route near Moapa route passes IMT and route  Moapa Indian Reservation. All
Indian across 1.6- nearthe Moapa  shipments would pass through the Las
Reservation and  kilometer (1-mile. Indian Vegas Paiute Indian Reservation
passes across 1.6- corner ofthe Las  Reservation and
kilometer (1-mile; Vegas Paiute passes across 1.6~
corner of the Las  Indian kilometer (1-mile’
Vegas Paiute Reservation corner of the Las
Indian Vegas Paiute
Reservation Indian
Reservation
Noise Low Low Low Low Low Low
Utilities and resources
Diesel (million liters)? 13 4.7 5.5 1.7 1.6 Low
Steel (metric tonsf 49 14 21 23 2.3 None
Concrete (thousand metric tons) 1.8 0.5 0.8 0.1 0.1 None
Aesthetics Some potential ~ Some potential  Some potential Very low Very low None

near Caliente

near Caliente

near Caliente

T
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Table 2-10. Comparison of impacts for Nevada heavy-haul truck implementing alternatives and for legal-weight truck shipments (page 2 of 2).

Caliente-Chalk Caliente-Las

Impact Caliente Mountain Vegas Sloan/Jean Apex/Dry Lake Mostly legal-weight truck
Socioeconomics
New jobs (percent of workforce in 1,000 (< 1% to 830 (< 1% to 810 (< 1% t02%) 720 (< 1%) 540 (< 1%) Low
affected counties) 2.3%) 2.6%)
Peak real disposable personal income 25 20 20 20 15 Low
(million dollars)
Peak incremental Gross Regional 42 35 35 34 26 Low
Product (million dollars)
Waste management Limited quantity ~ Limited quantity = Limited quantity =~ Limited quantity = Limited quantity None
Environmental justice None None None None None None
(disproportionately high and adverse
impacts) '
Incident-free health and safety
Industrial hazards
Total recordable incidents 340 330 300 180 180 NA®
Lost workday cases 190 180 160 100 100 NA
Fatalities 0.7 0.6 0.6 04 04 NA
Incident-free health and safety
(continued)
Collective dose (person-rem [LCFs])
Workers 780 [0.31] 710 [0.29] 740 [0.30] 710 [0.29] 690 [0.28] 1,600 [0.63]
Public 2,100 [1.0] 1,200 [0.62] 1,600 [0.77] 1,000 [0.51] 940 [0.47] _ 2,800[1.4]
Fatalities from vehicle emissions 0.0016 0.0012 0.0013 0.012 0.0012 0.005
Traffic accident fatalities
Construction and operations 5.6 29 34 2.0 2.0 NA¢®
workforce )
SNE" and HLW !shipping 0.73 0.42 0.54 0.33 0.31 0.5
Radiological impacts, accident
scenarios
Maximum exposed individual 26 26 26 26 26 39
(rem)
Individual latent cancer fatality 0.02 0.02 0.02 0.02 0.02 0.002
probability
Collective dose 0.29 0.26 0.72 4.1 0.67 0.5
Latent cancer fatalities 0.0001 0.0001 0.0004 0.002 0.0003 0.0002
a.  To convert square kilometers to acres, multiply by 247.1.
b.  To convert acre-feet to gallons, multiply by 325,850.1.
c¢.  IMT =intermodal transfer.
d.  To convert liters to gallons, multiply by 0.26418.
e.  To convert metric tons to tons, multiply by 1.1023.
f.  To convert cubic feet to cubic meters, multiply by 0.028317.
g NA = not applicable.
h.  SNF = spent nuclear fuel.
i.  HLW = high-level radioactive waste.
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Proposed Action and No-Action Alternative

2.5.1 INCOMPLETE OR UNAVAILABLE INFORMATION

Some of the analyses in this EIS had to use incomplete information. To ensure an understanding of the
status of its information, DOE has identified the use of incomplete information or the unavailability of
information in the EIS in accordance with the Council on Environmental Quality regulations pertaining to
incomplete and unavailable information (40 CFR 1502.22). Such cases describe the basis for the
analyses, including assumptions, the use of preliminary information, or conclusions from draft or
incomplete studies. DOE continues to study issues relevant to understanding what could happen in the
future at Yucca Mountain and the potential impacts associated with its use as a repository. As a result,
the Final EIS will include information that was not available for the Draft EIS. In addition, DOE might
not complete some of the studies and design development for the repository until after it has issued the
Final EIS. DOE believes, however, that sufficient information is currently available to assess the range of
impacts that could result from either the Proposed Action or the No-Action Alternative.

2.5.2 UNCERTAINTY

The results and conclusions of analyses often have some associated uncertainty. The uncertainty could be
the result of the assumptions used, the complexity and variability of the process being analyzed, the use of
incomplete information, or the unavailability of information. To enable an understanding of the status of
its findings, this EIS contains descriptions of the uncertainties, if any, associated with the results and
conclusions presented.

2.5.3 OPPOSING VIEWS

In this EIS, opposing views are defined as differing views or opinions currently held by organizations or
individuals outside DOE. These views are considered to be opposing if they include or rely on data or
methods that DOE is not currently using in its own impact analysis. In addition, these views are
reasonably based on scientific, regulatory, or other information supported by credible data or methods that
relate to the impacts analyzed in the EIS.

DOE has attempted to identify and address the range of opposing views in this EIS. The Department
identified potential opposing views by reviewing published or other information in the public domain.
Sources of information included reports from universities, other Federal agencies, the State of Nevada,
counties, municipalities, other local governments, and Native American groups. DOE reviewed the
potential opposing views to determine if they:

e  Address issues analyzed in the EIS
e Differ from the DOE position

* Are based on scientific, regulatory, or other information supported by credible data or methods that
relate to the impacts analyzed in the EIS

* Have significant basic differences in the data or methods used in the analysis or to the impacts
described in the EIS

DOE has included potential opposing views that met the above criteria in the EIS where it discusses the
particular subject. For example, opposing views on the groundwater system are discussed in the sections
on groundwater.
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2.6 Preferred Alternative

DOE’s preferred alternative is to proceed with the Proposed Action to construct, operate and monitor, and
eventually close a geologic repository for the disposal of spent nuclear fuel and high-level radioactive
waste at Yucca Mountain. The analyses in this EIS did not identify any potential environmental impacts
that would be a basis for not proceeding with the Proposed Action. DOE has not chosen any
transportation mode, corridor, or route as preferred at this time.

DOE recognizes that implementation of the preferred alternative would require the completion of a
number of actions. As part of this process, the Secretary of Energy is to:

» Undertake (and complete) site characterization activities at Yucca Mountain to provide information
and data required to evaluate the site.

e Prepare an EIS.

e Decide whether to recommend approval of the development of a geologic repository at Yucca
Mountain to the President.

The NWPA also requires DOE to hold hearings to provide the public in the vicinity of Yucca Mountain
with opportunities to comment on the Secretary’s possible recommendation of the Yucca Mountain site to
the President. If, after completing the hearings and site characterization activities, the Secretary decides
to recommend that the President approve the site, the Secretary will notify the Governor and legislature of
the State of Nevada accordingly. No sooner than 30 days after the notification, the Secretary may submit
the recommendation to the President to approve the site for development of a repository.

If the Secretary recommends the Yucca Mountain site to the President, a comprehensive statement of the
basis for the recommendation, including the Final EIS, will accompany the recommendation. This Draft
EIS has been prepared now so that DOE can consider the Final EIS, including the public input on the
Draft EIS, in making a decision on whether to recommend the site to the President.

It, after a recommendation by the Secretary, the President considers the site qualified for application to
the Nuclear Regulatory Commission for a construction authorization, the President will submit a
recomumendation of the site to Congress. The Governor or legislature of Nevada may object to the site by
submitting a notice of disapproval to Congress within 60 days of the President’s action. If neither the
Governor nor the legislature submits a notice within the 60-day period, the site designation would become
effective without further action by the President or Congress. If, however, the Governor or the legislature
did submit such a notice, the site would be disapproved unless, during the first 90 days of continuous
session of Congress after the notice of disapproval, Congress passed a joint resolution of repository siting
approval and the President signed it into law.

In determining whether to recommend the Yucca Mountain site to the President, DOE would consider not
only the potential environmental impacts identified in this EIS, but also other factors. Those factors could
include those identified through public input, as well as other available information. Examples of such
other possible factors include the following:

Ability to obtain necessary approvals, license and permits
Ability to fulfill stakeholder agreements

Consistency with DOE mission

Assurance of safety

Facility construction and operation flexibility
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e Cost of implementation
e Ability to mitigate adverse impacts

As part of the Proposed Action, the EIS analyzes the impacts of transporting spent nuclear fuel and high-
level radioactive waste to the Yucca Mountain site from 77 sites across the United States. As part of this
analysis, the EIS includes information, such as the comparative impacts of truck and rail transportation,
alternative intermodal (rail to truck) transfer station locations, associated heavy-haul truck routes, and
alternative rail transport corridors in Nevada, that might not lead to near-term decisions. It is uncertain at
this time when DOE would make these transportation-related decisions. If and when it is appropriate to
make such decisions, DOE believes that the EIS provides the information necessary to make these
decisions. However, measures to implement those decisions, such as selection of a specific rail alignment
within a corridor, or the specific location of an intermodal transfer station, or the need to upgrade the
associated heavy-haul routes, would require additional field surveys, state and local government
consultations, environmental and engineering analyses, and National Environmental Policy Act reviews.
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3. AFFECTED ENVIRONMENT

To analyze potential environmental impacts that could result from the implementation of the Proposed
Action, the U.S. Department of Energy (DOE) has compiled extensive information about the
environments that could be affected. The Department used this information to establish the baseline
against which it measured potential impacts (see Chapter 4). Chapter 3 describes (1) environmental
conditions that will exist at and in the region of the proposed repository site at Yucca Mountain after

the conclusion of site characterization activities (Section 3.1); (2) environmental conditions along the
proposed transportation corridors in Nevada that DOE could use to ship spent nuclear fuel and high-
level radioactive waste to the Yucca Mountain site (Section 3.2); and (3) environmental conditions at the
72 commercial and 5 DOE sites in the United States that manage spent nuclear fuel and high-level
radioactive waste (Section 3.3).

DOE obtained baseline environmental information from many sources. These sources included reports
and studies sponsored by DOE, other Federal agencies (for example, the U.S. Geological Survey), and the
State of Nevada and affected units of local government. (Affected units of local government include

county governments near the potential repository site and along potential transportation routes within
Nevada.)

DOE received reports from the State of Nevada and affected units of local government during the EIS
scoping process, informally from local government personnel, and formally during ongoing interactions
between DOE and State and local governments. The subjects of these reports include socioeconomics,
cultural resources, hydrology, transportation planning and emergency response, and resource supply.
DOE evaluated these reports and, where appropriate, they are discussed in individual resource area
sections of the EIS.

3.1 Affected Environment at the Yucca Mountain Repository Site at
the Conclusion of Site Characterization Activities

To define the existing environment at and in the region of the proposed repository, DOE has compiled
environmental baseline information for 13 subject areas. This environment includes the manmade
structures and physical disturbances from DOE-sponsored site selection studies (1977 to 1988) and site
characterization studies (1989 to 2001) to determine the suitability of the site for a repository. This
chapter and supporting documents, called environmental baseline files, contain baseline information for:

e Land use and ownership: Land-use practices and land ownership information in the Yucca
Mountain region (Section 3.1.1)

e Air quality and climate: The quality of the air in the Yucca Mountain region and the area’s climatic
conditions (temperature, precipitation, etc.) (Section 3.1.2)

e Geology: The geologic characteristics of the Yucca Mountain region both at and below the ground
surface, the frequency and severity of seismic activity, volcanism, and mineral and energy resources
(Section 3.1.3)

e Hydrology: Surface-water and groundwater features in the Yucca Mountain region and the quality of
the water (Section 3.1.4)
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e Biological resources and soils: Plants and animals that live in the Yucca Mountain region, the

occurrence of special status species and wetlands, and the kinds and quality of soils in the region
(Section 3.1.5)

e Cultural resources: Historic and archaeological resources in the Yucca Mountain region, the
importance those resources hold, and for whom (Section 3.1.6)

o Socioeconomic environment: The labor market, population, housing, community services, and
transportation services in the Yucca Mountain region (Section 3.1.7)

o Occupational and public health and safety: The levels of radiation that occur naturally in the
Yucca Mountain air, soil, animals, and water; radiation dose estimates for Yucca Mountain workers
from background radiation; radiation exposure, dispersion, and accumulation in air and water for the
Nevada Test Site area from past nuclear testing and current operations; and public radiation dose
estimates from background radiation (Section 3.1.8)

e Noise: Noise sources and levels of noise that commonly occur in the Yucca Mountain region during
the day and at night, and the applicability of Nevada standards for noise in the region (Section 3.1.9)

o Aesthetics: The visual resources of the Yucca Mountain region in terms of land formations,
vegetation, and color, and the occurrence of unique natural views in the region (Section 3.1.10)

o Ultilities, energy, and materials: The amount of water available for the Yucca Mountain region,
water-use practices, water sources, the demand for water at different times of the year, the amounts of
power supplied to the region, the means by which power is supplied, and the availability of natural
gas and propane {Section 3.1.11)

e Waste and hazardous materials: Ongoing solid and hazardous waste and wastewater
management practices at Yucca Mountain, the kinds of waste generated by current activities at the
site, the means by which DOE disposes of its waste, and DOE recycling practices (Section 3.1.12)

e Environmental justice: The locations of low-income and minority populations in the Yucca
Mountain region and the income levels among low-income populations (Section 3.1.13)

DOE evaluated the existing environments in regions of influence for each of the 13 subject areas.

Table 3-1 defines these regions, which are specific to the subject areas in which DOE could reasonably
expect to predict potentially large impacts related to the proposed repository. Human health risks from
exposure to airborne contaminant emissions were assessed for an area within approximately 80 kilometers
(50 miles), and economic effects, such as job and income growth, were evaluated in a three-county
socioeconomic region.

In the past, the vicinity around Yucca Mountain has been the subject of a number of studies in support of
mineral and energy resource exploration, nuclear weapons testing, and other DOE activities at the Nevada
Test Site. From 1977 to 1988, the Yucca Mountain Project performed studies to assist in the site
selection process for a repository. These studies, which involved the development of roads, drill holes,
trenches, and seismic stations, along with non-Yucca Mountain activities, disturbed about 2.5 square
kilometers (620 acres) of land in the vicinity of Yucca Mountain (DOE 1998h, page 1). Yucca Mountain
site characterization activities began in 1989 and will continue until 2001. These activities include
surface excavations, excavations of exploration shafts, subsurface excavations and borings, and testing to
evaluate the suitability of Yucca Mountain as the site for a repository. By 2001, these activities
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'~ Table 3-1. Regions of influence for the proposed Yucca Mountain Repository.

Subject area

Region of influence

Land use and ownership

Air and climate

Geology

Hydrology

Biological resources and soils

~_- Cultural resources

Socioeconomic environment

Occupational and public health and safety

Noise

Aesthetics

Utilities, energy, and materials

Waste and hazardous materials

Environmental justice

Land around site of proposed repository that DOE would disturb and
over which DOE would need to obtain control; analyzed land
withdrawal area is 600 square kilometers® (Section 3.1.1).

An approximate 80-kilometer® radius around Yucca Mountain, and
at boundaries of controlled lands surrounding Yucca Mountain
(Section 3.1.2).

The regional geologic setting and the specific geology of Yucca
Mountain (Section 3.1.3).

Surface water: construction areas that would be susceptible to
erosion, areas affected by permanent changes in flow, and areas
downstream of the repository that would be affected by eroded soil
or potential spills of contaminants.

Groundwater: aquifers that would underlie areas of construction
and operation, aquifers that could be sources of water for
construction, and aquifers downstream of the repository that
repository use or long-term releases from the repository could affect
(Section 3.1.4).

Area that contains all potential surface disturbances resulting from
the Proposed Action (described in Chapter 2) plus some additional
area to evaluate local animal populations; roughly equivalent to the
analyzed land withdrawal area of about 600 square kilometers
(Section 3.1.5).

Land areas that repository activities would disturb (described in
Chapter 2) and areas in the analyzed land withdrawal area where
impacts could occur (Section 3.1.6).

Three Nevada counties (Clark, Lincoln, and Nye) in which
repository activities could influence local economies and populations
(Section 3.1.7).

An approximate 80-kilometer radius around Yucca Mountain and at
the approximate boundary of analyzed land withdrawal area (Section

3.1.8).

Existing residences in the Yucca Mountain region and at the
approximate edge of the analyzed land withdrawal area (Section
3.1.9).

Approximate boundary of analyzed land withdrawal area (Section
3.1.10).

Public and private resources on which DOE would draw to support
the Proposed Action (for example, private utilities, cement suppliers)
(Section 3.1.11).

On- and offsite areas, including landfills and hazardous and
radioactive waste processing and disposal sites, in which DOE
would dispose of site-generated repository waste (Section 3.1.12).

Varies with the different subject areas. The environmental justice
regions of influence will correspond to those of the specific subject
areas, as defined in this table (Section 3.1.13).

a. 600 square kilometers = about 150,000 acres or 230 square miles.

b. 80 kilometers = about 50 miles.
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will have disturbed about an additional 1.5 square kilometers (370 acres) in the vicinity of Yucca
Mountain (TRW 1999a, Table 6-2). Reclamation activities have started and will continue to occur as

sites are released from further study.

The existing environment at Yucca Mountain includes the Exploratory Studies Facility, which includes
the tunnel (drift), the North and South Portal pads and supporting structures, an excavated rock storage
area, a topsoil storage area, borrow pits, boreholes, trenches, roads, and supporting facilities and
disturbances for site characterization activities. Table 3-2 lists existing facilities, structures, equipment,
and disturbances at Yucca Mountain and at the central support site in Area 25 of the Nevada Test Site.
Area 25 was used in the early 1960s by the Atomic Energy Commission (a DOE predecessor agency) and
the National Aeronautics and Space Administration as part of a program to develop nuclear reactors for
use in the Nation’s space program. The former Nuclear Rocket Development Station administrative areas
complex in Area 25 has become the Yucca Mountain Site Characterization Central Support Site.

Table 3-2. Existing facilities, structures, and disturbances at Yucca Mountain.?

Yucca Mountain

Area 25 Central Support Site

Exploratory Studies Facility (North Portal pad and
supporting structures)

Exploratory Studies Facility (South Portal pad)

Cross drift”

Concrete batch plant and precast yard

Fill borrow pits (3) and screening plants

Subdock equipment storage facility

Equipment/supplies laydown yard

Hydrocarbon management facility

Boxcar equipment and supplies yard

Water wells J-12 and J-13

Excavated rock storage pile

Topsoil storage pile

Explosives storage magazines (2)

Water booster pump and distribution system

Boreholes (about 300)

Trenches and test pits (about 200)

Busted Butte geologic test drift

Fran Ridge heated-block test facility

Water infiltration test sites

Meteorological monitoring towers

Air quality monitoring sites

Radiological monitoring sites

Ecological study plots

Reclamation study plots

Septic system

Roads

Field Operations Center

Hydrologic research facility

Sample management facility and warehouse
Radiological studies facility

Meteorology/air quality studies facility
Project accumulation area for hazardous waste
Gas station

Maintenance facility

U.S. Geological Survey technical warehouse
Tunnel rescue facility

Sewage lagoon operated by the Nevada Test Site

a.  Source: Modified from DOE (1998i, all).
b. Drift is a mining term for a horizontal tunnel.

3.1.1 LAND USE AND OWNERSHIP

The region of influence for land use and ownership includes the lands that surround the site of the

proposed repository over which DOE would have to obtain permanent control to operate the repository.

The Department has compiled land-use and ownership information for this region. Most of the land in the

region is managed by agencies of the Federal Government. Sections 3.1.1.1 and 3.1.1.2 discuss land use —
and ownership for the region of influence and for a larger area around Yucca Mountain. Section 3.1.1.3
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~—"" describes the analyzed land withdrawal area for the repository. Section 3.1.1.4 discusses Native
American views about the ownership of the land around Yucca Mountain. TRW (1999f, all) is the basis
of the information in this section unless otherwise noted.

3.1.1.1 Regional Land Use and Ownership

The Federal Government manages more than 85 percent of the land in Nevada (about 240,000 square
kilometers or 93,000 square miles). Most of this land is under the control of the Bureau of Land
Management (which is part of the U.S. Department of the Interior), the U.S. Department of Defense, and
DOE. The remainder of the Federally managed land is primarily under the jurisdiction of the Forest
Service, which is part of the U.S. Department of Agriculture, with smaller areas under the control of the
National Park Service and the Bureau of Reclamation, both of which are parts of the Department of the
Interior. About 42,000 square kilometers (16,000 square miles) are under State, local, or private
ownership, and about 5,000 square kilometers

(2,000 square miles) are Native American lands.

Table 3-3 summarizes Nevada land holdings and ~ Table 3-3. Nevada land areas and controlling

the controlling authority. Figure 3-1 shows
ownership and use of lands around the site of the
proposed repository.

The Nevada Test Site, which is a DOE facility,
covers about 3,500 square kilometers

(1,400 square miles). The Atomic Energy
Commission, a DOE predecessor agency,
established the Nevada Test Site in the 1950s to
~ test nuclear devices. More information on

authorities (square kilometers).*"

Authority Area
State, local, county, or private 42,000
Bureau of Land Management 190,000
Department of Defense 13,000
Department of Energy 3,500
Other Federal authorities 31,000
Native American tribes 5,000

a. Source: TRW (1999f, page 1).
b. To convert square kilometers to square miles, multiply by
0.3861.

current and future uses of the Nevada Test Site is

available in the Final Environmental Impact

Statement for the Nevada Test Site and Off-Site Locations in the State of Nevada (DOE 1996f, all). The
U.S. Air Force operates the Nellis Air Force Range, which covers about 13,000 square kilometers

(5,000 square miles) and is one of the largest and most active military training ranges in the United States.
More information on current and future uses of the Nellis Air Force Range is available in the Renewal of
the Nellis Air Force Range Land Withdrawal Legislative Environmental Impact Statement (USAF 1999,
all).

The region has special-use areas, which generally are excluded from development that would require
terrain alterations unless such alterations would benefit wildlife or public recreation. The Fish and
Wildlife Service of the U.S. Department of the Interior manages the Desert National Wildlife Refuge and
the Ash Meadows National Wildlife Range, which are about 50 kilometers (30 miles) east and

39 kilometers (24 miles) south of Yucca Mountain, respectively (Figure 3-1). These areas provide habitat
for a number of resident and migratory animal species in relatively undisturbed natural ecosystems. The
National Park Service manages Death Valley National Park, which is in California approximately

35 kilometers (22 miles) southwest of Yucca Mountain. The small enclave of Devils Hole Protective
Withdrawal in Nevada south of Ash Meadows is also administered by the National Park Service

(Figure 3-1).

There is virtually no State-owned land immediately adjacent to the repository site. There are scattered
tracts of private land in and near the Towns of Beatty, Amargosa Valley, and Indian Springs in Nevada.
There are also larger private tracts in the agricultural areas of the Las Vegas Valley, near Pahrump, and in
the Amargosa Desert south of the Town of Amargosa Valley. The closest year-round housing is at
Lathrop Wells in the Amargosa Valley, about 22 kilometers (14 miles) south of the site. There is

3-5



9-¢

el mide i
" 00 v o
| AT

_—
e * 40
e et e,

e

L 1> Sprind ]
RMountsa%nt “’ -
~ ' Range State '

< Rar - SAID)

e Sl(}anV

4
é‘fb
g S

Spﬁ'ngé jean
o

Ash Springs

Henderso

To\

Lake Mead
National
Recreation
Area

Highland Range
Crucial Bighorn
Habitat Area

Legend

State and private
[ Private lands
State Park

Bureau of Land Management

[ Public lands

Department of Defense
BN Nellis Air Force Range

Department of Energy

[[ITTT] Nevada Test Site
Other Federal Authorities
Toiyabe National Forest

Death Valley National Park

[-3=7 7] Co-use area: Desert National Wildiife Range
and Nellis Air Force Range

E———1 Federal agency protective withdrawal
Desert National Wildlife Range
REEERR Las Vegas Paiute Indian Reservation

- = —— State line
County line
Union Pacific Railroad
Interstate highway

-
_@_
State highway

U.S. highway

0 10 20 Miles

20 Kilometers

Source: Modified from DOE (1996f, page 4-18).

Fig( 1. Land use and ownership in the Yucca Mountain region. <

(

JunUOLAUT Pad2ffy




Affected Environment

~— farming—primarily grasses and legumes—for hay and dairy operations about 30 kilometers (19 miles)

south of the proposed repository in the Town of Amargosa Valley (Figure 3-1).
3.1.1.2 Current Land Use and Ownership at Yucca Mountain

DOE has established land-use agreements to support its site characterization activities at Yucca Mountain.
The Yucca Mountain Site Characterization Zone (Figure 3-2) includes DOE, Bureau of Land
Management, and Air Force lands.

The Bureau of Land Management granted DOE a right-of-way reservation (N-47748) for Yucca
Mountain site characterization activities (BLM 1988, all). This reservation comprises 210 square
kilometers (81 square miles). The land in this reservation is open to public use, with the exception of
about 20 square kilometers (8 square miles) near the site of the proposed repository that were withdrawn
in 1990 from the mining and mineral leasing laws to protect the physical integrity of the repository rock
(P.L. Order 6802, “Withdrawal of Public Land to Maintain the Physical Integrity of the Repository
Rock”). The lands in this reservation not withdrawn from the mining and mineral leasing laws contain a
number of unpatented mining claims (lode and placer). In addition, there is one patented mining claim in
the reservation. Patented Mining Claim No. 27-83-0002 covers 0.8 square kilometer (0.3 square mile) to
mine volcanic cinders used as a raw material in the manufacture of cinderblocks.

The Bureau of Land Management manages surface resources on the Nellis Air Force Range. In 1994, the
Bureau granted DOE a right-of-way reservation (N-48602) to use about 75 square kilometers (29 square
miles) of Nellis land for Yucca Mountain site characterization activities (BLM 1994a, all). This land,
which is closed to public access and use, has been studied extensively. Many of the exploratory facilities
are on Nellis land.

The Yucca Mountain Site Characterization Office and the DOE Nevada Operations Office have a
management agreement that allows the use of about 230 square kilometers (90 square miles) of Nevada
Test Site land for site characterization activities.

3.1.1.3 Potential Repository Land Withdrawal

Nuclear Regulatory Commission licensing conditions for a monitored geologic repository (10 CFR Part
60} include a requirement that DOE have either ownership or permanent control of the lands for which it
is seeking a repository license. As noted, portions of the lands being used for site characterization that
would be required for the repository are controlled by the Bureau of Land Management, the Air Force,
and the DOE Nevada Operations Office. Because all of these lands are not under permanent DOE
control, a land withdrawal would be required.

The procedure for land withdrawal is the method by which the Federal Government places exclusive
control over land it owns with a particular agency for a particular purpose. Only Congress has the power
to withdraw Federal lands permanently for the exclusive purposes of specific agencies. Congress can
authorize and direct a permanent withdrawal of lands such as those required for the proposed repository at
Yucca Mountain. The extent and conditions of the withdrawal would be determined by Congress. The
extent of a land withdrawal area is important to the analysis and understanding of the impacts of the
Proposed Action. For example, the magnitude of impacts to a member of the public from an accident at
an operating repository would be determined in part by the proximity of the land withdrawal boundary to
the repository operations areas. As a consequence, DOE used a land withdrawal area as the basis for
analysis in this EIS.
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.~ Figure 3-2 shows the land withdrawal area analyzed in this EIS that encompasses the current right-of-way
reservations for site characterization. This area includes about 600 square kilometers (150,000 acres) of
land. The land in this area is currently under the control of the Air Force, DOE, and the Bureau of Land
Management (Table 3-4).

Table 3-4. Current land ownership and public accessibility to the analyzed land withdrawal area.™®

Agency Area (square kilometers)® Current accessibility
DOE (Nevada Test Site) 300 No public access
U.S. Air Force (Nellis Air Force Range) 97 No public access
Bureau of Land Management (public land) 200 Public access
Private land (one patented mining claim) 1 No public access

a.  Source: DOE (1998j, all).
b. A description of the area by township, range, and section is available from DOE, Las Vegas, Nevada.
¢.  To convert square kilometers to square miles, multiply by 0.3861.

Most of the land controlled by the Bureau of Land Management in the analyzed land withdrawal area is
associated with the current right-of-way reservation (N-47748) for Yucca Mountain site characterization
activities. This land is open to public use, with the exception of about 20 square kilometers (8 square
miles) near the site of the proposed repository that are withdrawn from the mining and mineral leasing
laws except for an existing patented mining claim. That claim (No. 27-83-0002) covers 0.8 square
kilometer (0.3 square mile) to mine volcanic cinders (a raw material used in the manufacture of
cinderblocks). The lands open to public use also contain a number of unpatented mining claims (lode and
placer). Off-road vehicle use is permitted in these lands. There is a designated utility corridor in the
southern portion of these lands.

More detailed descriptions of the land under the control of the Bureau of Land Management in the region
~— of Yucca Mountain are available in the Proposed Las Vegas Resource Management Plan and Final
Environmental Impact Statement (BLM 1998, all).

3.1.1.4 Native American Treaty Issue

One Native American ethnic group with cultural and historic ties to the Yucca Mountain region is the
Western Shoshone. A special concern of the Western Shoshone people is the Ruby Valley Treaty of
1863. The Western Shoshone people maintain that the treaty gives them rights to 97,000 square
kilometers (24 million acres) in Nevada, including the Yucca Mountain region (Western Shoshone v.
United States 1997, all). The legal battle over the land began in 1946 when the Indian Claims
Commission Act gave tribes the right to sue the Federal Government for unkept treaty promises. If a tribe
were to win a claim against the Government, the Act specifies that the tribe could receive only a monetary
award and not land or other remunerations.

The Western Shoshone people filed a claim in the early 1950s alleging that the Government had taken
their land. The Indian Claims Commission found that Western Shoshone title to the Nevada lands had
gradually extinguished and set a monetary award as payment for the land. In 1977, the Commission
granted a final award to the Western Shoshone people, who dispute the Commission findings and have
not accepted the monetary award for the lands in question. They maintain that no payment has been made
(the U.S. Treasury is holding these monies in an interest-bearing account) and that Yucca Mountain is on
Western Shoshone land. A 1985 U.S. Supreme Court decision (United States v. Dann 1985, all) ruled
that even though the money has not been distributed, the United States has met its obligations with the
Commission’s final award and, as a consequence, the aboriginal title of the land had been extinguished.
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3.1.2 AIR QUALITY AND CLIMATE

The region of influence for air quality is an area within a radius of about 80 kilometers (50 miles) around
the site of the proposed repository and at the boundaries of controlled lands around Yucca Mountain.
This region encompasses portions of Clark and Nye Counties in Nevada and a portion of Inyo County,
California. To determine the air quality and climate for the Yucca Mountain region, DOE site
characterization activities have included the monitoring of air quality and meteorological conditions. The
Department has monitored the air for gaseous criteria pollutants (carbon monoxide, nitrogen dioxide,
ozone, and sulfur dioxide) and for particulate matter. This section describes the existing air quality and
climate at the proposed repository site and in the surrounding region. Sections 3.1.2.1 and 3.1.2.2
describe the air quality and climate, respectively. Unless otherwise noted, the Environmental Baseline
File for Meteorology and Air Quality (TRW 1999g, all) is the basis for the information provided in this
section.

3.1.2.1 Air Quality

Air quality is determined by measuring concentrations of certain pollutants in the atmosphere. The U.S.
Environmental Protection Agency designates an area as being ir atfainment for a particular pollutant if
ambient concentrations of that pollutant are below National Ambient Air Quality Standards (Table 3-5).

Table 3-5. National and Nevada ambient air quality standards.”

Primary and Secondary NAAQS,® Highest measured
except as noted Yucca Mountain Nevada
Pollutant Period Concentration concentration® standards®
Sulfur dioxide Annual® 0.03 part per million 0.002 Same
24-hour 0.14 part per million 0.002
Sulfur dioxide 3-hour 0.5 part per million 0.002
(secondary)
PM, & Annualh_ 50 micrograms per cubic meter 12 Same
) 24-hour' 150 micrograms per cubic meter 67
PM, Annual® 15 micrograms per cubic meter N/AK None
24-hour' 65 micrograms per cubic meter N/A
Carbon monoxide 8-hour’ 9 parts per million 0.2 Same™
1-hour’ 35 parts per million 0.2 Same
Nitrogen dioxide Annual® 0.053 part per million 0.002 Same
Ozone 1-hour” 0.12 part per million 0.1 Same
8-hour® 0.08 part per million N/A None
a. Sources: 40 CFR 50.4 through 50.11; Nevada Administrative Code 445B.391.
b. NAAQS = National Ambient Air Quality Standard.
c.  Units correspond to the units listed in the concentration column.
d. Nevada Administrative Code 445B.391.
e. Average not to be exceeded in the period shown.
f.  Average not to be exceeded more than once in a calendar year.
g.  PM,, = particulate matter with a diameter less than 10 micrometers (0.0004 inch). If and until the revised State
Implementation Plan is approved 40 CFR 50.6 applies; then 40 CFR 50.7 would apply.
h. Expected annual arithmetic mean should be less than value shown.
i.  Number of days per calendar year exceeding this value should be less than 1. Under 40 CFR 50.7, 99th-percentile value
should be less than value shown.
j.  PM,s = particulate matter with a diameter less than 2.5 micrometers (0.0001 inch). Standard has not been implemented.
k. N/A =not available; no monitoring data has been collected since the new standard was implemented.
1. 98th-percentile value should be less than value shown.
m. The Nevada ambient air quality standard for carbon monoxide is 9 parts per million at less than 1,500 meters (4,900 feet)
above mean sea level and 6 parts per million at or above 1,500 meters; Nevada Administrative Code 445B.31.
n.  This standard was replaced in 1998 by 40 CFR 50.10 for all air quality regions of interest.
0. Standard implemented in 1998. Three-year average of the fourth-highest monitored daily maximum 8-hour average

concentration.
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-~ (Ambient air is that part of the atmosphere outside buildings to which the general public has access.) The
Environmental Protection Agency established the national standards, as directed by the Clean Air Act, to
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). The standards specify the
maximum pollutant concentrations and frequencies of occurrence for specific averaging periods.

Areas in violation of one or more of these standards are called nonattainment areas. If there are not
enough air quality data to determine the status of attainment of a remote or sparsely populated area, the
area is listed as unclassified. For regulatory purposes, unclassified areas are considered to be in
attainment.

The quality of the air at the site of the proposed repository and the surrounding parts of the Nevada Test
Site, Nellis Air Force Range, and southern Nye County is unclassified because there are limited air
quality data (40 CFR 81.329). Data collected at the site indicate the air quality is within applicable
standards. Portions of Clark County in the air quality region of influence are in attainment with the
National Ambient Air Quality Standards. Inyo County, California, is in attainment with national and
California ambient air quality standards for carbon monoxide, nitrogen dioxide, and sulfur dioxide. It is
in attainment with the national PM, standard, but in nonattainment with the more restrictive California
standard (CEPA 1998, pages H6 to H35).

Air quality in attainment areas is controlled under the Prevention of Significant Deterioration program of
the Clean Air Act, with the goal of preventing significant deterioration of existing air quality. Under the
Prevention of Significant Deterioration provisions, Congress established a land classification scheme for
areas of the country with air quality better than the National Ambient Air Quality Standards. Class I
allows very little deterioration of air quality; Class II allows moderate deterioration; and Class III allows
more deterioration; but in all cases the pollution concentrations shall not violate any of the National
Ambient Air Quality Standards. Congress designated certain areas as mandatory Class I, which precludes
redesignation to a less restrictive class, to acknowledge the value of maintaining these areas in relatively
pristine condition. Congress also protected other nationally important lands by originally designating
them as Class II and restricting redesignation to Class I only.

All other areas were initially classified as Class II, and can be redesignated as either Class I or Class III.
In the region of influence, all areas are designated as Class II. There are no Class I areas, although one
area, the Death Valley National Park, is a national monument and a protected Class II area that could be
redesignated as Class I (EPA 1999a, all; EPA 1999b, all). It is about 35 kilometers (22 miles) southwest
of Yucca Mountain.

The construction and operation of a facility in an attainment area could be subject to the requirements of
the Prevention of Significant Deterioration program if the facility received a classification as a major
source of air pollutants. At present, the proposed repository site and the Nevada Test Site have no sources
subject to those requirements (DOE 19961, page 4-146).

As part of Yucca Mountain site characterization, DOE obtained an air quality operating permit from the
State of Nevada (NDCNR 1996, all). The permit places specific operating conditions on various systems
that DOE uses during site characterization activities. These conditions include limiting the emission of
criteria pollutants, defining the number of hours a day and a year a system is allowed to operate, and
determining the testing, monitoring, and recordkeeping required for the system.

_ In 1989, DOE began monitoring particulate matter at the site of the proposed repository as part of site
" characterization activities and later as part of the Nevada Air Quality operating permit requirements.
Concentration levels of inhalable particles smaller than 10 micrometers in diameter have been well below
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applicable National Ambient Air Quality Standards, with annual average concentrations 20 to 25 percent
of the standard (see Table 3-5).

In 1997, the Environmental Protection Agency issued National Ambient Air Quality Standards for ozone
and particulate matter. The new standard for particulate matter (40 CFR 50.7) includes fine particles in
the respirable range with diameters smaller than 2.5 micrometers (see Table 3-5). The implementation of
this new standard applies to all areas, but initial monitoring will focus on urban areas because (1) this
pollutant comes primarily from combustion (auto exhaust, etc.) rather than fugitive dust sources
(windblown dust, etc.) and (2) the first priority for monitoring programs is the assessment of densely
populated areas.

From October 1991 through September 1995, DOE monitored the site of the proposed repository for
gaseous criteria pollutants (carbon monoxide, nitrogen dioxide, ozone, and sulfur dioxide) as part of site
characterization. The concentration levels of each pollutant were well below the applicable National
Ambient Air Quality Standards (see Table 3-5). In fact, concentrations of carbon monoxide and sulfur
dioxide were not detectable during the entire monitoring period. Nitrogen dioxide was detected
occasionally at concentrations of a few parts per billion (around 0.002 part per million) by volume,
probably from nearby vehicle exhausts, about 4 percent of the applicable annual average standard (see
Table 3-5). Ozone was the only criteria pollutant routinely detected, although these concentrations were
barely detectable (0.081 to 0.096 part per million) and ranged from 67 to 80 percent of the 1-hour
regulatory standard. The source of the ozone has not been determined, but could be urban areas in
southern California. In 1998, the Environmental Protection Agency revoked the 1-hour ozone standard
for all counties in the United States with no current measured violations, including all of Nevada and the
region around Yucca Mountain, and replaced it with a new 8-hour ozone standard. Nonattainment areas
for the new ozone standard will be designated in 2000.

3.1.2.2 Climate

The Yucca Mountain region has a relatively arid climate, with annual precipitation totals ranging between
approximately 10 and 25 centimeters (4 and 10 inches) per year (DOE 1998a, Volume 1, page 2-29).
Precipitation at a given location depends on nearby topographic features. The winter season is mild, with
some periods of below freezing temperatures. Occasional periods of persistent rain have produced more
than 5 centimeters (2 inches) of rainfall in daily periods. The summer season is typically hot and dry,
with occasional periods of monsoon thunderstorms producing locally large amounts of rain. Storms can
produce more than 2.5 centimeters (1 inch) of rain in a matter of hours.

Mean nighttime and daytime air temperatures typically range from 22°C to 34°C (72°F to 93°F) in the
summer and from 2°C to 10.5°C (34°F to 51°F) in the winter (TRW 1997a, pages A-1 to A-16).
Temperature extremes range from -15°C to 45°C (5°F to 113°F). On average, the daily range in
temperature change is about 10°C (18°F). Higher elevations are cooler, though the coldest areas can be in
canyons and washes to which heavy cold air flows at night. Relative humidity levels range from about

10 percent on summer afternoons to about 50 percent on winter mornings and to near 100 percent during
precipitation events.

In the valleys, airflow is channeled by local topography, particularly at night during stable conditions
(TRW 19974, pages 4-13 to 4-16). With the exception of the nearby confining terrain, which includes
washes and small canyons on the east side of Yucca Mountain, local wind patterns have a strong daily
cycle of daytime winds from the south and nighttime winds from the north. Confined areas also have
daily cycles, but the wind directions are along terrain axes, typically upslope in the daytime and
downslope at night. Wind direction can also vary with height. As shown in Figure 3-3, the winds at a
height of 60 meters (200 feet) show a strong north-south flow up and down the valley. The winds at
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Calm = 0%

Wind data from 60 meters above ground.

Note: Bar segment lengths are proportional
to the frequency of occurrence for each
combination of wind speed and direction
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Source: Modified from TRW (1999g, page 16).

Figure 3-3. Wind rose plots for 10 and 60 meters (33 and 200 feet) above ground in the proposed

C

repository facilities vicinity.
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10 meters (33 feet) show a strong southerly flow, but at night the wind pattern reflects more of the
drainage flow downslope from Yucca Mountain. Hourly average wind speeds are usually greater than

1.8 meters a second (4 miles an hour), indicating few calm periods. Over the entire monitoring network,
the average wind speed ranges from 2.5 to 4.4 meters a second (5.6 to 9.8 miles an hour); the fastest
1-minute wind speeds range from 19 to 33 meters a second (42 to 74 miles an hour); and the peak gusts
range from 26 to 38 meters a second (59 to 86 miles an hour). The highest wind speeds typically occur on
exposed ridges.

Severe weather can occur in the region, usually in the form of summer thunderstorms. These storms can
generate an abundant amount of lightning, strong winds, and heavy and rapid precipitation. Tornadoes
can occur, though they are not a substantial threat in the region; four have been recorded within

240 kilometers (150 miles) of the site of the proposed repository during the past 53 years, and one
occurred in 1987 in Amargosa Valley about 50 kilometers (30 miles) south of the site (TRW 1997a,
page 4-26).

3.1.3 GEOLOGY

DOE has studied the existing physiographic setting (characteristic landforms), stratigraphy (rock strata),
and geologic structure (structural features resulting from rock deformations) at Yucca Mountain and in
the surrounding region. These studies have yielded detailed information about the surface and subsurface
features in the region. This section describes the baseline conditions of the region’s geology. DOE
investigated seismicity (earthquake activity) in the Yucca Mountain region; the investigations focused on
understanding the Quaternary history of movement on faults in the region and the historic record of
earthquake activity. The Department also investigated volcanoes in the Yucca Mountain region to assess
the potential for volcanism to result in adverse effects to a repository. In addition, DOE considered the
possibility that there might be minerals and energy resources at or near the site of the proposed repository.
Unless otherwise referenced, the information in this section is from the Geology/Hydrology
Environmental Baseline File (TRW 1999, all), the Yucca Mountain Site Description (TRW 1998a, all),
or the Viability Assessment of a Repository at Yucca Mountain (DOE 1998a, all).

3.1.3.1 Physiography (Characteristic Landforms)

Yucca Mountain is in the southern part of the Great Basin subprovince of the Basin and Range
Physiographic Province (Figure 3-4), a region characterized by generally north-trending, linear mountain
ranges separated by intervening valleys (basins). The Great Basin encompasses nearly all of Nevada plus
parts of Utah, Idaho, Oregon, and California. Mountain ranges of the Great Basin, including Yucca
Mountain, are mostly tilted, fault-bounded crustal blocks that are as much as 80 kilometers (50 miles)
long and 8 to 24 kilometers (5 to 15 miles) wide. Ranges typically rise from 300 to 1,500 meters (1,000
to 4,900 feet) above the adjacent valley floors and occupy 40 to 50 percent of the total land area.

Valleys between the mountain ranges are filled with alluvial sediments (deposits of sand, mud, and other
such materials formed by flowing water) from the adjacent ranges. Most valleys are called closed basins
because they lack a drainage outlet. Water and sediment from adjacent ranges become trapped and move
to the lowest part of such valleys to form a playa, a flat area that is largely vegetation-free owing to high
salinity, which results from evaporation of the water. Valleys with drainage outlets have intermittent
stream channels that carry eroded sediment to lower drainage areas.

The present landscape, distinguished by the broad series of elongated mountain ranges alternating with
parallel valleys, is the result of past episodes of faulting that elevated the ranges above the adjacent
valleys. Section 3.1.3.2 addresses such faulting. Yucca Mountain is an irregularly shaped volcanic
upland, 6 to 10 kilometers (4 to 6 miles) wide and 40 kilometers (25 miles) long. This mountain is part of

3-14

~—



Affected Environment

; |

! \Y
_L N Wyoming

I

1

J

1]

v " N
-~ d:
Nevada' Utah
e Colorado
A
é§®
o
&

California

Arizona

|
|
- 1
|
|
|

1 North Dakota

1
|, Nebraska
|
1

|
!
i

| el

—— River

Z= %= Coastline

—-— State line

— — U.S./Mexico border

r TN Texas
~
~
Legend 4] 100 200 Miles
[ Basin and Range Province 0 100 200 Kilometers
— e

== Great Basin Subprovince

Basin and Range Province

Boundary

Source: Modified from TRW (1998a, Figure 1.1-4, page F1.1-4).

Figure 3-4. Basin and Range Physiographic Province and Great Basin Subprovince.
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a volcanic plateau formed between about 14 million and 11.5 million years ago (Sawyer et al. 1994,

page 1304) known as the Southwestern Nevada volcanic field. Although Yucca Mountain is a product of

both volcanic activity and faulting, the region exhibits evidence of a complex history of deformation
associated with past interactions of crustal segments (plates) (TRW 1998a, page 3.2-1). Geologic
relations indicate that many of the current features and the landscape in the Yucca Mountain region

formed between 12.7 million and 11.7 million
years ago (TRW 1998a, page 3.4-2). Remnants
of the Timber Mountain caldera (one of the
centers of the southwestern Nevada volcanic
field from which most of the volcanic rocks on
the surface of Yucca Mountain were erupted)
and other calderas are north of Yucca Mountain
(see Figure 3-5).

Almost without exception, west-facing slopes at
Yucca Mountain are steep and east-facing
slopes are gentle, which expresses the
underlying geologic structure (see Section

CALDERA

A volcanic crater that has a diameter many
times that of the vent. It is formed by collapse of }
the central part of a volcano or by explosions of
extraordinary vioclence. The erupted materials
are commonly spread over great distances
beyond the caldera. Volcanic debris that |

erupted from the Timber Mountain and other |
calderas north of Yucca Mountain formed the §
southwestern Nevada volcanic field of which the [§

volcanic rocks at Yucca Mountain are a part.

3.1.3.2). Small valleys eroded in the mountain
are narrow, V-shaped drainages that flatten and
broaden near the mountain base. The crest of
Yucca Mountain is between 1,400 meters (4,600 feet) and 1,500 meters (4,900 feet) above sea level. The
bottoms of the adjacent valleys are approximately 600 meters (2,000 feet) lower.

Yucca Mountain is bordered on the north by Pinnacles Ridge and Beatty Wash, on the west by Crater

Flat, on the south by the Amargosa Valley, and on the east by the Calico Hills and by Jackass Flats, which . _
contains Fortymile Wash (Figure 3-6). Beatty Wash is one of the largest tributaries of the Amargosa

River (see Section 3.1.4.1) and drains the region north and west of Pinnacles Ridge, including the

northern end of Yucca Mountain.

Crater Flat (Figure 3-6) is an oval-shaped valley between Yucca Mountain and Bare Mountain. It
contains four prominent volcanic cinder cones and related lava flows that rise above the valley floor.
Crater Flat drains to the Amargosa River through a gap in the southern end of the basin.

Jackass Flats is an oval-shaped valley east of Yucca Mountain bordered by Yucca, Shoshone, Skull, and
Little Skull Mountains (Figure 3-6). It drains southward to the Amargosa River. Fortymile Wash is the
most prominent drainage through Jackass Flats to the Amargosa River.

Site Stratigraphy and Lithology

The exposed stratigraphic section at Yucca Mountain is dominated by mid-Tertiary volcanic ash-flow and
ash-fall deposits with minor lava flows and reworked materials. These deposits originated in the calderas
shown in Figure 3-5. Regionally, the thick series of volcanic rocks that form Yucca Mountain overlies
Paleozoic sedimentary rocks that are largely of marine origin. The volcanic rocks, in turn, are covered in
many areas by a variety of late Tertiary and Quaternary surficial deposits. The stratigraphic section is
summarized in Table 3-6, which depicts rock assemblages according to the geologic age during which
they were deposited. The stratigraphic sequence of the Yucca Mountain area consists, from oldest to
youngest, of Pre-Cenozoic sedimentary and metasedimentary (sedimentary rocks that have been altered
by metamorphism), mid-Tertiary siliceous (rich in silica) volcanic rocks, Tertiary to Quaternary basalts,
and late Tertiary to late Quaternary surficial deposits.
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~.-” Table 3-6. Highly generalized stratigraphy summary for the Yucca Mountain region.*
Geologic age
designation Major rock types (lithologies)

Cenozoic Era
Quaternary Period  Alluvium; basalt
(< 1.6 Ma)®

Tertiary Period Silicic ash-flow tuffs; minor basalts, Predominantly volcanic rocks of the southwestern
(<65-1.6 Ma) Nevada volcanic field (includes Topopah Spring Tuff, host rock for the potential
repository). Table 3-7 lists major volcanic formations at Yucca Mountain.

Mesozoic Era No rocks of this age found in Yucca Mountain region.
(240 - 65 Ma)
Paleozoic Era Three major lithologic groups (lithosomes) predominate: a lower (older) carbonate
(570 - 240 Ma) (limestone, dolomite) lithosome deposited during the Cambrian through Devonian Periods

(see Figure 3-15), a middle fine-grained clastic lithosome (shale, sandstone) formed
during the Mississippian Period, and an upper (younger) carbonate lithosome formed
during the Pennsylvanian and Permian Periods.

Precambrian Era Quartzite, conglomerates, shale, limestone, and dolomite that overlie older igneous and
(> 570 Ma) metamorphic rocks that form the crystalline “basement.”
a. Source: Adapted from TRW (1999h, Section 1.2, pages 1-8 to 1-15).
b. Ma = approximate years ago in millions.

Only Tertiary and younger rocks are exposed at Yucca Mountain. Parts of the older (Pre-Cenozoic)

rock assemblages described in Table 3-6 are exposed at Bare Mountain (Figure 3-6) about 15 kilometers
(9 miles) west of Yucca Mountain and at other localities scattered around the region. Many of these older
rocks are widespread in the Great Basin where their cumulative thickness is thousands of feet. Detailed
information about their characteristics is lacking at Yucca Mountain because only one borehole, about

2 kilometers (1.2 miles) east of Yucca Mountain, has penetrated these rocks. Paleozoic carbonate rocks
were penetrated in this borehole at a depth of about 1,250 meters (4,100 feet) (Carr et al. 1986, page 5-5).
Paleozoic carbonate rocks form important aquifers in southern Nevada (Winograd and Thordarson 1975,
all).

Table 3-7 lists the principal mid-Tertiary volcanic stratigraphic units mapped at the surface, encountered
in boreholes, and examined in the Exploratory Studies Facility that have been a major focus of site
characterization investigations. The proposed repository and access to it would be entirely in the
Paintbrush Group, so investigations have focused particularly on the formations in that stratigraphic unit.
Detailed descriptions of the volcanic stratigraphic units are in the Yucca Mountain Project Stratigraphic
Compendium (DOE 1996g, all). The following paragraphs provide a general summary based on the
Yucca Mountain Site Description (TRW 1998a, pages 3.5-1 to 3.5-28).

The bulk of the volcanic sequence consists of tuffs. Volcanic rocks known as ash-flow tuff (or
pyroclastic flow deposits) form when a hot mixture of volcanic gas and ash violently erupts and flows.
As the ash settles, it is subjected to various degrees of compaction and fusion depending on temperature
and pressure conditions. If the temperature is high enough, glass and pumice fragments are compressed
and fused to produce welded tuff (a hard, brick-like rock with very little open pore space in the rock
matrix). Nonwelded tuffs, compacted and consolidated at lower temperatures, are less dense and brittle
and generally have greater porosity. Ash-fall tuffs are formed from ash that cooled before settling on the
ground surface, and bedded tuffs are composed of ash that has been reworked by stream action. All of
these are found in the volcanic assemblage at Yucca Mountain.

In general, characterization of the various volcanic units is based on changes in depositional features, the
development of zones of welding and devitrification (crystallization of glassy material), and the
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Table 3-7. Tertiary volcanic rock sequence at Yucca Mountain.?

Age
millions Thickness
Name of years) (meters)” Characteristics

Timber Mountain Group

e  Ammonia Tanks Tuff 11.5 215 Welded to nonweld rhyolite tuff: exposed in
southern Crater Flat.

e  Rainier Mesa Tuff 11.6 <30-40 Nonwelded to moderately welded vitric to
devitrified tuff exposed locally along
downthrown sides of large normal faults.

Post-Tiva Canyon, pre- 12.5 0-e6l Pyroclastic flows and fallout tephra deposits in

Rainier Mesa Tuffs subsurface along east flank of Yucca Mountain.

Paintbrush Group Four formations (below) interlayered locally with
lava flows and reworked volcanic deposits.

» Tiva Canyon Tuff 12.7 <50-175 Crystal-rich to crystal-poor densely welded
thyolite tuff that forms most rock at surface of
Yucca Mountain.

*  Yucca Mountain Tuff --° 0-45 Mostly nonwelded tuff but is partially to densely
welded where it thickens to north and west.

® Pah Canyon Tuff -- 0-70 Northward-thickening nonwelded to moderately
welded tuff with pumice fragments.

s  Topopah Spring Tuff 12.8 Maximum: Rhyolite tuff divided into upper crystal-rich

380 member and lower crystal-poor member. Each
member contains variations in lithophysal
content, zones of crystallization, and fracture
density. Glassy unit (vitrophyre) present at the
base. Proposed host for repository.

Calico Hills Formation 12.9 15 - 460 Northward-thickening series of pyroclastic flows,
fallout deposits, lavas, and basal sandstone;
abundant zeolites except where entire formation
is vitric in southwest part of central block of
Yucca Mountain.

Crater Flat Group Pyroclastic flows and interbedded tuffs of
rhyolitic composition distinguished by abundance
of quartz and biotite.

e Prow Pass Tuff 13.1 60 - 228 Sequence of variably welded pyroclastic deposits.

* Bullfrog Tuff 13.3 76 -275 Partially welded, zeolytic upper and lower parts
separated by a central densely welded tuff,

e  Tram Tuff 13.5 60 - 396 Lower lithic-rich unit overlain by upper lithic-
poor unit.

e Lithic Ridge Tuff 14.0 185 -304 Southward thickening wedge of welded and

“nonwelded pyroclastic flows and interbedded tuff
extensively altered to clays and zeolites.

Pre-Lithic Ridge +14.0 180 - 345+ Mostly altered pyroclastic flows, lavas, and

bedded tuff of rhyolitic composition.

a.
b.
c.

-- = no absolute dates.

Modified from TRW (199%h, pages 1-16 to 1-28).
To convert meters to feet, multiply by 3.208.
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" development of alteration products in some rocks. Mineral and chemical composition and properties such
as density and porosity also have been used in distinguishing some units. Most of the formations listed in
Table 3-7 contain phenocrysts (mineral grains distinctly larger than the surrounding rock matrix) and
lithic clasts (rock fragments), have some part that is at least partially welded, and typically have some part
that has devitrified during cooling of the deposit. In addition, the vitric (glassy) parts of many formations
have been partly altered to clay and zeolite minerals, and all the rocks have developed various amounts of
fractures, some of which contain secondary mineral fillings.

Lithophysal cavities are prominent features in some units, notably in the Tiva Canyon and Topopah
Spring Tuffs, where they range from 1 to 50 centimeters (0.4 to 20 inches) in diameter and are a basis for
the further subdivision of these formations. Lithophysal cavities are voids resulting from vapors trapped
in densely welded parts of the formations. Lithophysal zones contain fewer fractures compared to
nonlithophysal zones.

Although welded tuffs dominate the volcanic sequence, bedded tuffs are present in the Paintbrush Group
and in some older parts of the sequence. Joints and fractures are common in the welded tuffs, producing
much greater bulk permeabilities than those of the nonwelded and bedded tuffs. This is an important
distinction with regard to investigation of hydrologic conditions.

Some parts of the volcanic formations contain secondary mineral products created by alteration of the
original materials after their original deposition and consolidation. Some alteration has resulted from
reactions with groundwater, and the types of new mineral substances found can differ based on
occurrence below or above the water table. Alteration products such as clay minerals and zeolites occur
in several parts of the volcanic sequence; in some places, in-filling with zeolites has reduced the porosity
and thus affected hydrologic properties. In most of the formations, contacts between vitric and devitrified

«_ layers are commonly marked by an interval containing clay or zeolite alteration minerals. A notable
example is the interval, as much as several meters thick, where glassy rock at the base of the Topopah
Spring Tuff (the basal vitrophyre) is in contact with the overlying nonlithophysal zone; this interval of
alteration occurs in most boreholes in the vicinity of the proposed site. Subtle differences in geochemical
conditions are believed to have given rise locally over short distances to some unusual zeolites. One in
particular is the fibrous zeolite erionite, which is a potential human health hazard (see Section 3.1.8).
Data from rock samples show that in the potential repository horizon erionite, if it occurs, is either in the
altered zone immediately above the Topopah Spring lower vitrophyre or in the moderately welded zone
underlying this vitrophyre. It has also been identified in the lower Tiva Canyon Tuff (DOE 1998a,
Volume 1, page 2-25).

Figure 3-7 is a geologic map that shows the surficial distribution of Tertiary volcanic units and younger
surficial deposits in the vicinity of the proposed site. Figure 3-8 is a vertical cross-section through the
southern part of this area that shows the subsurface expression of the mapped units, including structural
aspects (east-dipping rock units and predominantly west-dipping normal faults). Volcanic rocks younger
than the Tertiary units occur locally at and in the Yucca Mountain vicinity but are of limited extent
(Figure 3-5). They represent such relatively quiet, nonexplosive eruptions of basaltic materials as lava
flows and cinder cones. Examples include the lava flows that cap Skull and Little Skull Mountains at the
south and southeast margins of Jackass Flats, a basalt ridge that forms the southern boundary of Crater
Flat, and a basaltic dike dated at 10 million years that intrudes in the northern part of the Solitario Canyon
fault, which bounds the west flank of Yucca Mountain. A north-trending series of cinder cones and lava
flows on the southeast side of Crater Flat has been dated at 3.7 million years, and in the center of Crater
Flat a series of four northeast-trending cinder cones (Qbo in Figure 3-5) has been dated at about 1 million
.~ years. The youngest basaltic center is the Lathrop Wells center, which is a single cone estimated to be
75,000 years old.
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The youngest stratigraphic units at Yucca Mountain are the predominantly unconsolidated surficial
deposits of late Tertiary and Quaternary age. They are shown in F igure 3-7 as alluvium (material such as
sand, silt, or clay deposited on land by water) and colluvium (loose earth material that has accumulated at
the base of a hill through the action of gravity) but have been classified in more detail as stream (alluvial)
deposits, hillslope (colluvial) deposits, spring deposits, and windblown (eolian) deposits (TRW 1998a,
pages 3.4-1 to 3.4-33). Most Quaternary units exposed at the surface were deposited during the last
100,000 years (DOE 1998a, Volume 1, page 2-26). The bulk of these consist of alluvium deposited by
intermittent streams that transported rock debris from hillslopes to adjacent washes and valleys.

Selection of Repository Host Rock

Selection of the Topopah Spring tuff as the repository host rock was based on several considerations,
which include (1) depth below the ground surface sufficient to protect nuclear waste from exposure to the
environment, (2) extent and characteristics of the host rock, (3) location of faults that could adversely
affect the stability of underground openings or act as pathways for water flow that could eventually lead
to radionuclide release, and (4) location of groundwater in relation to the proposed repository (TRW
1993, pages 5-99 to 5-101).

DOE selected the middle to lower portion of the Topopah Spring tuff as the potential repository horizon.
The rock is strongly welded with variable fracture density and void space; experience gained from the
excavation of the Exploratory Studies Facility shows the capability to construct stable openings in this
rock. Thermal and mechanical properties of this section of rock should enable it to accommodate the
range of temperatures anticipated (thermal properties will not be affected greatly by construction and
operation, as compared to postemplacement), and the identified repository volume is between major
faults. Finally, the selected repository horizon is well above the present groundwater table. Based on
geologic evidence the water table under Yucca Mountain has not been more than about 100 meters

(330 feet) higher than its present level in the past several hundred thousand years; at such levels the water
table would still be about 100 to 200 meters (330 to 660 feet) below the selected repository horizon
(DOE 1998a, Volume 1, page 2-24). Section 3.1.4 discusses the water table level further.

Potential for Volcanism at the Yucca Mountain Site

DOE has performed extensive investigations to determine the ages and nature of the volcanic episodes
that produced the rocks described above (see Chapter 5). The rocks that form the southwestern Nevada
volcanic field, characterized by large-volume silicic ash flows (including the host rock for the proposed
repository), were erupted during a period of intense tectonic activity associated with active geologic
faulting (Sawyer et al. 1994, all). The volcanism that produced these ash flows is complete and, based on
the geology of similar volcanic systems in the Great Basin, no additional large-volume silicic activity is
likely.

Basaltic volcanism in the Yucca Mountain region began about 11 million years ago as silicic eruptions
waned and continued as recently as about 75,000 years ago (TRW 1998a, pages 3.2-18 and 3.2-19).
Basaltic volcanic events were much smaller in magnitude and less explosive than the events that produced
the ash flows mentioned above. Typical products are the small volcanoes or cinder cones and associated
lava flows in Crater Flat (about 1 million years old) and the Lathro