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FOREWORD

Аs 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
logie, 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 sites 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'a 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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I. 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, geoengineering, hydrologie, geochemical, с 1imatological, 
and meteorological conditions at the site.

The DOE's plans for conducting the site-characteri2ation 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.

l.l 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 consist 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 nay submit, 
within bO 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. 
If the notice is not overturned, the disapproval stands, and the President 
must recommend another site not later than I year after the disapproval.

When the site designation becomes effective, the DOE will submit to the 
NRC 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 to 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 w H l  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 require 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 tuat has been isolated from the sur ice environment 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, hydrologie, and geochemical conditions 
present at the site; the engineered barriers 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 repiinted 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 ( D 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 tho 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 additional 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 о the accessible environment.

DOE siting guidelines

As required by the Act, the DOE has developed guidelines for nominating 
atd recommending sites for characterization and selecting sites for the de
velopment of repositories. Promulgated as 10 CFR Part 96C, 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) preciosure 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 evaluations will be performed after site 
characterisation is completed. These final evaluations will be used to make 
the higher-level findings necessary to demonstrate coapliance with the system 
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 site characterization, to identify the information needed to

-4-



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 deuionstrate 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 accomodate 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 net 
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- 
characterization program.

Part A consists of seven chapters. Chapters I 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 hydrologie 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 concerned 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 В by summarizing design 
issues and related information needs.

Part В, 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 perforo satisfactorily and then, in Sec
tion 8.1, discusses the rationale for the program, the site-specific hierarchy 
of issues that oust be resolved during site characterisation* 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 3 are discussions of the 
activities that will be carried 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 reoository.

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 be made 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 che legislature of the State of Nevada; they will also be made 
available to the public.

1.4 THE SCP/CD OVERVIEW

This overview of the SCP/CD is structured somewhat differently from tie 
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 suinnarizes 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 U 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 información 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 chat 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 ¿0 CFR Part 191, the technical criteria from 10 CFR Part 60, 
and the preclosure and postclosure siting guidelines from 10 CFR Part 960. 
Appendix В presents the issues and information needs for the Yucca Mountain 
sice.



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 site 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.

Figure 2-1. Location of the Yucca Mountain site in southern Nevada.



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 intervening 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 edgt 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 ;*t the site is 
controlled by high-angle normal faults and eastward-tilted vol ^nic 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 tne 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 6500 feet thick. Their source was lava rising through volcanoes, 
causing explosive eruptions that produced ash flows an** 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 
spread irros8 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. If the heat and the pressure were 
high enough, a rock known as "welded tuff1* 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 sones 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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Figure 2-2. Physiographic features of Yucca Mountain 
and the surrounding region.



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 2э00 
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 S ITE  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 rad ionic lides).

* 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 tor 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 for 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 February 1983 Yucca Mountain was formally identified as a poten
tially acceptable site.



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 he 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 art 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 means for the disposal of 
radioactive waste. To judge whether a site is geologically suitable, it is

*U.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 s i t . 
over the 10,000-year period of waste isolation and which processes, thoug i not 
expected, are sufficiently credible to warrant consideration. The likelii.ood 
that disruptive phenomena or processes will occur during the period required 
for waste isolation can be assessed from the geologic history of the past 2 
million years (the Quaternary Period in geologic time). The geologic history 
of Yucca Mountain suggests that the phenomena of special interest in rega*t to 
the long-term stability of the region are faulting, seismicity, and volcanism. 
Also of interest is the occurrence of natural resources because exploration 
for resources ir. the future may lead to inadvertent intrusion into the *epos- 
itory. Brief descriptions of these phenomena are given below; they are based 
on the detailed discussions presented in Chapter I of the SCP/CD.

Faulting

The structural development, of southern Nevada hab 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 about 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 the western edge 
of North America during Cenozoic time (the last bb 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 any have oc
curred at an earlier time in southern Nevada along the Walker Lane and the Las 
Vegas Valley shear zones in close proximity 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 Ghost 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 s^.rike-slr.p faults of the 
southern Great Basin and vicinity*

the Solitario Canyon Fault diminishes from about 700 feet at the southern end 
to about 70 feet at the northwestern corner* For site-characterization pur
poses, fault movement during the Quaternaxy 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, Solitario 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.
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Figure 2-4. Faults in the vicinity of Yucca Mountain.
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Figure 2-5. Seismicity of the southwestern Ur.ited States, 1969 through 1978, 
showing earthquakes with a magnitude of 4 or more. The circles centered on the 
Yucca Mountain site have radii of about 60 and 250 miles. The stars show the 

locations of major (M * 6.5 or more) historical earthquakes.

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-average 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 evidence 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 lb million years 
ago, forming the southwestern Nevada volcanic field. In the Yucca Mountain 
area, it produced several large caldera complexes associated 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 
basalt-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 volcanisro during Cenozoic in the southern Creat 
Basin is weLl documented through gc «logic and geophysical studies. The data 
suggest that the probability of si? .cic volcanism is negligible, but the pos
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 A 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 silicic 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 present 
elsewhere in the region.
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2.3.2 Croengineering

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 stratigraphie 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 lithophysai 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 ¿ ла vertically. Consequently, the thermal and mechanical prop
erties are also likely to vary. This variability must be taken into account 
in evaluating the thickness and lateral extent of the potential host rock as 
well as in designing the underground repository and the seals tor shafts and 
boreholes (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 tunnels 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 c o n ta in  a i r  or 
other gases at atmospheric pressure. At Yucca Mountain, this u n sa tu ra ted  zo:;t;



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

Hydrologie investigations of the region surrounding the Yucca Mountain 
site were begun in the late 19b0s to evaluate the hydrologie system at the 
Nevada Test Site, and in the 1960s studies directed at appraising the ground
water resource were begun. Hydrologie 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 hydrologie 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 évapotranspiration 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 saturated 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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Figure 2-7. Regional direction of ground-water flow. Questionmarks 

indicate uncertainty. Key to subbasins: A  - Oas i s  Valley,
В « Alkali F l a t s - F u m a c e  Creek Ranch, and С * A s h  Meadows.

an d  D e a t h  Valley (see Figure 2-6). Because of the aridity of the region, nost 

of the water discharged by the springs travels only a  short distance before 

evaporating or infiltrating into the ground. During hea v y  rains, however, 
a r r o y o s  do occasionally experience transient floods.

2.3.4 Geochemistry

T h e  geochemical environment of the host rock may a f f e c t  the long-term 

performance of the repository by affecting the behavior of the engineered- 
b a r r i e r  system (mainly the waste package) and by retarding t h e  transport of 
radionuclides by ground water. To characterize this geoch e m i c a l  environment, 

geochemical data have been collected since late 1977. C u r r e n t  knowledge about 
the geochemical conditions at Yucca Mountain is summarized in Chapter h of the 
SCP/CD.
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Figure 2-8. Generalized east-west section through Yucca Moun t a i n  showing 
conceptual moisture-flow system under natural conditions. Questioranark 

indicates uncertainty about unit. Stipled area represents the saturated zone.

the geochemical data have been obtained from samples taken at Yucca Mountain 

or its vicinity. Samples for minéralogie 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 present in the rocks at Yucca Mountain are likely to remain 
stable after waste emplacement.

Th e  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 w i t h  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 m u c h  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 
hydrologie 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 papt 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.



К THE DESIGN OF THE REPOSITORY AND THE WASTE PACKAGE

This chapter briefly describes the design of the engineered elements of 
the disposal system-the repository and the waste package. The description is 
based on the SCP conceptual design, which is to be followed by three more- 
advanced design steps: the advanced conceptual design, the 1icense-application 
design, and the tinal procurement and construction design. The purpose of the 
SCP conceptual design was to concentrate on the design components that require 
s ite-oharacter i/at ion data and to identity the design-related information that 
must be collected during site characterization. The SCP conceptual design, 
therefore, was developed in sufficient 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-detailed designs are developed.

i.l THE REPOSITORY

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. Hie repository facilities will be designed to meet various functional 
and regulatory requirements, including the NRC’s requirements in 10 CFR 
b O . l U - U J ,  10 CfR b O . l U - m ,  and 10 CFR 60.137 (see Appendix A).

A sketch 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 fiat terrain to the east of Yucca Mountain. They 
would consist of a central surface-faciiities 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-faci1ities 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 
handled.
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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 1. 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-raaterials 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 plans call for 
using 1380 acres.

Layout

Three parallel main entry drifts would extend southwest through the 
underground facility to provide access to the waete-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 57 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.

-29-



Figure 3-5. Underground repository layout for the 
vertical waste-emplacement configuration.

Figure 3-6. Underground repository layout for the 
horizontal waste-emplacement configuration.
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In the SCP conceptual design, the reference waste-emplacement mode is 
vertical emplacement. In this mode (Figure 3-5), 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

Figure 3-7. Diagram of a vertical waste-emplacement borehole.
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plate would be inserted into the bottom of a vertical borehole and the bore
hole would be lined with a metal casing to a height exceeding that of the 
container. After the container has been empLaced in the borehole, a metal 
plug several inches thick would be inserted to provide shielding from radia
tion, crushed tuff would be packed around or on top of this shielding, and the 
borehole would be closed with a metal cover (see Figure 3-7).

The underground workings themselves would contain some areas devoted to 
special purposes, such as maintenance shops and training areas. The areas 
constructed during site characterization as part of the exploratory-shaft 
facility (see Chapter 5) would remain as part of these workings, but they 
would not be used for the emplacement of waste.

Ventilation

Two independent ventilation systems would serve the underground reposi
tory. One would provide air for the development of the repository while the 
other would provide air for the waste-emplacement operations. Connections 
between the systems would be sealed with bulkheads or airlocks. A positive- 
pressure system would be used for the development-area air circuit to prevent 
the in-leakage of air from the waste-emplacement area.

The basic layout of the ventilation system consists of four shafts, two 
ramps, three main airways, emplacement areas on either side of the main air
ways, and a perimeter airway that encircles the repository. For the develop
ment area, the intake air from the surface would be supplied by the men-and- 
materiais shaft, and the tuff ramp would be used to return the air to the 
surface. For the waste-^mplacement area, the two exploratory shafts and the 
waste ramp would be used for fresh-air intake* and the emplacement-area 
exhaust shaft would return the air to the surface. During normal operation,
the return air from the waste-emplacement area would be exhausted directly
to the atmosphere; however, should monitors detect a release of radioactive 
material, the return air would be routed through a set of filters before 
discharge.

No air cooling is expected to be required in the ventilation system for 
the development area. In the waste-emplacement area, drifts that have been 
filled with waste will require cooling for inspection, maintenance, or 
retrieval.

Construction methods and equipment

The excavation methods used at Yucca Mountain will depend on the shape
and the dimensions of the opening and the properties of the rock around the
opening. The DOE plans to use drilling and blasting for the excavation of ail 
shafts. The use of tunnel-boring machines is proposed for the waste and tuff 
ramps, long-drive drifts, the waste main, and the perimeter drift. Drilling 
and blasting would be used for the remaining, shorter, drifts. Existing 
methods and equipment would be used for drilling vertical boreholes for waste 
emplacement. The equipment that would be used for drilling horizontal bore
holes is being developed.
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Ground support

The ground support currently proposed for a repository at Yucca Mountain 
consists of the use of rock bolts, grouted dowels, wire mesh, and shotcrete in 
varying degrees as required by local conditions.

3.1.4 Waste retrievability and closure

The emplaced waste would be retrievable for 50 years after the start of 
emplacement. Thus, after the waste-emplacement period, which is scheduled to 
last 2b years, a "caretaker" period of 24 years would begin. During both of 
these periods, various tests would be conducted to confirm that the repository 
is performing as expected. At the end of the caretaker period the repository 
would be prepared for permanent closure by backfilling the underground areas 
and permanently sealing the shafts and ramps; current plans for sealing and 
backfilling are briefly discussed in Section 3.1.5. The surface facilities 
would be decontaminated and decommissioned, and the site would be returned to 
its natural state to the extent practicable. Permanent site markers would 
also be erected to warn future generations of the presence of a repository.

3.1.5 Seals

The permanent closure of the repository will require the sealing of all 
shafts, ramps, exploratory boreholes, and the underground openings. The 
design objective for seals is to reduce, to the extent practicable, the poten
tial for creating preferential pathways for ground water or radionuclide mig
ration through existing pathways. In addition, the seals should deter human 
intrusion in the future and consist of components with sufficient longevity.

Proposed concepts for sealing shafts include surface barriers, shaft, 
fill, settlement plugs, and station plugs. The surface barrier would consist 
of a shaft cover, a collar core, and an anchor-to-bedrock plug seal. The 
shaft fill may consist of crushed tuff. The fill would be supported by the 
settlement plug, which would prevent the development of a surface depression, 
which could lead to the ponding of surface water. The station plug would be 
emplaced at the intersection of the shaft with the drifts of the repository; 
it would be designed to resist the lateral forces exerted by the shaft fill 
and thus control the settlement of the fill. A general arrangement for a 
shaft seal is shown in Figure 3-8.

Similar concepts are proposed for sealing the access ramps. If neces
sary, dams would be installed at intervals in the ramp to encourage the down
ward flow of water through the tuff rather than down the ramp. These dams 
would consist of a material that is less permeable than the undisturbed rock. 
However, the flow of water is expected to be negligible, and hence no dams may 
be needed.

Boreholes may be sealed by conventional cement plugging and the emplace
ment of granular material. More-detailed concepts for borehole sealing (i.e., 
boreholes that require special sealing methods, seal properties, and the types
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of seals important to the performance of the repository) will be established 
as the conceptual design progresses and data from site characterization are 
obtained.

Currently available data indicate that a significant number of water
bearing faults or fractures is not likely to be encountered in the repository 
horizon. Nonetheless, concepts have been developed to deal with water-bearing 
fractures. They include the use of drains, dams, grouting, and bulkheads for 
the vertical waste-emplacement mode and locating emplacement boreholes at the 
midheight of the drift walls for the horizontal emplacement mode.

Included in the category of seals is backfilling of the underground re
pository. Current plans for the repository at Yucca Mountain call for back
filling the underground openings at closure— rather than waste emplacement—  
because backfilling is not necessary to ensure mechanical stability during the 
retrievability period. The material selected for backfilling is the tuff 
excavated during the development of the underground facilities.

;  SuRfACC covfft*

Figure 3-8. General arrangement for shaft seals.



3.2 THE WASTE PACKAGE

The waste package is defined in 10 CFR 60.2 and 10 CFR 960.2 as "the 
waste form and any containers, shielding, packing, and other absorbent mate
rials immediately surrounding an individual waste container." For the Yucca 
Mountain site, the waste package consists of the waste form and a disposal 
container. Like the site and the repository, it is a component of the dis
posal system and, for the Yucca Mountain site, the principal engineered 
barrier.

The waste package would be designed to meet various functional and regu
latory requirements, including those specified by the NRC in 10 CFR 60.113 and 
60.133 (see Appendix A). Among these are the preclosure requirements for 
radiation protection and for maintaining the option to retrieve the emplaced 
waste. Also addressed by the design of the waste package would be the DOE'S 
requirements in 10 CFR 960.5 that the production and the emplacement of the 
waste package be feasible with reasonably available technology, that the de
sign of the waste package cannot make the application of reasonably available 
technology impractical for other portions of the repository system or opera
tions, and that cost effectiveness be considered. For the postclosure period, 
the requirements include the performance objectives of providing substantially 
complete containment for the waste for a period of not less than 300 years and 
thereafter controlling the rate of radionuclide release from the engineered- 
barrier system. Contributing to the postclosure performance of the waste 
package would be the waste-emplacement environment, which is discussed at the 
end of this section, and the design of the waste-emplacement borehole, which 
will leave an air gap between the waste package and the host rock.

The description that follows is based on the detailed discussion of con
cepts and plans for the waste package in Chapter J of the SCP/CD. It should 
be noted that these concepts and plans are based on an early conceptual 
design— the SCP conceptual design. The design will continue to evolve as data 
from site characterization are obtained and the more-detailed phases of design 
are completed— the advanced conceptual design, the license-application design, 
and the final procurement and construction design.

The waste form is either spent fuel from commercial reactors or high- 
level waste. Most of the spent fuel would be consolidated at the repository 
or before shipment to the repository; the remainder would be disposed of as 
intact assemblies whenever fuel rods are damaged. The reference spent fuel 
is 10-year-oid fuel from pressurized-water reactors (about two-thirds of all 
spent fuel) or boiling-water reactors (about one-third of the spent fuel).
With a nominal burnup, the consolidated 10-year-old fuel will have a thermal 
decay power of about 3.3 kilowatts and a gamma dose rate at the outer surface 
of the container of approximately 5 x 10* rads per hour. The neutron dose 
rate will be about 1 x 104 neutrons per square centimeter per second. How
ever, some spent-fuel packages will have thermal decay powers as low as 1.0 
kilowatt.

The high-level waste, from both defense and commercial sources, would be 
in the form of borosilicate glass vitrified in stainless-steel canisters. The 
reference high-level-waste package will have a thermal power level in the 
range of 200 to 470 watts, depending on the source of and the age of the re
processing wastes in the glass matrix. The gamma dose at the outer surface
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of the disposal container will be about 5.5 x 10 * rads per hour* and the 
neutron dose rate is expected to be very low.

In the SCP conceptual design, the reference disposal container for both 
waste forms is a metal cylinder with an outside diameter of 26 inches. The 
walls of the container would be about three-eighths of an inch thick; the 
thickness was chosen to provide the strength necessary for handling. The 
length would vary from 10.5 feet for high-level waste (Figure 3-9) to about
15.5 feet for spent fuel (Figure 3-10). An alternative design that is being 
considered would include a ceramic liner inside the container.

In the SCP conceptual design, the reference material for the disposal 
container is 304L stainless steel, but other metals are being considered; they 
include Alloy 825 and three copper alloys. If another metal is selected, the 
thickness of the container walls would depend on its resistance to corrosion 
and its strength* After being loaded with the waste, the disposal container 
would be filled with an inert gas to provide a nonoxidizing environment, and 
the top of the container would be welded on. The top would have a fixture for 
lifting and lowering the container. A loaded container would weigh from 6000 
to 14,000 pounds, depending on the quantity and the type of waste.

26 IN. (66 cm) 0.0.

Figure 3-9. Waste package for high-level waste.
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The containers for spent fuel would contain steel compartments designed 
to keep the spent fuel in a stable position and to help in loading the con
tainers. To accommodate different types of spent fuel and to accommodate both 
consolidated and unconsolidated fuel» four arrangements for these compartments 
have been designed (Figure 3-11). In the two arrangements for consolidated 
fuel« the middle of the container is used for the hardware left after strip
ping the fuel rods from the assembly. To protect the spent fuel from oxida
tion* the container would be filled with argon gas before it is welded closed.

Neither fabrication nor closure processes for the disposal containers 
have been selected. However, rolled and welded pipe-manufacturing processes 
are representative of the conventional type of fabrication that may be in
volved in manufacturing the disposal containers. Many more-advanced tech
niques are under consideration.

The unsaturated rock of the Topopah Spring tuff would provide a waste- 
emplacement environment that would be favorable for the long-term performance 
of the waste package. For example, the pressure exerted on the disposal con
tainers would be approximately 1 atmosphere. There would be no hydrostatic 
pressure because the repository would be located above the water table, and 
the waste packages would not bear a lithostatic load because the host rock is 
not expected to creep. The water available for the corrosion of containers

Figure 3-10. Waste package for spent fuel.
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18 CONSOLIDATED 

BWR ASSEMBLIES 

WEIGHT 13.211 LB.

6 INTACT 

BWR ASSEMBLIES 

WEIGHT 6.437 LB

'U£l ASSEMBLES 
8 S'' « 8 5 M AX. 

VARIES

3 INTACT PWR ASSEMBLIES 

WEIGHT 6.966 LB

6 CONSOLIDATED 
PWR ASSEMBLIES 
WEIGHT U .6 3 9  LB

Figure 3-11. Alternative configurations 
for consolidated spent fuel.

and the dissolution of the waste form would be limited to very small amounts. 
Furthermore, during the first several hundred years, the heat emitted by the 
waste would dehydrate the host rock in the vicinity of the waste packages, 
preventing liquid water from coming into contact with the disposal container. 
This dried-out zone is predicted to extend more than 3 feet from the borehole 
into the rock and to remain dry for at least 300 years. A detailed discussion 
of the conditions expected in the waste-emplacement environment is given in 
Section 7.1 of the SCP/CD.
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THE SITE-CHARACTERIZATION PROGRAM

Before any site can be recommended for development as a repository, it 
will be necessary to demonstrate that the performance of a repository at that 
site is likely to meet or exceed regulatory requirements. In order to do 
this, extensive information describing the site must be collected; designs for 
the repository, the seals, and the waste package must be developed; and the 
performance of the disposal system must be assessed. To collect the needed 
information, a carefully planned site-characterization program will be con
ducted. Such a program is required by the Act, by the NRC in 10 CFR Part 60, 
and by the siting guidelines (10 CFR Part 960).

The details of the site-characterization program planned for the Yucca 
Mountain site are presented in Chapter 8 of the SCP/CD, including the stra- 
egies for demonstrating regulatory compliance, the data needed for carrying 
out the strategies, the programs that will collect and analyze the needed 
data, and the field activities that will take place at and near the site.
This chapter of the overview summarizes the strategies and reviews the pro
grams that will collect and analyze the needed data. The field activities to 
be carried out during site characterization are briefly described in Chapter 5 
of this overview.

This chapter begins, in Section 4.1, with a "top-level strategy" that 
identifies the general objectives for the disposal system and provides a 
simple explanation of the role the principal features of the Yucca Mountain 
site are expected to play in meeting these general objectives. This top-level 
strategy provides the framework by which to understand the detailed strategies 
for demonstrating regulatory compliance.

Section 4.2 briefly explains the two organizing principles for the SCP—  
a hierarchy of issues, which embody the regulations that govern the disposal 
system, and a general procedure for resolving those issues. This explanation 
is needed for understanding the discussion in Section 4.3, which is a highly 
compressed summary of the detailed strategies for resolving the issues and 
thereby demonstrating compliance with the regulations. The remaining sections 
of Chapter 4 then proceed to summarize the principal parts of the program. 
Section 4.4 reviews the plans for gathering and interpreting data describing 
the properties of the site. Organized by technical discipline, it discusses 
both the collection of data and the models in which these data will be used. 
Section 4.5 reviews plans for the development of the design for the repository 
and for the alyses that will support the design. Section 4.6 reviews plans 
for designii .> Lhe seals for the repository; it also reviews the tests needed 
for developing the designs. Section 4.7 reviews the activities planned for 
designing the waste package and for the supporting analyses, including the 
tests needed to define the environmental conditions in which the waste package 
will reside after emplacement in the host rock.

The last section in this chapter, Section 4.8, reviews the analyses that 
will assess the performance of the disposal system, both for the period pre
ceding permanent closure and for the much longer time after closure.
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4.1 TOP-LEVEL STRATEGY FOR THE YUCCA MOUNTAIN SITE

This section presents the “top-level strategy"— a brief explanation of 
the role the features of the Yucca Mountain site are expected to play in
achieving the general objectives for the system. As a consequence of this
role, as will be explained, the program for characterizing this site puts con
siderable emphasis on the flow conditions in the unsaturated rocks in which
the waste would be emplaced. It also emphasizes the geochemistry and other
characteristics of the unsaturated rocks that could affect the performance of 
the waste packages, characteristics that could affect the radionuclide trans
port through the unsaturated rocks, and the geohydrologic characteristics of 
the saturated rocks deep beneath the site, as well as unlikely processes and 
events that could significantly affect these characteristics. The top-level 
strategy also emphasizes preclosure radiation safety and the effects of seis
micity on the surface and underground facilities. This section discusses 
the basis for the emphasis on these areas in the site-characterization pro
gram.

The principal role of a disposal system is to isolate waste for a long 
period into the future. Therefore, the general objective for the system is to 
limit any radionuclide releases to the accessible environment. This objective 
will be achieved by selecting a site with suitable natural barriers to radio
nuclide release and by providing an appropriate system of engineered barriers. 
To provide additional assurance that the system will perform adequately, in
dividual objectives have also been defined for these engineered and natural 
barriers and for the design of the disposal system. The general objective for 
the engineered barriers is that these barriers should effectively limit the 
release of radionuclides to the natural barriers. The general objective for 
the natural barriers is that the time of radionuclide travel to the accessible 
environment through these barriers should be very long. In particular, since 
ground water may transport radionuclides» the ground-water travel time should 
be very long. The general objectives for the design of the disposal system 
are that the operation of the repository should be safe and that its con
struction should not compromise its ability to meet the other general ob
jectives.

These general objectives are compatible with the regulations promulgated 
by the NRC in 10 CFR Part 60. In these regulations, the NRC specifies 
postclosure-performance objectives, including the environmental standards set 
by the Environmental Protection Agency for releases to the accessible environ
ment, individual protection, and ground-water protection; requirements on the 
containment to be provided by the set of waste packages and on the rate of 
release of radionuclides from the engineered-barrier system; and an objective 
for the pre-waste-emplacement ground-water travel time. The regulations also 
specify design criteria to ensure that the postclosure-performance objectives 
would be met and set preclosure-performance objectives for radiation protec
tion. The detailed strategies for addressing these regulations are presented 
in Sections 8.1, 8.2, and 8.3 of the SCP/CD. The remainder of this section 
describes the top-level strategy for addressing the general objectives for the 
disposal system.
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4.1.1 General objective fo r the disposal system

The major system elements that are expected to affect waste isolation at 
the Yucca Mountain site can be seen in Figure 4-1. As explained in Section
2.3.3 of this overview and in Chapter 3 of the SCP/CD, the currently available 
information suggests that small amounts of water are available to percolate 
slowly downward through Yucca Mountain. If the Yucca Mountain site is devel
oped for a repository, water that moves through the unsaturated rock above 
the repository could continue down to the unsaturated rock unit in which the 
underground repository would be constructed. If any of this water could reach 
the emplaced waste, it might dissolve radionuclides and carry them in solution 
through the unsaturated rock below the repository to the saturated rock deep 
beneath the site. After reaching saturated rock, the water joins the much 
larger, horizontal flow there; therefore, radionuclides that are carried by 
the water could be transported by the flow in the saturated zone and move 
toward the accessible environment.

To reach the ¿mplaced waste, the water would have to penetrate the 
engineered-barrier system. Figure 4-1 is not detailed enough to show the 
elements that compose the engineered-barrier system. For the purposes of 
defining the top-level strategy, the major elements of this system are the 
container and the waste form inside the container. There would also be an air 
gap between the container and the wall of the borehole in which the container 
would be emplaced.

Figure Schematic cross section through Yucca Mountain, showing
the saturated and unsaturated rock, the repository (including 

the engineereti-barrier system), and the principal paths ol water flow.
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This sequence of events— downward water movement, water penetration into 
the engineered-barrier system, downward transport of radionuclides to satur
ated róck, and horizontal transport— provides a way by which radionuclides 
could move from the Yucca Mountain repository to the accessible environment. 
According to the available evidence, the percolation flux at and below the 
repository horizon is very low. Furthermore, it appears that the percolation 
of water through the unsaturated rock units at this depth is primarily in the 
rock matrix rather than through fractures. If the water is tightly confined 
within the rock, as it appears to be, it would not be expected to move from 
the rock across the air gap to the waste container; the water would therefore 
not be expected to reach the waste. Furthermore, the results of preliminary 
studies suggest that the quantity of moving water is so small that any corro
sion of the disposal container and the dissolution of radionuclides would be 
very limited even if the water could cross the air gap. The evidence also 
suggests that the movement of water in the rock matrix is very slow, and 
therefore the transport of any radionuclides dissolved in this water downward 
through the unsaturated rocks below the repository would be very slow. An 
additional characteristic of the unsaturated rock is the geochemistry of the 
water in the rock, which will determine the radionuclide dissolution and the 
retardation of radionuclide transport.

Therefore, the elements of the system that the DOE will investigate in 
the site-characterization program to evaluate the system with respect to the 
general objective are

• The unsaturated rock units.
• The saturated rock that lies below the unsaturated rock.
• The engineered-barrier system.

Concentrating on the characteristics of only one of these features, such 
as the slow movement of water through the unsaturated rocks below the reposi
tory, could reduce the cost of the site-characterization program. The DOE has 
decided, however, that it is prudent to consider initially the characteristics 
of all three of these features. Future evidence may show, for example, that 
the time of ground-water travel is shorter than currently estimated. If so, 
the DOE's strategy may need to focus on the other features. Choosing all of 
these features is a way of dealing with the uncertainties in each of them; it 
ensures that the site-characterization activities, guided by the strategy, 
will collect the data needed to evaluate the site with respect to the general 
objective. Analyses conducted during site characterization may indicate that 
other features should be considered as well. Conversely, information obtained 
during site characterization may show that fewer features need be taken into 
account. In either case, the top-level strategy can be revised appropriately.

One further sequence of events might contribute to a release under the 
current conditions at Yucca Mountain. If the waste containers are breached, 
the radionuclides that exist in the waste in gaseous form might move upward 
through the air spaces in the unsaturated rock above the repository. They 
might then reach the accessible environment at the ground surface above the 
repository. The available information is not complete enough to decide def
initively whether this sequence is capable of producing significant releases. 
It is not clear, for example, that the waste form can release gaseous radio
nuclides rapidly enough or in sufficient quantities for the release to be 
important. The DOK will evaluate the potential for gaseous releases to deter-



raine the significance of this mode of release. The elements of the system 
that may affect gaseous releases at the site are the unsaturated rock above 
the repository and the engineered-barrier system. The current evidence is not 
sufficient to indicate whether the unsaturated rock would be effective. The 
available evidence does suggest, however, that the waste form is likely to al
low only negligible amounts of volatile radionuclides to escape. The top- 
level strategy therefore focuses primarily on the ability of the engineered- 
barrier system to limit the rate at which gaseous radionuclides are released.

4.1.2 General objective for performance of the engineered~barrier system

The general objective for the engineered-barrier system is to limit the 
release of radionuclides to the natural barriers. In the top-level strategy 
the DOE has chosen to focus on three particular components to evaluate the 
performance of the engineered-barrier system:

• The container.
• The air gap between the container and the host rock.
• The waste form.

The container is expected to provide the principal barrier to the release 
of radionuclides from the engineered-barrier system. This barrier will be 
designed to provide substantially complete containment of the wastes during 
the early period when the heat and radiation emitted by the waste are at their 
peak. The limited availability of water in the unsaturated zone is expected 
to contribute to the ability of the container to limit the release of radio
nuclides to the natural barriers. In addition, the container materials will 
be chosen to be compatible with the geochemistry of the water in order to 
limit the degradation of containers in contact with any water.

The air gap between the container and the host rock is expected to in
crease the ability to limit the release of radionuclides. That is, because 
the percolation flux is expected to be low and because the water is expected 
to be tightly confined to the rock matrix, little water would be able to leave 
the rock and cross this air gap. Therefore, the amount of water available for 
contact with the waste packages is expected to be even less than the small 
amount in the host rock.

The waste form is chosen as an additional barrier to limit the rate of 
radionuclide release from the engineered-barrier system. Because of the low 
probability of early container failure and because of the small quantities of 
water available for waste-form dissolution and the leaching of radionuclides, 
the spent fuel or the glass matrix of the high-level waste is expected to 
limit the rate of release.

4.1.3 General objective for performance of the natural barriers

As explained above, the geoLogic setting can contribute to the isolation 
of the waste and the overall system performance by providing for a long time 
of radionuclide travel to the accessible environment. The DOE has chosen to 
focus on two barriers to determine the radionuclide-travei time:
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• The unsaturated rock below the repository.
• The saturated rock below the unsaturated rock.

The current evidence suggests that the time of ground-water travel from 
the candidate repository horizon through the unsaturated units to the satur
ated zone is longer than 10,000 years. Furthermore, many of the radionuclides 
important to waste isolation will have even longer time of travel than the 
ground water because of geochemical and mechanical retardation processes. 
Therefore, these units are expected to provide an effective barrier to radio
nuclide transport. According to the available evidence, the saturated rock 
units can add at least a few hundred years— and possibly a few thousand 
years— to the total time required for radionuclides to move to the acces
sible environment, and these units will also be evaluated in the testing 
program.

4.1.4 General objectives for the design of the disposal system

The general design objectives of ensuring safe operation and not com
promising the ability to meet the other general objectives have a number of 
implications for the site-characterization program. In particular, 'the sur
face and underground facilities must be designed to withstand potential ground 
motion or surface rupture. The available evidence suggests that the design 
can accommodate the range of seismicity expected at the site. Information 
about the expected frequency and magnitude of earthquake-related activity at 
the site will be needed to support the detailed design.

The design of the repository system must also address preclosure radia
tion safety, both in the surface and the underground facilities. It is ex
pected that standard techniques will be adequate for assessing preclosure 
radiation safety. Although these assessments will not rely heavily on the 
characteristics of the site, some site investigations will be conducted to 
support them.

4. L. 5 Priorities for the site-characterization program

Priorities for the testing program can be inferred from the choices made 
for the top-level strategy; that is, the elements identified and the expected 
role of these elements with regard to the general objectives suggest the pri
orities for the investigations of the site-characterization program. The top- 
level strategy for addressing these objectives at the Yucca Mountain site 
leads to the following areas of emphasis:

• The flow characteristics of the unsaturated zone.

• The site characteristics (e.g., geochemistry) that affect waste- 
package performance and the transport of radionuclides in the unsatu
rated zone and the geohydrologic characteristics of the saturated 
rocks that lie beneath the unsaturated гопе.
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• Unlikely processes or events that could significantly disturb the 
characteristics of the site.

• Preclosure radiation safety and the effects of seismicity on the 
surface and underground facilities.

The top-level strategy focuses strongly on the investigations of the 
characteristics of the flow in the unsaturated zone, relying heavily on the 
current view that the percolation flux is low and that the water in the un
saturated zone is tightly confined within the rock matrix. If these concepts 
can be confirmed, then the general objectives for the system and those for the 
postclosure performance of the engineered and natural barriers are very likely 
to be met. Therefore, the investigations of these concepts have the highest 
priority in the program. As a part of these investigations, the program will 
address alternative concepts, including flow in the fractures, the diversion 
of flow at rock interfaces, and the effect on the flow of structural features 
such as faults. The ability of the unsaturated rock to hold the water and to 
limit water contact with the waste packages will also be investigated.

Other site characteristics will also be investigated. That is, because 
of uncertainties are expected to remain in the flow characteristics of the 
unsaturated zone and to add confidence that the general objectives will be 
met, the top-level strategy also places emphasis on other characteristics of 
the site as discussed above. Therefore, at a somewhat lower level of prio
rity, the program will give attention to the geochemistry and other character
istics of the unsaturated rocks that may affect the performance of the waste 
packages, those that may affect the transport of radionuclides in the un
saturated rocks, and the geohydrology of the saturated rocks deep below the 
site.

The site-characterization program must also investigate unlikely proc
esses and events that could significantly affect site characteristics. For 
example, the possibilities for extreme climatic changes and faulting will be 
investigated to evaluate effects on percolation, local flux, and the elevation 
of the water table in relation to the repository horizon. The probability of 
occurrence and the potential effects of volcanism on the characteristics of 
the site will also be investigated.

The design of the disposal system must address preclosure concerns like 
the effect of seismicity on the design of the surface and the underground 
facilities. This concern is one of the most important at the site. Accord
ingly, the DOE is planning an extensive program to investigate seismicity that 
could affect the site. This program will evaluate the probability and the 
magnitude of ground motion and the potential for surface rupture at the Yucca 
Mountain site.

The investigations that will address these areas are discussed in Sec
tions 8.3.1 through 8.3.4 of the SCP/CD. The organization, focus, and logic 
for these investigations are defined in the specific issue-resolution strate
gies that derived from the top-level strategy; these specific strategies are 
summarized in Section 8.2 of the SCP/CD and given in detail in Section 8.3.3 
of the SCP/CD.



4.2 THE ISSUES HIERARCHY AND THE ISSUE-RESOLUTION STRATEGY

To ensure that all the required information will be available when 
needed, the DOE has developed two organizing principles for site character
ization— the issues hierarchy and a general strategy for issue resolution.
This section briefly discusses these principles; a more detailed discussion is 
given in Section 8.1 of the SCP/CD. Section 4.3 explains how they have been 
applied to planning site characterization at Yucca Mountain.

4.2.1 The issues hierarchy

The issues hierarchy is a three-tiered framework that lays out what must 
be known before a site can be selected and licensed. The highest tier con
sists of four "key issues»" which are derived from the system guidelines in 
the DOE siting guidelines (see Appendix A); since the system guidelines are 
based on the EPA and NRC regulations in 40 CFR Part 191* and 10 CFR Part 60, 
respectively, the key issues embody the principal requirements of the regula
tions governing repositories.

There are four key issues. The first addresses the postclosure per
formance of the disposal system— that is, the general objectives discussed in 
Section 4.1. The second key issue addresses the safety of repository opera
tions before closure. The third key issue addresses environmental and socio- 
econoroic concerns. It is not considered in the SCP; plans for its resolution 
will be presented in other planning documents, with full opportunity at 
several stages for review and comment by interested parties. The fourth key 
issue addresses the eare and cost of repository construction, operation, 
closure, and decommissioning.

Each key issue is followed, in the second tier, by a group of issues 
related to performance and design. The performance issues generally address 
specific questions about compliance with regulatory requirements. They iden
tify the information on site characteristics and design that is needed to 
assess the performance of the disposal system. The design issues address the 
information needed for the design of the repository, seals, and the waste 
package in the area defined by the key issue. In constructing each group of

*The U.S. Court of Appeals for the First Circuit has vacated and remanded 
to the EPA for further proceedings the environmental standards for the dis
posal of spent fuel, high-level waste, acd trar-suranic waste (Subpart В of 40 
CFR Part 191). Some of the plans described in the consultation draft of the 
SCP were specifically designed to furnish data needed for demonstrating com
pliance with those standards as promulgated by the EPA in 1985. The basic 
information needed to demonstrate compliance with any disposal standards even
tually promulgated by the EPA is expected to remain substantially the same, 
and therefore the approach to testing set forth in the SCP is expected to 
remain substantially the same. Nevertheless, any changes that may be made by 
the EPA to its standards will be evaluated by the D O E to ensure that the 
planned testing program will be adequate.
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issues, an effort was made to include all the questions that must be answered 
to resolve the key issue.

The third tier consists of "information needs," which identify the tech
nical information needed to answer the questions posed by the performance and 
the design issues. In developing the information needs, the DOE attempted to 
identify all the important information necessary for resolving the issues.

The issues hierarchy provides a framework for the site-characterization 
program and for explaining why the program is adequate and necessary. It also 
provides a forum for interactions between the DOE and the NRC on critical 
questions about the design and the performance of the disposal system.

Full statements of the three key issues that are addressed in the SCP, 
the associated issues, and the site-specific information needs that have been 
identified for the Yucca Mountain site are given in Appendix B.

4.2.2 The approach to issue resolution

To resolve the issues in the issues hierarchy, the DOE has adopted a gen
eral approach that guides the development of specific plans for resolving each 
issue. This approach is a procedure consisting of three principal parts: 
issue identification, performance allocation, and investigations.

Issue identification

Issue resolution begins with the identification of regulatory require
ments, and from the requirements the issues are derived. A detailed descrip
tion of the disposal system is also necessary.

Performance allocation

The second part of the general approach, called "performance allocation," 
provides the rationale for establishing particular site-characterization 
activities. It starts by using available information to develop a "licensing 
strategy"— a statement of the site featurest engineered features, conceptual 
models, and analyses that the DOE expects to use in resolving the issue* The 
statement is called a "licensing strategy" because the combined statements 
developed for all the issues are the basis for current plans to show com
pliance with regulations. At present, the licensing strategy is preliminary: 
not enough information is available for a definitive plan, because site char
acterization is only beginning. But the strategy is sufficiently developed to 
guide planning for the tests and the analyses that are at present deemed to be 
necessary. Further development of the strategy will take place after the DOE 
has received and considered comments from the NRC and the State of Nevada and 
completed its own internal review.

The principal product of this iicensing-strategy step is a statement of 
the disposal-system elements that the DOE currently intends to rely on in 
resolving the issue. This statement addresses the expected functions of these 
elements and the processes or factors that could affect those functions. The 
site-characterization program will investigate these elements to determine 
whether the disposal system will comply with the applicable regulations.
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To guide the site-characterization program more explicitly, “performance 
measures" are established for the elements identified in the preceding step. 
These measures are system variables that describe the performance of the 
elements in the licensing strategy. Each performance measure is assigned a 
value called a "tentative goal." This tentative goal is not a "goal’* in the 
sense that it must be met; it is simply a guide for developing a testing 
program* and it can be changed or even discarded once the testing program has 
been established. The goal is a conservative estimate that is consistent with 
a favorable resolution of the issue and the available information about the 
site.

Performance allocation then develops specific "information needs," which 
are the types of information needed to resolve the issue. The information 
needs include sets of parameters that will be used to evaluate the performance 
measures, the models needed for the evaluation, and other information needed 
to understand the characteristics of the site in terms of the issue.

Investigat ions

After plans have been developed for supplying the information needs, the 
next step is to proceed with the investigations called for in the plans. As 
soon as data become available from the investigations, analyses of the results 
begin; as more data are collected, the analyses continue, throughout site 
characterization and beyond. These analyses include the evaluations needed to 
resolve the issues. The collection of information continues until all of the 
information needs defined in the performance allocation have been satisfied* 
The information is then used in a concluding set of analyses to resolve the 
issues, and the resolution is documented.

Application

The entire issue-resolution procedure is intended to be iterative. For 
example, the licensing strategy or the goals for some performance measures may 
be changed in response to comments from the NRC or the State of Nevada or as 
new information becomes available or internal reviews provide new insights; if 
they are changed, the steps that follow will also be reexamined and their 
products revised. The analyses of the results of the investigations may pro
duce new understandings that require the rethinking of earlier steps. Any of 
the steps may lead to revisions of earlier steps*

Dealing with uncertainty during performance allocation

An important objective of the planning for the site-characterization 
program is to identify and reduce uncertainties in the information about the 
disposal system. During performance allocation these uncertainties are ad
dressed, in part, through the application of the multiple-barrier concept, the 
use of conservatism, and the consideration of alternative interpretations of 
existing information.

The use of multiple barriers to protect the public against the hazards 
posed by radioactive waste is embodied in the regulations governing separate 
elements of the disposal system. Since the issues hierarchy and the issue- 
resolution procedure address these individual requirements, the plans for site 
characterization do as well. In addition, the performance allocation for
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individual issues generally relies on multiple elements of the disposal system 
and on multiple processes operating within the elements.

Decisions about the reliance to be placed on elements of the system have 
been made conservatively. In other words, the decisions generally rest on 
underestimates of the performance of the elements. This practice provides 
additional assurance that the performance of the system is likely to meet or 
exceed the regulatory requirements.

In considering alternative interpretations of the existing information 
about the site, the DOE has used alternative conceptual models of systems and 
processes that are not well understood. For some issues this practice has led 
to alternative performance allocations. Alternative design considerations 
have also been part of planning site characterization.

4.3 STRATEGIES FOR THE YUCCA MOUNTAIN SITE

The DOE's general approach to issue resolution has been applied to each 
issue in the issues hierarchy, and site-specific information needs have been 
developed for the Yucca Mountain site. An overview of these strategies and 
the key information to be provider by the site-characterization program is 
given below, first for performance issues and then for design issues. This 
overview provides a general summary of the strategies; detailed information 
about the strategies and the performance allocation for each issue is given in 
Sections 8.2 and 8.3 of the SCP/CD. A complete listing of issues and informa
tion needs is presented in Appendix B.

4.3.1 Postclosure strategies 

Postclosure performance

The postclosure-pertormance issues address the regulations that directly 
relate to the postclosure performance of the repository system— that is, the 
regulations that are directly related to the ability of the repository system 
to isolate the waste from the accessible environment. Issues l.l through 1.6 
(see Appendix В and Section 4.8 for a list of these issues) address the post- 
closure performance objectives of 10 CFR 60.112 and 60.113, issue 1.7 ad
dresses the NRC's requirements in 10 CFR 60.137 for a perf ormance-conf irmation 
program, and issue 1.8 addresses the siting criteria of 10 CFR b0.122. Issue
1.9 addresses the postclosure siting guidelines of 10 CFR Part 960. (For the 
convenience of the reader, the NRC’s technical criteria and the siting guide
lines are reproduced in Appendix A.)

The DOE's general strategy for ensuring satisfactory postclosure perform
ance for a repository at Yucca Mountain has been described in Section 4.1. 
Using this general strategy as a foundation, the DOE has developed strategies 
for the resolution of the individual postclosure-performance issues.

The top-level strategy described in Section 4.1 relies on the unsaturated 
rocks at the Yucca Mountain site, the rocks in the saturated гопе below the



unsaturated rocks, and the engineered-barrier system. These elements were 
selected for the strategy because they can be tested and because they can be 
expected to—

• Limit the amount of water that (a) can come in contact with the waste 
packages, (b) corrode the waste containers, and (c) dissolve or leach 
the waste.

• Limit the movement of water through the unsaturated zone toward the 
accessible environment.

• Provide geochemical retardation for radionuclide transport.

• Limit the release of radionuclides from the engineered-barrier system.

The issue-resolution strategies identify performance measures for the system 
and for the elements listed above. The performance measures for the entire 
disposal system are the ratios of radionuclide releases to the EPA release 
limits, radionuclide concentrations in ground water, and radiation doses 
received by members of the public in the accessible environment. Among the 
performance measures for individual elements of the system are the time of 
ground-water travel to the accessible environment, the fraction of disposal 
containers that are breached, and the rate of radionuclide release from the 
breached containers.

The information that is needed to evaluate the performance measures has 
been defined and organized in the iesue-resolution strategies as information 
needs. It includes the percolation flux and the flow characteristics of the 
unsaturated rocks, the geohydrologic characteristics of the saturated гопе 
below the water table, the geochemical characteristics of the water and the 
rocks in both the unsaturated and the saturated zones, and the characteristics 
of the disposal containers and the waste form. The information needed to 
evaluate the gas-phase transport of carbon-l& includes the mean residence time 
of carbon-14 as a gas in the unsaturated rocks.

The DOE has also identified the information needed to evaluate possible 
future changes in the conditions at the site. These information needs address 
possible changes in the percolation flux in the unsaturated zone, in the 
elevation of the water table, in geochemical conditions, and in the perform
ance of the engineered-barrier system. In particular, the DOE has identified 
information needs addressing possible future changes in climate, volcanic 
eruptions through the repository, igneous intrusions into the repository, 
faulting or other tectonic activity, flooding of the repository, and human 
intrusion to the degree that these phenomena or events could affect the per
formance of the repository. Finally, the DOE has identified the information 
needed to evaluate the potential direct radionuclide releases that might 
result from inadvertent human intrusion into the repository or from natural 
processes, such as igneous intrusion.

Postclosure design

There are three postclosure design issues under key issue 1 (see Appen
dix В for complete statements of the issues): issue 1.10, which addresses the 
design criteria in 10 CFR 60.133 for Che waste package; issue i.il, which
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addresses the design criteria in 10 CFR 60.133 for the repository; and issue 
1.12, which addresses the design criteria in 10 CFR 60.134 for shaft and 
borehole seals.

The strategy for waste-package design is directed at meeting the perform
ance goals of providing radionuclide containment for a limited period and 
limiting the rate of radionuclide release for the full 10,000-year period of 
isolation. Performance goals for the waste package address the concentration 
of chemical species in the ground water that could come in contact with the 
waste package, the quantity of such water over time, and the maximum stresses 
that the host rock could impose on the waste packages. The site information 
that is needed for waste-package design includes the geochemical characteris
tics of the ground water in the unsaturated zone, the hydrologie characteris
tics of the host rock, and the host-rock thermal and mechanical properties 
that control the behavior ot the emplacement holes over time.

The design strategy for the repository after closure is directed at pro
viding a repository that does not adversely affect those characteristics of 
the site that provide favorable performance and, to the extent possible, con
tributes to the containment and the isolation of the waste. The strategy re
quires flexibility in the layout of the underground repository so that local 
geologic features and anomalies, if any, can be accommodated during the con
struction of the repository and the emplacement of the waste; limiting the 
introduction of water to the repository; limiting excavation~induced changes 
in hydraulic conductivity; and, in setting a design heat load for the reposi
tory, considering both the beneficial and the potentially detrimental effects 
of heat on waste isolation. Needed information about the site includes the 
local stratigraphie sequence and structure of the host rock in the areas 
proposed for waste emplacement, the thermal and mechanical properties of the 
host rock, and the response of the host rock to stress changes induced by 
excavation and heat.

The strategy for the design of the shaft and ramp seals is to reduce the 
amount of ground water that can reach the waste-emplacement areas and to limit 
any transport of volatile radionuclides through the shafts. Seals in the 
underground facility will be designed to contain and drain ground water enter
ing the emplacement drifts and to divert ground water away from the emplace* 
ment holes. The seals of boreholes will be designed to drain water down, thus 
diverting it from the the repository. Among the information needed for design 
are data on the hydrologie conditions in the repository area, including the 
identification of water-producing zones and their hydraulic properties. Other 
important items are the geochemical conditions in the host rock and the ground 
water in the host rock as well as the thermal, chemical, mechanical, and 
hydraulic properties of materials that are candidates for seals.

4.3.2 Preclosure strategies 

Preclosure performance

The DOE has also developed strategies for resolving the issues that are 
related to the preclosure performance of the repository; radiation safety 
before closure (issues 2.1, 2.2, and 2.3), the retrievability of the waste 
(issue 2.4), and the siting guidelines (issues 2.5 and 4.1).
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Radiation safety requires limiting the radiation doses that could be re
ceived by members of the public or by repository workers under normal operat
ing conditions or after accidents. The strategy for limiting doses is to rely 
on engineered systems that provide confinement and shielding for radiation 
(including the waste package) as well as operating procedures for waste 
handling.

In the radiation-safety strategies, performance goals are related di
rectly to the requirements of the applicable Federal regulations (10 CFR Part 
20, 40 CFR Part 191, and 10 CFR Part 960) for limiting doses. Since the stra
tegy for protection from radiation relies mainly on the design, the role of 
geologic information is largely to support the design. The information re
quired from site characterization includes the atmospheric-dispersion charac
teristics of the site, which would affect the radiation exposure of the public 
after airborne releases of radioactive material; the shielding properties of 
the host rock, which are needed to characterize the radiation environment in 
the underground facilities; and information on the likelihood and magnitudes 
of natural phenomena (e.g., earthquakes, rockfalls) that could imperil struc
tures, systems, and components important to safety.

To meet the regulatory requirement for retrievability (10 CFR 60.111), 
the ability to retrieve the waste from the repository will be maintained for 
50 years from the start of waste emplacement. The design strategy for re- 
trievability is to maintain access to the emplacement drifts during the 
retrievability period and during the additional period of time that would be 
required for the actual retrieval. The goal for the waste-emplacement design 
for Yucca Mountain (borehole, metal liner, shield plug, and cover) is to allow 
the retrieval of waste packages under any credible conditions.

The primary concerns for retrieval are the potential for the waste pack
ages to become "stuck" in the emplacement borehole and the ability of the host 
rock and the shielding collar to provide effective radiation shielding during 
waste removal* Key information includes the characteristics and behavior of 
the host rock in the immediate area of the emplacement boreholes.

Preclosure design

The precloeure design issues are related to performance requirements for 
radiation safety, retrievability, technical feasibility, and cost. In par
ticular, they address the design and production of waste packages (issues 2.6 
and 4.3), the design of the repository (issues 2*7, 4.2, and 4.4), and the 
total costs of repository development (issue 4.5).

The strategy for the resolution of the preclosure design issues is con
strained by the waste-package design and the postclosure design requirements 
(discussed above). Within these requirements and constraints, the strategy 
for the design is based on adapting available nuclear and mining technology to 
maintain a safe environment for the workers and the nearby public while pro
viding cost-effective waste handling, waste emplacement, and repository clos
ure. The strategies for the design issues set safety and functionality goals 
for radiation protection, the stability and longevity of mined openings, work
ing environments (e.g., temperature, humidity), water control, and functional 
layout. The resolution of the repository-design issues requires information 
about the characteristics of the host rock, including the existing stress and 
temperature conditions, thermal properties, strength and deformation proper
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ties* the characteristics and locations of fractures and faults, the ground- 
motion potential, excavation characteristics, the basic orientation and 
thickness of portions suitable for waste emplacement, the ability to use 
reasonably available technology, and estimated costs.

4.3.3 Link to the site-characterization program

The issue-resolution strategies developed for the Yucca Mountain site 
have been used to identify the information to be obtained by the site- 
characterization program, which has three parts: the site program; the 
repository, seals, and waste-package design programs; and the performance- 
assessment program. Brief descriptions of these programs are given in the 
sections that follow.

The various activities conducted in the site program will be documented 
in site-investigation reports. These reports will continue to update and 
extend the data base available for use in design and performance-assessment 
activities. When designs and calculations are sufficiently mature, topical 
reports and, finally, issue-resolution reports will document the preliminary 
basis for seeking the NRC's concurrence that various regulatory and technical 
requirements can be met. Thus, by acquiring the site data and other informa
tion necessary for the resolution of performance and design issues, the DOE 
will systematically establish the basis for demonstrating compliance with the 
major technical and regulatory requirements.

4.4 SITE PROGRAM

The site program consists of the investigations planned to obtain the 
site information needed for the resolution of performance and design issues, 
including the demonstration of compliance with the NRC's siting criteria and 
higher-level findings for the DOE's siting guidelines. The rationale for 
identifying the information that is needed has been described in Section 4.2. 
The program is described in Section 8.3.1 of the SCP/CD.

As shown in Table 4-1, the site program is divided into the 16 character-* 
ization programs. The topics covered by these programs are based on the 
intended use of the data in issue resolution. Thus, for example, there are 
separate programs for preclosure and postclosure tectonics. Brief descrip
tions of the 16 programs are presented in the sections that follow.

4.4.1 Geohydrology

The geohydrology program is described in detail in Section 8.3.1.2 of the 
SCP/CD. Its purpose is to provide, for the resolution of the performance and 
design issues, information about geohydrologic characteristics, processes, and 
conditions.

The general approach to satisfying the performance and design require
ments is to develop a credible geohydrologic model. The geohydrologic model
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Table 4-1. The investigations to be conducted in the site program

Characterization program 

Geohydrology

Geochemistry

Postclosure rock characteristics

Climate

Erosion

Rock dissolution 

Postclosure tectonics

Investigation

Regional hydrologie system 
Unsaturated-zone hydrologie system 
Saturated-zone hydrologie system

Water chemistry
Mineralogy* petrology* and rock 

chemistry 
Stability of minerals and glasses 
Radionuclide retardation by sorption 
Radionuclide retardation by 

precipitation 
Radionuclide retardation by

dispersive, diffusive* and advective 
processes 

Radionuclide retardation by all 
processes

Retardation of gaseous radionuclides

Strategy for integrated drilling 
program

Geologic framework of the site 
Three-dimensional models of rock 

characteristics

Rates of change in climate 
Effects of future climate on 

hydrologie characteristics

Locations and rates of surface erosion 
Effects of future climate on locations 

and rates of erosion 
Effects of future tectonic activity on 

locations and rates of erosion

None

Volcanic activity
Waste-package failure due to tectonic 

events
Hydrologie changes due to tectonic 

events
Changes induced by tectonic processes 

in the geochemical properties of the 
rocks
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Table 4-1. The investigations to be conducted in the site program (continued)

Characterization program Investigation

Human interference Activities that might affect surface 
markers and monuments 

Value of natural resources 
Effects of exploiting natural resources

Population density and 
distribution

Not described in the SCP

Land ownership and mineral rights Not described in the SCP

Meteorology Regional meteorological conditions 
Local meteorological conditions 
Atmospheric and meteorological 

phenomena at the site 
Population centers relative to wind 

patterns 
Extreme-weather phenomena

Offsite installations Determination of nearby industrial, 
transportation, and military instal
lations and operations 

Potential impacts of nearby 
installations and operations

Surface characteristics Topography of potential locations for 
surface facilities'1 

Soil and bedrock properties

Thermal and mechanical rock Spatial distribution of thermal and
properties mechanical properties 

Spatial distribution of ambient stress 
and thermal conditions

Preclosure hydrology Flood recurrence intervals and levels 
Locations of adequate water supplies 
Ground-water conditions within and 

above the potential host rock

Preclosure tectonics Volcanic activity 
Fault displacement 
Vibratory ground motion 
Preclosure-tectonics data collection 

and analysis

dThis investigation has already been completed.
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will have three components: a model for the unsaturated zone, a model for the 
saturated zone, and a model for the surface-water system. The model for the 
unsaturated zone will be developed only at the site scale, whereas the models 
for the surface-water system and the saturated zone will be developed at both 
site and regional scales. The geohydrologic model will then be combined with 
the geochemical model and thermal-mechanical model to produce the site model. 
Each of these three models will consist of both numerical and conceptual 
models. The numerical models include a description of the geologic and hydro
logie framework, initial and boundary conditions, processes at work within the 
geologic and hydrologie framework, and a hypothesis describing their inter
relationships .

To collect the necessary data during site characterization, the geo
hydrology program consists of three investigations directed at describing the 
present and expected hydrologie system of the region, the unsaturated zone at 
the site, and the saturated zone at the site. The results will be used to 
predict the paths and rates of ground-water travel through the saturated and 
unsaturated zones; this information is important in assessing the performance 
of the total system in limiting the release of radionuclides to the accessible 
environment. Information from these investigations will also be used to help 
evaluate scenarios in which the performance of the repository is disturbed by 
various postulated processes or events.

The objective of the regional investigation is to describe the regional 
hydrologie system by developing models of hydrologie flow. Specific studies 
will collect data on the meteorological conditions in the region surrounding 
Yucca Mountain, runoff and steamflow, and the regional system of ground-water 
flow. The subjects of these studies will include regional potentiometric 
levels, ground-water recharge at Fortymile Wash, and évapotranspiration. 
Regional hydrochemical tests and analyses will also be performed.

The investigation of the hydrologie system in the unsaturated zone at the 
site will be directed at defining ground-water flow paths and calculating 
ground-water fluxes and velocities in the unsaturated zone. The results will 
be used to develop conceptual and numerical models that can be used to assess 
the combined effects of heat, water, and gas flow under present conditions and 
the conditions expected for the next 10,000 years. Specific studies will 
cover water infiltration and percolation; the movement of gases in the unsatu
rated zone; hydrochemical characteristics; and hydrologie mechanisms, includ
ing the flow mechanism in the rock mass (flow through fractures versus flow 
through the rock matrix) and flow associated with faults and bedding planes 
in the rocks. Of particular importance will be studies conducted in the 

exploratory-shaft facility (see Chapter 5), especially studies directed at 
characterizing the flow of ground water in and around fracture zones at the 
contacts between stratigraphie units. Supporting studies in the laboratory 
will investigate the hydraulic conductivity of the tuff matrix, the permeabil
ity of fractured tuff at the pressures and temperatures expected in the repos
itory, and the water potential of a partially saturated tuff matrix at the 
expected temperatures.

Similarly, the investigation for the saturated zone is planned to produce 
models that can be used to calculate the paths, fluxes, and velocities of 
ground-water flow between the unsaturated zone and the accessible environment. 
Specific studies will collect data to characterize the ground-water flow sys-
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tern, including tests to determine the elevation of the water table, the hy
draulic gradient, and the hydrochemistry of the saturated zone.

4.A.2 Geochemistry

The geochemistry program is discussed in detail in Section 8.3.1.3 of the 
SCP/CD. It is designed to provide the information necessary for developing a 
site geochemical model and to supply the geochemical information needed for 
the resolution of performance and design issues.

The development of a site geochemical model requires data on the confi
guration of the potential transport pathways in the rock matrix, fracture 
networks, fault-zone rock mass, and distribution coefficients for radionuclide 
species for all rock units within the controlled zone. The necessary data 
will be obtained by integrating the results of sorption studies with those of 
dynamic transport and diffusion studies. The information needed for the re
solution of performance and design issues includes information from the geo
hydrology program on ground-water flow in saturated-zone units, values for 
hydrodynamic dispersion, and the solubility limits of chemical species asso
ciated with the liquid and gas-phase radionuclides. To evaluate present 
ground-water conditions as a basis for predicting future changes in ground
water chemistry, a ground-water chemistry model is being developed. The 
ground-water chemistry model, a conceptual model of mineral evolution, and 
data on sorption as a function of solid-phase composition will be used in 
sensitivity analyses to establish the factors controlling water composition.

Eight investigations are included in the geochemistry program. One 
addresses water chemistry within the potential emplacement horizon and along 
flow paths to the accessible environment; one of its objectives is to develop 
the ground-water chemistry model. The second investigation addresses min
eralogy, petrology, and rock chemistry in the potential emplacement horizon 
and along flow paths to the accessible environment. The third investigation 
is concerned with the stability of minerals and glasses; it is directed at 
developing a conceptual model of mineral and glass evolution at Yucca Mountain 
to predict future mineral evolution through both natural processes and the 
thermal loading induced by the waste emplaced in the repository. The remain
ing five investigations will develop a data base on radionuclide retardation 
along flow paths to the accessible environment. They will include laboratory 
studies of radionuclide retardation by sorption; precipitation from solution; 
and the physical processes of dispersion, diffusion, and advection. The re
sults of the laboratory studies of radionuclide retardation will be inte
grated, by means of numerical models, to address retardation by all processes 
along flow paths to the accessible environment. Three-dimensional transport 
models and other multidimensional process codes will be used in this effort to 
determine, characterize, and quantify the cumulative effects of all signifi
cant processes, physical and geochemical, acting on or controlling radio
nuclide transport at Yucca Mountain, The last investigation in the geochem
istry program will investigate the retardation of gaseous radionuclides. 
Potential retardation mechanisms for gaseous radionuclide species will be 
identified and used to estimate rates of transport.
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4.4.3 Postclosure rock characteristics

The program on postclosure rock characteristics is described in Section 
8*3.1.4 of the SCP/CD. It is designed to provide the geologic and geophysical 
site data needed to develop a three-dimensional physical-property model and to 
supply the rock-characteristics data needed by performance and design issues. 
Its results will be used in the design of underground facilities and in pre
dicting the time of ground-water travel, the lifetime of the waste packages, 
and the rates of radionuclide releases from the engineered-barrier system to 
the accessible environment. Also included in this program is the development 
of an integrated drilling program for all of the site-characterization 
activities.

The three-dimensional physical property model will generate a computer- 
based three-dimensional representation of the physical properties of rocks at 
the Yucca Mountain site. It will relate the geologic framework to the phys
ical properties of rocks and integrate the results of the geologic, geohydrol
ogic, geochemical, and thermal-mechanical models. The data base for the model 
will contain the distribution of parameter values for the physical properties 
in the property-dependent rock units. The model will summarize the geologic, 
hydrologie, geochemical, and thermal mechanical information for use in the 
resolution of the design and performance issues.

The physical-property model requires information on material properties* 
geometry, assumptions and hypotheses, and initial and boundary conditions.
The model will be used to predict how a physical property changes spatially 
within and across the boundaries of the model, where the boundaries represent 
distinct changes in a property. The location of the physical-property bound
aries will be based on the results of geologic and geophysical studies as well 
as the physical-property data from core samples. The geologic complexity of 
the Yucca Mountain site may cause large uncertainties in the variation of the 
properties between sample locations. Various interpolation methods will be 
used to estimate the variation iu the value of a rock property between sample 
locations. The end use of th* rock-property data determines the degree to 
which it is important to know precisely how a particular property varies with 
the distance from the sample location. Thus, the nature and the number of the 
rock-property investigations Co be conducted during site characterization will 
depend on the level of confidence required for the numerical models that use 
the physical properties.

As shown in Table 4-1, three investigations are planned for the rock- 
characteristics program. One of these investigations will develop the 
physical-property model discussed above. Another will assess the geologic 
framework of the site. This investigation will use geophysical surveys, tests 
of magnetic properties, and stratigraphie correlations to help characterize 
the vertical and horizontal distribution of stratigraphie units. To help 
characterize the structural features of the site, geologic mapping in the 
exploratory-shaft facility and studies of the surface-fracture network will be 
used. The planned geologic and geophysical studies are intended to identify 
correlations between the properties of interest that can be directly measured 
and properties of interest that must be estimated. The results of the geo
logic studies will therefore be used to calibrate the geophysical data and 
provide additional sources for correlating parameter information.
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Also included in the rcck-characteristics program is the development of 
the strategy for all of the drilling to be conducted during site character

ization. The siting of proposed boreholes is currently based on two strate
gies: (1) to characterize anomalies and gather data on underground conditions 

by siting boreholes to sample known or inferred features of interest and (2) 

to obtain a statistical distribution for needed parameters by random or grid- 
ded borehole siting to sample an entire volume of interest, without the con

sideration of specific geologic features. The overall purpose of the inte
gration of drilling activities is to most efficiently meet the needs of the 
repository project.

The integration of borehole siting, sampling, and testing has several 

objectives that will be optimized by considering applicable tradeoffs: (1) 
coordinating sampling and testing programs to eliminate unnecessary sampling 

and testing; (2) ensuring that drilling and sampling methods meet applicable 
technical, regulatory, and scientific requirements; (3) maximizing the cost 

effectiveness of the drilling program; and (4) maximizing the returns from 
drilling to increase both the sampling of the underground volume of interest 
and data returns from in-situ monitoring. In addition, the integrated dril

ling program has the important objective of resolving various regulatory and 
technical questions, such as the potential alteration of surface and under

ground conditions at the site and the potential for creating preferential 
pathways for ground-water flow. In particular, the activities planned for the 

integrated drilling program will (1) develop and apply technical and regula
tory positions on drilling through the potential waste-emplacement area; (2) 

analyze the potential effects of water-based drilling fluids on the unsatu
rated zone; (3) assess the effects on design and performance assessment if 

core samples cannot be obtained from the repository horizon and underlying 

strata because of items 1 and 2; (4) investigate alternative scheduling or 
alternative methods for drilling and coring; and (5) apply statistical methods 
to existing data to help determine the need for, and the potential siting of, 
future drillholes.

4.4.4 Climate

The details of the climate program are given in Section 8.3.1.5 of the 

SCF/CD. The program is designed to provide the climate information required 
for the resolution of performance and design issues.

The investigations in the climate program are directed at predicting the 

effects of future changes in climate on hydrologie conditions and estimating 

the ranges of future climatic conditions. The analysis of paleoclimates and 
paleoenvironments will assess the long-term variability of paleoclimates and 

provide the basis for estimating future climatic episodes. This analysis will 

also provide the basis for determining the potential effects of future clima

tic conditions on hydrologie conditions. The determination of the nature, 
probability, and timing of future climate scenarios will be derived from 
either a linked global-regional modeling approach or a separate empirical 
modeling approach, or both.

The climate program consists of investigations designed (1) to provide 
data on past and present climate conditions as well as predict future climate
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conditions and (2) to determine the effects of climate change on surface hy
drology* unsaturated-zone hydrology, and saturated-zone hydrology. The cli
mate program will use hydrologie models developed in the geohydrology program 

to simulate future hydrologie conditions due to changes in climate. Thus the 
geohydrology program also provides information to the climate program.

A.4.5 Erosion

The erosion program is presented in Section 8.3.1.6 of the SCP/CD. The 
program will collect information on geomorphic processes and conditions at the 

site needed for design as well as to supply site-specific erosion data that 

are required for the resolution of postclosure-performance issues.

Because erosion is not believed to pose a hazard to waste isolation at 

Yucca Mountain, only four investigations, including three field activities, 
are planned. Additional data that are needed will be obtained through the 
analysis and further evaluation of available geomorphic data as well as data 

collected for the meteorology and the hydrology programs. Many of the nec
essary parameters have been obtained and evaluated as part of the ongoing 

scientific studies at the Nevada Test Site (NTS) in support of the weapons 
testing progam. In most instances, data are not site specific and therefore 
not adequate for the resolution of performance and design issues.

One of the investigations will collect site-specific data on Quaternary 

erosion and stream incision rates, which will be used to calculate average 
erosion rates on Yucca Mountain and to develop a history of the downcutting 

episode(s) of Fortymile Wash. The second investigation consists of studies to 

assess the potential effects of future climatic changes on locations and rates 
of erosion. Previously established regional erosion rates suggest that future 

changes in the climatic regime will not significantly affect upland and hill- 
slope erosion rates. The third investigation will evaluate the effects of 

tectonic activity on the ratee of erosion, and the fourth investigation will 

address the potential effects of erosion on the baseline hydrologie, geo
chemical, and rock characteristics at Yucca Mountain.

A.A.6 Rock dissolution

Because the findings made for the environmental assessment are adequate 
to meet the requirement for higher-level findings in the siting guidelines, no 

additional studies are to evaluate rock dissolution. The geochemistry program 
includes studies on mineral stability that will assess geochemical retardation 
along flow paths.

A .A .7 Postclosure tectonics

The purpose of the postclosure-tectonics characterization program is to 
supply data on the probability and effects of tectonic "initiating events" 

that could alter existing conditions at Yucca Mountain and may adversely
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affect the performance of the repository. Tectonics information will also be 
used to accommodate site-specific tectonic conditions in design concepts for 
the geometry, layout, and emplacement borehole locations of the underground 
repository.

In addition to characterizing the effects of tectonic processes, the 
program will provide the data necessary to estimate the rates at which these 
processes operated during the Quaternary Period. This information will then 
be used to provide the predictions of future rates necessary to satisfy the 
requirements of the performance and design issues. The tectonic processes 
that will be evaluated are volcanism, igneous intrusion, faulting, folding, 
uplift, and subsidence. The tectonics program will estimate the probability 
of significant tectonic events related to these processes during the post
closure period and evaluate the effects of these events on possible direct 
releases related to the event, the lifetime of waste packages, and on the 
possible alteration of hydrologie and geochemical parameters that govern 
radionuclide transport times and release rates.

A variety of sources of information will be used to evaluate tectonic 
processes and events including earthquake observations, fault measurements, 
geologic mapping, drilling, gravity surveys, magnetotellurics, and other 
geophysical data. Alternative interpretations of the data will be explored 
and evaluated with respect to implications for repository performance. 
Multiple interpretations will be refined to the extent necessary to provide 
the degree of confidence that is needed for the resolution of performance and 
design issues.

As shown in Table 4-1, five investigations are planned under this pro
gram. The first four investigations are directed at estimating the probab
ilities and effects that can initiate the disturbed performance scenarios 
evaluated in postclosure-performance assessment. Because the analysis and 
interpretation of different tectonic initiating events call for the same type 
of data, data-gathering activities were grouped separately under a fifth in
vestigation that feeds data as required to the analysis activities associated 
with the postclosure-tectonics program. Data gathered under the preclosure- 
tectonics program will also be used in these analysis activities.

4*4.8 Human interference

The details of the human interference program are presented in Section
8.3.1.9 of the SCP/CD. The program is designed to identify, analyze, and 
evaluate the potential human activities that could adversely affect long-term 
repository performance or lead to inadvertent intrusion into the repository. 
The program will support the resolution of design and performance issues by 
estimating the likelihood and the effects of potential human intereference. 
Included in the analysis will be the long-term survivability of the surface 
markers, the most suitable locations for the surface markers, the natural 
resource potential of the site, and the potential effects of future resource 
exploration or extraction.

Three investigations are currently planned for this progran’ (Table 4-1). 
The first investigation will identify all events, both natura: -n.i .mthropo-
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genic* that со dd destroy or degrade the surface markers and monuments. To 
determine the *st locations for surface markers and monuments » the analysis 
will consider magnitudes and locations of fault ruptures a n d  seismically 
induced ground motion; the rates* magnitudes, and locations of potential 
igneous activity; and the potential effects of tectonic activity and future 
climatic conditions on locations and rates of erosion and deposition.

The second investigation will identify all resources at the site that 
could be marketable in the future. At present, the only commodity to be 
classified as a resource in the immediate vicinity of the site is ground 
water. It is expected that exploitation of this resource will become econom
ically feasible in the near future. Existing scientific and institutional 
data will be integrated with information obtained during the characterization 
of the saturated zone to (1) quantify and qualify the ground-water resources 
proximal to the site, (2) assess the current and future value of the resource, 
and (3) project the probable rates and locations of ground-water exploitation 
in the reasonable foreseeable future. These parameters will be considered in 
calculating the probability for human interference and in assessing the poten
tial effects of ground-water exploitation on the baseline conditions at the 
site.

The final investigation will examine the potential effects of resource 
extraction on the baseline hydrologie, geochemical, and rock characteristics 
to determine whether the potential effects of resource exploitation can so 
affect the baseline characteristics of the site that repository performance 
would be affected. Included in this investigation will be an analysis of the 
human-interference events that might be the initiating events of the release 
scenarios evaluated in postclosure-performance assessment; the objective is to 
determine whether they are sufficiently credible or significant to warrant 
further consideration.

4.4.9 Population density and distribution

Data on population density and distribution are needed for the resolution 
of performance and design issues related to preclosure radiation safety.
Since the collection of data on population density and distribution is not 
considered a site-characterization activity as defined in the Nuclear Waste 
Policy Act, no specific investigations or activities are described for this 
program in the SCP/CD.

4.4.10 L a n d  ownership and m i n e r a l  rights

L a n d  ownership and mineral rights must be established to support the 

resolution of both preclosure- a n d  postclosure-performance i s s u e s  and to make 

the higher-level findings on two DOE siting guidelines. S i n c e  the plans and 
procedures for determining land ownership and mineral rights a r e  not part of 

site characterization as d e f ined b y  the Nuclear Waste Policy A c t ,  no specific 

investigations or activities a r e  described for this program in the SCP/CO 
(Section 8.3.1.11).
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4. 4.11 Meteorology

The meteorology program is described in Section 8.3.1.12 of the SCP/CD.
It is designed to provide a complete understanding of the meteorology of the 
area and to supply information on average and extreme weather phenomena. This 
information will support the resolution of performance issues: it will be used 
in calculating the radiation doses that could be delivered to the public by 
releases from the repository because wind is the mechanism for the transport 
of airborne radionuclides. Information on average and extreme weather phenom
ena (e.g.* tornadoes, extreme wind speeds* and temperature extremes) will be 
used in the design of the surface facilities of the repository. In addition* 
meteorological data will be used in the geohydrology program.

The investigations planned for the meteorology program are divided into 
two categories: (I) those concerned with only site conditions and (2) those 
associated with regional meteorological conditions. To collect the needed 
data* a monitoring program consisting of five towers has been implemented at 
Yucca Mountain. To gain an understanding of the regional meteorological 
conditions* existing data bases will be evaluated and their applicability to 
Yucca Mountain determined. These data will be combined with data from the 
site program to produce a data set that represents the regional meteorological 
conditions.

4.4.12 Offsite installations

The program for collecting information on offsite installations and 
operations is described in Section 8.3.1.13 of the SCP/CD. It will provide 
the data needed for the resolution of preclosure-performance and design 
issues. This program* which consists of two investigations, will provide the 
data base necessary to estimate the probabilities and effects of potential 
offsite accident initiators. One of the investigations will identify all 
nearby industrial* transportation, and military installations and operations* 
both nuclear and nonnuclear. The second investigation will evaluate the 
potential impacts of those nearby installations and operations on the 
repository and its operations.

4.4.13 Surface characteristics

The surtace-characteristics program is discussed in Section 8.3.1.14 of 
the SCP/CD. Its objective is to collect the data needed to site and design 
the surface facilities and underground openings* to demonstrate that the 
construction, operation* and closure of the repository will be safe and tech
nically feasible, and to determine that the costs will be reasonable. This 
program consists of two investigations: topography and soil and bedrock 
conditions. No new studies are needed for topography* because the require
ments for topographical data have been satisfied. The investigation of soil 
and bedrock properties consists of an exploratory program that will inves
tigate and characterize the soils and rock strata beneath the site, a labora- 
tory program that will determine the physical and mechanical properties of the 
rocks and soils* and a field testing and measurement program.
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4.4.14 Thermal and mechanical rock properties

The program designed to collect information on thermal and mechanical 
rock properties is described in Section 8.3.1.1b of the SCP/CD. It will pro
vide information on thermal and mechanical rock properties and on ambient 
stress and temperature conditions to support the resolution of performance and 
design issues, including the development of design criteria for the under
ground repository, seals, and waste packages.

Two investigations consisting of nine studies are planned to collect the 
required rock-characteristics data (Table 4-1). One will address the spatial 
distribution of thermal and mechanical properties. It will include laboratory 
studies of rock density and porosity, volumetric heat capacity, thermal con
ductivity, thermal expansion, response to compression, tensile strength, and 
the mechanical properties of fractures. In addition, it will include excava
tion investigations in the exploratory-shaft facility as well as studies, also 
conducted in the exploratory-shaft facility, of thermomechanical and mech
anical properties.

The second investigation will collect data on the spatial distribution of 
ambient stress and thermal conditions. It will consist of both surface-based 
studies and studies in the exploratory-shaft facility.

4.4.15 Preclosure hydrology

The preclosure hydrology program Is described in Section 8.3.1.16 of the 
SCP/CD. This program is designed to provide the site-specific hydrologie in
formation needed for the design of the repository, the shafts, and seals and 
to support the resolution of several performance and design issues. The 
information to be supplied includes information on the hazards associated with 
flooding and debris flows; the location of adequate and alternative water 
supplies for the construction, operation, and closure of the repository; and 
information on the underground hydrologie conditions in and above the host 
horizon.

The preclosure hydrology program consists of three investigations. One 
of these that will determine (1) flood recurrence intervals and levels at the 
potential locations of surface facilities. Another will identify the loca
tions of adequate water supplies; it will evaluate existing water-well data 
and obtain new site-specific data to ensure the availability of sufficient 
water for repository construction and operation. The third investigation ad
dresses ground-water conditions within and above the potential host rock to 
determine the technical feasibility of constructing a repository (i.e., the 
access ramps, shafts, underground facilities, and seals) in the unsaturated 
zone, the compatibility of repository-related activities with the geohydro
logic setting, and the ability to construct the repository by means of avail
able technology and at reasonable cost. Detailed information for this inves
tigation will be obtained and evaluated through the geohydrologic program.
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4.4.16 Preclosure tectonics

The preclosure-tectonics program, described in Section 8.3.1.17 of the 
SCP/CD, is intended to provide an understanding of and to characterize the 
tectonic events or processes that could affect the structures, systems, or 
components considered to be important to preclosure safety, waste retrieval, 
or the performance of seals. The data on tectonic processes and events will 
support the resolution of both design and performance issues.

Both deterministic and probabilistic methods will be used for analyzing 
the effects of tectonic events during the preclosure period. The determin
istic approach will be used to model cause-and-effeet mechanisms and to de
velop particular tectonic event scenarios in greater detail than is typically 
provided by probabilistic methods. In addition, all final results for vol
canic, faulting, and ground-motion events will be evaluated probabilistically 
to ensure that adequate consideration is given to the full range of identifi
able tectonic processes, including uncertainties, and to help identify the 
processes that are key to parametric characterizations.

As shown in Table 4-1, the program consists of four investigations. The 
first three investigations provide the analysis and assessment of geologic 
data necessary to satisfy performance and design requirements. Each of these 
investigations considers a tectonic process that could be significant in the 
location or design of surface or underground facilities: volcanic activity, 
fault displacement, and vibratory ground motion. The data-gathering activ
ities that supply the basic geologic field data required by the analysis and 
assessment investigations are grouped together in the fourth investigation.

4.5 REPOSITORY PROGRAM

The SCP repository program consists of the site-characterization activ
ities that are associated with designing the repository. It includes design 
analysis and the development of a reference design. The site information 
needed for design is described in the site program summarized in Section 4.4.

The SCP repository program is based on the strategies for resolving the 
four repository-design issues in the issues hierarchy: issues I.11, 2.7, 4.2, 
and 4.4 (see Appendix В for a listing of the issues and information needs). 
The program is also tied to four of the performance issues: issue 2.4 (waste 
retrievability) and issues 2.1, 2.2, and 2.3 (preclosure radiation safety).
In addition to providing the technical basis for planning the repository pro
gram, these issues and their information needs also provide a framework for 
organizing the activities of the program.

The design of the repository is directed at meeting the requirements of 
the two different phases: preclosure and postclosure. For the preclosure 
phase, the design is concerned mainly with providing the facilities and 
equipment, that will permit the emplacement of waste in the repository while 
protecting the health and safety of the public. For the postclosure phase, 
the repository design is concerned with providing engineered barriers that 
contribute to the containment and isolation of radionuclides and with minim
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izing adverse effects of construction and operation on the waste-isolation 
ability of the site.

The postclosure design of the repository is addressed through the inform
ation needs of issue l.ll. Design concepts for the orientation, layout, and 
depth of the underground facility will be developed; they will consider the 
amount of usable waste-emplacement area versus the needed area and the need 
for flexibility in layout to accommodate local geologic conditions, and drain
age and moisture control. The importance of limiting water usage in the 
underground repository will be evaluated as will the chemical changes that can 
be induced in the host rock from the introduction of construction materials. 
Since the excavation of the underground openings and the heat of the emplaced 
waste will cause changes in the hydraulic conductivity of the rock mass, these 
effects will be analyzed and design constraints will be established. Analyses 
will be performed to establish the heat loading of the repository and to pre
dict the thermal and mechanical response of the host rock. Their results will 
also be used to establish the spacing of the waste-emplacement boreholes and 
the emplacement configuration. An important consideration in determining the 
heat loading and borehole spacing will be the temperature of the host rock in 
the immediate vicinity of the waste packages: this temperature should be high
enough to vaporize water, thus preventing liquid water from reaching the pack
ages for as long as possible.

Preclosure design is addressed by issues 2.7, 4.2, and 4.4. The informa
tion needs of issue 2.7 are concerned with the radiation-safety aspects of the 
design and are closely related to the requirements for radiation safety ad
dressed in the strategies for issues 2.1, 2.2, and 2.3. Design studies will 
be directed toward demonstrating compliance with the design criteria in 10 CFR 
Part 60 pertaining directly to radiation protection, including criteria for 
structures, systems, and components important to safety. These design activ
ities are largely independent of site characterization.

The information needs of issue 4.2 address the design and operating pro
cedures needed to protect the nonradiological safety of workers. Initial 
designs and operating procedures will be developed concurrently with the con
struction of the exploratory-shaft facility. The construction of this facil
ity will provide an opportunity to evaluate various excavation methods in the 
host rock, to demonstrate the installation and use of ground-support devices, 
and to monitor the behavior of rock-support devices. The ESF will also be 
used to evaluate dust generation and control as well conditions important to 
the ventilation system, such as moisture and the presence of gases.

The information needs of issue 4.4 address the fe; . ib i 1 i ty of the tech
nology required to design, construct, operate, and close the repository.
Within this general scope, the overall design of the surface facilities and 
the underground facility as a repository system is addressed. Much of the 
design work planned for other repository-design issues (issues l.ll, 2.7, and 
4.2) is addressed by the design information needs under issue 4.4. Two 
important steps toward developing an overall repository design will be the 
preparation of the repository operations plan for the repository and the 
completion of the design requirements for the various systems and components 
of the repository. These steps will deal with underground development as well 
as the four basic tasks of the repository during the preclosure period: the 
receipt and preparation of the waste, waste emplacement, waste retrieval (if
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necessary), and closure. The design helps to develop and demonstrate the 
equipment needed for operations, including equipment for waste handling and 
emplacement, for drilling the emplacement holes (for horizontal or vertical 
emplacement) and for retrieving the waste packages.

A variety of design analyses to evaluate thermal, structural, hydrologie, 
and seismic phenomena will be performed to support the design. Thermal and 
thermal-mechanical analyses of underground openings and the effects of the 
heat from the emplaced waste will be performed to evaluate the stability of 
shafts, drifts, and emplacement boreholes. These analyses will use various 
numerical and empirical models to predict behavior during repository opera
tions. Ground-support analyses will be performed to evaluate support options 
and to select the design for ground support. Seismic analyses will be used to 
evaluate the effects of ground motion on the surface facilities and the under
ground facilities. In addition, ventilation analyses will be performed to 
evaluate options for repository layout and to identify requirements for 
ventilation equipment.

4.6 SEALS PROGRAM

The seals program includes materials testing, design analysis, and design 
development for the sealing of shafts and ramps, underground drifts, and bore
holes at the site. The activities to be conducted during site characteriza
tion were developed on the basis of the issue-resolution strategy for the 
seal-design issue, issue 1.12. The overall strategy that guides the seal 
design is to control the water that may be encountered in the unsaturated zone 
and divert it away from the emplaced waste.

Since the postclosure seals will generally not be installed until the 
underground repository is closed, design development and seal testing will 
take place over a period extending far beyond site characterization. Plans 
for work during site characterization are aimed at developing design concepts 
and evaluating seal materials for consideration after site characterization 
and before repository closure.

Design-tradeoff studies will be performed to select the appropriate con
figurations for seal components, placement methods, and materials. Such 
tradeoff studies will evaluate the quantities of ground water that could enter 
the facility from faults and the potential for drainage through drift floors, 
shafts, and ramps. Various placement methods will be evaluated as the design 
concepts and seal materials become better defined.

Laboratory testing of potential seal materials will be performed in con
junction with waste-package materials. These tests will evaluate cementitious 
and earthen materials for their physical, mechanical, thermal, and hydrologie 
properties. In addition, the chemical stability of these materials and their 
reactivity with the host rock over time will be evaluated. Also planned are 
laboratory tests of the crushed host rock (tuff) to evaluate its use for fil
ling the shafts and backfilling the drifts of the repository.
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The design of the seals will require a good deal of information from the 
site programs on geohydrology, rock characteristics, and geochemistry; this 
information will be used to locate the seals, to refine the functional re
quirements for the seals, and to design for long-term physical and chemical 
compatibility of the seals with the other components of the repository.

Models of seal performance will be developed as the design advances. The 
models will evaluate both saturated and unsaturated flow through the seals as 
well as the thermal and mechanical behavior of the seals over time.

4. 7 WASTE PACKAGE

The SCP waste-package program is defined as the activities that are to be 
conducted during site characterization and are associated with developing the 
design of the waste package. The program includes materials testing, design 
analysis, and the development of a reference design. The waste-package pro
gram is based on the resolution strategies for the three waste-package design 
issues (issues I.10, 2.6, and 4.3— see Appendix B) and the two performance 
issues related to waste containment and limiting the rate of radionuclide 
release from the engineered-barrier system (issues 1.4 and 1.5, respecti
vely). In addition to providing the technical bases for planning the waste- 
package program, these issues and their information needs also provide a means 
of organizing the activities in the program.

The information needs of issues 1.10, 1.4, and 1.5 represent most of the 
work in the waste-package part of the site-characterization program. Under 
issue 1.10, a number of studies will be directed at characterizing the host- 
rock environment in the immediate vicinity of the waste packages. Laboratory 
tests and modeling analyses will be conducted to evaluate geochemical changes 
in the immediate vicinity of the waste packages. The tests will examine the 
composition of ground water in the host rock, the interactions of the host 
rock with water at elevated temperatures, and the dissolution оt the minerals 
in the rock. Also evaluated will be the effects of repository-construction 
materials (e.g., grout, concrete), radiation, and the products of waste- 
package corrosion on the chemical behavior of the ground water and minerals.

Laboratory tests and analyses will be performed to establish the hydro
logie properties, processes, and conditions in the vicinity of the waste 
packages. Laboratory tests on fractured and unfractured samples will examine 
the flow properties of the host rock for gases, vapors, and liquids.

Thermal and mechanical analyses and the waste package and the host rock 
around the emplacement of holes will be performed to evaluate temperature 
distribution histories and the stability of the emplacement boreholes over 
time.

Tests in the exploratory-shaft facility will be performed to establish 
the applicability of the laboratory studies described above to the conditions 
at the Yucca Mountain site. The specific tests have not yet been defined.

Other activities that are part of the postclosure waste-package design 
under issue I.10 include the analysis and design development associated with
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addressing each of the waste-package design criteria of 10 CFR Part 60, 
completing a reference design for the waste package, and establishing the 
configuration for the emplacement of the waste package in the underground 
repository.

A number of activities important to postclosure waste-package design are 
included under issues 1.4 and 1.5. The information needs of issue 1.4 (radio
nuclide containment within the set of waste packages) include the evaluation 
of a number of different materials for the disposal container; they include 
copper and copper-based alloys as well as austenitic materials (iron- and 
nickel-based alloys). Laboratory testing of metal container materials will be 
performed to examine their mechanical, microstructural, and physical proper
ties; states of stress in the container; and the characterization of the in
tegrity of the welds. An evaluation of the feasibility of using ceramic 
liners inside the containers may also lead to the testing of ceramics. Labo
ratory tests will be performed to evaluate degradation mechanisms that may 
occur in the thermal and environmental conditions after waste emplacement; the 
tests will be performed on copper and copper alloys, several austenitic mate
rials, and ceramics. The degradation process of particular concern is stress- 
corrosion cracking for copper and for austenitic materials.

The information needs of issue 1.5 (which is concerned with controlling 
the release of radionuclides from the engineered-barrier system) includes the 
evaluation of the characteristics and behavior of the waste form after con
tainment is lost. Laboratory tests will be performed on a variety of spent- 
fuel types as well as the vitrified high-level waste. Spent-fuel testing will 
evaluate the dissolution and leaching of the the spent fuel, oxidation of the 
fuel, and corrosion of the cladding in which the spent fuel is contained.
Leach testing will be performed on the vitrified high-level waste.

In addition to the testing and analyses summarized above, the design of 
the waste package will require modeling of the overall behavior of the waste 
package in the emplacement environment over time and the processes by which 
radionuclides can be transported out of the waste package.

Issues 2.6 and 4.3 deal with the preclosure aspects of waste-package 
design and require no additional site information beyond that described 
above. The information needs for these issues address the design criteria of 
10 CFR Part 60 that are concerned with radiation safety during transportation 
and handling, the control or prohibition of specific materials as part of the 
package, and the unique identification of each package; they also address the 
identification and evaluation of production techniques for the fabrication, 
closure, and inspection of the waste package.

4.8 PERFORMANCE ASSESSMENT

The performance-assessment program will develop analytical techniques and 
provide the analytical evaluations for the resolution of the performance 
issues. In particular, the purpose of the program is to calculate perform
ance measures for each of these issues and to compare the results with the 
goals set for them. This section presents brief summaries of plans for the 
assessment of preclosure safety, the assessment of postclosure performance,
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and the development, validation» and verification of models. Detailed plane 
for the performance-assessment program for the Yucca Mountain site are given 
in Section 8.3.5 of the SCF/CD.

4.8.1 Preclosure safety

Six issues are addressed by the preclosure-safety assessment program: 
issues 2.1 through 2.5 and 4.1. Issues 2.1, 2.2, and 2.3 are concerned with 
the preclosure radiation safety of the repository, issue 2.4 is concerned with 
waste retrievability, and issues 2.5 and 4.1 address higher-level findings for 
two groups of preclosure siting guidelines.

Assessment of preclosure safety

The assessment of preclosure safety will be conducted for the phases of 
repository construction» operation, waste retrieval (if necessary), closure, 
and decommissioning. It is directed mainly at the resolution of key issue 2 
(preclosure radiation safety) and the following related performance issues:

• The radiation safety of the general public under normal conditions 
(issue 2.1).

• The radiation safety of the repository workers under normal 
conditions (issue 2.2).

• The radiation safety of the general public and the repository workers 
under accident conditions (issue 2.3).

Complete statements of these issues and the information needs can be found in 
Appendix B. The strategy for the assessment of preclosure safety is described
in Sections 8.2.2.2 and 8.3.5.1 of the SCP/CD.

The DOE is developing a preciosure-risk assessment methodology that will 
establish the procedures, computer codes» assumptions» and data bases to be 
used in these safety assessments. This methodology will be used to analyze 
the radiation-exposure risks of both routine operations and accidents at the 
repository; it will also be used to analyze accidents that do not lead to 
releases of radioactive material but may be hazardous for other reasons.

The general analytical approach to the resolution of issues 2.1 and 2.2 
(radiation-exposure risks of routine operations) consists of four steps:

1. The evaluation of the design of the repository and the waste package, 
including the thickness of barriers and radiation shields, the 
characteristics of the ventilation system» and the containment char
acteristics of the waste form.

2. The identification of radiât ion-source characteristics, which depend 
on the design of the repository and the waste package, operating 
procedures, relevant environmental conditions» radionuclide trans
port, potential releases from offsite facilities» and radon releases 
from the excavation of the underground repository.
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3. The development of dispersion and pathway models.

4. Calculation of the radiation exposures that might be received by the 
general public or by the workers at the repository.

The activities to be performed for the resolution of issues 2.1 and 2.2 are 
discussed in Sections 8.3.5.3 and 8.3.5.4, respectively, of the SCP/CD.

The general analytical approach to assessing the radiation-exposure risks 
of accidents at the repository (issue 2.3) will employ techniques of probabil
istic risk assessment in addition to deterministic, conservative methods of 
analysis. The activities to be performed for the resolution of issue 2.3 are 
discussed in Section 8.3.5.5 of the SCP/CD.

The results of the preclosure-safety assessment will be used to guide the 
design of the repository and the development of operating procedures, to 
demonstrate compliance with regulatory requirements, to identify items impor
tant to safety, and to support the site-selection process.

Higher-level findings for preclosure siting guidelines

Two other performance issues are addressed by the preclosure-safety as
sessment program: issues 2.5 and A.i. Both are concerned with higher-level
findings for the DOE siting guidelines for the preclosure period. (A complete 
list of the preclosure siting guidelines can be found in Appendix A). Issue
2.5 covers the preclosure system guideline on radiological safety and the 
qualifying and disqualifying conditions of the associated technical guidelines 
(population density and distribution, site ownership and control, meteorology» 
and offsite installations and operations). The evidence needed to support the 
remaining higher-level findings will be made available through the information 
and analyses that support the resolution of issues 2*1 and 2.2.

Issue 4.1 covers the preclosure system guideline on the ease and cost of 
siting, construction, operation, and closure and the associated technical 
guidelines on surface characteristics, rock characteristics, hydrology, and 
tectonics. As explained in Section 8.3.5.7 of the SCP/CD, the evidence needed 
to support the higher-level findings for these guidelines will be obtained 
through the information, analyses, and assessments that support the resolution 
of design issues 4.2 through 4.5.

Waste retrievability

The last performance issue included in the preclosure-safety assessment 
program is issue 2.4— the ability to retrieve the waste emplaced in the repos
itory, as required by 10 CFR 60.111; the resolution of this issue is discussed 
in SCP/CD Section 8.3.5.2.

Waste retrieval would involve four functions— (1) access to the emplace
ment boreholes, (2) access to the waste packages, (3) removal of the waste 
package from the emplacement borehole, and (4) waste-package transport to the 
surface facilities. The requirement to ensure that these functions could be 
performed has produced significant constraints on the design of the reposi
tory. Because of its close relationship to design, issue 2.4 is closely re
lated to design issue 4.4 (preclosure design and technical feasibility), and
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its resolution will depend on the design activities, supporting analyses, and 
demonstrations performed to satisfy the information needs of issue 4.4.

4.8.2 Postclosure performance

The program for postclosure-performance assessment addresses issues l.l 
through 1.9. Issues 1.1 through 1.6 are concerned with the postclosure- 
performance objectives of 10 CFR Part 60, issue 1.7 addresses the need to 
develop a performance-confirmation program, and issues 1.8 and 1.9 address 
site-related requirements of 10 CFR Part 60 and 10 CFR Part 960, respec
tively.

The first six postclosure-performance issues address the following 
performance objectives of 10 CFR Part 60:

• System performance objective for the cumulative radionuclide release 
to the accessible environment (issue 1.1).

• System performance objective for radiation doses delivered to 
individuals in the accessible environment (issue 1*2).

• System performance objective for ground-water protection (issue 1.3).

• The performance of the engineered-barrier system in providing 
containment by the waste package (issue 1.4).

• The engineered-barrier performance objective for rates of radionuclide 
release from the engineered-barrier system (issue 1.5).

• Site performance objective for ground-water travel time (issue 1.6).

Complete statements of these issues atid the associated information needs can 
be found in Appendix B.

The current plans for resolving these issues for a repository at the 
Yucca Mountain site are based on the current conceptual models of the site 
characteristics and the current understanding of the processes and events that 
could or may occur at the site in the future. Preliminary analyses of the 
behavior of this system have been conducted; they have contributed heavily to 
the planning. Detailed strategies for each issue are presented in Section
8.3.5 of the SCP/CD.

The performance-assessment activities that will be planned for the 
resolution of issue l.l include the following:

1. The identification of potentially significant processes and events.

2. The development of classes of scenarios for the releases of 
radionuclides to the accessible environment involving those processes 
and events.
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3. The screening of the scenario classes in terms of the probability of 
occurrence and the potential releases associated with them.

U. The development of appropriate computational models for the 
evaluation of the scenario classes.

5. The calculation of probability distributions for the cumulative 
release to the accessible environment, taking into account 
uncertainties in the parameters of the computational models and the 
probability of occurrence of each scenario class.

The performance-assessment activities that are planned for the resolution 
of issues 1.2 and 1.3 are closely related to those for issue 1.1. In accord
ance with the regulations, the analyses will focus on the undisturbed perform
ance of the repository system— that is, the behavior that would be predicted 
if the system is not disrupted by inadvertent human intrusion or the occur
rence of unlikely natural processes or events. For issue 1.2, the assessments 
will evaluate the radiation doses that could be received by any member of the 
public in the accessible environment. For issue 1.3, the assessments will 
evaluate the potential radionuclide contamination of any special sources of 
ground water.

The performance-assessment activities planned for issue 1.4 include the 
following:

1. Evaluation of the engineered waste-package environment, including the 
thermal and fluid conditions in the vicinity of the waste packages.

2. Evaluation of the performance of the disposal container under these 
conditions, taking into account the properties of container 
materials, the nature of welds, the presence of mechanical defects, 
and potential modes of degradation.

3. Evaluation of the performance of the waste form, including any 
potential releases of volatile radionuclides at grain boundaries or in 
gaps, the behavior of spent-fuel cladding, and the potential rate of 
radionuclide release from the waste-form matrix.

Issue 1.5 is concerned with the rate of release from the engineered- 
barrier system. The planned activities include compiling and integrating data 
on the waste form (spent fuel and vitrified high-level waste) and the design 
of the waste package, deternining the sets of parameter values to be used in 
assessing the performance of the waste package, developing geochemical models 
to analyze the release of radionuclides from the waste form and their behavior 
after release, developing models for determining mechanism for radionuclide 
releases from spent fuel and vitrified waste, developing models for assessing 
waste-package performance, and calculating the rates of radionuclide releases 
from the waste package and the engineered-barrier system by both deterministic 
and probabilistic methods.

Issue 1.6 is concerned with the performance of the site in terms of the 
ground-water travel time. The performance-assessment activities planned for 
resolving this issue include the following:



1. The development and validation of computational models for predicting 
the ground-water travel time.

2. The determination of the extent of the disturbances of the flow 
system due to repository construction and waste emplacement.

3. The identification of paths of likely radionuclide travel from the 
disturbed zone to the accessible environment.

4. The calculation of the pre-waste-emplacement ground-water travel time 
along the fastest path of likely radionuclide travel from the 
disturbed zone to the accessible environment.

The performance-assessment activities for performance issues 1.7, 1.8, 
and 1.9 are essentially the same as those for performance issues 1.1 through 
1.6, which directly address the postclosure performance objectives of 10 CFR 
Part 60. Performance issue 1.7 addresses the requirements for a performance- 
confirmation program as defined in 10 CFR 60.137.

Pérformance issue 1.8 addresses the siting criteria of 10 CFR 60.122.
The detailed strategy for its resolution defines the DOE’s approach to the 
evaluation of favorable and potentially adverse conditions at the site and the 
determination that an appropriate combination of these conditions together 
with the engineered-barrier system will allow the performance objectives 
related to waste isolation to be met.

Performance issue 1.9 addresses the postclosure siting guidelines of 10 
CFR Part 960. The performance-assesssment activities for this issue are 
related to the evaluation of the site against these guidelines and the com
parison of sites. The types of activities are the same as those for perform
ance issues 1.1 through 1.7. However, the specific activities to be conducted 
are slightly more general in this case; that is, the analyses for issues 1.1 
through 1.6 involve evaluations ~f the system for 10,000 years or less after 
permanent closure. The siting guidelines, on the other hand, require evalua
tions for longer periods in some cases. In particular, the comparison of 
sites will involve calculations of system performance for 100,000 years after 
closure. Therefore, although the types of performance-assessment activities 
are the same as those described above, specific analyses will be somewhat 
different.

4.8.3 Performance-assessment modeling

The analyses that will be conducted in assessing the performance of the 
disposal system will rely heavily on numerical models. For example, a par
ticular performance measure will be calculated by using appropriate models 
that take into account the processes and events that may significantly affect 
the measure. The numerical models will be based on conceptual models for the 
system and on empirical or theoretical relationships for the processes con
sidered to be important in these conceptual models.

The numerical models that will be used in the performance assessments for 
licensing will be verified and validated. That is, the analytic techniques
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for performing the calculations will be tested to ensure that they correctly 
perform the operations, and the conceptual models and the empirical and theo
retical relationships will be evaluated to ensure that they adequately repres
ent the physical system to be analyzed.

Verification that the analytic techniques correctly perform the opera
tions will involve quality control and quality assurance in the development of 
the technique, the benchmarking of the techniques against other related tech
niques, and the evaluation of carefully chosen examples, including those with 
analytic solutions. The verification of a particular analytic technique may 
require substantial effort but is a relatively straightforward process.

The validation of the conceptual models and empirical and theoretical 
relationships, on the other hand, is expected to be more difficult because the 
validation process must address in a fundamental way the uncertainties in the 
description of the system itself. Such uncertainties include those in the 
specifications of the input parameters for the system and those in the con
ceptual model itself (e.g., in its geometrical configuration, major features, 
and boundary and initial conditions).

The DOE will attempt to address parameter uncertainty by considering 
bounding values for parameters or by taking parameter variations explicitly 
into account through stochastic modeling. Since parameter uncertainties to 
some extent reflect uncertainties in the conceptual model of the system, the 
bounding-modeling or stochastic-modeling approaches will also be useful in 
resolving the conceptual uncertainties. However, the validation of conceptual 
models is also expected to involve additional activities, including (1) ex
plicit treatment of alternative conceptual models, (2) study of the sensitiv
ity of performance-measure values to uncertainties in the conceptual model and 
in the specifications of parameters, and (3) peer review by qualified experts. 
Plans for specific verification and validation activities will be made during 
the planning of model development and application.
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5. SITE CHARACTERIZATION

In order to carry out the site-characterization program desc r iN.*d in  S ta 
tion 4, the DOE will conduct various activities at the Yucca M o u n ta in  s i t * : .  
These activities will consist of surface-based tests  and t e s t s  condurtc-n  in an 
exploratory-shaft facility. Various laboratory tests  and a n a ly s e s  w i l l  a lso  
be performed. In conducting the site-characterization a c t i v i t i e s ,  r a r e  v* i 11 
be taken to avoid environmental and socioeconomic impacts. It' th e  Y ucca  
Mountain site is found to be unsuitable for a rep o s i to ry ,  the f a c i l i t i e s  at  
the site will be decommissioned*

The drilling of boreholes, the construction of the e x p l o r a t o r y  s h a f t s  in 
the exploratory-shaft facility, and any underground e xc avat io ns  w i l l  be p e r 
formed in such a way that the integrity of the site is  not c o m prom ised . Thes<.- 
activities will be controlled to avoid any s ig n i f ic a n t  adverse im p a c ts  t h a t  
might affect the safety of the repository during p reclosure o p e r a t i o n s  o r  the 
waste-isolation capability of the site after closure.

5.1 SURFACE-BASED TESTS

The surface-based tests to be conducted during site characterization will 
include two general types of activities: tests performed at the ground súrtate 
and tests performed in boreholes and trenches. These tests are described in 
Section 8.3.1 of the SCP/CD; the description that follows briefly summarizes 
information from the detailed discussions in those sections.

5.1.1 Tests performed at the surface

One group of studies performed at the ground surface will monitor precip
itation and stream flow. The plans for this work call for 24 flumes to be 
installed in various drainage areas on and around Yucca Mountain; they will 
measure flow rates and allow estimates of runoff to be made. Precipitation 
gages will be installed at these locations and at four other sites.

A second group of studies comprises geophysical surveys. This work, 
performed at the ground surface, will play a major role in providing informa
tion on the spatial distribution of rock characteristics. Faults and shallow 
subsurface structure will be investigated by two techniques: shallow seismic 
reflection, which will use portable small-scale vibrator sources in as many as
10 traverses up to 3.1 miles long, and shallow seismic refraction, which will 
use portable seismographs and repetitive hammer sources. Deep seismic reflec
tion techniques will also be used; they will include, as a test of their use, 
a 9.3-mile-long survey using a Vibroseis energy source. An east-west profile 
and two or three cross profiles centered on Yucca Mountain will be studied 
with explosive sources; this regional seismic-refraction survey will require 
the use of shot holes drilled at about 6-mile intervals, each containing as 
much as 4000 pounds of dynamite. Images of the subsurface at the repository 
location will be obtained by vertical seismic profiling: geophones will be 
placed in the exploratory shaft or in boreholes drilled for other purposes, 
and vibrator trucks will provide seismic sources.
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Other geophysical surveys will use portable equipment to measure magnetic 
intensity and gravitational acceleration. Another regional study* a magneto- 
telluric survey, will measure the conductivity of the earth in the area. This 
type of survey uses arrays of electrodes and a magnetometer sensor consisting 
of a loop of wire, 30 to 300 feet in length, buried a few inches below the 
ground surface.

A third group of studies to be peformed at the surface will map various 
features of the Yucca Mountain area. Geologic mapping at a scale of 1:12,000 
will cover about 50,000 acres. Surficial deposits will also be mapped; some 
soil pits will be dug in support of this effort. Intensive mapping of surface 
stratigraphy and geomorphic features will take place in a broad area, with 
special attention in areas of exposed bedrock and in Fortymile Wash and its 
tributaries.

5.1.2 Drilling and trenching tests

As many as 300 to 350 shallow drillholes, 70 deep drillholes, and 20 
trenches may be used in site characterization. These estimates are prelim
inary, and the number of deep drillholes may be smaller, depending on the 
final design of certain drilling programs. These holes and trenches will be 
used for a variety of purposes.

Several boreholes will be used for studies of the unsaturated zone. They 
will be drilled with unconventional dry methods to depths as deep as about 
1500 feet; some will reach only to about 500 feet. After drilling and packer 
testing, these holes will be instrumented at isolated intervals along their 
depths. Among the instruments to be emplaced in such holes are temperature 
sensers, pressure sensors, tensiometers, thermocouple psychrometers, and gas- 
sampling apparatus. Monitoring of these holes will continue for several years.

Eight other deep holes are intended to study the water table and the sat
urated zone. Drilled with conventional methods, they will extend to depths 
100 or 200 feet below the water table. These holes will be logged during 
drilling. They will be maintained for future monitoring purposes and for pos
sible sampling and flow testing. Sampling of water from existing holes is 
also planned; special methods are required to obtain samples representative of 
the conditions that existed before those holes, drilled with air foam, were 
made. One pumping test will эе conducted across the Solitario Canyon fault to 
investigate the conductivity of the fault zone.

In one complex of three deep holes, a series of single-well and multiple- 
well pumping tests will be conducted. In the single-well tests a submersible 
pump will remove water from a selected rock interval; the pressure in other 
intervals will be monitored during and after the pumping. The multiple-well 
tests will involve pumping from a selected interval in one well and injecting 
into a selected interval of a second well. Chemical tracers may be mixed with 
the injected water. Another kind of test will involve allowing a tracer to 
drift into a rock formation and then pumping it out again. Tests like these 
will help to determine whether single-well testing can supply needed informa
tion; if it can, other single-well tests will be conducted in other deep holes.
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Three deep holes will reach to depths of approximately 5000 feet.
Drilled north and south of Yucca Mountain and in Drill Hole Wash, they will 
provide core, 2.5 inches in diameter, for geologic studies.

At two locations a hole will be drilled to a depth of at least 1000 feet 
for measuring in situ stress by the hydrofracturing method. Because these 
tests will be intended to improve the understanding of the regional stress 
conditions, the holes will probably be drilled more than 5 miles from the 
site. The holes will be equipped with packers that will be located in com
petent bedrock for testing by injection of wate . Depending on the results of 
the first tests of this type, more hydrof racturing work may be performed.

Three holes will be drilled to depths of 600 to 800 feet in Fortymile
Wash. They will be used in studies of induced infiltration using a small pond
and in studies of natural infiltration during precipitation events.

A series of shallow infiltration-monitoring holes will be drilled to
depths less than about 50 feet in 24 locations (74 such holes already exist at
the site). At some of these locations* small ponds, about 250 square feet in 
area* will be constructed to induce infiltration artificially; a static water 
level will be maintained in these ponds. Other studies will use simulations 
of rainfall for artificial infiltration.

A number of holes will be drilled to various depths for additional 
studies. Four holes will be drilled over magnetic anomalies that may be due 
to igneous intrusions or buried volcanic material. Some shallow holes will be 
drilled for collecting water samples in the region and for gathering samples 
from lake systems throughout the Great Basin. Several holes may be drilled 
near an existing trench near the Bow Ridge fault; these holes would recover 
mineral samples from depths below the trench. A horizontal hole may be 
drilled into the Solitario Canyon fault structure if such drilling is found to 
be feasible.

Still under consideration is a plan to drill as many as 3b to 40 deep 
boreholes in a grid pattern. These holes would provide statistical informa
tion about rock properties in the repository block; continuous core samples 
would be taken from each hole. This work would be done in phases; the data 
obtained in each phase would be evaluated before a decision to proceed with 
the next phase.

Aproximately 20 trenches, in addition to those existing around the site, 
are planned. The trenches will be dug by bulldozers or articulated shovels in 
locations to be determined after field reconnaissance. They will typically be
4 to 10 feet deep, 6 to 12 feet wide, and up to 500 feet long. Trenches are 
planned for investigating fault zones and systems in the region around Yucca 
Mountain. They may also be used for studying lake and playa deposits, in 
paleoflood evaluations and studies of soil properties, for sampling vein de 
posits, and in the surficial mapping mentioned above. Pa Ь-ос1 imate studies 
may require as many as 40 smaller, shallower trenches.

Tentative plans call for as many as thirty studies of fractures and 
joints in exposed bedrock in the immediate vicinity of Yucca Mountain. These 
studies would not require trenching or drilling, but tiuiy might require clear
ing of surface material by spraying water or blowing air ^ver the bedrock.
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5.2 TESTS IN THE EXPLORATORY-SHAFT FACILITY

This section describes the exploratory-shaft facility and the tests to be 
performed there.

5.2.1 The exploratory-shaft facility

The exploratory-shaft facility (ESF) will be constructed at Coyote Wash 
on the eastern side of Yucca Mountain. It will consist of support facilities 
on the surface, two exploratory shafts, and underground testing rooms and 
drifts.

Surface facilities

The surface facilities will include leveled pads for equipment and build
ings; roads; buildings and trailers; shaft collars, hoists, and headframes; 
construction-support facilities; utilities; and fire-protection, 1 ife-support, 
and communications systems. The proposed layout is shown in Figure 5-1, The 
road, power lines, and water lines have already been built up to the boundary 
of the Nevada Test Site. Auxiliary facilities will be constructed at Jackass 
Flats, about 12 miles away. The land required for all of the surface 
facilities is about 14 acres.

Figure 5-1. Conceptual surface layout for the 
site of the exploratory-shaft facility.
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Leveled pads, requiring the clearing of vegetation and grading, will be 
built for the shafts, buildings, parking, and storage areas. The access road 
has already been improved to accommodate heavy equipment; additional roads 
will be built to the exploratory shafts, the explosives-storage area, and the 
water tank. Temporary buildings and trailers will be used to provide shop and 
repair facilities, a warehouse, and a hoist house. Three magazines for the 
storage of explosives will be built away from the other ESF buildings. The 
utilities will provide the electrical power, water, and sewage systems neces
sary to support surface and underground activities.

The shaft collars will provide a stable upper foundation for supporting 
the concrete liner of the shaft, anchoring the hoist and headframe assembly, 
and mounting the pipes and vents needed for the underground services. The 
collars for both shafts will be in bedrock and consist of reinforced concrete 
extending from the surface to approximately 90 feet below the surface (Figure 
5-2). The hoists, hoist house, and headframes for both shafts will provide 
the necessary hoisting capacity for removing mined rock as well as moving 
people and materials to and from the surface.

The construction-support facilities and the mine plant will provide 
above-ground support for underground construction and operations. The major 
construction-support facilities will be a concrete batch plant, an area for 
storing the mined rock, a pond for storing the vaste water from the mine, and 
laydown areas for supplies and equipment. The major equipment in the mine 
plant will be ventilation fans with supply lines to the shaft collar, water 
pipes, and pipes for carrying mine waste water from the shaft collar to the 
mine-waste-water pond.

The auxiliary facilities at Jackass Flats will include laboratories and 
an administration and engineering building. The latter will provide office 
space and accommodate a visitors center.

Shafts and underground test facilities

Exploratory shafts. There will be two exploratory shafts: one for ex
ploratory testing and the second to provide the necessary support. The first 
shaft will be a vertical hole sunk from a leveled pad on the east flank of 
Yucca Mountain, at an elevation of about 4130 feet. The entire shaft will be 
lined with concrete and have an inside diameter of 12 feet. The completed 
shaft will be equipped with the necessary internal structures, conduits, pip
ing, ventilation ducts, and conveyances to move people and materials to and 
from the surface and to support mining and testing. The bottom of the shaft 
will have a sump for collecting and pumping out any water. Also provided will 
be space for conveyance overrun and rope stretch, which are required for mine 
hoisting safety.

The first exploratory shaft will have a total depth of about 1480 feet.
It will extend through the lower boundary of the proposed repository horizon 
into the tuffaceous beds of the Calico Hills. The shaft will penetrate about 
45 feet of the nonwelded zeolite-containing interior of the Calico Hills, 
leaving about 280 feet of the Calico Hills tuff undisturbed above the static 
water level.
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Figure 5-2. Typical hoist, headframe, and collar for an exploratory shaft.

The sinking of the first exploratory shaft will be routine except for 
testing. A typical sequence of operations will consist of drilling a number 
of small blast holes, loading the holes with explosives, blasting, and remov
ing the rubble. After the shaft has advanced several feet, the rubble has 
been removed, and any loose rock has been cleaned off the walls, the wails of 
the shaft will be mapped, rock and water samples will be taken, and other 
tests will be conducted in the freshly exposed interval of wall rock. Because 
the main purpose of the first exploratory shaft is to provide access for sci
entific investigations, the time devoted to testing will be as needed to 
achieve the testing objectives. When the shaft-mapping sequence is completed, 
the mining operations will resume. The alternating sequence of mining and 
testing will continue throughout the sinking of the shaft.

The second exploratory shaft will be used to move people, materials, and 
mined rock; to provide additional ventilation for the exploratory drifts; and 
to provide an emergency exit from the facility. This shaft will be sunk from 
a leveled pad at the same elevation as the first shaft and extend to just be
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low the main test level at 1055 feet. Like the firet shaft, it will be lined 
with concrete and have an inside diameter of 12 feet. It will be connected to 
the first shaft by a drift.

Although its construction will start later, the second exploratory shaft 
will be completed several months before the first exploratory shaft because it 
will be used for little or no testing. The connecting drift to the first ex
ploratory shaft and a lower demonstration breakout room will be constructed on 
the main test level after the second shaft is completed.

Underground facilities. The first exploratory shaft will provide access 
to breakout rooms and stations at three depths: the level of the upper demon
stration breakout room (600 feet), the main test level (1055 feet), and the
Calico Hills level (1360 feet).

The upper demonstration breakout room at 600 feet will be near the upper 
boundary of the proposed repository horizon. This depth was selected in order 
to have access to rock with a lithophysae content of approximately 15 percent; 
such rock may be encountered at places in the proposed repository horizon.
This information will assist in predicting the thermal and mechanical response 
of rocks with a high lithophysae content. In addition, the constructability 
and stability of the drifts will be established for both vertical and horizon
tal waste-emplacement modes.

At the 600-foot level there will be two types of rooms. One will be a 
station excavated directly off the exploratory shaft. It will provide a re
inforced area for unloading equipment and handling mined rock. The second 
will be the upper demonstration breakout room. It will be mined off the sta
tion and used for testing.

At about 1055 feet, the main test level, a lateral drift will be mined 
from the second exploratory shaft after the sinking of the first exploratory 
shaft has been completed. This area has been designed to provide maximum 
flexibility for testing inside the proposed repository horizon. It will in
clude an early operations area for evaluating the host cock in the areas where 
the test alcoves and drifts are currently planned. Three long exploratory 
drifts will provide access to specific features inside the proposed repository 
block: (1) the Ghost Dance fault, (2) the Drill Hole Wash structure, and (3) 
the imbricate normal fault zone to the east.

The drift to the Ghost Dance fault will be approximately 1200 feet long 
and head northwest from the operations area on the main test level. It will 
provide access to features potentially impo tant to the design and performance 
of the repository since the fault is a poter. ial pathway for water moving from 
the surface to the water table. The driiit w.il allow direct observation, the 
collection of samples, and other measurements needed to model the hydrologie 
environment. Information about the nature of the fault zone and possibly the 
degree of fault offset may also be obtained from this drift.

The drift to the Drill Hole Wash structure will also examine structural 
features that may be important to the construction and performance of the re
pository. If the investigation shows little or no faulting, the area that is 
proposed for the repository could be substantially increased. The hydrologie 
character of the rock structures below the Drill Hole Wash will be studied
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from this drift. Because the wash tends to concentrate surface water and 
channel it along a specific path, this may be an area where the water flux is 

higher than average. Studies in this area may resolve concerns about seasonal 
changes in water flux and the movement of water down a fracture zone. This 
drift will extend northeast from the operations area on the main test level.

The purpose of the drift southeast from the operations area to the im
bricate normal fault zone is to study the width of the fault zone, the strike 
and dip of the faults, and the location of these faults at the proposed 

repository depth. These studies will aid in determining the eastern boundary 
and the total size of the repository block. Hydrologie studies will also be 

performed to determine whether the imbricate normal fault z o n e  could be a 
pathway for ground water.

At the 1360-foot level, a station and a drill room will be constructed in 

the nonwelded tuff of the Calico Hills unit. The drill room will be used to 
obtain rock core for the study of rock characteristics.

A cutaway view of the exploratory-shaft facility showing the surface 
facilities, the exploratory shafts, the main test level, and other features is 
shown in Figure 5-3. The layout of the underground excavations is shown in 

Figure 5-4.

5.2.2 Tests in the exploratory-shaft facility

The tests planned for the exploratory-shaft facility will collect 
information on the geologic, hydrologie, geoengineering, and geochemical 
environment in the host rock. They are divided into two categories: 

construction-phase tests and in-situ tests.

Construetion-phase tests

The construction-phase tests include all test activities that begin 
during the construction of the first exploratory shaft except those that are 

conducted in drifts or alcoves on the main test level after the two shafts are 

connected.

The walls of the first exploratory shaft will be mapped and photographed 

in detail during the shaft-sinking operations. At each 6.6-foot interval of 

depth in the shaft, the sinking operations will wait while the walls are 
cleaned, mapped, and photographed and hand samples are collected. The drifts 
and breakout rooms will also be mapped 6.6-foot intervals. The mapping will 

take place before any rockbolts or mesh is installed unless such precautions 
are necessary for safety reasons.

If perched water or fracture flow is observed during the mapping 
operations, the sinking of the shaft or the excavation of the drift will be 

temporarily interrupted to test the wet zone. Holes will be drilled with dry 
methods to allow the emplacement of instruments that will measure and monitor 

hydrologie properties like hydraulic head and flow rate. Samples of the water 
will be collected for chemical analysis.
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EXPLOSIVES STORAOK AREA'.

EXPLORATORY SHAFT *2 

EXPLORATOfir SHAFT* 1 

TO WATCH TANK

Figure 5-3. Conceptual illustration of the exploratory-shaft facility.

At each of the three main shaft levels described above, instruments will 
be installed to determine horizontal stress* to measure the convergence of the 
rock, and to measure the loading of the shaft liner. These instruments will 
include three radial borehole extensometers and six hydraulic pressure cells. 
They will be monitored after the shaft sinking resumes.

During the shaft sinking, samples of rock will be collected from the
shaft bottom for analysis of chlorine-36. These samples must be as free as 
possible from contamination by water used in excavation or from chlorine in 
the explosives used in excavation. They will be collected before any wash
ing of the shaft walls. Approximately 30 depths along the shaft have been
selected as collection points for these samples, and special blasting methods 
may be needed at those points in order to produce samples of the proper size.
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Tests designed to reveal the effects of excavation will be conducted at 
the two upper main levels in the shaft. At those levels the excavation will 
stop while rooms are developed around the shaft; nine holes will be drilled 
into the floor of each room to measure changes in stress» displacement, and 
pneumatic transport. Most of these holes will be parallel to the main shaft, 
in the rock mass adjacent to where the shaft opening will be after sinking 
resumes. The holes will range from 23 to 100 feet deep. Geophysical logging 
will be performed in all the holes. Core will be taken from some holes.
After monitoring instruments have been emplaced in the holes» the shaft sink
ing can resume; permeability measurements will be made in the holes after each 
two rounds of blasting.

At 12 different levels 2 radial coreholes will be drilled from the shaft 
for hydrologie testing and monitoring. These 30-foot-long holes will be 
logged, and instruments will be permanently installed in them. These instru
ments— thermocouples, strain-gauge pressure transducers, semiconductor pres
sure transducers, thermocouple psychrometers, and heat-dissipation probes—  
will be monitored.

TO

Figure 5-4. Layout of the central underground area of the 
exploratory-shaft facility, showing the locations of various tests 

and the two exploratory shafts (ES-1 and ES-2).
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In order to sample natural fractures, 10 or 12 large-diameter cores will 
be obtained from the walls of each of the breakout rooms. The pilot hole 
drilled for this coring will penetrate a fracture identified in mapping. A 
rockbolt anchor will immobilize the fracture for subsequent overcoring.

Each of the breakout rooms will receive rock-mechanics instrumentation 
while the rooms are being excavated. These instruments— rock-bolt load cells 
and extensometers— will be deployed in holes drilled in the surfaces of the 
rooms. The drilling of the holes will use methods determined by the need to 
avoid interference with other tests.

In-situ tests

Tests started on the main test level after the shafts are connected or 
conducted elsewhere in the exploratory-shaft facility after the sinking of the 
shafts are called "in-situ-phase tests."

Infiltration testing planned for the exploratory-shaft facility will in
vestigate an important property of the unsaturated rock: that fluid transport 
in it is sensitive to its degree of saturation. To test this property, water 
will be introduced to the rock mass under controlled conditions, and the sat-
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uration state will be gradually changed while transport phenomena in the rock 
are observed. A test drift with a raised testing floor will be constructed; 
an array of horizontal holes will be drilled from another drift access into 
the volume of rock under the testing floor. These holes will be instrumented 
for automatic monitoring of the phenomena that occur when water is introduced 
to the testing floor. The testing floor will be isolated from the ventilation 
system.

A bulk permeability test will also require the construction of a special 
test room. The walls of this room will contain groups of holes that are in
strumented with pressure, temperature, and other environmental sensors. This 
arrangement will permit small-scale packer testing to be performed in conjunc
tion with a large-scale test in the same volume of rock; the results of the 
testing will permit the evaluation of scale effects. The pneumatic pressure 
in the test room can be raised for the small-scale testing; the large-scale 
testing will be conducted by operating the ventilation pressure system while 
monitoring the environment in the test room.

The hydrogeology of the Calico Hills unit may be studied by means of a 
250-foot horizontal borehole from the lowest shaft station, a 250-foot ver
tical borehole down from the main facility level, and a 350-to-400-foct 
vertical hole from the lowest level down to the water table. If done, all 
these holes will be logged and tested.

Bulk samples of rock, at least 12 inches in diameter, will be collected 
from the shaft excavation at depths no more than 50 feet apart. Extra samples 
will be taken at zones with unusually high moisture content.

Two parallel drifts will be drilled sequentially in an evaluation of the 
drift mining. After the first of these drifts has been completed, instru
mentation holes will be drilled from it into the rock where the second drift 
will be constructed. As the second drift is excavated, data from these ins
trumented holes will be supplemented by measurements of drift convergence in 
the first drift.

A heated-block test will subject a 2-meter cube of jointed rock to con
trolled conditions of stress and temperature that will simulate repository 
conditions after the emplacement of waste. In a specially constructed alcove, 
four slots cut in the floor will form the sides of a cube whose top is the 
leveled floor and whose bottom is connected to rock mass. Instruments in
serted into the slots will exert pressure on the sides of the cube, and 
electrical heaters in holes outside the cube will control its temperature. 
Instrument holes drilled into the cube will permit measurements of stress, 
displacement, and temperature during cycles of varying stress and temperature 
induced in the cube.

Another experiment will simulate the environment around a canister-scale 
emplacement borehole. A corehole will be drilled into the wall of a special 
drift; a heater wil? be placed in this hole. Other, smaller holes will be 
drilled around this heater hole for the emplacement of thermocouples; other 
holes will contain extensometers, deformation gauges, moisture monitors, and 
radon monitors. In addition to this large experiment, a small-scale heater 
experiment will be conducted in the wall of the upper breakout room.
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Plate-loading tests will use an established technique for observing and 
characterizing the deformability of rock mass in drifts and tunnels. An ap
paratus installed across the diameter of a drift will increase the outward 
force on the walls; the effects of this increased force will be monitored by 
instruments placed in boreholes drilled in the roof and floor of the drift 
where the testing is done. One or more of these tests may be p^-formed in the 
upper breakout room.

A slot-strength test is planned for the measurement of in-situ stress and 
rock-mass strength. This test will use a pair of horizontal boreholes about 2 
feet apart with a slot cut between them. An instrument inserted into the slot 
will exert pressure in the slot, and borehole stressmeters in the two holes 
will monitor the response of the rock. Acoustic emission sensors will allow
the pressure to be increased up to the onset of rock failure.

Overcoring-stress measurements and borehole-dilatometer studies will be 
performed at all three levels. Small coreholes will be drilled first, to a 
depth of 50 feet. Then these holes will be overcored, and stress-reiief 
measurements will be made about every 1 to 2 feet down the length of the hole.

A test of a developmental prototype boring machine will take place to 
determine the feasibility of drilling and lining long horizontal holes for 
emplacing waste. A specially developed boring machine will bore a 37-inch- 
diameter hole; the objective of the test will be to produce a 250-foot hole
with a deviation of 2 inches or less in each 100 feet of boring. This test
will be conducted in the main test level.

A diffusion test will determine the extent to which nonsorbing tracers 
can diffuse into the pores of two tuff units penetrated by the shaft. Holes 
will be drilled about 30 feet into the tuffs; an effort will be made to ensure 
that the bottoms of the holes are as free from fractures as possible. Packers 
will be installed in these holes, and a tracer solution will be injected.
After an undetermined period of time, the packer will be withdrawn, and the 
hole will be overcored. The overcores will be examined to determine how the 
tracer moved into the rock.

Tests of the waste-package environment will be a complex series of ins
trumented simulations using electric-resistance heaters in packages resembling 
horizontal and vertical waste packages. Coreholes for heaters, 12 inches in 
diameter and 20 or 40 feet long, will be supplemented by additional, longer 
coreholes that will contain instruments for monitoring. These tests will 
simulate the thermal loads expected from waste packages; they will also 
produce loads far in excess of the expected loads.

5.3 QUALITY ASSURANCE

Quality assurance consists of all planned and systematic actions neces
sary to ensure that the geologic repository will perform satisfactorily. All 
organizations participating in the site-characterization program will develop 
and implement a documented quality-assurance program that meets the quality- 
assurance requirements of the Nuclear Regulatory Commission.
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Each iten and activity during site characterization is assigned a level 
of quality assurance» which determines what requirements for control and doc
umentation need to be followed. The level of quality assurance is consistent 
with the relative importance of the item and activity to public health and 
safety.

5.4 ENVIRONMENTAL AND SOCIOECONOMIC IMPACTS

In conducting the site-characterization program, care will be taken to 
minimize adverse environmental and socioeconomic impacts. As reported in the 
environmental assessment for the Yucca Mountain site, no significant adverse 
impacts are expected to result from site characterization. Nonetheless, the 
DOE will monitor site-characterization activities that might have significant 
environmental and socioeconomic impacts and, to the extent practicable, will 
implement mitigation measures if necessary. Plans to monitor and mitigate 
those impacts will be developed in consultation with the State of Nevada 
before starting the particular site-characterization activities.

5.5 DECOMMISSIONING

If Yucca Mountain is found to be unsuitable as a repository, the 
exploratory-shaft facility will be decommissioned. If no alternative use for 
the exploratory-shaft facility is identified by the responsible State and 
Federal agencies, the decommissioning of the surface and underground facil
ities will begin as soon as possible. The surface facilities will be removed, 
and the land will be stabilized and rehabilitated. Equipment will be removed 
from the shaft stations, underground drifts, and test rooms. The shaft liners 
will be left in place. The underground excavations and shafts will be back
filled with the rock removed during excavation.

Trenches will be backfilled with the material that was originally 
excavated, and drillholes will be sealed with a ground-matching grout of a 
density that corresponds to that of the surrounding rock.

Since no radioactive materials will be used at the site during site char
acterization, no decontamination will be required after site characterization. 
The radioactive materials in the geophysical tools used to investigate the 
movement of ground water during exploratory drilling are fully contained and 
retrievable; they are routinely used in geologic investigations and do not 
require any decontamination.
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A p p e n d i x  A

EXCERPTS F R O M  REGULATIONS:

ENVIRONMENTAL STANDARDS FROM 40 CFR PART 191,

TECHNICAL CRITERIA F R O M  10 CFR PART 60,
AND POSTCLOSURE AND PRECLOSURE GUIDELINES FROM 10 CF R  P A R T  960
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ENVIRONMENTAL STANDARDS FROM 40 CFR PART 191

Subpart A—environmental Standard» 
for Management and Storage

9 iti.es SianSsres.
(a) Management and storage o f spent 

nuclear fuel or high-level or transuranic 
radioactive wastes at all facilities 
regulated by the Commission or by 
Agreement States shall be conducted in 
such a manner as to provide reasonable 
assurance that the combined annual 
dose equivalent to any member of the 
public in the general environment 
resulting from: (1) Discharge* o f 
radioactive material and direct radiation 
fro*n such management and storage and 
(2) all operations covered by Pert 19ft 
shall not exceed 25 millirems to the 
whole body. 79 millirems to the thyroid, 
and 2$ milliretns to any other critical 
organ.

(b) Management end storage o f spent 
nuclear fuel or high-level or transuranic 
radioactive wastes et e ll facilities for 
the disposal o f such fuel or waste diet 
•re operated by the Department and 
that are not regulated by the 
Commission or Agreement States shall 
be conducted in such a manner as to 
provide reasonable assurance that the 
combined annual dose equivalent to any 
member o f  the public in the general 
environnant ratulting from discharges 
o f radioactive material and direct 
radiation from such management and 
storage shall not exceed 25 millirems to 
the whole body end 7b millirems to any 
critical organ.

| Ш М  <M»rwa»M standards.
(a ) H ie  Administrator may issue 

alternative standards from m ote 
standards established in 191.03(b) for 
w ette  management and ttorage 
activities at facilities thet are not 
regulated by the Commission or 
Agreement States If. upon review o f an 
application for tuch alternative 
standards:

(1) The Administrator determines that 
such alternative standards w ill prevent 
*ny member o f the public from receiving 
a continuous exposure o f more than 100

millirems per year dose equivalent and 
<tn infrequent exposure o f more than 500 
millirems dose equivalent in a >e«jr from 
all sources, excluding natural 
background and medical procedures; 
and

(2) The Administrator promptly makes 
a matter o f public record the degree to 
which continued operation o f the facility 
is expected to result in levels in excess 
o f the standards specified in 19103(b).
(b) An application for alternative 

standards shall be submitted as soon as 
possible after the Department 
determines that continued operation of a 
facility w ill exceed the levels specified 
in 191.03(b) and shtll include ail 
information necessary for the 
Adir.inietrator to make the 
determinations called for in 19104(a).

(c) Requests for sltemative standards 
shall be submitted to the Administrator. 
U S. Environmental Protection Agency. 
401 M Street. S W , Washington. DC 
20460.

forOtepowl
I Стшшт пщ+тятт.

(s ) D itpotal sytlem t for tpent nuclear 
fuel or high-level or transuranic 
radioactive wattes thall be designed to 
provide a reeaonable expectation, bated 
upon performance o t t t i in n t t ,  that the 
cumulative re lea ttt o f radionuclides ;o 
the ecoettib le environment for 10.000 
years after ditpotal from all tigmflcant 
procette t  end events that may affect the 
disposal system shall:

0 )  Have a likelihood o f less than one 
chance in 10 o f  exceeding the quantities 
calculated according to Table 1 
(Appendix A ); and

(2) lla ve  a likelihood o f less than one 
chance in 1.000 o f  exceeding ten timet 
the qutntitiet calculated according to 
Table 1 (Appendix A ).

(b) Performance a tte ttm tn tt need not 
provide complete ttturance that tht 
requirements o f 191.13(a) w ill be met. 
Because o f the long time period involved 
and the nature o f  the events and 
processes o f  interest there w ill

inevitab ly be substantial uncertainties 
in  protecting d isposa l system  
performant * Proof of the future 
perform ance o f  a  d isposal system is  not 
to he had in  the ordinary sense of the 
t\ord in «('.binons that deal with iru* h 
shorter time frames. Instead, what is 
required is a  reasonable expectation. >»n 
the basis o f the record before the 
im plem enting agency, that com pliance  
with 19113 (a) w ill be achieved.

f  191.14 tseuranco requirements.
To  provide the confidence ni'*-i*¿ for 

long term compliance with the 
requiiements o f 19113. disposal o f spent 
nuclear fuel or high-level or transuranic 
wastes shall be conducted in 
accordance with the following 
provisions, except that these provisions 
do not apply to facilities regulated by 
the Commission (see 10 CFR Part 60 for 
comparable provisions applicable to 
facilities regulated by the Commission):

(s ) Active institutional controls over 
disposal sites should be meintained for 
es long e period o f  time as is practicable 
after disposal; however, performance 
aesessments that assess isolation o f the 
wastes from the sccessible environment 
shall not consider any contributions 
from active institutional controls for 
more than 100 year* after disposal.

(b ) Disposal systems shall be 
monitored after disposal to detect 
substential and detrimental deviations 
from expected performance. This 
monitoring shell be done with 
techniques that do not jeopardise the 
isolation o f  the wastes and shall b t 
conducted until there ere no significant 
concerna to be addressed by further 
monitoring.

(c ) D itpotal t i t t t  thall be designated 
by the mott permanent msrfcers, 
records. and other p a ttiv t institution^ 
controlt practicable to indicate the 
dangert o f the w ette t tnd their location.

(d ) Disposal systems shall и м  
different types o f btrriert to isolatt tht 
wastes from tht accessible environment. 
Both engineered and natural barriers 
thall be included.

* A  decision on July 17, 1987» by the U.S. Court of Appeals for the First 
Circuit has required the Environmental Protection Agency to reconsider its 

poatcloeure standards (Subpart B) in 40 CFR Part 191.
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(с) И асе*  w here d i m  ha* been  
m ining for resources, or where there is * 
reasonable expectation o f  exploration  
for scarce or easily  accessible resource*, 
o r  where there is  a significant 
concentration o f  any m aterial that is not 
w idely ava ilab le  from other sources, 
should be avo ided  in selecting disposal 
site*. Resource* to be considered shall 
include m inerals, petroleum or natural 
gas. v a luab le  geologic formation*. and  

ground waters that are either 
irreplaceable because there i* no 
reasonable alternative source of 
drinking w ater ava ilab le  for substantial 
populations o r  that are v ital to the 
preservation o f  unique and sensitive  
ecosystems. Such places shall not be 
used for disposal of the wastes covered  
liy  this Part unless the favorable  
characteristics o f * jch  places 
com pensate for their greater likelihood  
of being d isturbed in  the future.

(f) D isposal systems shall b* selected  
so that rem oval o f  most o f the waste* is  
not precluded for a reasonable period o f 
time after disposal.

I  t tt .lg

radionuclide» that emit either beta or 
gamma radiation that would produce an 
annual doe* equivalent to the total bod\ 
or any internal organ greater than 4 
r.iilluems per year i f  an individual 
consumed 2 liter* per day o f drinking 
water from such a source o f  pound 
water.

(b ) I f  any o f the average annual 
radionuclide concentration* existing in a 
special source o f ground water before 
construction o f the disposal system 
already exceed the limit* in 19116(a). 
the disposal system shall be designed to 
provide a reasonable expectation dut. 
for 1.000 y ean  after disposal- 
undisturbed performance o f the disposal 
system shall not increase the exJ*Mng 
average annual radionuclide 
concentrations in water withdrawn from 
that *p*cial source o f  ground water by 
more than the Umita established In

I«il> *

Disposal systems for spent nuclear 
fuel or high-level or transunnic 
radioactive watte* sh ill be designed to 
provide a reasonable expectation that, 
for 1.000 y ea n  after disposal 
undisturbed performance o f the disposal 
system shall not cause the annual dost 
equivalent from the disposal system to 
any member o f the public in the 
sccessible environment to exceed 25 
millirems to the whole body or П  
millirems to eny critical organ. A ll 
potential pathways (associated with 
undisturbed performance) b o a  the 
disposal system to people thaD be 
considered. Including the assumption 
that individuáis consume 2 liten  per day 
o f  drinking water from any significant 
source o f  ground wster outsias o f  the 
controlled are*.

I M 1 M  
• g t M

(e ) Disposal systsms for spent nudeer 
fuel cr high-level or transuranic 
radioactive wastes shall be desipisd to 
provide s  reesonable expectation thet, 
for 1,000 y e a n  «Пег disposal 
undistarbed performance o f the disposal 
system shell not cause the radionuclide 
coooonlrebons averaged over any year 
in water withdrawn from any portion o f 
a special source o f  ground water to 
exceed:

(1) 1 picocuries per liter o f rsdium -ae 
and radlum-ZZfc

(2) I t  picocuries per liter o f alpha- 
emitting radionuclides (including 
rad ium -m  and radlum-22* but 
excluding radon): or

0 ) The combined concentration* of

The Administrator stay, by rule, 
substitute lor any o f  the proviséene o f 
Subparl В alternative provisions choeen 
a fter

(a ) The alternative provision* have 
been proposed for public comment In 
the Federo! t s ^ s ls r  together with 
information deecribing the costs, risk*, 
and benefits o f  disposal in accordance 
with the alternative prov isions and the 
reasons why oompUanoe w ith the 
existing provisions o f Subpart В appean 
inappropriate;

(b ) A  public comment period o f at 
lean  go  days ha* been completed, 
during which an opportunity for public 
h ea r ii«*  In affected iieaa  o f the country 
has been provided: and

(c ) П и  public comments received 
have been fully considered in 
developing the final version.of such 
si tentative provisions.

AppeadU  A — Table for Subpart I  

Tm u  1 - М ш м  U n t  so *  Сситммемт
M O UM M NTg

шявв

¡Toff
WTHtfOr

•ШШЯ m  4M. 4M, m 44...

e f ТаЫ» I
M il» I: I'nitt of И'a*te The Reie-««* U m :ll 

in Table 1 appl у to (he amount of watte* m 
any one of tte Miowing 

(a) An amount of ip n t nuclear fue! 
containing 1Л00 metnc ton* of he«*\ y metal 
(MTHM) exposed to a bum up brtwrcn 25.000 
m yi«an-<iayi par metric ton of heavv metal 
(MWd/MTHM) and 40000 MWd/MTtfM:

(b| Tbe high-level radioactive wattes 
generated from reprocessing each 1.000 
M TtIM  exposed to a burnup between 25.000 
MWdSCTHM and 40.000 MWd ЛГП1М.

(c f Each 100000.000 cune* of gamma or 
beta-emitting radionuclide* with halMtve* 
greater than 20 year* but lea* than 100 year* 
(for use a* discussed ta Note S or with 
materials that «re identified by the 
Commission a* high-level radioactive waste 
in accordance «rira part В of the définition Ы 
high-level watte in the NWPA):

(d) Each 1.000.000 curie* of other 
r^dioniiciide* (I.*-, gamma or bela-emitter* 
wuh half-live* greater than 100 year* or any 
alpha-emitters with half-live* greater than 20 
> мл>) (for u*e « t  discussed in Note 5 or with 
">ts!rn*il* that are identified b> the 
Commission as high-level radioactive waste 
in sctordance with part В of the definition of 
hifch-lesel waste ш the NWPA): or

lei An amount of transuraaic (TRU) watte* 
containing one million cune* of alpha- 
emitting transuranic radionuclide* with half- 
live* greater than 20 year*.

Nolt 2: Ae/eoee ¿imite for Speci'ic 
Di$po*cl Syttems. To develop Release Limits 
fot a particular di*po*al system. the 
qusntities in ТаЫе 1 «hall be adjusted for tbe 
amount of waste included in the disposal 
system compared to tbe various units of 
waste defined in Note l. Por example:

(a) If a particular disposal *y*tem 
contained the high-level waste* from 50000 
MTHM. tbs Release Unit* for that system 
would bo the quantifie* in ТаЫе 1 multiplied 
by SO (SQAQ0 MTHM divided by 1.000 
MTHM).

(Ы If a particular disposal s>**tem 
contained throe million curie* of alpha* 
emitting transuraalc waste*, the Release 
Limits for that system would be the quantities 
in Table 1 multiplied by throe (throe million 
curie* divided by one million curies).

(e) If a particular disposal system 
contained both dm high-level wastes from 
80.000 MTHM wd 9 million curies of alpha* 
emtiUna transuranic waste*, the Release 
Limits for that system would be the quantities 
in Tabla 1 multiplied by 86:

t rZJm MTHM &OQÜOOO curias THU

1.000 MTHM 1Л00Л00 curies THU "

-.I 1.000
-----  10.000

w
.. — ............ ......J IMS

uvMMN.4H-m-mar.as to»
' sweisti*» j

•00■•матгваяВуй*---
•mi Am «sdiwNsfl» в I

Note 2: Adjmunont» for Mootш  Am V with 
OJ'erent витцр. For disposal systama 
containing reactor fuels (or the bigWevel 
wastes from reactor fuels) exposed to aa  
average bwnup of leas thao 2&000 MW d/ 
M TH M  or grestsr than 40000 M W d/M THM . 
the units of wa*te defined in (a) and lb) of 
Note t shall be adjusted. The unit shall bo 
multiplied by the ratio of Э0ДХЯ MWd/ 
M TH M  divided by the fuel's actual average 
bumup. except that a value of 5.000 MW d/  
M T H M  may b* used when the average fuel
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pwttup i* below 1000 MWd'MTHM end • 
value of 100.000 MWd/MTHM shell be used 
when the everege fuel buntup ta above 
100 ООО MWd/MTHM. Ш »  edtuated ***** * f 
tru n  shall then b* used la determining (he 
Release Unula for the dtspoaai system 

For example. if e particular dwpoeel 
« i  tun» contained ooly high-level wastes with 
•n average buraup oí Ш 0  MWd/MTHM. t e  
unit of «кай* for that dttpoeal «yawn would 
be

h « 0 M T H M >  *9 .000  M T H M
/1000»

If ih«*r disposal »>stem conta ined the high* 
leve l wastes from  «0.000 M T H M  Iw ith  an 
•ve ra?* bum up o f 3.000 M W  d ; M T H M  I. thee 
the Raleóse L im its fo r tha t system n 'm M  b *  
the о*»ел1.'Г>ее m  Table 1 m u ltip lie d  by ten?

00.000 MTHM
- to

«.«mo MTHM

which it  i he w n «  av

шяо mthmî  i van Mwa/MntM) 
loo* mtmm  * iioano wwd/vmiMt

Note fc Tr*oti>f*nt of FrocUonated High- 
Level Wa*t*s It. some смея, a high-level 
woste M ima buff w yocw im  spent 
nuclear fual may h*»*e been (or m il be) 
separated into t«wo or mort high-level waste 
components deshned for different disposal 
systems. In such сама, lha implementing 
agency may allocate the Release Limit 
multiplier (baaed upon the origina) MTtIM 
and ¿a  avaras» fual burnup o f lha high-level 
waste ilream; апмкц tha vartoua disposai 
systems aa и ctm m  pravidad that tha total 
Release Limit multiplier used lor that waate 
stream al all of ¡la disposal systems may not 
exceed tha Release Limit multiplier that 
would be used it the entire waste stream 
wera disposed of in one dispoaal system.

Nola S: Treatment of Wjstes with Poorly 
known Bumufit or Original MTHSt. In soma 
casas, tha records associated with particular 
high-level waste streams may not be 
adequate ю accurately determine the original 
metra ton* ot heavy metal in tha reactor fuel 
that created the waste, or to determina tha 
average bumup tha t the fuel was exposed to. 
If tha uncertainties are such that the original 
¿mount o f be4vy m ela l or the average fuel 
bumup for particular high-level waats 
streams cannot be quentiffad. tha >inits of 
waste derivad from (4) and (b) of Nota 1 shall 
no longer be used. Instead, the units of waste 
defined in (cl and (d) of Note 1 shall be used 
fu r such hi*M*v**i wsste streams. t( tha 
uncertainties >n such information allow a 
ranga of values to be associated with the 
original amount of heavy metal or the 
average fuel hum tip. (hen the calculations 
described in previous Notes will he 
conducted using tha value* that n*suh in tha 
smallest Release Limits, except that the 
Reíanse Limité need no1 ha smaller than 
those that would be calculated using tha units 
of waste defined hi (c) and (d) of Nola 1.

Nota it U*e* of Reims* Limite to 
Determine Comp/ianc*  with Ml 13 One*

teleasa Umita for a pedicular disposât sys«ee» 
have bean da n  named m accordance with 
totea 1 through L 'heee release limits shell 
be ueed to determine compftenee wHfc the 
requirements of I91.U aa follows bi casee 
whwre a mixture of radionuclides is projected
i.> be released to the ecceeeibie envtnNunent. 
the Usxitmg values shall be determined ae 
fottows: For avch radionuclide ui the mixture, 
determine tha ratio between the c«unuleUve 
relcjse qu«nti;y protected over 10.00 yaara 
and the limit for that redionur lide a* 
determined from Table 1 and Nows 1 through 
S. И м  sum of such ratios for all ’He 
radionuclides in »he mixture may not exceed 
one with regard îpl l^ »4 D  and may not 
ем e**d i en with regard to t i t  13(аЦ2)

For example, if radionuclide* A. 0. and С 
*r«i projected to be reiaesed in amounts Q,. 
Qb. and Q* and if tha applicable Release 
Uoikts «re цЦ. RL*. and RL,. then tha 
cumulative releases over НМЛ0 years shall 
be (muted so that tha following relationship 
exists:

0. 0» 0.
♦ • » "" и

r i„  RU RU

Appendix И Ctilrfgng far 
liaptomnlation o f Subvert »

fMeie; The suppfamenta! information in this 
appendix ia not an ista^al part of 40 CFR 
Part 191. Therefore, tha implementing 
agencie* are not bound to follow this 
guidance. However, it ia included because it 
describes the Agency's assumptions 
regarding the implementation of Subpart & 
Tilia appendix w il l  appear :n the Code of 
Federal Regulations.}

The Agency believes that tha implementing 
agencies must determine compliance with
I )  ltl.tJ. m i s .  and 19t.se of Subpart В by 
evaluating long-term predictions ol disposal 
system performance. Determining compílente 
with 1 191.13 will also involve predicting tha 
likelihood of events end processes that may 
disturb die dispoaal system. In making (heat 
various prediction*, it will be appropriate for 
the implementing aganciee to make и ее ol 
rather complex computational modela, 
analytical theories, and prevalent expert 
M inan t relevant to tha numen cat 
predktiona. Substantial uncertainties are 
likely to be encountered in making these 
predictions. In fact sole reliance on these 
numerical prediction* to determine 
compliance т е  y not be sppropnate: the 
implementing agencies may rhooae to 
supplement such predictions with qualitative 
judgments ее well. Because the procedures 
for determining compliance wuh Subpart В 
have not been formulated and tested yet. this 
spperdix to the rule indicates the Agency's 
.tssumpttane regarding certain issues that 
may ariae whan implementing || in .13, 
1911ft. and 191.10. Most of this guidance 
applies to any type of disposal system for the 
wastes covered by this rule- However, 
several secUona apply only to disposal in 
mined geologic repositories and would be 
inappropriate for other types of disposal

C o a tk h ra tio a  o f  T o ta l D isposa/ Synte/n. 
Whan predicting disposal system 
performance, the Agency assumes that 
reasonable projections of the protection
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expected from all of the inginas rod sad 
natural banian of a diapoael aystom will be 
niaiitlmeif ftorüoae of the diapoael system 
should not be ÉawfsrdsJ. even if protected 
peí farsea nee ia именам, exceot for portions 
of the system that make negligible 
metrtbuWona to ibe overall taoiaUon 
provided by the diapoaal system.

Scope o f  Perform ance A eeeum er.tt.
Section 19113 requires the implementing 
sfenrios to evalúale complience through 
performance assessments es defined in 
I  tPl lZfqj. The Agency eaaumes that such 
performance aaeessments need not consider 
'.ategortes of events or prm .e tsrs  tha t are 
# s tim *t*d  <o hsve less (han one chan re  >n
10.000 of occurring over tO.OUO year* 
Furthermore, the performance assesements 
need not evaluate in de ta il the reieeses from 
a ll even ts  and processes estim ated  to  have л 
greater likelihood of occurrence Some of 
these events and processes may be omitted 
from the performance assessments i f  there is 
a reasonable expectation that the remaining 
probability distribution of cumulative 
releases w iuM not be significantly changed 
by such omissions.

Compliance with Section 19t 13 The 
Agency assumes that, whenever practicable, 
the implementing egency will assemble ell of 
the resulta of the performance osseaamewts to 
determine compliance with 119I.U into e 
"complementary cumulative distribution 
function" that indicates the probability of 
exceeding venous levels of cumulative 
releese. When the uncertainties in 
parameters ere considered in e performance 
assessment, the effects of the uncertainties 
considered can be incorporated into a single 
such distribution function for eech dispoaal 
system considered- The Agency essumes that 
a disposai system клп be considered to be in 
compliance with 1 191.13 if this single 
distribution function meets the requirements 
of 1 19113(e).

Compliance with Sections J91 ¡5 ond 
W  IA  When the uncertemttes in undisturbed 
performance of e dispoeel system are 
considerad, the implementing egencies need 
not require that a very large percentage of the 
range of estimated radiation exposures or 
radionuclide concentrations fall below limits 
eatsblished in || 191.15 and 191.1* 
respectively. The Agency assumes that 
compliance can be determined based upon 
best estimate" predictions (e.g.. the meen or 

the median of the appropriate distribution, 
whichever is higher).

/pttiUjMnal Controle. To comply with 
1 191.14(4). the implementing agency will 
assume that none of the ective institutional 
controla prevent or reduce radionuclide 
releases for more than 100 yeers sftar 
disposel. However, the Federal Covemmem 
u  committed to  retaining ow nersh ip  o f all 
disposal sites for spent nuclear fuel and high* 
level and transuranic radioactive wastes and 
w il l  establish appropria te  m arkers and 
re to rd s  consistent w ith  1 19114(c). The 
Agency assumes that, as long as such passive 
in s titu tiona l controís endure and are 
understood, they: (1) can be e ffective in  
de terring  system atic >r persistent 
exp lo ita tio n  o f these disposal sites: end U | 
can reduce tbe Ukuiibood of in a d ve rte n t 
in te rm itte n t human in trus ion  to  a degree to  
be determ ined by the im plem enting agency. 
How ever, the Agenrv believes (hat passive 
in s titu 'io n a l contro ls ra n  never be assumed



•o e ta ta M i»  the chance o f  w sd ve h e n t u d
interi nen I кимпап intrusion into thee* 
dispon*! М »

C o n tid tro tkM i o '  In o d ie / t tn t  Пит ая  
ùtüm toa  into Ceofafic fU p o titnnm . T h t  
шоМ  speculative po ten tia l d is ru p tio n * o f  •  
■ h w d  p o lo g iB  repository «r» tho*e 
associe tod  w ith  inadverten t hum an in tn u io o . 
8ош > typos o f  in trus ion  M ould have vtr*ua!!> 
no effect oo *  repository s containm ent o f  
w aste O n  the other hand, it i j  possible to 
conceive o f  iftru s .o n s  (in vo lv in g  w idespread 
•ocíe te ! loes o í knowledge regarding 
rad ioac tive  ws*tes1 tha t cou’.d result in  m ajor 
d is rup tions  that no reasonable repository 
se lection o r design precautions could 
a llev ia te . The Agency believes tha t the moat 
p roductive  consideration o f  inedve.-tent 
in trus ion  concerns those rea lis tic  poss ib ilities  
tha t may be usefully m .tigdted by repository 
design, s ite  selection, or use i f  p*as.ve 
con tro ls  la lthough passive institu tiona l 
co n ço is  should not be assumed to completely 
rule uut the possib ility  u f intrusion).
Th tre fo re . inadvertent and in te rm itten t 
in trus ion  by exploratory d r illin g  fo r  resources 
(o ther than any ptov tded by the disposal 
svstem itse lf) can be the must severe 
in trus ion  scenario assumed by the 
im plem enting agencies. Furthermore, the 
im plem enting agencies car> assume that 
p«»sive in s titu tiona l C(>ntrols or the intruders 
o w n  exp loratory procedure* ere adequate for 
the in truders to  soon detect o r be w a n e d  o f 
the incom pa iit-;h ty  o f  the area w ith  their 
activâtes

Frequency and Seventy c f tncd'erfen  
Humen fntrus:on into Geologic Repositories 
The im plem enting agencies should consider 
the e ffec t*  o f  each p a rticu la r disposal 
system 's site, design, and passive 
in s titu tio n a l contro ls in  judging the like lihood  
and consequences o f such inadvertent 
exp lo ra to ry  d rillin g  H ow ever, the Agency 
assumes tha t the like lih o o d  o f  such 
inadverten t and in te rm itten t d r illin g  need (tc: 
be taken to  be jpes te r than Э0 boreholes per 
square k ilom e te r o f  repository area pet W.OOQ 
years fo r geologic repositories m prox im ity  to 
sedim entary rock form ations, o r more than Э 
boreholes per square k ilom eter per 10.000 
y e i 's  fr«r •» rw>silories «г pt*:er в»*n!rj»c 
form ations. Fofthermore. the Agent > assu>ne« 
tha t the consequences o f such .nadvrfte r^  
d n i i ’.ng need no t be assumed to  be more 
severe than: { I I  D irect release to the land 
surface o f  a ll (he ground w a te r m the 
repos ito ry  h o r iio n  that w ou ld  prom ptly flow  
through the new ly  created borehole to the 
surface due to  natura l U thostatic pressure—01 
( i f  pum ping w ould be required to raise w ater 
to  the surface) release o f 200 cubic meters of 
g round w a te r pumped to the surface .f  that 
much w a te r is readily ava ilab le  to be 
pumped' and (2) creation o f  a ground 
flo w  path w ith  a perm eability  typ ica l o f a 
borehole fille d  by the soit o r gravel that 
w o u ld  norm ally settle in to  an open hole over 
tim e— not the p e rm eab ilty  o f a care:.»l)y 
sealed borehole

(FR Doc 85-20331 l  ied У- ?8-#5. в <15 *rr,{
ш л о  coot ses» so m

A-5



ММмюапШяМм 
трвиит and m m  of п&ео&но 
» otoñal T W  f olo^ c п щ ц щ  
op m lioa * m  акш b t daalpMd и  
i t o  «w il  р и н и т  r t i w  U  b w  
1щ | | Ы ,  н Д Ш м  i i - p n iw  шяЛ 
rrtrtu l«wl«. «■< n l m m  e t  
radloKthra aulwtak M  аиаМсЫ 
■ m i  «Ш  M  a l  Dan» t e  м М М  
wMüadM ta l la  ap ac tM  Ib fe rt »  Ы  
itili А ц Ш  m i тЛ  $Ёлоп Му
UtÜCêhU QMVlfMMMtnl H|m|||4| lof
1Й М С Н И 1;  —  may k w  baa» 
nisbHshsiiby ы  f t m w M w n l  
AvMcMe А|ису>

(b) RetriovobUityof wosse. (1) T W  
geologic rapoeltory opttaWom  ц м  ahaH 
bedeeipMd to praaanre the option o f 
weateraOrievaltivo'^hout the period 
dtirtag  wbtcfcw M teearebaingeaipbcad 
aad. tberaaflar. mUI the ¿sapa tio * o f % 
M t o m a n M B t b A t t N p n f W M d  
CoMMM««itoirofthiiiifNMHM 
а Ы > Ы  f l w  oodi »  р щ и ш . То 
aatiafy Útia obfactiva. the geologic 
repoaitory o p é tb o w  i m  ahau be 
designad ao that m y o r a M iM  
ampueod waate covld b t n tritv t^  oo a 
reaaooable echadilla starting ot any time 
up lo  SO years after watt* etnplscsmeni 
uperattons oro initiated. unitao • 
different time period i»  approved or 
specified by the Commission This 
différant timo period may b t established 
on a case-by-cese batí» conaiatent with 
the emplacement schedule and tbe 
planned performance confirmation 
program.

(2} This requirement shall not 
preclude decisions by the Commission 
to allow backfilling part or all o£ or 
permanent cloaura of. the geologic 
repository operations area pnor to the 
end of the period o f design for 
retrievability.

(3) For погрома of this paragraph, a 
reasonable schedule for retrieval is one 
that would permit retrieval in about the 
same time as that devoted to 
construction of the geologic repository 
opera tiona area and the emplacement of 
wastes.

IM.111 O w n  aysl iw  performance 
аЬ|ае^Рю lor the B®ologla ropoatta^y alter

The geologic salting shall be selected 
and the engineered barrier system and 
the shafta, boreholes and their seals 
shall be deaigned to assure that releaaes 
o f radioactiva materials to the 
acceaaible environment following 
permanent cloaura conform to such 
generally applicable environmental

s ta n d a rd s  fo r  ra d io a c t iv ity  as m ay  have 
been e s ta b lish e d  b y  the E n v iro n m e n ta l 
P ro te c tio n  A g e n cy  w ith  respec t to  b o th  
a n tic ip a te d  processes a n d  even ts  a nd  
u n a n tic ip a te d  processes a nd  e ven ts

I  «0.111 Portormance o> pe—ruler 
paniers a lar psrmansm ctea^a.

(a) Cenero! provisions. (l| Engineered 
borner system (i) Tbe engineered 
bamer system shell be designed so that 
i f * w mng enbcipeteá proce—ee end 
eventa. (A ) Containment of HLW w ill ba 
substantially complete during the period 
when radiation and thermal conditione 
m the engineered bamer system are 
dominated by fission product decay; and 
(B| any release of radionuclides from the 
engineered bamer system shall be a 
gradual process which results in small 
frariionaJ releases to the geologic setting 
over long times. For disposal in the 
saturated sone. both the partial and 
complete filling with groundwater of 
available void spaces in the 
underground facility shall be 
appropriately considered and analysed 
emong the anticipated processes and 
events in designing the engineered 
bamer syitem.

(ti) In satisfying the preceding 
requirement, the engineered bamer 

system shall ba deaigned. assuming 
anticipated procaaaea and events, ao 
that:

f A ) Containment of HLW withm the 
waste packages will be substantially 
complete for a penod to be determined 
by the Commission takinq into account 
the factora specified m 1 00113(b) 
provided, that such penod shall b* not 
lesa than 300 years nor more than 1.000 
yean  altar permanent closure o i the 
geologic repository; and

(8) The releeae rate o í any 
radionuclide from the engineered bamer 
system following the containment period 
shall not exceed one part in 10U.000 per 
year of the inventory of that 
radionuclide calculated to be present at
1.000 yeara following permanent closure, 
or Mich other fraction o f tht inventory ae 
may ba approved or specified by the 
Commission: provided that this 
requirement does not apply to any 
radionuclide which is released at a rate 
leas than 0.1% of the calculated total 
release rate limit. The calculated total 
release rate limit shall be teken to be 
one part in 100,000 per year of the 
inventory of radioactive waste, 
originally emplaced in the underground 
facility, that remains sfter 1.000 years of 
radioactive decay

(2) Geologic setting The geologic 
repository shell be located so that pre- 
waste-emplacement groundwater travel 
time along the festest psth o f likely 
radionuclide travel from the disturbed

tone to the accessible environment shall 
be at least 1.000 years or such other 
travel time as may be approved or 
«pecified by the Commission

(b) On a cese-by-case basis, the 
Commission may approve or specify 
some other radionuclide release rate, 
designed containment period or pre- 
waste-emplacement groundwater travel 
time, provided that the overall system 
performance objective. aa it relatea to 
anticipated processe» and events, is 
satisfied- Among the factora that the 
Commission may take into account 
are—

(1) Any generally applicable 
environmental standard (or 
radioactivity established by the 
Environmental Protection Agency.

(Z) The age and nature o f the waste, 
and the design o f the underground 
facility, particularly aa these factora 
bear upon the time during which the 
thermal pulae is dominated by the decay 
heat from the fission products;

(3) The geochemical characteristics of 
the host rock, surrounding strata and 
groundwater and

(4) Particular sources o f uncertainty in 
predicting the performance o f the 
geologic repoaitory.

(c) Additional requirementa may ba 
found to ba neceaaary to aatisfy the 
overall ayatem performance objective as 
it relates to unanticipated processes and 
events.

Land Ownership and Control

tao iat Haqulremanta lor ownership and 
control ot anaroata In lano.

(a) Ownership of land. (1 ) Both the 
geologic repoaitory operations area and 
the controlled area ahall be located in 
and on lands that are either acquired 
lands under the Jurisdiction ana control 
o f DOE. or lands permanently 
withdrawn and reserved for ita uae

(2) These landa ahall be held free and 
clear o f all encumbrance a. if aignificant, 
such as: ¿i) Rights arising under the 
general mining lawa; (ii) eaaemanta for 
right-of-way. and (iii) all other righta 
arising under lease, rights o f entry, deed, 
patent, mortgage, appropriation, 
prescription, or otherwise.

(b) Additional controls. Appropriate 
controla shall be established outside of 
the controlled area. DOE shall exercise 
any jurisdiction and control over aurfsce 
and subsurface estalea necessary to 
prevent adveraa human actions that 
could significantly reduce the geologic 
repository’s ability to achieve isolation. 
The righte of DOE may taka the form of 
appropriate possessory intereata. 
servitudes, or withdrawal (rom location 
or patent under the general mining laws
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(с ) W ot* right* (1)  DOE shell alto 
k m o b U ia a d N à w a l i r i i ^ i iM M jr  
be needed to ассоефМаЬ the purpose fff 
the geologic tepocHory opeioHona t f— .

(2) Water risita era incfctded ta the 
• d ib lio M lo ee lra b lo b iN ttU M N d  
andar paragraph (b) o f  this section

тщсашя

|Nk« Ж1Щ liiWi— .

(aX l) A  geologic setting ahell exhibit 
i i  approiriate ooabtootion o f lha 
оош тмта spaonao в  p a n p ip s  ( « j  я  
this section ao that, together with the 

ad barriers lyetsm. tha
(ovorabta со • pra*
m fficim t »  provide raasonsbls

objectivas re la te* lo  IsolaUoa o f ths 
waste w ill be a i l

(2) tfeny o f the potentially advene 
cooditione spscifiad hi paragraph (с) Ы 
this section ia prsssnt. it яму 
com prante the ability o f the gsologic 
repoeitoqr to м м  the performance 
objectives ЫлШщ lo  teoleUoo Ы the 
w u l i .  hi order to show ÜMI a 
potentielly i d n m  condition d w  not 
•0 compromise tht pariomance o l the 
geologic rapoeitory the fottowtaf must 
be demonstrated:

(i) Н и  potentially advene human 
activity or natural condition hae Ьмп 
adequately toveetigeted. including  On 
extent lo which the condition may be 
pnssnt and >1111 be undetected liking 
into account (he degree o f resolution 
achieved by the Investigations; and

(ii) The effect o f the potentially 
adverse human activity or natural 
condition on the t il*  haa been 
adequately evaluated uaing inatyaei 
which era aenaiUve to the potentially 
advene human activity or nuural 
condition and easumpUons which are 
not likely to underestimate its effect: 
and

(Ui)(A) The potentially adverse human 
•ctivity or natural condition is shown by 
analysis pursuant to paragraph (aX2Xil) 
o f this section not to affect significantly 
the ability o f the geologic repository to 
meet the perfonaaoot objectivea relating 
to isolation o f the waate. or

(B) The effect otlha potentially 
adverse human activity o t natural 
condition la compensated by the 
presence  o f «  combination o f  the 
favorable characteristics so that the 
performance obtecthres re la ta » to 
Isolation o f the waste are m et or

(C ) The potentially adverse human 
activity or natural condition can be

( b J A m M a n d ü m  (1) Tht 
nature and retes o f  tectonic 
hydrogsologic. gsochem ksl  and 
geomorphlc proce sees (or any o f tuch 
processes) operating within the get 
setting String the QuaternaryPerk 
when pro)acted. would not effect о 
would bvonbljr eHect the ability o f the 
geologic repository to laolate lha waate.

(2) ro r  disposal In tha aaturatad zone.

hydrogaologlc conditions that provide
(i) A  boat rock with low horizontal 

and vertical рагавеаЪййу;
|ii| Downward or dominantly 

horizontal hydraulic gradient in the host 
rack and hnaedintely anirouodtag 
hydrogeologic unite; and 

(Ш) Low vertical permeability and low 
hydraubc gradient between the hoe»

i n n  tha ocoapancy and n id ificaron  o f 
floodptaina or from the fatten o f

: gradient betw een tne loe i 
the surrounding hydrogaologk

O ) Ceochenücal conditions th a M i) 
Promote precipitation or aorption o f 
radionuc&dee; (U) Inhibit the formation 
o f particulates. colloids. end inorganic 
end organic complanes that increase tha 
mobility o f radionuclides; or (Ш) Inhibit 
the transport o f radionuclides by 
perticuletes. colloids. end complexes.

(4) Mineral essemblaaes that, when 
subjected to enticipeted thermal 
loading, w ill remain unaltered or alter lo 
mineral essemblegee having eoual or 
increased cepecity to inhibit 
radionuclide migration.

(5) Conditions that permit the 
emplacement o f weste at a minimum 
depth o f Э00 meters from the ground 
surface. (Tha ground surface shell be 
deemed to be tha elevation o f the lowest 
point on the surface above the disturbad 
tone.)

(6) A  low  population density within 
the geologic setting and a controlled 
area that is remote from population

(7) Rt>waste*emplaceaent 
souadwater travel tiae  along the 
Msteet path o f likely radionuclide travel 
froa  the disturbed tone to the 
acceeeible environaent that 
•ubetentially exceeds 1.000 yean.

(g) For disposal in the uneaiurated 
tone, hydrogeologic conditions that 
provide

(i) Low moisture flux in the host rock 
and in the overlying and underlying 
hydwgsologic tmita;

(ii) A  water table sufficiently below 
the aaderground facility such that fully 
saturated voids contiguoue with the 
water table do a m  encounter the 
tmdeigroaid facility:

(iii) A  IstersUy extmurtve low* 
permeability bydrogeologic unit above 
the hoot rock thet would inhibit the 
downward movement o f water or divert 
downward moving water to a location 
beyond the Haits o f the underground 
facility:

(iv ) A  host rock that provides for free 
drainage: or

(v ) A  dimetic regime in which the 
average annuel historic precipitetioo is 
a small percentage o f the everage 
annual potential évapotranspiration.

(с) Potentially advene conditions.
The following conditions are potentially 
adverse conditions i f  they are 
characteristic o f tbe controlled eree or 
may affect isolation within tha 
controlled area.

(1) Potential for flooding o f the 
underpound facility, whether resulting

(2) Potential for (огееееаЫе human 
activity loedven e iy  affect the 
groundwater flow  system, such os 
ffooodwelar withdrawal txteaahre 
Irrigation, euhearface injection o f fluida, 
endetgrouad puaped storage, aitttaiy 
activity or conetnactioa o f large ecak

(3) Potential for natural phenomena
ouch ae landabdea, or
volcanic activity o f such a  magnitude 
that large scale surface water 
impoundments could be creeled that 
could change the ragionel poundwater 
flow  aystem and thereby edversely 
affect tha performance o f the geologic 
repository.

(4) Stractural deformation. t*ch  aa 
uplift. eubeidence. folding, or faulting 
that may advereely effect the regional 
poundwater Sow system.

( » )  Potential far chenoee Is _ 
conditions that would am ct the 
migration o f  radtonuchdee to the 
eocaeeible environment, euch e v  
chsngts In hyAaulic y a dlaa t, evenge  
inlarttitial velocity, storage ooeflldent. 
hydraulic conductivity, naturel recharge, 
potentiome brie levels, and diachargt

( « )  Potential for rltingee In hydrologie 
conditiona resulting from reasonably 
fore i t e t bls  cHmotlc chenges

(7) Groandweter conditions in the 
hoetrock. including cheeaicel 
composition, high Ionic strength or 
r a n g »  o f  В н р К  that could Increaae the 
tolubmiy or chemicsl reactivity o t tha 
tiuineerad banter system.

W  C tochtmlctl proceeiee Ihel would 
reduoe sorption o f rsdtonuctidst. result 
in dty s dsHon o f ths rock strength, or 
advaraaty effect the performance o f the 
engineered bertier system.

(• I Croundwater conditions fn the 
host n ek  that ara not radudag.

(10) Evidence o f dissolutioning such 
as breccia pipes, dissolution caviliea, or 
brine pocketa.

(11)  Stractural deformation such aa 
uplift, eubaidence. folding, and faultuig 
during the Quaternary Period.

(12) Earthquakea which have occurred 
historically diet If they were to be 
repeated could affect tha site 
significantly.

(13) Indications, baaed on corralstiona 
o f earthquakes with tectonic processes 
and features, that either tha frequency o f 
occurrence or magnitude o f earthquakes 
may increase.

(lit) Mora frequent occurrence o f 
earthquakes ot earthi|uakes o f higher 
magnitud, than la typical o f 1!m  area in 
which tha geolcgic setting la located.

(IS ) Evidence o f Igneous activthr since 
the .tart o f the Quaternary Period.

(ie )  Evidence o f extreme etoeion 
during the Quaternary Period.

(17) The presence o f naturally
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occurring materiel*, whether identified 
or undiscovered, within tbs site, in sud» 
form that;

( ij Economic extraction is currently 
feasible or potentially feasible during 
the foreseeable future; or

(ii) &*ch materials have poo ler gross 
value or net value than the average for 
other «reas o f similar site that are 
representative o f and located within the 
geologic setting.

(U )  Evidence of subsurface mining for 
resources within the site.

(19) Evidence o f drilling for any 
purpose within the site.

(20) Rock or groundwater conditions 
that wouid require complex engineering 
measures In the design and construction 
o f tbe underground facility or In the 
sealing o f boreholes snd shafts.

(21) Ceomechanical properties that do 
not permit design o f underpound 
opening that wül remain stable through 
permanent closure.

(22) PotenUa) for the water table to 
rise sufficiently so as to cause saturation 
o f an underground facility located in the 
unsaturated lone.

(23) Potential for existing or future 
perdu d water bodies that s a y  saturate 
portions of the underground facility or 
provide a faster flow path from an 
underground facility located in the 
unseiurated sone to the accessible 
environment

(24) Potentiel for the movement of 
radionuclides in a gaseous «tata through 
air-filled pore specss o f an unsaturated 
geologic medium t »  the accessible 
environment
Design Criteria for the Geologic 
Repository Operations Area

1Ю .Ш  Scope oldeeignortlerte tor Ww 
geologic repository operations aree^

Sections 60.131 through 00.134 specify 
minimum criteria for the design o f the 
geologic repository operations area. 
These design criteria ate not intended to 
be exhaustive, howsver. Omissions in
I I  00.131 through 60.134 do not relieve 
DOE from a n y  obligstion to provide 
such ssfety fes tures in e specific facility 
needed to achieve the performance 
objectives. A ll design bases must be 
consistent with the results o f site 
characterixation activities.
I  <N>.131 General design criteria tor the 
geologic repository operations area.

(ч) R adio logica l protnctton- The 
g e o lo g ic  re p o s ito ry  o p e ra tio n s  a re s  sh a ll 
be des igned to  m a in ta in  ra d ia ro n  doses, 
leve ls , end  c o n ce n tra tio n s  o f  ra d io a c tiv e  
m a te r ie l in  s i r  in  re s tr ic te d  areas w ith in  
the l im its  sp e c ifie d  in  P ert 20 o f  ih is  
ch a p te r. D esign s h a ll in c lu d e —

(1) M e a n s  to  l im it  c o n c e n tra tio n s  o f 
ra d io a c tiv e  m a te r ie l in  s i r

(2) M e a n s  lo  l im it  th e  tim e  re q u ire d  to  
p e rfo rm  w o rk  in  the  v ic in ity  o f  
ra d io a c tiv e  m a te ria ls , in c lu d in g , as 
e p p ro p ria te . d e s ign ing  e q u ip m e n t fo r  
ease o f  re p a ir  e n d  rep lacem en t and  
p ro v id in g  adequa te  space fo r  ease o f

opera tion :
(3) S u ita b le  sh ie ld ing .
|4) M eans  to  m o n ito r a n d  c o n tro l the 

d isp e rsa l o f  ra d io a c tiv e  co n ta m in a tio n .
(5) M eans  to  co n tro l access to  h igh  

ra d ia t io n  areas o r a irb o rn e  ra d io a c t iv ity  
areas: s n d

(6) A  ra d ia t io n  a la rm  sys tem  to  w a rn  
o f  s ig n ific a n t increases in  ra d ia t io n  
leve ls , co n ce n tra tio n s  o f  ra d io e c tiv e  
m a te r ia l in  a tr. an d  o f  tnc reaseJ  
ra d io a c t iv ity  re leased in  e fflu e n ts . T he  
a la rm  system  sh e ll be d e s igned  w ith  
p ro v is io n s  fo r  c a lib ra tio n  a nd  fo r  te s ting  
its  o p e ra b ility

(Ы  Structures, systems, and  
со nponents im portant to  safety. ( i )  
Protection agomst n a tu ra / phenomena  
a n d  env ironm en ta l cond itions

T he  s truc tu res , system s, and 
c o m ponen ts  im p o rta n t to  s a fe ty  s h a ll be 
des igned so (ha t n a tu ra l phenom ena  e nd  
e n v iro n m e n ta l co n d itio n s  e n tic ip a te d  a t 
th e  geo log ic  re p o s ito ry  o p e ra tio n s  srea 
w i l l  n o t in te rfe re  w ith  necessary sa fe ty  
fu n c tio n s .

(2) Protection ogoinst dynamic effect* 
of equipment failure and similor events. 
The  s tru c tu re s , system s, an d  
co m p o n e n ts  im p o rta n t to  sa fe ty  s h e ll be 
des igned  to  w ith s ta n d  d y n a m ic  e ffe c ts  
such es m iss ile  im pac ts , th a t  c o u ld  
re su lt fro m  e q u ipm en t fa ilu re , and  
s im ile r  e ve n ts  sn d  c o n d it io n s  th e t co u ld  
le a d  to  L i s  o f  th e ir  s a fe tv  fu n c tio n s .
(3) Protection o go in tt f ire *  a nd  

explosions  ( i )  The  s tru c tu re s , system s, 
a n d  com ponen ts  im p o rta n t to  sa fe ty  
sh a ll be des igned to  p e rfo rm  th e ir  sa fe ty  
fa c tio n *  d u r in g  and  a f te r  c re d ib le  fire s  
o r e xp lo s io n s  in  the  g e o lo g ic  re p o s ito ry  
o p e ra tio n s  area.

( i i )  T o  the  e x te n t p ra c tic a b le , the 
g e o lo g ic  re p o s ito ry  o p e ra tio n s  a rea  sh a ll 
be des igned to  in co rp o ra te  the  use o f  
non co m b u sh b le  e n d  h e e l re s is te n t 
m a te ria ls .

( i i i )  T he  geo log ic  re p o s ito ry  
o p e ra tio n s  a rea  s h a ll be d e s igned  to  
in c lu d e  e xp lo s io n  a n d  f ir e  d e te c tio n  
a la rm  sys tem s s n d  a p p ro p r ia te  
supp ress ion  system s w ith  s u ff ic ie n t 
c a p a c ity  a nd  c a p a b ility  to  reduce the 
adverse  e ffe c ts  o f  fire s  a n d  e xp lo s io n s  
on  s truc tu res , system s, a nd  com ponents  
im p o rta n t to  safety.

( iv )  T he  geo log ic  re p o s ito ry  o p e ra tions  
e res  sh e ll be des igned to  in d u d c  means 
to  p ro te c t system s, s tru c tu re s , and  
com ponen ts  im p o rta n t to  sa fe ty  against 
the adve rse  e ffe c ts  o f  e ith e r the 
o p e ra tio n  o r  fa ilu re  o f  the  f ire  
suppress ion  system s.

(4) Emergency capab ility , ( t)  The  
struc tu res , system s, an d  com ponents  
im p o rta n t to  sa fe ty  s h a ll be des igned to  
m a in ta in  c o n tro l o f  ra d io a c tiv e  w aste  
a nd  ra d io a c tiv e  e fflu e n ts , a n d  p e rm it 
p ro m p t te rm in a tio n  o f  o p e ra tio n s  and  
eva cu a tio n  o f  pe rsonne l d u r in g  an 
em ergency.

( i i )  T he  geo log ic  re p o s ito ry  o p e ra tio n s  
a re a  s h a ll be des igned to  in c lu d e  o n s ite  
fa c il it ie s  a n d  serv ices  th a t ensure  a safe 
a n d  tim e ly  response to  em ergency 
c o n d itio n s  a n d  th a t fe c i l i te te  th e  use o f

e v e ila b le  o f fs ite  s e rv ice s  (such  as fire , 
p o lice , m e d ic a l a n d  a m b u la n ce  serv ice ) 
th a t m a y  a id  in  re c o v e ry  fro m  
em ergencies.

(5) U til i ty  services, ( i)  Each u t i l i t y  
se rv ice  sys te m  th a t is  im p o r ta n t to  
sa fe ty  s h a ll be  d e s igned  so  th a t 
e sse n tia l s a fe ty  fu n c tio n s  ca n  be 
p e rfo rm e d  ипф вг b o th  n o rm a l a nd  
a cc id e n t c o n d itio h a .

(ii) The utility services important to 
safety shall include redundant systems 
to the extent neceesary to maintain, 
with adequate capacity, the ability to 
perform their aafety functions.

( i i i )  P ro v is io n s  s h a ll be  m ade  so  th a t  
i f  the re  is  a  lo ss  o f  th e  p r im a ry  e le c tr ic  
p o w e r sou rce  o r c i r c u i t  re lia b le  a n d  
t im e ly  em e rg e n cy  p o w e r  ca n  be  
p ro v id e d  to  in s tru m e n ts , u t i l i t y  se rv ice  
system s, a n d  o p e ra tin g  system s, 
in c lu d in g  a la rm  system s, im p o r ta n t to  
sa fe ty .

(6) Inspection, testing, and 
m o in te n o n ce . T h e  s tru c tu re s , system s, 
a nd  co m p o n e n ts  im p o r ta n t to  sa fe ty  
s h a ll be  d e s ig n e d  to  p e rm it p e r io d ic  
in sp e c tio n , te s tin g , a n d  m a in tenance , as 
necessary, to  en su re  th e ir  co n tin u e d  
fu n c tio n in g  a n d  read iness .

(7 ) C r it ic a lity  c o n tro l  A H  system s fo r  
process ing , t ra n s p o rt in g , h a n d lin g , 
s to rage, re tr ie v a l, e m p la c e m e n t a nd  
is o la t io n  o f  ra d io a c tiv e  w a s te  s h a ll be 
des igned  to  ensu re  th a t a n u c le a r 
c r i t ic a l i ty  a c c id e n t is  n o t p o ss ib le  un lsss 
s t  le e s t tw o  u n lik e ly ,  in d e p e n d e n t, a nd  
c o n c u rre n t o r  s é q u e n tie l changes have  
o ccu rre d  in  th e  c o n d it io n s  e sse n tia l lo  
n u c le a r c r i t ic a l i t y  sa fe ty - E ach  system  
sh a ll be  d e s ig n e d  fo r  c r i t ic a l i t y  sa fe ty  
und e r n o rm a la n d  a c c id e n t c o n d itio n s . 
1Ъе c a lc u la te d  e ffe c tiv e  m u lt ip lic a tio n  
fa c to r  |k « r)  m u s t be  s u ff ic ie n t ly  b e lo w  
u n ity  to  sh o w  a t le a s t e  b% m are in . a fte r  
a llo w a n c e  fo r  the  b ia s  in  the m ethod o f 
c a lc u la tio n  a n d  th e  u n c e rta in ty  in  the 
e xp e rim e n ts  used to  v a lid a te  the m e lhod 
of ca lc u la tio n .

(8) Instrum enta tion  and con tro l 
systems. T h e  d e s ign  sh a ll in c lu d e  
p ro v is io n s  fo r  in s tru m e n ta tio n  and  
c o n tro l sys tem s to  m o n ito r  e nd  co n tro l 
the b e h a v io r o f  sys tem s im p o rta n t to  
sa fe ty  o v e r a n tic ip a te d  ranges fo r  
n o rm a l o p e ra tio n  a n d  fo r  a cc id e n t 
co n d itio n s .

(9) Com pliance wuh m ining  
regulations. T o  th e  e x te n t th a t D O E  is 
n o t sub}ect to  the  F ede ra l M in e  S afe ty  
an d  H e a lth  A c t  o f  1977. as to  the 
c o n s tru c tio n  a n d  o p e ra tio n  o f  the 
g e o log ic  re p o s ito ry  o p e ra tio n s  area, the 
des ign  o f  th e  g e o log ic  re p o s ito ry  
o p e ra tio n s  e re a  s h a ll neverthe less  
in c lu d e  such  p ro v is io n s  fo r  w o rk e r 
p ro te c tio n  as m a y  be  necessary to  
p ro v id e  re a so n a b le  assurance th a t a ll 
s truc tu res , system s, a nd  com ponents  
im p o r ta n t to  s a fe ty  ca n  p e rfo rm  th e ir  
in te n d e d  fu n c tio n s . A f ly  d e v ia t io n  fro m  
re le v a n t des ign  re q u ire m e n ts  in  30 CFR. 
C h a p te r I. S u b ch a p te rs  D, E. a nd  N  w i l l  
g ive  r is e  to  a  re b u tta b le  p re su m p tio n  
th a t th is  re q u ire m e n t has n o t been met.
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(tO) Shaft conveyance* toad w 
radioactive watte handling, (i) Hoists 
iaportaot to safety shall be designed to 
preclude cage free felL

(ii) Hoist» important to aafety shall be 
rttiignad witb a reliable cage location 
system.

(Ш) Loading and unloading systems 
for hoists important to safety shall be 

with a reliable system of 
interlocks that «rill (ail safely upon 
malfunction-

(iv ) Hoists important to safety shall be 
designed to indude two independent 
indicators to indicate when waste 
packages are in place and ready for 
transfir.

I  «0.132 AddWonel design criteria for
aurtaaa lac— ее in the geologic rapoattwy 
opercHom area.

(a) Focilitiet far receipt end retrieval 
of woe te. Surface facilities in the 
geologic repository operations area shall 
be designed to allow safe handling and 
storage o f wastes at the geologic 
repository operations area, whether 
these wastes are on the surface before 
emplacement or as a result o f retrieval 
from the underground facility-

(b) Surface facility ventilation.
Surface facility ventilation systems 
supporting waste trensfer. inspection, 
decontamination, processing, or 
packaging shall bs designed to provide 
prelection against radiation exposures 
snd offsite releases as provided in
I «Ш 1(a).

(c) Rodiation control and monitoring, 
t i! Effluent control. The surface 
f«i:tlities shall be designed to control the 
r« lease o f radioactive materials in 
effluents during normal operations so as 
to meet the performance objections of
I  eo.iufe).

(2) Effluent monitoring. The effluent 
monitoring systems shall be designad to 
measure the amount and concentration 
o f radionudides in any effluent with 
sufficient precision to determine 
whether releases conform to the design 
requirement for effluent control The 
monitoring systems shall be designed to 
include alarms that can be periodically 
tested.

(d) Waste treatment Radioactive 
waste treatment fadlities shall be 
designed to process any radioactive 
wastes generated at the geologic 
repository operations area into a form 
suitable to permit sale disposal at the 
geologic repository operations area or to 
permit safe transportation and 
conversion to a form suitable for 
disposal at an alternative site in 
accordance with any regulations that 
are applicable.

(e) Contideration ofdecommiuioning. 
The surface facility shall be designed to 
facilitate decontamination or 
dismantlement to the samt extent as 
would be required, under other parts of 
(his chapter, with respect to equivalent 
activities licensed thereunder.

| M t l )  AddManel tfeeifn criteria for me 
underground lectty.

(a) General criteria for the 
underground facility. (l)T h e  
orientation, geometnr, layout, and depth 
o f the underground facility, and the 
design o f any engineered  barriers that 
are part o f the underground facility shall 
contribute to the containment and 
isolation o f radionuclides-

(2) The underground facility shall be 
designed so that the effects o f credible 
disruptive events during the period o f 
operations, such as flooding, fires and 
explosions, will not spread through the 
facility.

(b) Flexibility of deeign. The 
underground fecility shall be designed 
with sufficient flexibility to ellow 
adjustments where necessary to 
accommodate specific site conditions 
identified through in situ monitoring, 
testing or excavation.

(c) Retrieval of watte. The 
underground fedlity shall be designed to 
permit retrieval o f waste in accordance 
with the performance obiectives of
I eo.iti.

(d) Control of water and got. The 
design o f the underground Fecility shall 
provide for control of water or gas 
intrusion.

(e) Underground opening* (1) 
Openings in the underground facility 
shall be designed so that operations can 
be carried out safely and the 
retrievability option maintained.

(2) Openings in the underground 
facility shall be designed to reduce the 
potential for deleterious rock movement 
or fracturing o f overlying or surrounding 
rock.

(0  Rock excavation. THe design o f the 
undaiground facility shall incorporate 
excavation methods that will limit the 
potential for creating a preferential 
pathway for groundwater to contact tha 
waste packages or rediooudide 
emigration to the sccesaibls environment.

(g) Underground facility ventilation. 
Tha ventilation system shill be designed 
to—(1) Control tha transport of 
radioactive particulates and gaaes 
within and releases from the 
underpound facility In accordance with 
the performance objectives of
I бО.Ш(а).

(2) Assure continued fonction during 
non&al operations and under accident 
conditions: and

(3) Separate tha ventiletion of 
excavation and waste emplacement 
areas.

(h) Engineered barrier». Engineered 
barriers shall be designed to esslst the 
geologic setting in meeting the 
perf ormance objectives for the period 
following permanent closure.

(i) Thermal loadt. The underground 
facility shall be designed so that the 
performance objectives w ill be met 
taking into account tha predicted 
thermal and thermomechanical response 
o f the host rock, and surrounding strata, 
groundwater system.

(a) Genera/ detign criterion. Seals for 
shafts and boreholes shall be designed 
so that following permanent closure 
they do net become pathways that 
compromise the geologic repository's 
ability to meet the performance 
objectives or the period following 
permettent closure.

(b ) Selection of material» and 
placement method*. Materials and 
pie cement methods for seals shall be 
aelected to reduce, to the extent 
practicable:

(1) The potential for creating a 
preferential pathway for groundwater to 
contact the waste packages or (2) for 
radionuclide migration through existing 
pethwoya.

Design Criteria for tbe Waste Package

f  #0.139 Criteria for the waste paefcage 
and tie components.

(a) High-level-waste package design in 
genera! 11 ) Packages for HLW shall be 
designed so that the In situ chemical, 
physical, and nuclear properties of the 
waste package snd its interactions with 
(he emplacement environment do not 
compromise the function of the waste 
packages or the performance of the 
underground facility or the geologic 
setting.

(2) The design shall include but not be 
limited to consideration o f the following 
factors; solubility. oxidation/reduction 
reactions, corrosion, hydriding. gas 
generation, thermal effects, mechanical 
strength, mechanical stress, radiolysis, 
radiation damage, radionudide 
retardation, leaching, fire and explosion 
hasards, thermal loads, and sjnergistlc 
interactions.

(b) Specific criterio for H I W package 
design. (if Explosive, pyrophoric, and 
chemically reactive materialt. The 
waste package shall not contain 
explosive or pyrophoric materials or 
chemically reactiva materials in an 
amount thet could compromise the 
ability o f the underground facilito to 
contribute to wesle isolation or tne 
ability of the geologic repository to 
satisfy the performance objectives.

(2) A w  liquide. The waste peckege 
shall not contain free liquida in an 
amount that could compromise the 
ability o f the wsste psckages to achieve 
the performance objectives relating to 
containment o f HLW (because of 
chemical interactions or formation of 
pressurised vapor) or result In spillage 
and spread o f contamination in the 
event o f waste peckage perforation 
during the period through pennenent 
closure.

(3) Handling. Waste packages shall be 
designed to maintain waste containment 
during transportation, emplacement, and 
retrieval.

(4) Unique identification. A  label or 
other means o f identification shall be

MfcW M )eelgn of eeals for ahafle * id
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provided for oach waste package. Tbe 
identification ah all not impair the 
integrity o f tbe waate package and shall 
ba applied in such a way (bat tbe 
information shall be legible at least to 
tbe end o f tbe period o f retrievability. 
Bach waste package identification shall 
ba consistent with the waste package's 
permanent written records.

(c) Waste form enter a for HL W. 
High-level radioactive watte that »  
emphced in the underground facility 
ghall be designed to meet the following 
criteria

(1) Solidification. A ll such radioactive 
wastes shall be in solid form and placed 
in sealed containers.

(2) Consolidation. Particulate waste 
forms shall be consolidated (for 
example, by incorporation into an 
encapsulating matrix) to limit the 
availability and generation of 
particulates.

(3) Combustibles. A ll combustible 
radioactive wastes shall be reduced to s 
noncombuslible form unless it can be 
demonstrated that a fire involving the 
waste peckages containing combustibles 
will not compromise the integrity of 
other waste packages, adversely affect 
any structures, systems, or components 
importent to safely, or compromise the 
ability o f the underground facility to 
contribute to waste Isolation.

(d) Design criteria for other 
radioactive wastes. Design criterio for 
waste types other than HLW  will be 
addressed on an individual basis if  and 
when they ere proposed for disposal in a 
geologic repository.

Performance Confirmation 
Requkeeenta

f  M.1S7 Oenerst requtnmsnts tor 
реПолммееойЯтаИоа

H ie  geologic repository operations 
area shall bs designed so as to permit 
implementation o f  a performance 
confirmation program that meets the 
requirements o f  Subpart F o f this part



POSTCLOSURE AND PRECLOSURE SITING GUIDELINES 

FROM 10 CFR PART 960

S u b p f t C  Poatcloeur o O u HoMnc.

PoaMMurillNllnilt
The guideline* in this Subpart specify 

the factora to be considered in 
evaluating and comparing sites on the 
basis o f  expected repoaitory 
performance after closure. The 
poptdosure guidelines are separated 
into a system guideline and eight 
technical guidelines. Th e system 
guideline establishes waste containment 
and isolation requirements that are 
based on NRC and E PA  regulations. 
These requirements must be met by the 
repository system. which contains 
natural barriers and engineered barriers. 
The engineered barriers w ill be designed 
to complement the natural barriers, 
which provide d ie primary means for 
waste isolation.

IMM-1 System дикМпе.
(a ) Qualifying Condition. Tbe geologic 

setting at the site shall a llow  for the 
physical separation o f  radioactive waste 
from the accessible environment after 
closure In accordance w ith the 
requirements o f  40 CFR Part 191.
Suopart B. as implemented by Um 
provisions o f  10 CFR Part 60. The 
geologic setting at the alta w ill a llow  Cor 
the use o f  engineered barriers to ensure 
com pliancrwith the requirementa o f  40 
CFR Part 191 and 10 CFR Part 00 (tea 
Appendix I  оt this Part).

16604-3 Technlcslguldsinss.

The technical guidelines in this 
Subpart set forth qualifying favorable, 
potentially adverse, and. te  five  
guidelines, disqualifying conditions on 
the characteristics, processes, and 
events that may influence the 
performance o f  a  repository system afta» 
closure. The favorable conditions and 
the potentially adverse conditions under 
each guideline are not Uetad in any 
assumed order o f importance.

| W 4 > M  Osehydrslsgy.

(a ) Qualifying Condition. H ie  present 
and expected geohydrologie setting o f  a 
site shall be compe tibie with waste 
containment and Isolation. The 
geohydrologic setting, considering the 
characteristics o f and the processes 
operating within the geologic setting, 
shall permit compliance with (1 ) the 
requirements specified in 1 960.4-1 for 
radionuclide releases to the accessible 
environment and (2) the requirements 
specified in 10 CFR 60.113 for 
radionuclide releases from the 
engineered-barrier system using 
reasonably available technology.

(b ) Favorable Condition». (1) Site 
conditions such that the pre-waste- 
emplacement ground-water travel time 
along any path o f  Ukely radionuclide 
tra vâ  from the disturbed zone to  the 
accessible environment would be more 
than 10ДЮ0 years.

(2) The nature and rates o f  hydrologie 
processes operating within the geologic 
setting during the Quaternary M o d  
would, i f  continued into the rature* not 
affect or would favorably a ffeet the 
ability at the geologic repoeitory to 
isolate the waste during the next 100,000 
years.

(3) Sites that have stratigraphie, 
structural, and hydrologie features such 
that the geohydrologic system can be 
rsadily characterised and m odeled with 
reasonsbls certainty.

(4) For disposal in the saturated tone, 
at mast on* o f  the following pre-waste- 
emplacement oaetditiûns

(i )  A  hoet rock and Immediately 
eum iaadliiC (eohjrdralo(lc unit* with 
low  hydraulic conduettvittee.

(U)-A downward or predominantly 
horizontal hydraulic (radiant in tha hoit 
rock and la  tha immediately turrounding 
gaohydro lffic  unite.

(Ш ) A  low  hydraulic (radiant In and 
between the boat rock and the 
immediately eurrounding gaohydrolo(ic 
unita.

(Iv ) H i(h  affective pen a lty  to(ather 
with low  hydraulic conductivity In rock 
unit* along pa tha o f  likely radionuclide
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travel between the host rock and the 
accessible environment

(5) For disposal in the unsaturated 
tone, at least one o f the following pre* 
waste-emplacement conditions exists:

( ' )  A  low  and nearly constant degree 
o f saturation in the host rock and in the 
immediately surrounding geohydrologic 
units.

|iî) A  water table sufficiently below 
the underground facility such that the 
fully saturated voids continuous with 
the water table do not encounter the 
host rock.

ini) A  geohydrologic unit above the 
host rock that would divert the 
downward infiltration o f water beyond 
the limits o f the emplaced waste.

(iv ) A  host rock that provides for free 
drainage.

(v ) A  climatic regime in which the 
average annual historical precipitation 
is a small fraction o f the average annual 
potential évapotranspiration.

Not*.—The DOE will, in accordance with 
the general principles set forth in |  960.1 of 
these regulations, revise the guidelines as 
necessary, to ensure consistency with the 
final NRC regulations on the unsaturated 
жопе. which wert published as a proposed 
rule on February 16.1964. in 49 FR 5934.

(c ) Potentially Advene Condition•. (1) 
Expected changes in geohydrologic 
conditions— such as changes in die 
hydraulic gradient, the hydraulic 
conductivity, the effective porosity, and 
the ground-water flux through tbe host 
rock and the surrounding geohydrologic 
units— sufficient to significantly 
increase the transport o f radionuclides 
to the accessible environment as 
compared with pre-waete-eraplacement 
conditions.

(2) The presence o f ground-water 
sources, suitable for crop irrigation or 
human consumption without treatment, 
along giound-water flow  paths from the 
host rock to the accessible environment.

(3) H ie  presence in the geologic 
setting o f stratigraphie or structural 
features— such as dikes, sills, faults, 
shear sones, folds, dissolution effects, or 
brine-pockets— if their presence could 
significantly contribute to the difficulty 
o f characterizing or modeling the 
geohydrologic system.

(d ) Disqualifying Condition. A  site 
shall be disqualified i f  the pre*wasta- 
emplacement ground-water travel time 
from the disturbed zone to the 
accessible environment is expected to 
be less than 1.000 years along any 
pathway o f likely and significant 
radionuclide travel

fM 0 .4 -2 -t Geochemistry.
(a ) Qualifying Condition. The present 

and expected geochemical 
characteristics o f a site shall be

compatible with waste containment and 
isolation. Considering the likely 
chemical interactions among 
radionuclides, the host rock, and the 
ground water, the characteristics o f and 
the processes operating within the 
geologic setting shall permit compliance 
with (1) the requirements specified in
S 960.4-1 for radionuclide release* to the 
accessible environment and (2) the 
requirements specified in 10 CFR 60.113 
for radionuclide releases from the 
engineered-barrier system using 
reasonably available technology.

(b ) Favorable Conditions. (1) The 
nature end rates o f the geochemical 
processes operating within the geologic 
setting during the Quaternary Period 
w ou ld  i f  continued into the niture, not 
affect or would favorably affect the 
ability o f the geologic repository to 
isolate the waste during the next 100.000 
years.

(2) Geochemical conditions that 
promote the precipitation, diffusion into 
the rock matrix, or sorption o f 
radionuclides; inhibit the formation o f 
particulates, colloids, inorganic 
complexes, or organic complexes that 
increase the mobility o f  radionyclides; 
or inhibit the transport o f radionuclides 
by particulates, colloids, or complexes.

(3) Mineral assemblages that when 
subiected to expected repository 
conditions, would remain unaltered or 
would alter to mineral assemblages with 
equal or increased capability to retard 
radionuclide transport

(4) A  combination o f  expected 
geochemical conditions and a 
volumetric flow  rate o f  water in the host 
rock that would allow  less than 0.001 
percent per year o f the total 
radionuclide inventory in the repository 
at 1,000 year* to be dissolved.

(5) Any combination o f geochemical 
and physical retardation processes that 
would decrease the predicted peak 
cumulative releases o f radionuclides to 
the accessible environment by a  factor 
o f  10 as compared to those predicted on 
the basis o f ground-water travel time 
without such retardation.

(c ) Potentially Advene Conditions, ( l )  
Ground-water conditions in the host 
rock that could affect the solubility or 
the chemical reactivity o f  the 
engineered-barrier system to the extent 
that the expected repository 
performance could be compromised.

(2) Geochemical processesor 
conditions that could reduce the 
sorption o f radionuclides or degrade the 
rock strength.

13) Pre-waste-emplacement ground* 
water conditions in the host rock that 
are chemically oxidizing.

(a ) Qualifying condition. The present 
and expected characteristics o f the host 
rock and surrounding units shall be 
capable o f accommodating the thermal, 
chemical, mechanical, and radiation 
stresses expected to be induced by 
repository construction, operation, and 
closure and by expected interactions 
among the waste, host rock, ground 
water, and engineered components. The 
characteristics o f  and the processes 
operating within the geologic setting 
shall permit compliance with ( l ]  the 
requirements specified in 1 960.4-1 for 
radionuclide releases to the accessible 
environment and (2) the requirements 
set forth in 10 CFR 60.113 for 
radionuclide releases from the 
engineered-barrier system using 
reasonably available technology.

(b) Favorable Conditions. (1) A  host 
rock that is sufficiently thick and 
laterally extensive to a llow  significant 
flexibility in selecting the depth, 
configuration, and location o f the 
underground facility to ensure isolation.

(2) A  host rock with a high thermal 
conductivity, a low  coefficient of 
thermal expansion, or sufficient ductility 
to seal fractures induced by repository 
construction, operation, or closure or by 
interactions among the waste, host rock, 
ground water, and engineered 
components,

(c j Potentially Advene Conditions. (1) 
Rock conditions that could require 
engineering measures beyond 
reasonably available technology for the 
construction, operation, and closure o f 
the repository, i f  such measures are 
necessary to ensure waste containment 
or isolation.

(2) Potential for such phenomena as 
thermally induced fractures, the 
hydration or dehydration o f mineral 
components, brine migration, or other 
physical, chemical, o r radiation*related 
phenomena that could be expected to 
affect waste containment or isolajion.

13) A  combination o f geologic 
structure, geochemical and thermal 
properties, and hydrologie conditions in 
the host rock and surrounding units such 
that the beat generated by the waste 
could significantly decrease the 
isolation provided by the host rock as 
compared with pre-waste-emplacement 
conditions.

1960,4-2-4 Ctimatte changes.

(a) Qualifying Condition. The site 
shall be located where future climatic 
conditions w ill not be likely to lead to 
radionuclide releases greater than those 
allowable under the requirements 
specified in 1 960.4-1. In predicting the 
likely future climatic conditions at a site.

S 960.4-2-3 Rock characteristics.



tb* DOE w il l  con s id er the global 
rc jto M l. an d  s ite  climatic paíteme 
during A o  Q uaternary Period, 
conahfcrim  (b o  geomorphte evidence o f  
tbe clim atic conditions in the geologic 
setting.

(b ) Favorable Conditions. (1) A  
surface>w*ter system  «uch that expected 
climatic c y c le *  o v e r  the next 100.000 
years w ou ld  n o t adversely effect w atte 
isolation.

(2) A  g e o lo g ic  aetting in which 
climatic changes  have had little effect 
on  the h yd ro lo g ie  system throughout the 
Quaternary P er iod .

(c ) Potentially Advert* Conditions. (1) 
Evidence that th e  water table could rise 
sufficiently o v e r  the next 10.000 years to 
saturate the underground facility in a 
previously unsaturated host rock.

(2) E v idence  that climatic changes 
over tha n ex t 10.000 years could cause 
perturbationa in  the hydraulic gradient 
the hydrau lic conductivity, the effective 
porosity, o r  the ground'Water flux 
through the h os t rock and the 
surrounding geohydrologic units, 
sufficient to  significantly increase the 
transport o f  radionuclides to the 
accessible environment.

f  660.4-2-6 Erosion.
(a ) Qualifying Condition. The site 

shall a llo w  the underground facility to 
be p laced a t a  depth  such that erosional 
processes a c tin g  upon the surface w ill 
not be lik e ly  to  le a d  to radionuclide 
releases g rea te r  than those allowable 
under the requirements specified In
1 960.4-1. In  predicting the likelihood o f  
potentially d isruptive erosiona) 
processe*, the D O E  will consider the 
climatic, tec ton ic , and geomorphic 
evidence o f  ra tea  and patterns o f 
erosion in  th e  geo logic  setting during the 
Quaternary Period .

(b ) Favorable Conditions. (1) Site 
conditions that permit the emplacement 
o f  w aste a t a  dep th  o f at least 300 
meters b e lo w  the directly overlying 
pound  surface.

(2) A  g e o lo g ic  setting where the nature 
and rates o f  the erosional processes that 
have been  opera tin g  during the 
Quaternary P e r io d  are predicted to have 
less than o n e  chance in 10,000 over the 
next № 000 y e a rs  o f leading to releases 
o f rad ionuclidea to the accessible 
environment.

(3) S ite cond itions such (hat waste 
exhumation w o u ld  not be expected to 
occur during th e  first one million years 
after rep os ito ry  closure.

(c ) Potentially Adverse Condition». (1) 
A  geo log ic  se ttin g  that shows evidence 
o f extrem e ero s ion  during the 
Quaternary Period .

(2) A  g e o lo g ic  setting where the nature 
and rates o l geomorpbic processes that

have  been operating during the 
Quaternary Period could, miring the first 
1ОДЮ0 years after closure, adversely 
a ffect the ability o f the geologic 
repository to isolate the waste.

(d ) Ditqualifying Condition. The site 
shall be disqualified i f  site conditions do 
not allow all portion» of the 
underground facility to be situated at 
least 200 meters be' nv the directly 
overlying ground surface.

«6604-2-6 Wssofcnion-
(a ) Qualifying Condition. The site 

shall be located such that any 
subsurface rock dissolution w ill not be 
like ly  to lead to radionuclide releases 
greater than those allowable under the 
requirements specified in 1 900.4-1. In 
predicting the likelihood o f dissolution 
w ithin the geologic setting at a site, the 
DOE will consider the evidence o f 
dissolution within that setting during the 
Quaternary Period, including the 
locations and characteristics o f 
dissolution fronts or other dissolution 
features, i f  identified

(b ) Favorable Condition. No evidence 
that the host rock within the site was 
subject to significant dissolution during 
the Quaternary Period.

(c ) Poten. idly A dverte Condition. 
Evidence o f dissolution within the 
geologic setting—such as breccia pipes, 
dissolution cavities, significant 
volumetric reduction of the host rock or 
surrounding strata, or any structural 
collapse—such that a hydraulic 
interconnection leading to a loss o f 
waste isoletlon could occur.

(d ) Disqualifying Condition. The site 
shell be ditquolified if  it Is likely that 
during the first 10,000 years aftor 
closure, ective dissolution, as predicted 
on the basis of the geologic record, 
would result in a loss o f waste isolation.

«  6604-2-7 Tectonics.
(a ) Qualifying Condition. The site 

shell be located in a geologic setting 
where future tectonic processes or 
events will not be likely to lead to 
radionuclide releases greater than those 
allowable under the requirements 
specified in )  960.4-1. In predicting the 
likelihood c f potentially disruptive 
tectonic processes or events, the C ^E  
w ill consider the structural 
stratigraphie, geophysics!, and seismic 
evidence for the nature and rates o f 
tectonic processes and events in the 
geologic setting during the Quaternary 
Period.

(b ) Favorable Condition. The nature 
and rates o f igneous activity and 
tectonic processes (such es uplift 
subsidence, faulting, or folding), i f  any. 
operating within the geologic setting 
during the Quaternary Period would, if

con tinue d  in to the hi ture, have less than 
on e  chance in  ЮДЯО over the first 10Л00 
y ea rs  a fte r  closure o f leading to releases 
o f  rad ionuclides to the accessible 
env iron m en t

(c )  Potentially'Advena Condition». (1) 
E vidence o f  active folding, faulting, 
diapiristn. u p lift subsidence, or other 
tecton ic  processes or igneous activ**y 
w ith in  the geologic setting during the 
Q uaternary Period.

(2 ) H istorica l eerthquakes within the 
geo log ic  setting o f  such magnitude end 
in tensity th a t i f  they recurred, could 
a ffe c t w as te  containment or isolation.

(2 ) Indications, based onjcorrelations 
o f  eertbquekes with tectonic processes 
and features. that either the frequency o f 
occurrence o r  the magnitude o f 
eartbquakee within the geologic setting 
m ay increase.

(4 ) More-frequent occurrences o f  
earthquakes or earthquakes o f higher 
magnitude than a.*e representative o f  the 
reg ion  in  which the geologic setting it 
located .

(5 ) Poten tia l for natural phenomena 
such as  landslides, subsidence, or 
vo lcan ic  activity  o f such magnitudes 
that they  could create large*scale 
su rface-w ater impoundments that could 
changa the regional ground-water flow  
system .

(6 ) Potentia l for tectonic 
deform ations - such as uplift, 
subaldence. folding, or faulting—that 
cou ld  adverse ly  affect the regional 
ground-w ater now system.

(d )  Disqualifying Condition. A  site 
shall b o  disqualified if, based on the 
geo lo g ic  record  during the Quaternary 
Period , tha nature and rates o f fault 
m ovem ent от other ground motion are 
expec ted  to  be such that a loss o f  waste 
iso la tion  is  likely to occur.

1660. 1- 2-6 Human Merteronee.
Th a  a ite aha!) be located such that 

activ ttiee  b y  future generations at or 
near the aite w ill not be likely to affect 
w aa te  containment and isolation. In 
aseeaslng the likelihood o f such 
activ ities , the DOE w ill consider the 
estim ated  effectiveness o f the 
perm anent markers end records 
requ ired b y  10 CFR Part 60. taking into 
account site-specific factors, as stated in
I I  900.4-2-6-1 and 960.4-2-6-2. that 
cou ld  compromise their continued 
e ffectiveness.

1660.4-2-6-1 Natural reeourca.

(a )  Qualifying Condition. This tite  
shall b e  located tuch that—-contidering 
perm anent markers and records and 
reasonab le pro)ectioni o f  value, 
scarcity, and technology— the natural 
resources, including ground water
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suilaSie to r  crap  irrigation or human 
coflUHnp li o o  without treatment. praunl 
a l o r  m i  O x  « i t *  w ill not b «  likely to 
g ive  rise »o  interference activities that 
wou ld  l*a d  to  radionuclide rebates 
greater than those allowable under the 
requ irem ent! specified in i  980.4-1.

(b ) Favorable Conditions. (1) No 
known natural resources that have or 
a t*  pro jected  to  have in the foreseeable 
futura a  v a lu *  great enough lo be 
considered a  commercially extractable

(2 ) G round w ater with 10,000 paita per 
m illion o r  m ore  o f  total dissolved solida 
a ie n t  a a y  path  id  likely radionuclide 
travel b o m  the boat rack to the 
accessib le env ironment.

(c ) Potentially Adnm  Condition (1) 
Indications that the s ill contains 
naturally o ccurring materials, whether 
o r not ac tu a lly  identified in rach (o ra  
that ( i ]  econ om ic extraction it  
potentia lly  feasib le  during the 
fon aeea b* ature or (II) such materials 
k m  a  grea te r  gross value, net value, or 
com m ercia l potential than the average 
fo r  o ther a reas  o f  similar a i »  that a n  
rapraaautativ a  a t  and located In. tha 
geo log ic  setting.

U )  E v id en ce  o f  subsurface mining or 
extraction to r  resources within the alte If 
tt cou ld  a ffe c t  waste containment о »

(S) E v id en ce  at drilling within the site 
fa r any purp o s e  other than rfpoeltory- 
s ite  eva lu a tion  to  a  depth sufficient to 
a ffect w a s te  containment and Isolation.

( * )  E v id en ce  o f  a significant 
concentration o f  any naturally occurring 
m aterial that <a not widely available 
from  o tb er eoorcet.

( * )  P o ten tia l for foreseeable human 
actM U ee— each  as ground-water 
w ithdraw al, extensive irrigation, 
subsurface Injection of fluids, 
underground pumped storage, military 
activities, o r  tha construction o f large- 
scale surface-water Impoundments—  
that oou id  adversely  change portion* o f  
the y o und-w ater flow  system important 
to  w ee ta  isolation.

(d ) Diequalifying Condition». A  site 
shall b e  d isqualified  if—

(1 ) P rev iou s exploration. mining. or 
extraction  activ ities  for resoarces o f 
rom m eirte l importance at the sit* have 
created a jgnlftesnt pathways between 
the p rn )st.l»d  underground facility and

DOE can obtain. In accordance with the 
requirements o f  10 CFR Part 60. 
ownerahip. surface and subsurface 
rights, and control o f access that are 
required in order that potential surface 
and aubaurface activities as the site w ill 
not b e  likely to lead to radionuclide 
releaaea greater than those allowable 
under the requirementa specified in
1 860.4-1.

(b ) Favorable Condition. Present 
ownerehip and control o f land and all 
aurface and subsurface rights by the 
DOE.

(c ) Potentially Adrene Condition. 
Projected land-ownership conflicts that 
cannot be successfully resolved through 
voluntary purchase-МП agreements, 
nondispated egency-to-ageocy transfers 
o f  title, o r Federal condemnation
proceedings.

Subpart P Pre closure Ouldelnes

(2 ) O n go in g  o r  Ukely futura activtttea 
to  reco v a » preeanlly  valuable natural 
m inerai ten eu r»* i  oulsida tha controlled 
t r e e  w ou ld  b e  expectsd to lead to an 
inadvertent lo e s  o f  watte isolation.

i  е м  А-.в-Ж_в Mi t e  - ----■ ■ -- -a ■--aeu e ownersrapano voniroL 
(ft) Qualifying Condition. The site 

shall b e  lo ca ted  on land for which the

The guidelines in this Subpart specify 
(he factor* to bo c o n l len d  fat 
evaluating and compa.ing sites on the 
basis o f  expected repository 
per formance before closure. The 
preciosura guidelines a n  separated into 
three system  guideline* and eleven 
technical guideline*.

fM O K -t  ШуОШяgafdsHnss.
(a ) Qualifying Conditions—{1) 

Preciosura Roaiologicol Safety. Any 
projected radiological exposures o f  tbe 
general public and any projected 
releasee o f  radioactive materials to 
restricted and unrestricted areas during 
repository operation and closure shall 
m eet the applicable safety requirements 
aet forth in 10 CFR Fart 20.10 CFR Part 
60. and 40 CFR 191. Subpart A  (see 
Append ix  U of.this part).

(2) Environment, Socioeconomic*, and 
Transportation. During repository si tine, 
construction, operation, closure, and 
decommissioning the public and the 
environm ent shall be adequately 
protected from the hasards posed by the 
disposal o f  radioactive waste.

(3) Bam and Coat of Siting, 
Con*truction. Operation, and Closure. 
Repooitory siting, construction, 
operation, and closure shall be 
demonstrated to bo technically feasible 
on the batia o f  reasonably available 
technology, and the associated costa 
shall be demonstrated to be reasonable 
re lative to other available and 
com parable siting options.

even t* that influence the suitability o f  a 
site re la tive  to  the preclosure system 
guideline*. These conditions are 
aeparated in to  three main groups: 
Preclosure radiological safety: 
environment, socioeconomics, and 
transportation: and ease and cost o f  
siting. construction, operation, and 
closure. Th e first group includes 
conditions on population density and 
distribution, site ownership and control, 
m eteorology, and offsite installations 
and operation*. The second group 
includes conditions related to 
environm ental quality and 
socioeconom ic Impacts In areas 
potentially affected by a repository and 
to the tranaportation o f waste to a 
repoaitory ¿ te .  The third group include* 
conditiono on  the surface characteristic* 
o f  the site  tba characteristics o f the host 
rode and surrounding strata, hydrology, 
and tectonics. The individual technical 
guidelines w ithin each group, as w ell as 
the favorab le  conditions and the 
potentially adverse conditions under 
each guideline, are not listed In any 
assumed order o f  importance. The 
technical guidelines thet follow  
establish conditions that shall be 
considerad in determining compliance 
w ith  tbe qualifying conditions o f  the 
preclosure system guidelines. For each 
technical guideline, an evaluation erf 
qualification o r  disqualification shall be 
made in  accordance with the 
requirements specified in Subpart &

Precloom e Radiological Safety

The technical guidelines in this 
Subpart set forth qualifying, favorable, 
potentially adverse, and. in seven 
guidelines, disqualifying conditions for 
the characteristics, processes, and

(a ) Qualifying Condition. The site 
shall b e  loca ted  such that, during 
repository operation and cloture. ( 1) the 
expected average radiation dose to 
members o f  the public within any highly 
populated area w ill not bo likely to 
exceed  a  sm all fraction o f the limits 
a llow ab le  under the requirements 
specified  in 1960J~l(sH1), and (2] the 
expected  red ietion  dose to any member 
o f  the public in on unrestricted oreo w ill 
not be lik e ly  to  exceed the limit 
a llow ab le  under the requirements 
specified In  I  ®eo.5-l(s)(l).

fb ) Favorable Conditions, (1) A  low  
population density in the general region 
o f  the site.

(2 ) Rem oteness o f site from highly 
populated areas.

(c ) Potentially Adverts Conditions. (1) 
High res iden tia l seasonal, or daytime 
population density within the projected 
site boundaries.

(2 ) P roxim ity o f  the site to highly 
populated areas, or to areas having at 
least 1.000 individuals in an area 1 m ile
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by t  m ih  u  defined by the most recent 
decennial count o f  the U.S. census.

(d ) Disqualifying Conditions. A  site 
•halt b e  disqualified if—

(1 ) A n y  l o b a  facility o f  «  repository 
would bo located in a highly populated 
atea; or

(2) A n y  surface facility o f a repository 
would b e  located adjacent to an a n a  I  
mile by  1 m ile having a population o f  not 
Io n  than 1ДМ0 individúala a t 
enumerated by  tha moat recent U S. 
census: or

(3 ) The DOE could not develop an 
emergency preparedness program which 
meets the requirements specified .in DOE 
O rder 55003 (Reactor and Non-Reactor 
Facility Emergency Planning. 
Preparedness, and Response Program 
for Department o f  Energy Operations) 
and m a tad  guides or. win i  ietued by 
the N R C  In 10 CFR Part во. Subpart L 
"Emergency Planning Criteria."

IN U 4 4  H e C-inertN» and Cenfcet.
(a ) Qualifying Condition. The alta 

shall be located on land for which the 
DOE can obtain, in accordance w ith lha 
requirements o f  10 CFR 60.121. 
ownership. surface and ju b k ir fw e  
right*, and control o t access that a rt 
required in  order that surface jn d  
tubturfaca activities during repository 
operation and clôtura w ill not be likely 
to lead to  radionuclide releases to an 
unrestricted area p ea la r  than those 
allow ab le under tht requirements 
tp edB ed  In | M 0 J - l(a K U

(b ) Favorable Condition. Present 
ownership and control o f land and all 
sutface and subsurfaca mineral and 
w ater right* b y  the DOE.

(c ) Potentially Adverts Condition. 
Projected lend-ownefship conflict* that 
cannot ba tuccetsfu lly resolved through 
voluntary purchate*e ll agreements, 
nondisputed agency-to-agency trantfera 
o f  title, o t  Federal condemnation 
proceedings.

1 Ш М  MeWattlOH.
(a ) Qualifying Condition. T h t  t i l t  

shall be located tuch that expected 
m eteorological condition* during 
repository operation and cloture w ill not 
b t likely to lead to radionuclide re lea ttt 
to an unrestricted eras gieeter than 
thoee a llow ab le under the requirements 
specified in i  0 M U -l(a )(l).

(b ) Favorable Condition. Prevailing 
m eteorologlcel conditions tuch that any 
radioactiva release* to the atmosphere 
during repository operation and doeure 
would be e ffective ly  dispersed, thereby 
reducing tlm lflcan tly  the Ukellhood o f  
unacceptable expoaure to any member 
o f  the public in tit* vicinity o f  the 
repoaitory.

(c ) Potentially Advene Conditions. (1) 
Prevailing meteorological conditions 
tuch that radioactive em istiont horn 
repository operation o f cloture could be 
preferentially transportad toward 
iocalitiea in the vicinity o f  tha repoaitory 
with higher population densities than 
are the average for the region.

(1 ) History o f extreme weather 
phenomena—auch a t hurricanes, 
tornadoes, severe floods, or severe and 
traquent w inter ttonns— that could 
significantly affect repository operation 
or closure.

| W № H  О П й е М М а й а п а and

(a ) Qualifying Condition. The alte 
ahali be located such that preseal 
projected effects from nearby industrial, 
transportation, and military initaDationt 
and operation*, including atomic energy 
defense acUvllltt, (1) w in not 
significantly affect repotitory tiling, 
construction, operation, closure, or 
dccommltklonlng or can be 
accommodated by engineering meaturet 
and (2). when conddartd  together with 
am ittion i tram repoeitory operation and 
cloture, w ill not ha likely to laad to 
radionuclide taleasat to an unrestricted 
area greater than thoae allowable under 
the requirement! tp ed fled  in IM O S -  
l ( tK l ) .

(b ) Favorable Condition. Abaence o f 
contributing radioactive re lea te t from 
other nuclear Installations and 
operation! that mutt be contidered 
under the requirements ot 40 CFR 191, 
Subpart A .

(c ) Potentially Adverse Conditions. (1) 
The presence o f  nearby potentially 
haxardou* tautallatlont or operation* 
that could adversely affect repoeitory 
operation or doaure.

(2) Preaence o f  other nuclear 
intlelleHont and operations, subject to 
the requirements o f  40 CFR Pari 190 or 
40 CFR W l, Subpart A . w ith actual or 
protected releases near tbe maximum 
value pennladhle under thott 
standards.

Id ) Disqualifying Condition. A  site 
shall ba dlsqualifled If atomic energy 
defense activities in proximity lo  the site 
ara expected to conflict Irreconcilably 
with repoeitory sitir j ,  construction, 
opération, cloture, or decommissioning.

Environment. Sodoecooom ktr le d  
Tranapactalkm

>1Ш>М IhHtqwhuM  ynty.
(a ) Qualifying Condition. ТЬл tite 

thaij be located tueh that (1 ) tba quality 
o f tba environment ta the affected area 
during this and future générations w ill 
be adequately protected during 
repotitory siting, construction, 
operation, clôtura, and
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de 'ommissioning. and projected 
environmental impacts in the affected 
area can be mitigated to an acceptable 
degree, taking into account 
programmatic, technical social, 
economic, and environmental factors; 
and (2) the requirements specified in 
1 9в0.5-1(а)(2) can be met.

(b ) Favorable Conditions. (1)
Projected ability to medt. within time 
constraints, a ll Federal. State, and local 
procedural and substantive 
environmental requirements applicable 
to the site and tbe activities proposed to 
take place thereon.

(2) Potential significant adverse 
environmental impacts to present and 
future generations can be mitigated to 
an insignificant leve l through the 
application o f reasonable measures, 
taking into account programmatic, 
technical, soc ia l economic, and 
environmental faetón.

(c ) Potentially Adverse Conditions. (1) 
Prelected major conflict with applicable 
Federa l State, or local environmental 
requirements.

(2) Projected significant adverse 
environmental impacts that cannot be 
avoided or mitigated.

(3) Proximity to, or projected 
significant adven e environmental 
impacte o f  the repotitory or itt support 
facilities on. a component o f the 
National Park System, the National 
W ild life  Refuge System, tbe National 
W ild  and Scenic R iven  System. the 
National Wilderness Preservation 
Syttem. o r National Forett Land.

(4) Proximity to» and projected 
significant advene environmental 
impacta o f  the “epoaitory or itt tupport 
facilities on. a  significant State or 
regional protected retource area, such 
a# à State park, a w ild life area, o r a 
historical area.

(8) Proximity to, and projected 
significant adven e  environmental 
impacta o f  the repotitory and ita tupport 
fed lltiea  on, a significant Native 
American resource. tuch aa a  major 
Indian rellgiout tite. or other sites o f 
unique cultural Interest.

(6) Pretence o f  critical habitats for 
threatened or endangered species that 
may be compromised by the repository 
o r  itt tupport ftcilitiet.

(d ) Disqualifying Conditiont. Any o f 
tha follow ing conditions that! disqualify 
a tite:

(1) During repotitory siting, 
construction. operation, cloture, or 
decommissioning the quality o f  the 
environment in the affected area could 
not be adequately protected or projected 
environmental impactt in tha affected 
area could not be mitigated to an 
acceptable degree, taking into account



programmatic, technical socia l 
economic, and environmental factora.

(2Í Any part o f  the restricted area or 
repository support facilities would be 
located within the boundaries o f a 
component o f the National Park System, 
the National W ild life Refuge System, tbe 
Nahona) Wilderness Préservation 
System, or the National W ild  and Scenic 
Rivers System.

(3) The presence o f the restricted area 
or the repository support facilities would 
conflict irreconcilably with the 
previously designated resource- 
preservation use o f a component o f  the 
Natiom l Park System, the National 
W ild life Refuge System, the National 
W ilderness Preservation System  the 
National W ild  and Scenic Rivera 
System, or National Forest Lands, or 
any comparably significant State 
protected resource that was dedicated 
to resource preservation at the time o f 
the enactment o f the Act.

I  MO.S-4-4 tocfoeconomJc impact*.
(a ) Qualifying Condition. The site 

shall be located such that (1) any 
significant adverse social and/or 
economic impacts induced in 
communities and surrounding regions by 
repository siting, construction, 
operation, closure, and decommissioning 
can be offset by reasonable mitigation 
or compensation, as determined by a 
process o f analysis, planning, and 
consultation among tbe DOE. affected 
State and local government 
jurisdictions, and affected Indian tribes: 
and (2) the requirements specified in
1 9Ô0.S-1(«K2) can be met.

(b ) Favorable Condition». (1) Ability 
o f  an affected area to absorb the 
project-related population changes 
without significant disruptions o f 
community services and without 
significant impacts on housing supply 
and demand.

(2) Availability o f an adequate labor 
force in the affected area.

(3) Projected net increases in 
employment and business sales, 
improved community services, and 
increased government revenues in the 
affected area.

(4) No projected substantial disruption 
o f primary sectors o f  the economy o f the 
affected area.

(c) Potentially Advene Conditions. (1) 
Potential for significant repository» 
related impacts on community service*, 
housing supply and demand, and tht 
finances o f State and local government 
agencies in the affected area.

(2) Lack o f an adequate labor force in 
the affected area.

(3) Need for repository-related 
purchase or acquisition o f water rights, 
if such rights could have significant

adverse impacts on the present or future 
development o f the affected area.

(4) Potential for major disruptions o f 
primary sectors o f the economy o f the 
affected area.

(d ) Disqualifying Condition. A  site 
shall be disqualified if repository 
construction, operation, or closure 
would significantly degrade the quality, 
or significantly reduce the quantity, o f 
water from major sources o f offsite 
supplies presently suitable for human 
consumption or crop irrigation and such 
impacts cannot be compensated ?=r. or 
mitigated by. reasonable measures.

I  M0.§-2-7 Transportation.
(a ) Qualifying Condition. The site 

shall be located such that (1) the access 
routes constructed from existing local 
highways and railroads to the site'(i) 
w ill not conflict irreconcilably with the 
previously designated use o f  any 
resource listed in 1960S-2-S(d) (2) and
(3); (ii) can be designed and constructed 
using reasonably available technolog)': 
(ui) w ill not require transportation 
system components to meet 
performance standards more stringent 
than these specified in the applicable 
DOT and NRC regulations, nor require 
the development o f new packaging 
containment technology; ( iv )  w ill allow 
transportation operations to be 
conducted without causing an 
unacceptable risk to the public or 
unacceptable environmental impacts, 
taking into account programmatic, 
technical soc ia l economic, and 
environmental factors: and (2) the 
requirements o f 1960.S~i(a)(2) can be 
met.

(b ) Favorable Condition*. (1) 
Availability o f access routes from local 
existing highways and railroads to the 
site which have any o f the following 
characteristics:

(1) Such routes are relatively short and 
economical to construct as compared to 
access routes for other comparable 
siting options.

(ii) Federal condemnation is not 
required to acquire rights-of-way for the 
access routes.

(iii) Cuts, fills, tunnels, or bridges are 
not required.

(iv ) Such routes are free o f sharp 
curves or steep grades and are not likely 
to be affected by landslides or rock 
slides.

(v ) Such routes bypass local cities and 
towns.

(2) Proximity to local highways and 
railroads that provide access to regional 
highways and railroads and are 
adequate to serve the repository without 
significant upgrading or reconstruction.

(3) Proximity to regional highways, 
mainline railroads, or inland waterways

th a t  p ro v id e  a c c e s s  to  th e  n a t io n a l 
t ra n s p o r ta t io n  s y s te m .

(4) Availability o f  a regional railroad 
system with a minimum number o f 
interchange points at which train crew 
and equipment changes would be 
required.

(5) Total projected life-c>cle cost and 
risk for transportation of all \>ubtcs 
designated for the repository site which 
are significantly lower than those for 
comparable siting options, considering 
locations o f present and potential 
sources o f waste, interim storage 
facilities, and other repositories.

(6) Availability o f regional and local 
carrier»—truck, rail, and water— which 
have the capability and are willing to 
handle waste shipments to the 
repository.

(7) Absence o f legal impediment with 
regard to compliance with Federal 
regulations for the transportation o f 
waste in or through the affectcd State 
and adjoining Slates.

(8) Plans, procedures, and capabilities 
for response to radioactive waste 
transportation accidents in the affected 
State that are completed or being 
developed.

(9) A  regional meteorological history* 
indicating that significant transportation 
disruptions would not be routine 
seasonal occurrences.

(c ) Potentially Adverse Conditions. (1) 
Access routes to existing local highways 
and railroads that are expensive to 
construct relative to comparable siting 
options.

(2) Terrain between the site and 
existing local highways and railroads 
such that steep grades, sharp 
switchbacks, rivers, lakes, landslides, 
rock slides, or potential sources o f 
hasard to incoming waste shipments 
w ill be encountered along access routes 
to the site.

(3) Existing local highways and 
railroads that could require significant 
reconstruction or upgrading to provide 
adequate routes to the regional and 
national transportation system.

(4) Any local condition that could 
cause the transportation-related costs, 
environmental impacts, or risk to public 
health and safety from waste 
transportation operations to be 
significantly greater than those 
projected for other comparable siting 
options.

Ease and Cost o f  Siting. Construction, 
Operation, and Closure

fN O .$ - H  Surlace charactertatica.

(a ) Qualifying Condition. Thé site 
shall be located such that, considering 
the surface characteristics and



condition* o f  the site and surrounding 
are*, including surface-water systems 
end the terrain, the requirements 
specified in 1960-3->i(a)(3) can be met 
during repository siting, construction, 
operation, and closure.

(b ) Favorable Conditions. (1)
Generally flat terrain.

(2) Generally well-drained terrain.
(c ) Potentially Adverse Condition. 

Surface characteristics that could lead 
to the flooding o f  surface or 
underground facilities by the occupancy 
and modification o f flood plains, the 
failure o f existing or planned man-made 
surface-water impoundments, or the 
failure o f engineered componente o f  the 
repository.

I N O J - M  Лоск character***.

(a ) Qualifying Condition. The site 
shall be located tuch that (1) the 
thickness and lateral extent and the 
characteristics and composition o f  the 
hott rock w ill be suitable for 
accommodation o f the underground 
facility; (21 repository construction, 
operation, and cloture w ill not cause 
undue hazard to personnel; and (3) the 
requirements specified in f960.S-l(a )(3 ) 
can be met.

(b ) Favorable Conditions. (1) A  hott 
rock that i t  sufficiently thick and 
laterally extensive to a llow  significant 
tex ib llity  in selecting the depth, 
configuration, and location o f the 
underground facility.

(2) A  host rock with characteristics 
that would require minimal or no 
artificial support for underground 
openingt to ensure safe repository 
construction, operation, and cloture.

(c ) Potentially Acherse Cor̂ Jitions. (1) 
Д  host rock that is suitable for 
repository construction, operation, and 
closure, but is to  thin or laterally 
restricted that little flexibility is 
available for selecting the depth, 
configuration, or location o f an 
underground facility.

(2) In titu characteristics and 
conditions that could require 
engineering measures beyond 
reasonably available technology in the 
construction o f  the shafts end 
underground facility.

(3) Geomechanical properties that 
could necessitate extensive 
maintenance o f the underground 
openings during repository operation 
4nd closure.

(4) Potential for tuch phenomena at 
thermally induced fracturing, the 
hydration and dehydration o f mineral 
components, or other physical, chemical, 
» r  radiation-related phenomena that 
t.ould lead to safety hazards or difficulty 
•n retrieval du ng repository operation.

(S) Existing faults, shear tones, 
pressurized brine pockets, dissolution 
effects, or other stratigraphie or 
structural features that could 
compromise the safety o f  repository 
personnel because o f water Inflow or 
construction problems.

(d ) Disqualifying Condition. The site 
shall be disqualified i f  the rock 
characteristics are such that the 
activitiea associated w ith repository 
¿on*traction, opération, or closure aro 
predicted to cause significant risk to the 
health and safety o f personnel taking 
into account mitigating measures that 
use reasonably available technology

IN fc b t - IO  Hydrology.
(a ) Qualifying Condition. The site 

shall be located such that the 
geohydrologic setting o f  the site w ill (1) 
be compatible w ith  the activities 
required for repository construction, 
operation, and closure: (2) not 
compromise the Intended functions o f 
the shaft liners and seals: and (3) permit 
the requirements specified in 1 900. S- 
1(a)(3) to be m et

(b ) Favorable Conditions. (1) Absence 
o f  aquifers between the host rock and 
the land surface.

(2) Absence o f surfacé-water systems 
that could potentially cause flooding o f  
the repository.

(3) Availability o f  the water required 
for repository construction, operation, 
and closure.

(c| Potentially Adverse Condition. 
Ground-we ter conditions that could 
require complcx engineering messures 
that are beyond reasonably available 
technology for repository construction, 
operation, and closure.

(d ) Disqualifying Condition. A  site 
shall be disqualified if, based on 
expected ground-water conditions* it is 
likely that engineering measures that are 
beyond reasonably available technology 
w ill b e  required (or exploratory-shaft 
construction or for repository 
construction, operation, or closure.

Tectónica.
(e ) Qualifying Conditions. The site 

shall be located in a geologic setting in 
which any projected effects o f  expected 
tectonic phenomena or igneous activity 
on repository construction, operation, or 
closure w ill be such that the 
requirements specified in 1 960.&~1{а)(3) 
can be met.

(b j Favorable Condition. The nature 
and rates o f faulting, if  any. within the 
geologic setting are such that the 
magnitude and intensity o f the 
sssociated seismicity are significantly 
les t than those generally a llowable for 
the construction and operation of 
nuclear facilities

(c ) Potentially Advene Conditions, ( t )  
Evidence o f  active faulting within the 
geologic setting.

(2) Historical earthquakes or past 
man-induced seismicity that I f  either 
were to recur, oould produce ground 
motion at the site in excess o f 
reasonable design limits.

(3) Evidence, based on correlations o f 
earthquakes with tectonic processes and 
featuree. (e-g^ fault*) within the geologic 
setting, tluit the magnitude o f 
earthquakes at the aite during repository 
constniction. operation, and closure may 
be larger then predicted from historical 
seismicity.

(d ) Disqualifying Condition. A  site 
shall be disqualified i t  based on the 
expected nature and ratea o f fault 
movement or other ground motion, it is 
likely that engineering measures that are 
beyond reasonably available technology 
w ill be required for exploratory-shaft 
construction or for repository 
construction, operation, or closure.
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Appendix В

ISSUES AND INFORMATION NEEDS FOR THE YUCCA MOUNTAIN SITE
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