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FOREWORD

As part of the process for siting the nation's first geologic repository
tor radioactive waste, the Department of Energy (DOE) is preparing a site
characterization plan for the Yucca Mountain site in southern Nevada. As a
step in the preparation of that plan, the DOE has provided a consultation
draft of the plan to the State of Nevada and the U.S. Nuclear Regulatory
Commission for information and review. The consultation draft of the site
characterization plan is a lengthy document that describes in considerable
detail the program that will be conducted to characterize the geologic, hydro-
logic, and other conditions relevant to the suitability of the site for a
repository.

The Yucca Mountain site is one of three sites that the DOE currently
plans to characterize; the other gites are the Deaf Smith County site in Texas
and the Hanford site in the State of Washington. After site characterization
has been completed and its results evaluated, the DOE will identify from among
the three characterized sites the site that is preferred for the repository.

The overview presented here consists of brief summaries of important top-
ics covered in the consultation draft of the site-characterization plan; it is
not a substitute for the site-characterization plan. The arrangement of the
overview is similar to that of the plan itself, with brief descriptions of the
disposal system-~the site, the repository, and the waste package--preceding
the discussion of the characterization program to be carried out at the Yucca
Mountain site. It is intended primarily for the management staff of organiza-
tions involved in the DOE's repository program--staff who might wish to under-
stand the general scope of the site-characterization program, the activities
to be conducted, and the facilities to be constructed rather than the tech-
nical details of site characterization.
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1. INTRODUCTION

The Yucca Mountain site is one of three candidate sites for the first
geologic repository for radioactive waste.* On May 28, 1986, it was approved
by the President for detailed study in a program of site characterization,
which will be conducted by the Department of Energy (DOE). The purpose of
this program is to obtain the information necessary to select a site for the
repository and to obtain from the U.S. Nuclear Regulatory Commission (NRC)
authorization to construct a repository. This necessary information de-
scribes the geologic, geuengineering, hydrologic, geochemical, climatological,
and meteorological conditions at the site.

The DOE's plans for conducting the site-characterization program at the
Yucca Mountain site are described in the consultation draft of the site
characterization plan (SCP/CD); brief summaries of important topics covered in
the SCP/CD are presented in this overview.

1.1 THE SITING AND THE LICENSING OF A REPOSITORY

The process of siting a repository, as specified by the Nuclear Waste
Policy Act of 1982 (the Act), consists of several steps.** For the first
repository, several of the steps have been completed, the most recent being
the following:

1. The Secretary of Energy has nominated five sites as suitable for
characterization and has issued environmental assessments to accom-
pany each nomination.

2, The Secretary has recommended three of the nominated sites for char-
acterization as candidate sites for the first repository, and the
President has approved the recommendation. The three sites are the
Yucca Mountain site in tuff in the State of Nevada, the Deaf Smith
County site in salt in the State of Texas, and the Hanford site in
basalt in the State of Washington.

3. The Secretary has made the preliminary determination that the
recommended candidate sites are suitable for development as repos-
itories.

*The radioactive waste emplaced in the repository will ronsist of spent
fuel from commercial nuclear reactors, high-level waste from defense activ-
ities, and a small quantity of commercial high-level waste from the West
Valley Demonstration Project. For convenience, the term "radioactive waste'
or simply "waste" is often used in this overview to mean spent nuclear fuel or
high-level waste.

**The process specified by the Act may be changed by legislation pending
before the Congress.




When site characterization is completed, the Secretary of Energy is to recom-
mend to the President one of the three sites for the development of the first
repository. This recommendation is to be accompanied by an environmental
impact statement. The President is then to submit the recommendation to the
Congress.

After the President’s recommendation, the affected State may submit,
within 60 days, a notice of disapproval to the Congress. This disapproval
prevents the use of the site for a repository unless the Congress passes a
joint resolution of repository-siting approval within the next 90 days of
continuous session. If no notice of disapproval is submitted or if a notice
is overturned by the joint resolution, the site designation becomes effective.
1f the notice is not overturned, the disapproval stands, and the President
must recommend another site not later than 1 year after the disapproval.

When the site designation becomes effective, the DOE will submit to the
NMRC an application for authorization to construct the repository. The Act
requires that this application be submitted not later than 90 days after the
effective date of the site designation. The application will contain a
description of the site, a description of the design of the repository and the
waste package, and the results of an assessment performed to demonstrate that
the disposal system--that is, the site and the natural barriers at the site,
the repository, and the waste package--complies with the applicable regula-
tions. The NRC will review the application and decide whether toc authorize
the construction of the repository. When an authorization has been received
from the NRC, construction will begin.

When the repository is ready for operation, the DOE will submit an up-
dated license application to the NRC to receive and possess waste at the
site. When this license has been received, the DOE will begin to receive and
emplace waste in the repository.

1.2 REGULATIONS FOR GEOLOGIC DISPOSAL

A repository for radioactive waste must meet some unprecedented require-
ments. It will have to keep highly radioactive material safely separated from
the environment for very long periods of time. And it must requirg no human
maintenance, because future generations cannot be expected to take on the bur-
den of caring for the waste through times longer than recorded history. These
requirements can be met in a geologic repository by emplacing the waste deep
underground in rock tnat has been isclatsd from the sur ice envirounment for
millions of years. The waste emplaced in such rock can reasonably be expected
to remain isolated for as long as necessary.

To provide the required containment and isolation for the waste, the DOE
will rely on a disposal system that will provide multiple barriers, both
natural and engineered, to the transport of radionuclides. The natural bar-
riers will consist of various geologic, hydrologic, and geochemical conditions
present at the site; the engineered tarriers will consist of the waste pack-
age, the seals for shafts and boreholes, and the underground facility.



Recognizing the hazard posed by the radioactive waste, the Congress di-
rected in the Act that regulations designed to protect the health and safety
of the public be promulgated by the U.S. Environmental Protection Agency (EPA)
and the NRC and that guidelines for siting repositories be developed by the
DOE. The regulations promulgated by these agencies are briefly discussed
here, and, for the convenience of the reader, excerpts are rep:inted in Appen-
dix A.

Primary standards_and technical criteria

The primary standards for geologic repositories are concerned with pro-
tecting the health and safety of the public from the hazards of the waste to
be emplaced in the repository; they have been promulgated by the EPA in 40 CFR
Part 191. The key provisions of these standards are (1) a limit on the amount
of radioactivity that may enter the environment for 10,000 years after dis-
posal, (2) limits on the radiation dose that can be delivered to any member of
the public for 1000 years after disposal, and (3) requirements tor the protec-
tion of ground water.*

The EPA standards are implemented and enforced by the NRC regulations in
10 CFR Part 60. These regulations consist of (1) procedures for the licensing
of geologic repositories and (2) technical criteria to be used in the evalua-
tion of license applications under those procedural rules. The procedural
portion of 10 CFR Part 60 provides requirements for a site-characterization
program and the associated site characterization plan. In addition to requir-
ing that the EPA standards be met, the technical criteria of 10 CFR Part 60
provide a number of a.dditional requirements: the NRC radiation-protection
standards contained in 10 CFR Part 20, design criteria for the surface and
underground facility of the repository, and three separate performance objec-
tives for each of the three subsystems of the geologic disposal system: a
minimum lifetime for the waste package, a limit on the release rate from the
engineered barriers of the repository, and, for the natural system at the
site, a minimum pre-waste-emplacement time of ground-water travel from the
disturbed zone .0 the accessible environment.

DOE siting guidelines

As required by the Act, the DOE has developed guidelines for nominating
ard recommending sites for characterization and selecting sites for the de-
velopment of repositories. Promulgated as 10 CFR Part 96¢, they are referred
to here as the "siting guidelines." The siting guidelines are based on both
the EPA and the NRC regulations.

The siting guidelines are divided into three groups: implementation,
postclosure, and preclosure. The implementation guidelines are not directly
used in the evaluation of sites; their purpose is to specify how the post-
closure and preclosure guidelines are to be applied. The postclosure guide-

*A decision on July 17, 1987, by the U.S. Court of Appeals for the First
Circuit has vacated and remanded to the EPA for further proceedings the post-~
closure standards (Subpart B) in 40 CFR Part 191. (See also the footnote in
Section 4.2 of this overview.)
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lines govern the siting considerations that deal with the long~term perform-
ance of a repository-~that is, performance after waste emplacement and reposi-
tory closure. The preclosure guidelines govern the siting considerations that
deal with the siting, construction, operation, and closure of the repository.

Both the postclosure and the preclosure guidelines are divided into sys-
tem and technical guidelines. The postclosure system guideline defines gen-
eral requirements for the performance of the total repository system after
closure. The postclosure technical guidelines specify requirements for one or
more elements of the system--the physical properties and physical! phenomena at
the site. The preclosure system guidelines address three different systems
involving (1) preclosure radiological safety; (2% environment, socioeconomics,
and transportation; and (3) the ease and cost of repository siting, construc-
tion, operation, and closure. Each preclosure system guideline is associated
with a set of technical guidelines specifying requirements on various com-
ponents of the system (e.g., population density and distribution, meteorology,
surface characteristics).

Both the postclosure and the preclosure technical guidelines specify con-
ditions that would disqualify or qualify sites, and they also specify condi~
tions that would be considered favorable or potentially adverse.

Any disqualifying condition constitutes sufficient evidence to conclude,
without further consideration, that the site is disqualified, and the presence
or absence of almost all of these conditions may be verifiable without exten-
sive data gathering or complex analysis. In the case of the qualifying condi~
tions, on the other hand, no single condition is sufficient to qualify a site.
In order to be qualified, a site must meet all of the qualifying conditions,
and failure to meet any one of these conditions will disqualify the site.
Failure to meet a qualifying condition can usually be determined only after
site characterization or the concurrent investigations of environmental and
socioeconomic conditions. The favorable and potentially adverse conditions
are intended to be used primarily in the screening phase of site selection,
during the search for potentially acceptable sites.

Most of the evaluations in the final environmental assessment led to
preliminary findings, which are defined as lower-level findings in Appendix
III of the siting guidelines. Final evalustions will be performed after site
characterization is completed. These final evaluations will be used to make
the higher-level findings sary to d trate compliance with the gystem
guidelines and each technical guideline; they will also be used in the com-
parative evaluation that will be performed to identify which of the character~-
ized sites is to be recommended for the development of a repository.

1.3 THE SITE CHARACTERIZATION PLAN

Purpose and objectives

The basic purpose of the SCP is threefold: (1) to describe the site, the
preliminary designs of the repository and the waste package, and the waste-
emplacement environment in sufficient detail so that the basis for the site-
characterization program can be understood; (2) to identify the issues to be
resolved during gite characterization, to identify the information needed to
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resolve the issues, and to present the strategy for resolving the issues; and
(3) to describe general plans for the work needed to resolve outstanding is-
sues. In this context, "issues'" are defined as questions related to the per-
formance of the repository system that must be resolved to dewonstrate com-
pliance with the applicable Federal regulations.

The SCP will be issued before the construction of exploratory shafts, and
thus the NRC, the State of Nevada, and the public will be able to comment on
the site-characterization program at an early phase of the program. This
early review of the SCP will allow the DOE to make any program adjustments
that may be necessary to accommodate the comments. This interactive process
will continue throughout the program and will be documented in periodic prog-
ress reports, which are mentioned on the next page.

Contents and organization

Both the Act and the NRC's regulations in 10 CFR Part 60 specify require-
ments for the content of the SCP. In preparing the SCP/CD, the DOE has met
both sets of requirements. (These requirements are given in the introduction
to the SCP/CD, which also explains how the requirements are met.) The DOE has
followed the guidance given by the NRC in Regulatory Guide 4.17 for the format
and the organization of the plan. Furthermore, as explained in Section 4.2,
the preparation of the SCP/CD was guided by an issue-resolution strategy whose
objective was to ensure that site characterization would provide all the
information needed for site selection and a construction authorization from
the NRC.

The SCP/CD is divided into two parts: Part A, which provides descrip-
tions of the site and of the conceptual designs of the repository and the
waste package, and Part B, which presents the DOE's plans for the site-
cheracterization program.

Part A consists of seven chapters. Chapters 1 through 5 discuss the
available information on the natural conditions at the site. In particular,
Chapter 1 presents the available data on the geologic conditions of the site
and the region; Chapter 2 discusses the geoengineering properties of the rock
units at the site; Chapters 3 and 4 discuss the hydrologic and geochemical
conditions, respectively; and Chapter 5 is concerned with climate and meteor-
ology. The uncertainties in the data presented in these chapters were used in
identifying the information needed to resolve the issues and in developing the
plans presented in Part B. Each chapter concludes with a summary that links
the data and analyses presented in the chapter with the strategies and plans
presented in Part B.

The last two chapters in Part A are conc-rned with the conceptual design
of the repository (Chapter 6) and the waste package (Chapter 7). Like the
preceding chapters, Chapters 6 and 7 conclude with a summary that links the
design of the repository and the waste package to Part B by summarizing design
issues and related information needs.

Part B, which consists of one large chapter (Chapter 8), describes the

site-characterization program and is thus the most important part of the
SCP/CD. It begins by presenting, in Section 8.0, the top-level strategy for
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determining that the repository will perform satisfactorily and then, in Sec-
tion 8.1, discusses the rationale for the program, the site-specific hierarchy
of issues that must be resolved during site characterization, and the general
issue-resolution strategy that the DOE has adopted. Section 8.2 presents the
site-specific issues hierarchy and a summary of the strategy for resolving
each issue. Detailed descriptions of the issue-resolution strategies are
given in Section 8.3, which also discusses the investigations planned for the
site, the repository, the seal system, the waste package, and the assessment
of repository performance. Also included in Chapter 8 are discussions of the
activities that will be carrizd out during site characterization; schedules;
quality assurance; and the decommissioning of the facilities used for charac-
terization if Yucca Mountain is not selected as the site for a revository.

Periodic progress reports

To report the results of site characterization at Yucca Mountain, the DOE
will issue progress reports, as required by the Act. These reports will also
explain any changes that may he mede in the test program as information is
collected and evaluated and comments from the State of Nevada and the NRC are
received. They will be submitted every 6 months to the NRC as well as the
Governor and the legislature of the State of Nevada; they will also be made
available to the public.

L.4 THE SCP/CD OVERVIEW

This overview of the SCP/CD is structured somewhat differently from the
SCP/CD itself, After this introduction, Chapter 2 briefly describes the Yucca
Mountain site, including a history of the process by which the site was se-
lected for characterization and the characteristics that are pertinent to a
geologic repository, as determined by investigations performed to date. Chap-
ter 3 then summarizes the current design of the repository and the waste pack-
age for the site. Chapter 4 explains the site-characterization program. It
begins by discussing the top~level strategy for determining that the reposi-
tory will perform satisfactorily. Next it discusses the hierarchy of issues
that must be addressed by .he site-characterization program and summarizes the
strategy for resolving the issues. Chapter 4 then briefly describes the in-
vestigations, dictated by these strategies, that will be conducted to obtain
the needed information as well as the programs in which this information will
be used to refine the design of the repository, the seals system, and the
waste package and to assess the performance of the repository. Chapter 5 sum-
marizes the various activities that will be carried out at the Yucca Mountain
sice during characterization, discusses the facilities that will be con-
structed for that purpose, and describes how these facilities will be decom-
missioned if the Yucca Mountain site is not selected for the development of a
repository.

Two appendixes are included in this overview. Appendix A presents ex-
cerpts from the regulations governing repositories--namely, the environmental
standards from 40 CFR Part 191, the technical criteria from 10 CFR Part 60,
and the preclosure and postclosure siting guidelines from 10 CFR Part 960.
Appendix B presents the issues and information needs for the Tucca Mountain
site.
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2. THE YUCCA MOUNTAIN SITE

This section presents a brief description of the Yucca Mountain site--its
location, the host rock that would be used for the repository, and the fea-
tures that are pertinent to the performance of a repository. Also included is
a brief discussion of how Yucca Mountain was selected for characterization as
a candidate site for a repository.

2.1 GENERAL DESCRIPTION

The Yucca Mountain site is in southern Nevada, about 100 miles by road
northwest of Las Vegas (Figure 2-1); it is surrounded by Nye County. The site
is on three adjacent parcels of land owned by the U.S. Government. Most of
the gsite is on the Nellis Air Force Range; a smaller portion is part of the
Nevada Test Site and is managed by the DOE; the remainder is managed by the
Bureau of Land Management.
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Figure 2-1. Location of the Yucca Mountain site in southern Nevada.
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The site lies in the southern part of the Great Basin subprovince of the
Basin and Range physiographic province--an arid region with linear mountain
ranges and 1ntervening valleys, very little rainfall, sparse vegetation, and a
sparse population. Northern Yucca Mountain is about 5000 feet above sea
level, more than 1200 feet above the western edge of Jackass Flats to the
east, and more than 1000 feet above the eastern edge of Crater Flat to the
west.

Yucca Mountain is part of a prominent group of north-trending, fault-
block ridges that extend southward from Beatty Wash on the northwest to U.S.
Highway 95 in the Amargosa Desert (Figure 2-2). The terrain at the site is
controlled by high-angle normal faults and eastward-tilted vol .unic rocks.
Steep slopes (15 to 30 degrees) are found on the west-facing side of Yucca
Mountain and along some of the valleys that cut into the more gently sloping
(5 to 10 degrees) east side of Yucca Mountain. North of Yucca Mountain is the
high terrain of Timber Mountain. To the west, along the west side of Crater
Flat, alluvial fans extend from valleys that have been cut into Bare Mountain.
Basalt cones and small lava flows are present on iie surface of the southern
half of Crater Flat.

ucca Mountain is in the southern end of a large plateau known as the
southern Nevada volcanic field, which was formed from eruptions occurring
between about 8 and !'6 million years. At Yucca Mountain, the volcanic rocks
are at least 6300 feet thick. Their source was lava rising through volcanoes,
causing explosive eruptions that produced ash flows ant gases that escaped in
the process. These explosions caused the molten material to rapidly expand
and break up into particles of hot glass shards and crystals. These particles
sprr:ad icross the surrounding land. After coming to rest, the glass shards
and crystals were subjected to various degrees of compaction and fusion, de-
pending on the temperature and pressure. I[f the heat and the pressure were
high enough, a rock known as "welded tuff" was formed. Eventually, the glassy
shards tended to devitrify and develop crystals, but some of the rocks
remained glassy and are called "vitric tuffs."

If a single ash flow cooled completely before being covered by another
hot flow, it formed a single cooling unit with a densely welded, fractured
center surrounded with less-welded parts above and below. The central parts
of thick, densely welded zones may contain cavities called "lithophysae." The
densely welded interior portions also generally contain closely spaced frac-
tures. On the other hand, if several eruptions were closely spaced, complete
cooling did not occur, and the result is a sequence called a "compound cooling
unit.”" A glassy unit often occurs at the base or top of an ash flow where
rapid cooling was caused by contact with the earth or the air.

Air-fall tuffs are commonly layered between the ash-flow tuffs. They
came from ash that cooled in the air before falling to the ground. The re-
sulting rock, known as bedded tuff, is nonwelded. It is more porous than
welded tuff and generally contains fewer fractures.

At Yucca Mountain, the repository would be constructed in an ash-flow
unit called the "Topopah Spring Member," which lies beneath a tuff unit called
the Tiva Canyon Member. Both of these units are part of the Paintbrush Tuff.
The tuff of these units erupted between about 12 and 13.2 million years ago.
Lying below the Paintbrush Tuff are the tuffaceous beds of Calico Hills, the
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Crater Flat Tuff, and older tuffs. At Yucca Mountain, the Topopah Spring unit
is about 1100 feet thick, thinning abruptly to the south and apparently also
to the north, and it consists of a multiple-flow compound cooling unit. Most
of the Topopah Spring unit is moderately to densely welded, devitrified tuff.

At Yucca Mountain, the water table is very deep, lying as much as 2500
feet below the land surface. Because rainfall is very low, there is little
percolation of water downward through the unsaturated rocks above the water
table.

2.2 THE HISTORY OF SITE SCREENING AND SELECTION

The screening process that led to the selection of Yucca Mountain for
characterization started in 1977, when the U.S. Government decided to inves-
tigate the possibility of siting a repository at the Nevada Test Site (NTS).
The NTS was selected for this investigation because it was used for nuclear
operations, its land was withdrawn from public use, and the land was committed
to long-term institutional control. Furthermore, the U.S. Geological Survey
proposed that the NTS be considered for a number of geologic reasons, includ-
ing the following:

® In southern Nevada, ground water does not discharge into rivers that
flow to major bodies of surface water.

® Many of the rocks at the NTS have geochemical characteristics that are
favorable for waste isolation (i.e., they would retard the migration
of radionuclides).

® The paths of ground-water flow between potential sites for a reposi-
tory and the points of ground-water discharge are long.

® Because the region is arid, the rate at which ground water is
recharged is very low and therefore the amount of moving ground water
is also very low, especially in the unsaturated rocks.

To be compatible with weapons testing at the NTS, site screening was eventu-
ally limited to the southwestern portion of the NTS and the adjacent land.
This area was later named the Nevada Research and Development Area (NRDA), and
three locations in this area were identified as the most attractive for pre-
liminary testing.

One of these locations was Yucca Mountain, which contained a block of
tuff that seemed to be large and thick enough for a repository. Because tuff
had not previously been considered as a potential host rock tor a repository,
the government solicited the views of the National Academy of Sciences on
investigating tuff as a host rock and received a favorable response. At about
the same time, Yucca Mountain was recommended by the U.S. Geological Survey,
which had compared the results of preliminary explorations at all three NRDA
locations. In 1980, a formal analysis of 15 potential locations showed that
Yucca Mountain was indeed preferred, with several potentially suitable hori-
zons, and in fFebruary 1983 Yucca Mountain was formally identified as a poten-
tially acceptatble site.
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In May 1986, the Secretary of Energy nominated the Yucca Mountain site as
one of five sites suitable for characterization and recommended that it be
characterized as one of three candidate sites for a repository; the Sec-
retary's recommendation was approved by the President. The Secretary also
made the preliminary determination, required by the Nuclear waste Policy Act,
that the Yucca Mountain site is suitable for development as a repository.

The nomination of Yucca Mountain as suitable for characterization was
accompanied by an environmental assessment (EA)* that included an evaluation
against the DOE siting guidelines (10 CFR Part 960). At the time of the EA
evaluation, only preliminary findings of compliance with the guidelines could
be made because site characterization had not been performed. To make the
higher-level findings necessary to show that the site meets the guidelines
requires data from site characterization or the environmental and socio-
economic studies that will be carried out concurrently with characterization.
The collection of data for the higher-level findings will be accomplished as a
part of the site-characterization program.

2.3 CHARACTERISTICS AND CONDITIONS PERTINENT TO A GEOLOGIC REPOSITORY

This section presents brief descriptions of the characteristics and con-
ditions of the Yucca Mountain site that are pertinent to a geologic repository
and will be given special attention in the site-characterization program dis-
cussed in Chapter 4. The descriptions cover geology, geoengineering, hydrol-
ogy, geochemistry, and climate. They are based on currently available in-
formation and are derived from the detailed descriptions in Chapters 1 through
5 of the SCP/CD.

2.3.1 Geology

Information about the geologic history and conditions in the region sur-
rounding Yucca Mountain has been collected for the past 80 years, first to
support exploration for mineral and energy resources and later to support
government activities at the Nevada Test Site. Since late 1977, information
about the region and the site has been collected specifically for the reposi-
tory program. The information has been obtained by reviewing published data,
performing detailed geologic mapping of the Yucca Mountain area, conducting
regional geophysical investigations, recording seismic data, and conducting
other field studies. To date, 182 drillholes have been drilled and 23
trenches have been excavated within a radius of about 6 miles from the site
to investigate the geologic conditions of Yucca Mountain.

Geologic conditions are¢ intrinsic to the performance of a repository,
and it was the geologic stability of certain rock formations that led to the
selection of geologic repositories as the preferred meauns far the disposal of
radioactive waste. To judge whether a site is geologically suitable, it is

*.S. Department of Energy, Environmental Assessment--Yucca Mountain
Site, Nevada Research and Development Area, Nevada, DOE/RW-0073, May 1986.
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necessary to know which phenomena or processes can be expected at the sit.
over the 10,000-year period of waste isolation and which process=s, though n:t
expected, are sufficiently credible to warrant consideratiun. The likelii.oud
that disruptive phenomena or processes will occur during the period required
for waste isolation can be assessed from the geologic histoury of the past 2
million years (the Quaternary Period in geologic time). The genlogic history
of Yucca Mountain suggests that the phenomena of special interest in regai( to
the long-term stability of the region are taulting, seiemicity, and volcanism.
Also of interest is the occurrence of natural resources because exploration
for resources in the future may lead to inadvertent intrusicn into the -epos-
itory. Brief descriptions of these phenomena are given below; they are based
on the detailed discussions presented in Chapter 1 of the SCP/CD.

Faulting

The structural development of southern Nevada has been complex. Faulting
at Yucca Mountain is primarily in response to extensional tectonism that has
occurred continually in the Basin and Range Province for about the last 15
million years. Two overlapping phases are identified: (1) older extensional
faulting associated with silicic volcanism from about 11 to aboul 7 million
years ago and (2) basin-and-range faulting for about the past 7 million years.

The origin of the basin-and-range structures in the southern Great Basin
has been attributed, in part, to right-lateral faulting along thz western =dge
of North America during Cenozoic time (the last 66 million years). Western
North America lies within a broad belt of right-lateral movement caused by
differences in motion between the North American and the Pacific crustal
plates. Some of the right-lateral movement occurs along the San Andreas fault
and other similarly oriented faults in California. Such motion may have oc-
rcurred at an earlier time in southern Nevada along the Walker Lane and the Las
Vegas Valley shear zones in close pcroximity to the site (Figure 2-3). This
motion and the related extensional faulting caused the crust to fragment into

basins and ranges oriented along trends oblique to the right-lateral fault
zones.

Yucca Mountain is a series of north-trending structural blocks that have
been tilted eastward along west-dipping, high-angle normal faults. The pro-
posed repository would be excavated in a rock stratum dipping eastward at
about 5 to 8 degrees in a relatively unfaulted part of one typical structural
block. It would be bounded on the west by the Solitario Canyon fault, on the
northeast by the Drill Hole Wash fault, and on the east and southeast by the
western edge of an imbricate normal fault zone. One moderately sized fault,
designated the Ghost Dance fault, occurs in the repository area. The faults
that have been interpreted from geologic mapping are shown in Figure 2-4.

Structural elements at Yucca Mountain include local faults related to the
formation of calderas (i.e., collapse of volcanic centers) and longer faults
of the basin-and-range style. The strata are gently tilted to the east and
are offset by several north-trending high-angle faults, dipping chiefly to the
west, that created several large north-trending structural blocks. Another
fault system trends northwest in the northern part of Yucca Mountain. Recog-
nized vertical offsets on faults within the proposed repository are about 15
feet or less, except for the Chost Dance fault, which is offset about 125 feet
at the southeast end of the proposed repository. Vertical displacement along
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Figure 2-3. Major strike-slip faults of the
southern Great Basin and vicinity.

the Solitario Canyon Fault diminishes from about 700 feet at the gouthern end
to about 70 feet at the northwestern corner. For site-characterization pur-
poses, fault movement during the Quaternary Period is of interest, Movement
during Quaternary time has been demonstrated for four of the normal faults
shown in Figure 2-4--the Windy Wash, Solitaric Canyon, Bow Ridge, and Paint-
brush Canyon faults-—-as well as the Bare Mountain fault, which is some 11
miles to the west of the site.

Seismicity

Yucca Mountain lies in an area of relatively low historical seismicity,
on the southern margin of the East-West Seismic Belt in southern Nevada (Fig-
ure 2-5); this belt connects the north-trending Nevada-California Seismic
Belt, about 100 miles west of Yucca Mountain, with the north-trending Inter-
mountain Seismic Belt, about 150 miles to the east. Eight major earthquakes
(with magnitudes M of 6.5 or more) have occurred within about 250 miles of
Yucca Mountain: six in the Nevada-California Seismic Belt and two on or near
the San Andreas fault. The closest large historical earthquake (M = 6) oc-
curred in 1908 at a distance of 68 miles to the southwest.

13~
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Geologic field evidence suggests Yucca Mountain has been relatively
stable for the past 11 million years. Recent seismic data are available from
a 47-station seismic network that was installed within 100 miles of the site
in 1978 and 1979 and a supplemental 6-station network that was deployed on
Yucca Mountain in 1981. Within a radius of about 6 miles centered on the
proposed repository, the release of seismic energy since 1978 has been two
or three orders of magnitude lower than that in the surrounding region.

Estimates of vibratory ground motion for proposed repository facilities
are currently based on the full-length rupture on the Paintbrush Canyon fault
(see Figure 2-4). A deterministic estimate of the peak ground acceleration is
0.5g for an earthquake of M = 6.5. This value may change, because other
faults are still being studied.
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The Yucca Mountain area is tectonically quiet in comparison with adjacent
parts of the Great Basin. However, its faults could experience periods of
above-zverage slip rates within the next 10,000 years. Some of the major
faults in the area of Yucca Mountain have moved repeatedly in the present tec-
tonic framework during the Quaternary Period. Yucca Mountain is considered to
lie in a belt of contemporary right-lateral shear and is possibly favorably
oriented in the existing stress field for future movement. Relatively high
seismic activity continues today along some right-lateral fault zones north-
west and southwest of Yucca Mountain, and there is some evidenre that moderate
seismic activity and surface fault displacements have occurred during this
century in the Walker Lane shear zone.

Volcanism

Volcanism migrated into the Yucca Mountain region by 16 million years
ago, forming the southwestern Nevada volcanic field. In the Yucca Mountain
area, it produced several large caldera complexes associited chiefly with
silicic tuffs, the rock that makes up Yucca Mountain. By 6 to 8 million years
ago volcanism became of the more quiescent basaltic-flow type. The youngest
basait-type volcanic feature in the area, located at the southern edge of
Crater Flat, is the Lathrop Wells cinder cone. Several other relatively young
cinder cones are located in Crater Flat, on the west side of Yucca Mountain
(see Figure 2-2).

The explosive silicic volcanism during Cenozoic in the southern Great
Basin is well documented through g¢ /logic and geophysical studies. The data
suggest that the probability of sil.cic volcanism is negligible, but the pons-
sibility of new basaltic volcanism at Yucca Mountain is considered to be
higher. Basalt has been the predominant product of volcanism in the southern
Great Basin over the past 8 to 9 million years and is likely to be the future
product. Basaltic volcanism during Cenozoic time (the last 66 million years)
was expressed in localized low-volume eruptions of short duration, with the
rate of magma production apparently declining over the past 4 million years. |

Natural resources

In evaluating a candidate site for a repository, it is also necessary to

consider the possibility that future generations might inadvertently intrude
into the repository. The potential for such human interference depends large-
ly on the potential for natural resources, such as oil, gas, geothermal,
precious metals, industrial minerals, or ground water. Existing evidence does
not indicate that Yucca Mountain contains commercially attractive natural
resources.

Precious and base metal deposits (e.g., gold, silver, lead, copper, zinc,
and molybdenum) have historically been the most important natural resources in
Nevada. However, to date, only an estimated 5 percent of mineral districts in
Nevada have been located in gilicic tuffs. Yucca Mountain is composed of pre-
dominantly Tertiary silicic ash-flow tuffs. Hydrocarbon resources are not
considered likely. Nonmetal resources like zeolite minerals or gravels are
common elsewhere in the region, and therefore their existence at Yucca Moun-
tain is unremarkable. Ground water of good quality is present deep below the
site, but more easily accessible sources of good-quality water are pcesent
elsewhere in the region.
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2.3.2 C-oengineering

Geoengineering properties are important in predicting the mechanical and
thermal behavior of the host rock; they include strength and deformability,
porosity, density, the frequency of fractures, heat conductivity, and in-situ
stress. A detailed discussion of the geoengineering properties of the Yucca
Mountain site can be found in Chapter 2 of the SCP/CD.

The current data base for the geoengineering properties of the Topopah
Spring Member consists of the results of laboratory tests on core samples from
Yucca Mountain and both field and laboratory tests on similar tuff units in
the region. In particular, a field testing program in G-Tunnel at Rainier
Mesa on the Nevada Test Site (see Figure 2-2) has provided valuable informa-
tion. The G-Tunnel data came from a tuff that is considered a reasonable
analog for the proposed repository horizon at Yucca Mountain in many aspects,
including similar bulk, thermal, and rechanical properties. The current data
base was derived mainly from tests performed on small-diameter cores (about
2.5 inches). It consists of approximately 100 tests of thermal conductivity,
300 tests of thermal expansion, 75 mineralogical-petrological analyses, 700
measurements of bulk properties (porosity, density), and 350 tests of mech-
anical properties.

The stratigraphic section at Yucca Mountain is composed of a sequence of
welded and nonwelded tuffs. Some units are devitrified, and some are vitric.
The portion of the Topopah Spring Member that has been selected as the poten-
tial host rock is moderately to densely welded and devitrified, with minor
amounts of lithophysal cavities. This unit is expected to have high strength,
to have adequate thermal conductivity, and to be relatively easy to excavate.
However, the characteristics that affect thermal and mechanical properties,
such as porosity, degree of saturation, and stress state are known to vary
both laterally : -4 vertically. Consequently, the thermal and mechanical prop-
erties are also likely to vary. This variability must be taken into account
in evaluating the thickuess and lateral extent of the potential host rock as
well as in designing the underground repository and the seals for shafts and
borehoies (see Chapter 3).

The in-situ stresses measured at the Nevada Test Site and at Yucca Moun-
tain are low in comparison with the generally high strength of the host rock.
The stresses measured at Yucca Mountain are consistent with those of other
measurements in the region. Tunnels excavated in similar layered tuffs at the
Nevada Test Site remain stable with minimal ground support, requiring only
rock bolts and wire mesh; these tunuels are similar to the planned excavations
at Yucca Mountain in terms of overburden loadings, dimensions ot openings, and
methods of excavation.

2.3.3 Hydrology

An important feature of a repository at Yucca Mountain is its location in
the unsaturated zone--the zone between the surface of the land and the water
table. Generally, any water that is present in this zone is under less than
atmospheric pressure, and some of the voids in the rocks may contain air or
other gases at atmospheric pressure. At Yucca Mountain, this unsaturated zone




is thick enough to allow the construction of the repository about 660 to 1300
feet above the top of the water table.

Hydrologic investigations of the region surrounding the Yucca Mountain
site were begun in the late 1950s to evaluate the hydrologic system at the
Nevada Test Site, and in the 1960s studies directed at appraising the ground-
water resource were begun. Hydrologic studies for the repository project were
started in 1978. Since 1981, hydrogeologic test holes more than 1 mile deep
have been drilled into the saturated zone, and tests have been performed to
determine such parameters as the depth to the water table, the total water
yield, hydraulic conductivity, transmissivity, and water chemistry. Multiple-
well tests to determine the effective porosity and the nature and extent of
the contribution of fractures to permeability are continuing. When the advan-
tages of locating the proposed repository in the unsaturated zone became
apparent, the emphasis of the studies shifted from the saturated zone to the
unsaturated zone. Beginning in 1983, test holes deeper than 1000 feet were
drilled into the unsaturated zone and have been used to monitor the ambient
water saturation, potential, and flux in the rocks above, below, and in the
proposed repository horizon. A detailed discussion of the hydrologic data
pertinent to the Yucca Mountain site is given in Chapter 3 of the SCP/CD.

The unsaturated zone at Yucca Mountain consists of the tuffs described in
Section 2.1. The proposed horizon for the repository is a moderately to den-
sely welded tuff of relatively high fracture density. Current estimates are
that only a small part of the rain that falls on Yucca Mountain (probably less
than 0.02 inch of the approximately 6 inches that falls annually) percolates
through the matrix of the unsaturated zone, and a small vertical ground-water
flux is expected in the Topopah Spring tuff.

The water table under Yucca Mountain occurs in the fractured tuffs of
the Calico Hills or the Crater Flat units; it slopes to the southeast from an
elevation of 2600 to 2400 feet above sea level. This tuff aquifer is a part
of the Alkali Flats-Furnace Creek Ranch ground-water basin, which discharges
by evapotranspiration through the Franklin Lake Playa at Alkali Flats in
California and may discharge at springs in Death Valley near Furnace Creek
Ranch. Together with two adjoining subbasins, this ground-water basin is part
of the Death Valley ground-water system. The principal source of recharge for
the tuff aquifer is probably Pahute Mesa to the north and northwest of Yucca
Mountain. The recharge and discharge areas for the hydrogeologic study area
of the repository project are shown in Figure 2-6. The regional direction of
ground-water flow is south and southwest (Figure 2-7). As elsewhere in the
southern Great Basin, the ground-water basins tend to be closed, with no ex-
ternal drainage into rivers or major bodies of surface water.

In the unsaturated zone, ground water moves either by percolating through
the rock matrix or by flowing within the fractures of the welded tuff. There
is evidence that, under current conditions in the nost rock, matrix flow is
the dominant mechanism for vertical flow. The velocity of the flow depends on
the degree of saturation. The variability in rock properties can lead to lo-
calized zones of higher saturation, where fracture flow may occur. The exact
nature of the transition between matrix and fracture flow in partially satu-
rated, fractured rocks is uncertain. There is also uncertainty about the
potential for, and the extent of, flow along inclined zones of different per-
meabilities. Present estimates of the time of ground-water travel from the
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proposed repository to the underlying water table range from about 9000 to
80,000 years. The conceptual moisture-flow system in the unsaturated zone is
shown in Figure 2-8.

In the gaturated zone, the flow is likely to occur in fractures and to be
more rapid than it is in the unsaturated zone. The pattern of ground-water
movement is likely to be to the southeast of the site, although the general
direction of movement in the Alkali Flat-Furnace Creek Ranch ground-water
basin is to the southwest. The hydraulic gradient near the site is variable,
and, southeast of the repository, it is nearly flat.

No perennial streams occur at or near Yucca Mountain. The only reliable
sources of surface water are the springs in Oasis Valley, the Amargosa Desert,
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and Death Valley (see Figure 2-6). Because of the aridity of the region, most
of the water discharged by the springs travels only a short distance before
evaporating or infiltrating into the ground. During heavy rains, however,
arroyos do occasionally experience transient floods.

2.3.4 Geochemistry

The geochemical environment of the host rock may affect the long-term
performance of the repository by affecting the behavior of the engineered-
barrier system (mainly the waste package) and by retarding the transport of
radionuclides by ground water. To characterize this geochemical environment,
geochemical data have been collected since late 1977. Current knowledge about
the geochemical conditions at Yucca Mountain is summarized in Chapter 4 of the
SCP/CD.
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the geochemical data have been obtained from samples taken at Yucca Mountain
or its vicinity. Samples for mineralogic and petrologic studies have been
taken from drill cores, sidewall samples, drill cuttings, and surface out-
crops. Data on water chemistry have been obtained from ground-water samples
taken from wells. Information on the stability of geochemical conditions has
been obtained from laboratory experiments.

The waste-emplacement environment is expected to be oxidizing and will
contain very little liquid water. The available information suggests that
the mineral phases pregent in the rocks at Yucca Mountain are likely to remain
stable after waste emplacement.

The characteristics of the ash-flow tuffs at Yucca Mountain, especially
those of the nonwelded tuffs lying above and below the potential repository
horizon, would allow several types of radionuclide retardation. For example,
the chemical conditions are such that some of the key radionuclides (the
actinides) are more likely to precipitate than to dissolve in any available
liquid water. Another retardation mechanism is the matrix diffusion that is
expected to occur in fractured rocks with a low matrix permeability: the
ground water entering a fracture will diffuse into the matrix and back into
the fracture, thus following a circuitous path of travel. In addition, min-
erals with a high sorption capacity--zeolites and clays--are present along
potential paths of ground-water flow below the repository and in the saturated
zone. Estimates are that, with very few exceptions, sorption alone would
cause the average time of radionuclide travel to the accessible environment
to be much longer (by much more than a factor of 10) than the time of ground-
water travel.
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2.3.5 Climate and meteorology

Climatic changes that may occur in the distant future--10,000 and even
100,000 years from now--are important to the long-term performance of a
repository because a change from the current arid conditions might affect
hydrologic conditions. At Yucca Mountain, the potential for a change in the
amount of ground-water flux through the unsaturated zone and a rise in the
water table is important because the thickness of the unsaturated zone below
the repository could be decreased and the amount of water available for
contact with the waste could be increased.

The climatic trend that can be expected in the next 10,000 to 100,000
years can be predicted from the changes in climate that occurred in the past 2
million years. The climates of the past can be deduced from the plant remains
left thousands of years ago in the middens of pack rats, fossilized plant pol-
lens, evidence of past lake positions preserved in deposits formed along their
shorelines, and the sparse evidence of mountain glaciers in the Great Basin.
Past positions of the water table can also be estimated by identifying spring
deposits that represent the locations of discharges in the past. As described
in Chapters 5 and 3 of the SCP/CD, such data have been collected and analyzed
for the Yucca Mountain site.

All of the evidence accumulated to date suggests that the Yucca Mountain
region has been arid to semiarid during the past 2 million years. The average
annual precipitation during the last glacial maximum about 18,000 years ago
was probably about 30 to 40 percent higher than the precipitation occurring at
the present time. As discussed in Chapter 3 of the SCP/CD, some experts sug-
gest that the general climate in Nevada became progressively more arid during
the Quaternary Period. This change is attributed to the uplift of the Sierra
Nevada and the Transverse mountain ranges: the rising mountain ranges are
‘thought to have produced a rainshadow that affected the distribution and the
amount of precipitation in Nevada.

Data on meteorological conditions in the Yucca Mountain region have been
collected since 1922 at Beatty, Nevada, since 1949 at the Town of Amargosa
Valley, and since the 1950s at the Nevada Test Site. In 1983, meteorological
stations were installed at several elevations on Yucca Mountain to collect
data on wind speed and direction, temperatures and temperature differences
due to elevation, the standard deviation of vertical wind speed, precipita-
tion, relative humidity, and dew point.

The existing climate in the vicinity of Yucca Mountain is classified as
midlatitude desert. The most notable general meteorological characteristics
are temperature extremes, particularly during the summer months, approaching
120"F; large ranges in the maximum and minimum temperatures; and an annual
precipitation of less than 6 inches. Skies are mostly clear throughout the
year, and the average relative humidity is low. Winds from the north dominate
in the fall, in the winter, and into early spring but shift to a predominantly
south to southwesterly direction in late spring and early summer. This annual
average cycle is affected by the terrain, with upgradient winds occurring dur-
ing daylight hours in almost all months.



3. THE DESIGN OF THE REPOSITORY AND THE WASTE PACKAGE

This chapter brietly describes the design of the engineered elements of
the disposal system--the repository and the waste package. The description is
based on the 3CP conceptual design, which is to be followed by three more-
advanced design steps: the advanced conceptual design, the license-application
design, and the tinal provurement and construction design. The purpose of the
SCP conceptual design was to concentrate on the design components that require
site-characterization data and to identity the design-related information that
must be collected during site characterization. The SCP conceptual design,
therefore, was developed in sutficient detail to identify the needed site
data, but it is an early conceptual design, and it is likely that the designs
of both the repository and the waste package will change as data from site
characterization are collected and more-detajled designs are developed.

3.1 THE REPCSITORY

A geologic repository will consist of surface facilities, underground
facilities, and shafts and ramps connecting the surface and the underground
facilities. In addition, when the repository is prepared for permanent clos-
ure, seals will be constructed for the shafts, ramps, and exploratory bore-
holes. The repository facilities will be designed to meet various functional
and regulatory requirements, including the NRC's requirements in 10 CFR
60.111-113, 10 CFR 60.131-134, and 10 CFR 60.137 (see Appendix A).

A sk2tch of the proposed repository at Yucca Mountain is shown in Figure
3~-1. A topographic map of the site, showing the locations of the underground
facilities and the central surface facilities, is shown in Figure 3-2. An
overall plan of the site is shown in Figure 3-3. A detailed discussion of the
conceptual design of the repository can be found in Chapter 6 of the SCP/CD.

3.1.1 Surface facilities

The purpose of the surface facilities of the repository is to receive
that waste and to prepare it for permanent disposal underground. They would
be constructed on relatively flat terrain to the east of Yucca Mountain. They
would consist of a central surface-facilities area, various outlying support
facilities, and facilities that would provide access and ventilation for the
underground repository. Both rail and highway access to the site would be
provided.

The central surface-facilities area would be divided into three distinct
functional areas used for waste receiving and inspection, waste operations,
and general support facilities. The waste-operations area would include two
waste~handling buildings and other facilities where radioactive material is
randled.
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Figure 3-2. Topographic map of the Yucca Mountain site.

Two waste-handling buildings are included in the design because the
repository would be constructed and operated in two phases. During phase 1,
only waste-handling building 1, the smaller building, would be available; it
would be used to receive spent fuel and to encapsulate it in disposal con-
tainers. During this phase, the repository would operate at a design receipt
rate of 400 MTU per year. Full-capacity operation at 3000 MTU per year would
be reached in phase 2, when the larger waste-handling building is completed.

During phase 2, waste-handling building 2 would have facilities for con-
solidating spent fuel into more-compact arrays than those used in the spent-
fuel assemblies. Waste-handling building 1 would be used for preparing waste
that does not require consolidation--that is, defense high-level waste, com-
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mercial high-level waste, spent fuel that cannot be consolidated, and spent
fuel consolidated at the reactor site or another waste-management facility.
The types of waste handled at the repository and their preparation for dis-
posal are discussed in more detail in Section 3.2.

In waste-handling building 2, the spent fuel would be unloaded from the
shipping cask it arrives in and transferred to an encapsulation, or packaging,
station in a '"hot" cell--a room provided with shielding against radiation and
equipped with remotely controlled equipment for cutting the spent-fuel assemb-
lies, consolidating the spent-fuel rods into a more compact array, and loading
the consolidated fuel into disposal containers. The loaded containers would
then be transferred to another station, where they would be filled with an
inert gas, sealed by welding, and inspected for leaks. The sealed containers
would be moved to a surface vault for temporary storage before transfer
underground and emplacement in the disposal rooms. The storage vault in
waste-handling building 2 would be large enough to hold about 130 containers
of consolidated spent fuel. A small storage vault would also be provided in
waste-handling building l. The transfer and emplacement operations would be
performed with specially designed transfer casks and transporters.

Other planned surface facilities include those used for testing the
performance of waste packages; the decontamination building, which would be
used to receive, decontaminate, and return to service any contaminated
components and equipment (including casks and transport vehicles); and the
waste-treatment building, which would be used to prepare for disposal the
radioactive waste that is produced at the repository. Support facilities
would provide such services as security, fire protection, administration,
maintenance, and laboratories. The layout of the central surface-facilities
area is shown in Figure 3-4.

3.1.2 Shafts and ramps

The surface facilities would be connected to the underground repository
through two ramps and four shafts. One of the ramps, the waste ramp, would be
used to transport the waste containers from the surface to the underground and
to provide a fresh-air intake for the waste-emplacement area. This ramp would
have a length of about 6600 feet, a slope of nearly 9 percent, and an exca-~
vated diameter of about 20 feet. Its portal would be in solid rock inside the
central surface-facilities area. The second ramp, known as the tuff ramp,
would be used for excavating and constructing the underground repository and
for removing the excavated tuff from the underground to a point near the tuff
pile on the surface; it would also serve as the primary exhaust airway for the
underground development area. With a length of approximately 4630 feet, a
slope of nearly 18 percent, and an excavation diameter of about 20 feet, the
tuff ramp would contain a belt conveyor and the main electrical feeder for the
underground facilities.

All four shafts would be located 1 to 1.5 miles west of the central
surface-facilities area. Two of the shafts would be the exploratory shafts
constructed for site characterization (see Chapter 5). Both of these shafts
would be used as fresh-air intakes for the waste-emplacement area. The first
exploratory shaft, with a depth of 1430 feet, would have a finished inside
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diameter of 12 feet. The second shaft would have a depth of 1100 feet and a
finished inside diameter of 12 feet; in addition to providing ventilation air,
it would serve as an emergency egress from the underground.

The other two shafts would be the men-and-materials shaft and the
emplacement-area exhaust shaft; both would have an inside finished diameter of
20 feet. The men-and-materials shaft, 1090 feet deep, would contain a service
elevator and a cage for moving people and materials between the surface and
the underground; it would also serve as an air intake for the areas being
excavated. The fourth shaft, with a depth of 1030 feet, would exhaust air
from the waste-emplacement area.

3.1.3 Underground facilities

The underground repository, where the final emplacement of the waste
would occur, would be constructed at a depth of about 1000 feet below the
eastern flank of Yucca Mountain. The primary area for the underground reposi-
itory is in the welded tuff of the Topopah Spring Member (see Chapter 2). The
boundaries of this area are shown in Figure 3-2. The host rock in the primary
area is sufficiently thick and large to accommodate the equivalent of 70,000
MTU: existing information about the site indicates that an area of 2095 acres
would be available underground for waste emplacement; current planms call for
using 1380 acres.

Layout

Three parallel main entry drifts would extend southwest through the
underground facility to provide access to the waste-emplacement panels. One
of the mains would be dedicated to transporting waste, another would be used
for moving excavated tuff and bulk materials, and the third would be a service
main dedicated to ventilation and electrical distribution systems.

The main component of the underground layout is the emplacement panel--a
volume of rock in which the waste would be emplaced. The panels would be
about 1400 feet wide, parallel to the main drifts, and 1500 to 3200 feet long,
perpendicular to the main drifts. Spaced within each emplacement panel would
be a number of emplacement drifts, in which boreholes would be drilled for the
emplacement of waste. Access to the emplacement panels would be provided by
panel-access drifts (see Figures 3-5 and 3-6). The preliminary layout calls
out calls for 18 emplacement panels; this layout is based on an areal power
density of 37 kilowatts per acre.

The development of the panels would begin in the northeast corner and
progress in a clockwise direction,

Waste emplacement

Waste-emplacement operations would follow the order used for panel devel-
opment, Waste emplacement would not begin until two panels had been com-
pletely developed, to allow separation between development and emplacement
operations.
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In the SCP conceptual design, the reference waste-emplacement mode is
vertical emplacement. In this mode (Figure 3-3), the boreholes, about 25 feet
deep and about 30 inches in diameter, would be drilled vertically into the
floor of the emplacement drifts, and a single container of waste would be em-
placed in each borehole; a container cf spent fuel would be 15.5 feet long and
26 inches in diameter (see Section 3.2). An alternative mode that has been
considered is horizontal emplacement (Figure 3-6); in this mode, much longer
boreholes, possibly extending nearly 400 feet, would be drilled horizontally
into the walls of the emplacement drifts, with a number of waste containers
emplaced in each hole. The emplacement drifts would, of course, be much
farther apart for horizontal emplacement because the long borehole would be
perpendicular to them. In either method, however, the emplacement panels are
roughly the same size.

A vertical borehole with an emplaced waste package is shown in Figure
3-7. To protect the disposal container in vertical emplacement, a support
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Figure 3~7. Diagram of a vertical waste-emplacement borehole.

=31~





































































































































































































































































