
 

 

 

 

UNITED STATES OF AMERICA 
NUCLEAR REGULATORY COMMISSION 

 
ATOMIC SAFETY AND LICENSING BOARD 

 

 
 

  

 
In the Matter of 
 
ENTERGY NUCLEAR OPERATIONS, INC., 
ENTERGY NUCLEAR PALISADES, LLC, 
HOLTEC INTERNATIONAL, and HOLTEC 
DECOMMISSIONING INTERNATIONAL, 
LLC 
 
(Palisades Nuclear Plant and Big Rock Point 
Site) 
 

  
Docket No(s).  50-255-LT-2 
  50-155-LT-2 
  72-007-LT 
  72-043-LT-2 
 
ASLBP No.  22-974-01-LT-BD01 
 

 
 

Hearing Exhibit 
 
 

Exhibit Number:  
 
 

Exhibit Title:  
 
 
 
 
 
 

 



.

DOE;
f>ure ot] voumes

Mission Plan
for the Civilian Radioactive Waste

Management Program
Volume I

Part! Overview and Current Program Plans
Part Information Required by the Nuclear Waste

Policy Act of 1982

June 1985

U.S. Department of Energy
Office of Civilian Radioactive Waste Management

HQ0005264

OCR DB-105274
Holtec_PAL-000781



.

OOE/RW-0005
Volume 1 of 3 volumes

Mission Plan
for the Civilian Radioactive Waste

Management Program
Volume |

Part! Overview and Current Program Plans
Part Il Information Required by the Nuclear Waste

Policy Act of 1982

June 1985

U.S. Department of Energy
Office of Civilian Radioactive Waste Management
Washington, D.C. 20585

HQ0005265

OCR DB-105275
Holtec_PAL-000782



.

Department of Energy
Washington, DC 20585

TO: Members of Congress and Other Recipients
SUBJECT: Submittal of the Mission Plan as Required by the

Nuclear Waste Policy Act of 1982

I am pleased to submit the Mission Plan for the Civilian
Radioactive Waste Management Program as required by the Nuclear
Waste Policy Act of 1982. T consider that this Plan meets the
directive to "provide an informational basis sufficient to permit
informed decisions to be made in carrying out the repository
program and the research, development, and demonstration programs
required under this Act.” This document presents our best esti-
mate at the present time of the objectives and the strategy of
the Civilian Radioactive Waste Management Program and of the
facilities, institutional activities, management approach and
information needed to implement the program.

In accordance with the requirements of the Act, the Department
of Energy (D0E) submitted a draft of this Mission Plan for
comment to the States, affected Indian tribes, the Nuclear
Regulatory Commission, other Government agencies, and the public.
Approximately 2500 individual comments were received from 102
respondents. In addition to expanding the discussions of various
topics in the Mission Plan as suggested in the comments and
making changes where appropriate, detailed responses were
prepared to address all of the issues raised in the comments.
These responses are presented in Volume II of this set of three
volumes. Volume reproduces all of the comments received on
the draft Mission Plan.

I believe we have addressed fairly and responsibly all of the
comments. We appreciate everyone's interest and involvement as
we continue to implement this important national program.

During the conduct of this program, I pledge the best efforts of
DOE's Office of Civilian Radioactive Waste Management to observe
the following operating principles: to safeguard the public
trust; to be open and responsive; to cooperate and act in an
evenhanded manner; and to strive for technical excellence,
management excellence, and cost effectiveness. With these
principles in mind and with the cooperation of all interested
parties, I am confident the program will succeed.

[30/onvces
Ben C. Rusche, Director
Office of Civilian Radioactive
Waste Management
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PREFACE

In response to the requirement of the Nuclear Waste Policy Act of 1982,the Office of Civilian Radioactive Waste Management in the Department ofEnergy (DOE) has prepared this Mission Plan for the Civilian Radioactive WasteManagement Program.
The Mission Plan is divided into two parts. Part I describes the overallgoals, objectives, and strategy for the disposal of spent nuclear fuel andhigh-level waste. It explains that, to meet the directives of the NuclearWaste Policy Act. the DOE intends to site, design, construct. and startoperating a mined geologic repository by January 31, 1998. The Act specifiesthat the costs of these activities will be borne by the owners and generatorsof the waste received at the repository. Part I further describes the othercomponents of the waste-management program--monitored retrievable storage,Federal interim storage, and transportation--as well as systems integrationactivities. Also discussed are institutional plans and activities as well asthe program-management system being implemented by the Office of CivilianRadioactive Waste Management.
Part II of the Mission Plan presents the detailed information required bySection of the Act--key issues and information needs: plans forobtaining the necessary information: potential financial, institutional. andlegal issues; plans for the test and evaluation facility; the principalvtesults obtained to date from site investigations; information on the

site-characterization programs; information on the waste package: schedules:
costs; and socioeconomic impacts. In accordance with Section 30l(a) of theAct, Part II is concerned primarily with the repository program.

The Mission Plan, identified as Volume I, is supported by two other
volumes. Volume II is entitled “Record of Responses to Public Comments on theDraft Mission Plan for the Civilian Radioactive Waste Management Program." It
summarizes and answers the comments received on the April 1984 draft Mission
Plan, with approximately 2500 comments from 102 respondents being documentedby common topical subject. Volume III, entitled "Public Comments on the Draft
Mission Plan for the Civilian Radioactive Waste Management Program,"reproduces all of the comment letters.
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Chapter 1

INTRODUCTION

The United States has no facilities for the permanent disposal of thehighly radioactive waste generated during the production of electricity in
nuclear power plants and during the production of nucleac materials for
national defense. As more commercial nuclear power plants have come on linein recent years, the rate at which the resulting highly radioactive wasteshave been accumulating has been increasing.

Although nuclear activities produce small volumes of wastes in comparisonwith other activities that generate hazardous wastes, nuclear wastes have theunique characteristic of being radioactive, and therefore they require specialhandling and storage. While such wastes have been safely stored for decades
with no discernible adverse effects on the health and safety of the public,they will remain radioactive for thousands of years. The Federal Government
has established the principle that the management of these wastes is the
responsibility of the present generation and should not be left for future
generations. Recognizing that a national problem has been created by the
accumulation of radioactive wastes and that a safe and environmentallyacceptable method of permanent disposal is needed, the Congress enacted the
Nuclear Waste Policy Act of 1982, which, among other provisions. established
the Office of Civilian Radioactive Waste Management in the U.S. Department of
Energy (DOE). This document describes the plan the DOE is pursuing to complywith the mandate of the Congress to achieve a solution to this problem.

The DOE recognizes the difficult technical and institutional challengesthat must be overcome during the course of this program. The technical chal-
lenge is great because the isolation of these wastes involves long time peri-ods not often considered in other human endeavors. The institutional chal-lenge is complex because a small number of States (and possibly affected
Indian tribes) will be asked to host, for the good of the Nation, permanentwaste-disposal facilities. And radioactive-waste shipments will traverse manyStates whether or not the wastes originated in those States.

The DOE pledges to work diligently in full compliance with the law, and
with the full involvement and participation of affected parties, to achieve a
solution to this national problem. Those involved in the program are dedi-
cated to making technically sound decisions and to working with affected par-ties to identify potential negative impacts and to avoid, mitigate, or compen-
sate for such impacts.

1.1 BACKGROUND

In 1984, domestic nuclear power plants generated more than 13 percent of
the electricity produced in the United States. Nuclear power has surpassedhydroelectric power to become the second leading energy source for electricitygeneration in the United States after coal.
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At the end of 1984, 86 commercial nuclear power plants were in operation
in the United States and another 30 plants were either under construction or

planned. Recent government studies predict that nucleac power will play an

expanding role in the supply of electricity in this country for at least the
next decade. On the basis of plants now operating and under construction, it
is expected that. nuclear power will supply about 20 percent of the Nation's
electricity in the 1990s.

Spent fuel containing approximately 10,000 metric tons of uranium (MTU)
had already been discharged from commercial nuclear reactors by the end of
1984. As Figure 1-1 indicates. the inventory of spent fuel is continuing to
mount; it is expected to reach nearly 50,000 MTU by the year 2000 and 130,000
MTU by the year 2020. The growing accumulation of this waste in temporary
storage poses potential health and safety problems for the public. It also
threatens to overload the storage capacity of individual reactors and
eventually the entire nuclear power industry.

The safe and permanent disposal of spent fuel and high-level waste, both
of which contain highly radioactive, long-lived elements, has been a matter of
concern ever since a nuclear reactor in Shippingport. Pennsylvania, began
producing the first commercial electricity in 1957. Early expectations were

that all spent fuel would be chemically reprocessed to recover usable uranium
and plutonium, with the other radioactive byproducts being separated and

disposed of as high-level waste. These expectations were not realized, and it
now appears that much of the spent fuel will be disposed of directly without
ceprocessing.

The search for a permanent solution to the problem of cadioactive-waste
disposal spans nearly three decades. Such concepts as deep geologic disposal,
disposal beneath the seabed. disposal in outer space, chemical resynthesis,
rock melting, transmutation, and ice-sheet disposal were evaluated by the
government during the course of its analyses (see Final Environmental Impact
Statement--the Management of Commercially Generated Nuclear Waste,
DOE/EIS-0046F). As the boundaries of knowledge expanded, an increasing con-

fidence in geologic disposal developed. Today, the majority of informed tech-
nical opinion holds that disposal in deep geologic repositories is the pre-
ferred method of permanent isolation.

1.2 THE NUCLEAR WASTE POLICY ACT OF 1982

President Reagan's Nuclear Policy Statement of October 8, 1981, con-

tributed to the forging of a national consensus on the policy for radioactive-
waste management. Designed to “correct present government deficiencies and to

enable nuclear power to make its essential contribution to our future energy
needs," the policy statement outlined a number of specific objectives. These
included demonstrating to the public that the problems associated with the

management of radioactive waste can be resolved. Accordingly, the President
directed the Secretary of Energy. working closely with industry and State

governments. to proceed swiftly toward the deployment of means for storing and
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Figure 1-1. Estimates of U.S. cumulative spent-fuel discharges through the year 2020. The
data are taken from Commercial Nuclear Power 1984: Prospects for the United States and
the World, published by the DOE's Energy Information Administration (DOE/EIA-0438(84),
November 1984). The curve reflects the middle-case forecast of nuclear power growth.

disposing of civilian high-level waste. This Presidential initiative was partof a bipartisan effort that led to the passage by Congress on December 20,
1982, of the first comprehensive legislation for the management of high-level
waste in the history of the United States. The President signed the Nuclear
Waste Policy Act of 1982 into law on January 7, 1983. Its passage is the
culmination of decades of efforts on the part of thousands of dedicated
individuals.

The Act requires the DOE to site, obtain a license, construct, and oper-ate geologic repositories for spent fuel and high-level waste in a manner that
“will provide a reasonable assurance that the public and the environment will
be adequately protected..." (Subtitle A). In addition to establishing a de-
tailed schedule for siting and licensing one or more geologic repositories,the Act contains several other features, including the following:

1. Assigning responsibility for the full payment of disposal costs to
those who benefit from those services (i.e., the owners and genera-
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tors of high-level waste and spent fuel) and, accordingly, creating
in the Treasury of the United States a special Nuclear Waste Fund to
be composed of the payments made by those using the services (Section
302).

Committing the Federal Government to study monitored retrievable
storage in parallel wath geologic repositories (Section 141).

Providing for a federally owned and operated system of interim-
storage facilities for no more than 1900 MTU of spent fuel from
civilian reactors whose owners cannot reasonably provide adequate
storage capacity at the reactor site (Section 131) and creating an

Interim Storage Fund to make certain that those using the services
will pay the full costs (Section 136).

Setting out an extensive system of checks and balances through public
involvement, along with written consultation-and-cooperation (C&C)
agreements. to ensure Federal accountability to, and communication
with, States and affected Indian tribes (Section 117).

POLICY GOALS AND PROGRAM OBJECTIVES

Unprecedented technical and institutional challenges require resolution
before the intent and the letter of the Act are achieved. First, the public
must be convinced that the interests of the Nation are best served by consoli-
dating the radioactive waste dispersed throughout the country in a limited
number of geologic repositories designed for permanent disposal. The national
interest must take precedence over parochial concerns. Next, the DOE must be
able to achieve the tasks set forth in an unusually precise and complex sched-
ule and to persuade the citizens of the country that the waste disposal pro-
gram will be safe, efficient, and on schedule. Furthermore, the conflicting
and competing interests that are mirrored by the tension between program
schedule and technical certitude must be resolved. Finally, the DOE must

grapple with the contentious issues that often accompany a task as complex and
enduring as its waste-management program while never wavering from its commit-
ment to build and operate the required disposal facilities.

The following policy goals guide the formulation and the implementation
of the DOE's program:

1. The protection of public health and safety and environmental accepta-
bility are of paramount importance.

The program must be credible to the public by virtue of its integrity
and technical excellence.

The program must neither subsidize nor penalize nuclear power as an

energy source.

The program must be conducted in a cost-effective manner, with full
cost recovery.
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The following specific program objectives have been established to imple-ment the provisions of the Act. They evolve from the previously mentionedpolicy goals.

To site, obtain a license for, construct. and operate geologic re-positories such that the transportation of radioactive waste to anddisposal of the wastes in the repositories can be accomplished in amanner that 1s safe and environmentally acceptable.
To submit a proposal to Congress to develop one or more facilitiesfor monitored retrievable storage.
To ensure the acceptance of waste for disposal by January 31, 1998,in accordance with the acceptance schedule provided for in the DOE'sstandard disposal contracts and in conformance with the Act.

To assist utilities in providing adequate and safe at-reactor storagefor spent fuel before transfer to the DOE and to provide limitedFederal interim storage to any utility found by the Nucleac Regula-tory Commission to be eligible for such service.

To manage the technical program and the funds collected for disposaland storage services or otherwise provided through appropriation in
an effective, integrated. and efficient manner.

In carrying out the program to accomplish these objectives, the DOE willcomply fully with the consultation-and-cooperation requirements of the Act.The Act states in Section 111(a)(6) that “State and public participation inthe planning and development of tepositories is essential in order to promotepublic confidence in the safety of disposal of such waste and spent fuel...."The Act further defines in Sections 116, 117, and 118 the minimum requirementsfor consultation and cooperation with the States and affected Indian tribes.The DOE has worked to implement the law in a cooperative manner by providingmechanisms for the following:

6.

7,

Full, open, and timely sharing of technical information.
Consultation on key draft documents.

Negotiation of written agreements.

Financial assistance to States and affected Indian tribes to allowfull participation and to provide impact mitigation.
Establishment of outreach programs to provide public information incooperation with States and affected Indian tribes.

Joint workshops to address key technical and procedural issues.

Grants equal to taxes, as provided by the Act.

These mechanisms must at all times maintain clarity and credibility andmust demonstrate that the Federal Government, the States, the affected Indiantribes, and the general public have genuine roles in shaping the policies thatguide the program.
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1.4 ORIGIN AND DEFINITION OF RADIOACTIVE WASTES

Radioactive waste is broadly characterized as high-level waste. transu-

ranic (TRU) waste, low-level waste, and mill tailings. Usually included in

the category of high-level waste 1s the fuel that is removed from nuclear

reactors. The waste originates from five major sources: (1) the fuel cycle
of commercial nucleac reactors: (2) defense programs; (3) medical and research

institutions (e.g.. hospitals, universities, and research foundations): (4)

industrial uses: and (5) the mining and milling of uranium ore. The decommis-

sioning of commercial facilities, DOE remedial actions, and celated activities

will also generate large quantities of waste in the future. The first two of

these sources generate virtually all the waste that will be accepted for dis-

posal in a geologic repository.

The Act provides for the disposal of high-level ctadioactive waste and

spent nucleac fuel.* The other categories of waste do not require long-term
isolation. and other provisions exist in law for their disposal.

Spent nuclear fuel assemblies discharged from a reactor after irradiation

ace physically similac to the new assemblies loaded into the reactor

(Figure 1-2).

Until an acceptable permanent solution is found, spent fuel is stored in

deep pools of water adjacent to the nuclear power reactors as a temporary
measure. The water cools the fuel and serves as an effective shield to pro-
tect workers at the reactoc sites from radiation. The level of radiation be-

gins to decline immediately. and within 10 yeacs it decreases to one-tenth the

level measured at the time of removal from the ceactor. Nevertheless, some of

the elements contained in the spent fuel remain radioactive for many thousands
of years; these products therefore require permanent isolation from the public
and the environment.

A small quantity of liquid high-level radioactive waste was generated
ducing the commercial reprocessing of reactor fuels at the Nuclear Fuel

Services Plant at West Valley. New York. (Reprocessing is a chemical separa-
tion process that can extract plutonium and uranium from spent-fuel rods.

These energy-containing components can be fashioned into new fuel elements and

be reinserted into reactors to produce more energy.) The West Valley plant
operated between 1966 and 1972. No additional commercial liquid high-level
waste from reprocessing has been generated in this country since that time.

Vitrification, or the solidification of the waste into glass, is scheduled to

begin in 1988 and to be completed by the end of 1989. This glass waste form

will be encapsulated in stainless-steel containers and further processed and

packaged for eventual disposal ina repository. At this time, the electric

utilities that operate commercial reactors do not consider that reprocessing
is an economic option in the United States. However. the program will

maintain the flexibility to accommodate commercial high-level waste if

reprocessing comes into widespread use in the future.

*The Act authorizes the disposal of spent reactor fuel, the high-level
wastes from the ceprocessing of spent nuclear fuel, and any other radioactive

wastes determined by the Nuclear Regulatory Commission to require permanent
isolation. For brevity and convenience, the term “waste” is used in this

document to mean both spent fuel and high-level waste.

-8-
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Figure 1-2. Uranium fuel assemblies are Stored at nuclear power plants until they areloaded into the reactor Here. a workman inspects a new fuel assembly. He does nothave to wear protective clothing during this procedure because the new fuel emits littleradiation Gloves and other coverings are worn to keep dirt and impurities from the fuel,which must be kept clean for maximum operating efficiency of the reactor.
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Defense high-level waste (DHLW) is produced by atomic energy defense pro-
grams and includes the highly cadioactive waste material that results from the

reprocessing of spent nuclear fuel. including the liquid waste produced
directly in reprocessing. and any solid waste derived from the liquid that

contains a combination of transuranic (TRU) waste and fission products in con-

centrations sufficient to require permanent isolation. Defense high-level
waste is generated and stored at three DOE sites: the Savannah River Plant

(South Cacolina), the Idaho National Engineering Laboratory (Idaho), and the

Hanford Site (Washington).

The Act required the President to evaluate the use of disposal capacity
at one or more of the civilian repositories for the disposal of defense high-
level waste. The Act further stated that “unless the President finds, after

conducting the evaluation...that the development of a repository for the dis-

posal of high-level radioactive waste resulting from atomic energy defense

activities only is required...the Secretary shall proceed promptly with

arrangement for the use of one or more of the (civilian) repositories for the

disposal of such (defense) waste."

The Office of the Assistant Secretary for Defense Programs performed a

comparative evaluation of two disposal options for defense waste: (1) dis-

posal in a civilian geologic repository and (2) disposal in a geologic reposi-
tory constructed for defense waste only. These two options were compared with

criteria specified in the Act: cost efficiency, health and safety, regula-
tion, transportation, public acceptability, and national security. The re-

sults of this evaluation are documented in the report An Evaluation of

Commercial Repository Capacity for the Disposal of Defense High-Level Waste

(DOE/DP-0020). On the basis of that evaluation, the DOE concluded that there

are no compelling reasons for a defense-waste-only repository. The only
factor that resulted in a significant advantage for either option was cost

efficiency. Because of the cost advantage offered by disposal in a combined

repository, the Secretary of Energy recommended to the President that this

combined-repository option be implemented. The President's evaluation also

concluded that the development of a separate repository for defense waste is

not required. The President directed the Secretary to proceed with arrange-
ments for the combined-repository option in conformance with the Act. As

identified in the Act, the arcangements are to include a fair and equitable
allocation of costs for developing, constructing. and operating the combined

repository. The details of these arrangements and the quantities of defense

waste that will be disposed of in the civilian cepositories and the acceptance
schedule are currently under review by the DOE. They will be made available

for public review and comment at a later time.

At the Savannah River Plant, defense high-level waste is stored in under-

ground tanks. In the current reference plan as indicated in the report cited

above (DOE/DP-0020), the defense waste will be processed into a final waste

form (e.g.-. borosilicate glass) starting in 1989. This waste form will be en-

cased in metal canisters (Figure 1-3) and stored at the site until a geologic
repository becomes available to receive the waste. At the Hanford Site. the

high-level waste is also stored in underground tanks. New waste is also being
generated by the PUREX process. which is being used to reprocess the spent
fuel. In the current reference plan, the PUREX waste and the readily retriev-

able older waste will be processed in an immobilization plant beginning in the

early 1990s. The immobilized waste will be stored at the site until it is

-10-
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Figure 1-3. Metal canister for defense waste currently under development The meta!
canister, approximately 10 feet high and 2 feet in diameter, will contain the defense
high-level waste immobilized in borosilicate glass. The canister will be made of stainless
steel and permanently sealed Each canister, when full, will weigh about 2 tons
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shipped to a repository. At the Idaho National Engineering Laboratory, high-
level liquid waste has been converted to a dry calcine and is stored in
stainless-steel bins in underground concrete vaults. The reference plan
anticipates that an immobilization facility will start operating some time
after the turn of the century.

All defense waste to be disposed of in a civilian repository will satisfy
the same requirements as civilian waste, including 10 CFR Part 60, “Disposal
of High-Level Wastes in Geologic Repositories", and 40 CFR Part 191, “Environ-
mental Radiation Protection Standards for Management and Disposal of Spent
Nuclear Fuel, High-Level and Transuranic Radioactive Wastes.”

Transuranic (TRU) waste is material that has no significant economic
value and is contaminated with certain alpha-emitting radionuclides in
concentrations higher than 100 nanocuries per gram. Transuranic waste results
primarily from fuel reprocessing and from the fabrication of plutonium weapons
and plutonium-bearing reactor fuel. Essentially all of the existing TRU waste
has been produced in atomic-energy defense programs. Generally, little or no

shielding is required for most of this waste, which is therefore often called
“contact-handled"” TRU waste. However, energetic gamma and neutron emissions
from certain TRU nuclides and fission-product contaminants may require shield-

ing or remote handling for some of the waste (i.e., “remotely handled” TRU
waste). The future storage location of civilian TRU waste has not been de-
cided, but the quantity of such waste is very small at present. Defense TRU
waste will be sent to the Waste Isolation Pilot Plant (WIPP) in New Mexico,
for demonstration disposal; the WIPP is scheduled to start accepting this
waste around the end of this decade.

Significantly more information on the origins and specific quantities of
radioactive wastes is provided in Spent Fuel and Radioactive Waste Inven-
tories, Projections and Characteristics, U.S. Department of Energy,
DOE/RW-0006, September 1984.

1.5 STRUCTURE OF THE MISSION PLAN

The Mission Plan states the program's plan and identifies the actions

required to demonstrate conformance to the Act. The Mission Plan is presented
in two parts in this volume. Part I includes this introduction and the pro-
gram objectives: describes the current program strategy: provides a summary
description of current program plans for the geologic repository, monitored
retrievable storage, other storage options, transportation, and systems inte-

gration; contains a chapter on institutional relations: and discusses the

program-management system being implemented by the Office of Civilian
Radioactive Waste Management.

Part II of this volume provides specific details of the repository pro-
gram, as required by Sections 301(a)(1) through 301(a)(11) of the Act in the

following 11 sections:

1. The information needed to site, construct, and operate a geologic
repository.

-12-
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2. Plans to obtain the needed information.

3. Potential financial, political, legal. and institutional problems.
4. Test and evaluation facility.
5. Significant results and implications of research and development.
6. Siting guidelines for the recommendation of repository sites.

7. Site characterization.

8. Waste solidification and packaging.
9. Waste-generation rates, requirements for disposal capacity. and

repository schedules.

10. Costs of managing commercial radioactive waste.

Socioeconomic impacts.
Also included in Volume I are three appendixes: alternative schedules forthe first repository, the DOE's Siting guidelines (10 CFR Part 960), and abrief description of the origin and nature of the host rocks considered forthe first repository. Volume I concludes with a bibliography, a glossary, alist of acronyms, and an index to the Mission Plan.

The Act requires the DOE to obtain comments on the draft Mission Plan
before its transmittal to the Congress. The DOE submitted for comment a pre-liminary working draft of Part I ("Overview and Current Program Plans") and aformal draft of the entire Mission Plan. The DOE has chosen to publish all
the comments received on the formal draft and the DOE’s responses. Responsesto more than 2500 comments are contained in the “Record of Responses to PublicComments on the Draft Mission Plan for the Civilian Radioactive Waste Manage-ment Program." This document is being published under separate cover as
Volume II. A third volume in this set contains reprints of all of the in-coming comment correspondence, with annotations to indicate where in Volume IIthe responses to individual comments can be found. Volume III is entitled
"Public Comments on the Draft Mission Plan for the Civilian Radioactive WasteManagement Program."

It is the DOE's intent to annually determine the need to revise this
Mission Plan. When such revisions are determined to be necessary, they will
be subject to full review by the States. affected Indian tribes. the NuclearRegulatory Commission, other Federal Government agencies, and the public.

~13-
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Chapter 2

PROGRAM STRATEGY

2.1 INTRODUCTION

The Nuclear Waste Policy Act of 1982 (the Act) put in place a comprehen-sive, complex set of activities for achieving the capability to dispose of the
Nation's high-level radioactive waste. The strategy of the program is in-
tended to provide maximum.assurance that the goals identified in Chapter 1,implementing the provisions of the Act, are met. Among these goals and objec-tives. several stand out:

1. The program must protect the health and safety of the public and thequality of the environment.

2. The program must provide for the dissemination of information to thepublic and ensure opportunities for participation by the public and
their representatives in order to achieve their confidence and
support.

3. The program must be conducted in a financially responsible, cost-
effective manner and on the basis of full cost recovery.

4. In accordance with the above goals, the program must vigorously
pursue the Act's directive to begin accepting spent fuel and
high-level waste for disposal no later than January 31, 1998, and to
continue to dispose of the waste in a highly efficient manner consis-
tent with the continued orderly operation of the Nation's nuclear
Ppower-generation plants.

The Act has provided a broad, flexible framework in which to conduct the
necessary activities: it has authorized certain key facilities, set schedulesand fees, articulated institutional interactions, provided the opportunity toanalyze the desirability of enhancements to improve program performance, andrecognized the need for flexibility and contingency planning in a large. com-plex, and controversial program that May span more than a century.

The strategy of the program is to ensure that the activities authorizedby the Act are carried out in a vigorous manner: potentials for system-performance improvements are analyzed and incorporated where useful, includingrequests for new Congressional authority as allowed by the Act; and contin-
gency plans are identified and evaluated to provide maximum confidence that
the program is prepared to adjust to meet the requirements of the Act notwith-standing uncertainties as to future Congressional authorization decisions and
technical and institutional matters.

The strategy can be described as a comprehensive system-development pro-gram through which any of three distinct plans can be successfully carriedthrough to meet the requirements of the Act. In the discussions that followin Sections 2.2, 2.3, and 2.4, these plans are referred to as the “authorizedplan," the “improved-performance plan," and contingency plans. Also discussed
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in the remainder of this chapter are other considerations pertinent to the

program, such as defense waste (Section 2.5); assumptions about waste-system
components (Section 2.6); and waste-acceptance schedules (Section 2.7).

2.2 THE AUTHORIZED PLAN

As shown in Figure 2-1, the Act authorizes a number of key activities

that, taken together, can meet the objectives of providing for the permanent
disposal of spent fuel and high-level waste. In particular, the Act author-
izes the development and operation of a geologic repository, the necessary
transportation system for moving the wastes to the repository, a provision for

Federal interim storage for “civilian nuclear power reactors that cannot

reasonably provide adequate storage capacity at the sites of such reactors

when needed to assure the continued, orderly operation of such reactors," and

a program to cooperate with the private sector in demonstrating the dry
storage of spent fuel at reactor sites. These authorities, along with other

key requirements stated in the Act (e.g.. the need to obtain Congressional
authorization for the construction of the second repository) constitute the
minimum set of activities that the program will vigorously implement. They
reflect the clear intent of the Act. and their successful completion will

result in meeting a number of the most important provisions of the Act. namely:

1. A repository for the permanent disposal of spent fuel and high-level
waste.

FIRST
GEOLOGIC

REPOSITORY

SPENT FUEL
TRANSPORTATION SYSTEM

~

A |
wae

! |
' | SECOND |

GeoLoaic |
POSITORY

FEDERAL INTERIM COMMERCIAL AND Jar CONSTRUCTION |
STORAGE acre | IS AUTHORIZED |

IRED(IF REQUIRED) DIOACT BY CONGRESS)

LoL
0194-0006

Figure 2-1. The waste-disposal system currently authorized by Congress.
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2. The acceptance of waste for disposal beginning not later than Januacy31. 1998,

3. Safe transportation of wastes to the repository.
4. Protection of the health and safety of the public and environmentalacceptability.
5. The provision of limited interam storage for utilities determined bythe Nuclear Regulatory Commission to require such storage.
6. Encouragement to waste generators to effectively use existing storagefacilities for the safe storage of the waste at the reactor siteuntil the waste 1s accepted for disposal.
7. Full and open public participation.
8. Full cost recovery, with the costs borne equitably by the waste

generators.

2.3 THE IMPROVED-PERFORMANCE PLAN

The improved-performance plan (see Figure 2-2) reflects the opportunitiesbuilt into the Act to evaluate options for enhancing the authorized plan inmeeting the requirements of the Act. Careful analyses of the provisions ofthe Act and of programmatic options have shown that increased confidence andimproved performance can be achieved by emphasizing systems integration--thatis, by considering all of the elements of the program as part of a single sys-tem, optimized as a unit to best meet the program requirements.
This concept of optimizing the system by integrating all the facilitiesand components applies not only to the authorized plan but also to any otherwaste-management system that could be developed to meet the requirements of

the Act. In particular, the Act requires the DOE to complete a detailed studyof the need for, and the feasibility of, monitored retrievable storage (MRS)and submit a proposal to Congress for the construction of one or more MRSfacilities. Analyses to date continue to reinforce the tentative conclusion
that an MRS facility fully integrated into the overall waste-management systemcan significantly enhance several important program objectives. Theimprovements include the following:

1. Improved transportation efficiency because spent-fuel consolidation
and packaging at the MRS facility would reduce the number of ship-ments to the repository with concomitant reductions in potentialenviconmental impacts and risks to the public.

2. Increased reliability and flexibility in operating the system in an
integrated cost-effective manner by incorporating an additional
facility that can regulate the flow of waste to the repository.
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FIRST
GEOLOGIC

REPOSITORY

MONITORED
RETRIEVABLE

SPENT FUEL TRANSPORTATION RerRievasi
(If AUTHORIZED

CONGRESS)

FEDERAL COMMERCIAL

weenie AND DEFENSE SECOND

femat, || ets,
er neouineo) waste (IF CONSTRUCTION

AUTHORIZED
BY CONGRESS)

Figure 2-2. Improved-performance system with integral MRS facility.

3. Improved confidence in the DOE's ability to meet schedules, particu-
larly in beginning to accept quantities of waste no later than Jan-

vary 31, 1998. The integral MRS facility would be scheduled for
initial operation as early as 1996.

4. Ability to accept significantly larger quantities of waste in the

early years of operation, substantially reducing the added cost of

providing increased at-reactor storage capabilities.

5. Ability to focus repository licensing efforts on demonstrating the

long-term isolation capability of the site because many of the opera-
tional functions (i.e., waste preparation) would be handled at the

MRS facility.

The studies and analyses necessary to fully describe the MRS facility and

to define its potential costs and benefits are being prepared. The final re-

sults will be presented in a proposal to be submitted for Congressional con-

sideration, as required by the Act. Should the Congress authorize the con-

struction of an integrated MRS facility, the improved-performance plan will

become the reference program plan, and the integrated system described in this

document will be the reference waste-management system.
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2.4 CONTINGENCY PLANS

The preceding sections outline the strategy of the DOE's waste-managementprogram. However, all those involved in, and concerned about, these activ-ities recognize that this program is highly controversial; involved in it area number of important constituencies with widely varying views of how, when,and whether elements of the program should be carried out. The Act is a re-markable piece of legislation in that there is general agreement on its keyProvisions: the timely development of a geologic repository for the permanentdisposal of spent fuel and high-level waste is in the national interest, andthe Act provides sufficient authority to get the job done. The Act furtheranticipated potential conflicts between the various constituencies and pro-vided a means for resolving ultimate disputes, such as the one that couldarise between a chosen host State and the Federal Government. Nevertheless, aprogram intended to span more than a century, with some choices by Congress,States, affected Indian tribes, and the nuclear power industry yet to be made,requires that contingency plans be considered.

The number and the detail of the options that could be considered arepotentially great. But the Act and the accomplishments of the program to dateprovide increasing confidence in the DOE's ability to follow its strategy.Therefore, the contingencies identified below and shown in Figure 2-3 arelimited to major areas of uncertainty and will be more fully defined as theevolving situation requires.
The Act specifies a schedule and a process for the siting of reposi-tories. It gives the affected State and any affected Indian tribe on whose

reservation a repository would be located the tight to file a notice of disap-proval after a repository site has been recommended to Congress, and this
notice can be overridden only by a joint resolution of Congress. Should anotice of disapproval be made and not overturned, the President is required torecommend another site for the first repository within one year, with the
same approval provisions to apply. Thus, the first repository could becomeoperational on time, it could be substantially delayed, or successive noticesof disapproval not overridden by Congress could prevent its construction.

The baseline program assumption, of course, is that the repository isbuilt on schedule. Should the repository be substantially delayed, one of twocontingency approaches would be pursued. If the MRS facility is authorized byCongress and constructed, it can begin to accept spent fuel in a timely mannerand package and store it (up to the authorized storage-capacity limit) until arepository becomes operational. If the MRS facility is not authorized, or if
it is significantly delayed, increasing quantities of spent fuel will have tobe stored at reactor sites. In that event, the pools for storing the fuel
will continue to be filled, and additional onsite storage capacity through the
use of dry storage in casks or similar technologies will have to be employed.

If site characterization shows that none of the candidate sites for thefirst repository are suitable or should successive notices of disapproval be
made and upheld, the DOE has two main contingency plans. If an MRS facilityhas been authorized and constructed, it can accept spent fuel on or ahead of
schedule, packaging and storing it (up to the authorized storage-capacitylimit) until the “second” repository is authorized (which, of course, would
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IMPROVED PERFORMANCE PLAN

MRS @ ENHANCED ACCEPTANCE RATE

@ OPTIMIZED SYSTEM PERFORMANCE

“AUTHORIZED PLAN

@ LIMITED ACCEPTANCE RATE

NO MAS @ AY-REACTOR STORAGE IN POOLS
©@ POSSIBLE ADDITIONAL AT-REACTOR

¥ STORAGE IN ORY CASKS

&

mas @ ACCEPTANCE AND STORAGE AT MAS
@ MINIMUM ADOITIONAL AT-REACTOR

FIRST STORAGE
GEOLOGIC

REPOSITORY DELAYED

DELAYEO OR
NO MAS © OELAYED ACCEPTANCE

@ AT-REACTOR STORAGE IN POOLS
© POSSIBLE ADDITIONAL AT-REACTOR

STORAGE IN ORY CASKS

@ ACCEPTANCE AND STORAGE AT MAS
UNTIL “SECOND” REPOSITORY AVAILABLE

@ AT-REACTOR STORAGE POSSIBLE

@ CONTINUED AT-REACTOR STORAGE
© POSSIBLE STORAGE IN DRY CASKS
© ACCEPTANCE WHEN SECOND REPOSITORY

AVAILABLE
@ ALTERNATIVE DISPOSAL OPTIONS

(e.g. SUBSEABED)

Figure 2-3. Contingency plans.

then become the first repository) and becomes operational. If an MRS facility
has not been authorized. spent fuel will continue to be stored at reactor

sites in spent-fuel pools and possibly in dry storage.

Should no repository be constructed and an MRS facility not be author-

ized, utilities would continue to be responsible for storing the spent fuel at

reactor sites. In this event, the Nation would return to the situation where

it had no viable, assured method for the permanent disposal of spent fuel and

high-level waste. It should be added that a number of other methods of dis-

posal have been proposed and evaluated in the past. In accordance with the

Act. research and development continues on some techniques (e.g., subseabed

disposal), and, should future progress demonstrate their practicality. they
would be considered in program decisionmaking.
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Contingency plans are being further developed for each of the programareas below the level of detail discussed in this chapter. More information
on these contingency plans is provided in the subsequent chapters of thisMission Plan and in various program documents listed in the bibliography.

Contingency plans will continue to be pursued as necessary until a satis-factory solution has been demonstrated. Failure to solve this national prob-~lem would prolong the potential risks resulting from the dispersed accumula-tion of radioactive waste--risks that Congress appropriately recognized andresponded to by passing the Nuclear Waste Policy Act.

In summary, the DOE plans to conduct those authorized activities thatwill lead to a capability to permanently dispose of spent fuel and high-levelwaste. The DOE will evaluate. propose, and. where appropriate, add featuresthat will enhance the credibility, reliability, and performance of the pro-gram. The DOE will continue to prepare contingency plans that could becomeoperational as needed in the future.

2.5 ADDITIONAL CONSIDERATIONS

A number of additional factors must be considered in understanding andcarrying out the strategy of the program. Some of the principal factors arebriefly discussed below.

2.5.1 DEFENSE WASTE

The President recently accepted the DOE's confirmation of the Act's pre-sumption that high-level waste generated in defense programs should be em-placed in one or more of the civilian geologic repositories. This conclusionemerged from an evaluation of the use of the civilian repositories for thedisposal of such defense waste. Since the evaluation concluded that there are
no compelling reasons related to health and safety, national security, regula-Cions, transportation, or public acceptability to develop. build, and operatea repository for defense waste only, the DOE is planning to emplace defense
waste in the civilian repositories. Negotiations are under way with other DOE
offices to both establish an equitable cost-sharing method and to develop a
waste-acceptance schedule that integrates the two major waste streams.

2.5.2 OTHER HIGH-LEVEL WASTES

The Act includes in the definition of high-level radioactive waste “otherhighly radioactive material that the (Nuclear Regulatory] Commission, consis-
tent with existing law, determines by rule requires permanent isolation."
There are a number of additional wastes that may be designated high-level
wastes by virtue of a future NRC rulemaking. The program is maintaining the
flexibility to be able to accept wastes, including other DOE-generated defense
wastes, that may require permanent disposal. The full costs would be borne by
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the owners and generators, and a cost formula and waste-acceptance schedule
would be established after such a designation.

2.5.3 SECOND REPOSITORY

The Act authorizes the DOE to conduct siting activities for a second

repository and to submit to Congress a proposal for the authorization of a

second repository. Purthermore, the Act stipulates that the first repository
is to have a limited capacity until the second repository is in operation.
The specified limits are spent fuel containing no more than 70,000 metric tons

of uranium (MTU) or the high-level waste resulting from the reprocessing of
such a quantity of spent fuel. Since current projections indicate that ap-
proximately 130,000 MTU of civilian spent fuel will require disposal through
the year 2020, a second repository is required to accommodate the expected
inventory. In the discussion of Section 2.6, the operating assumption, con-

sistent with the intent of the Act, is that there will be at least two

repositories.

2.6 PROGRAM ASSUMPTIONS FOR WASTE-SYSTEM COMPONENTS

Table 2-1 presents a select set of reference assumptions currently used
in program planning and development. These assumptions cover the types and

quantities of waste to be disposed of in a repository. the modes by which the

waste will be transported and the expected distances, and the capacities and

schedules for the two repositories and the MRS facility. The assumptions and

their interrelationships are subject to change on the basis of future Con-

gressional actions, DOE recommendations, future rates of spent-fuel genera-
tion, actual program progress, technological advancements, and a host of other
variables. The values or ranges specified in Table 2-1 are intended to pro-
vide a representative magnitude of system-component capability. The various

components can be adjusted as future conditions warrant.

Table 2-1. Program Assumptions About the Waste and the

Components of the Waste-Management System

I. ASSUMPTIONS ABOUT THE WASTE

A. Waste Types
1. Spent fuel from commercial nuclear reactors is the dominant waste

form. The spent-fuel assemblies are assumed to be consolidated
and packaged before emplacement in a geologic repository.

2. Existing commercial high-level waste (from the West Valley Demon-

stration Project) is assumed to be accepted for disposal. No new

commercial high-level waste is assumed to require disposal.
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Table 2-1. Program Assumptions About the Waste and theComponents of the Waste-Management System (Continued)

I. ASSUMPTIONS ABOUT THE WASTE (Continued)

A. Waste Types (Continued)

3. Defense high-level waste requiring disposal ina geologic reposi-tory will be accepted by the civilian waste-management system.
4. Other wastes determined by the Nuclear Regulatory Commission torequire permanent geologic disposal will be accepted.

B. Waste Quantities

1. The Energy Information Administration (EIA) “middle-case" fore-
cast of 130,000 metric tons of uranium (MTU) for the cumulativespent-fuel generation through the year 2020 is assumed. The EIA
forecast assumes a constant level of fuel burnup in the reactor
for the entire projection period: the design implications of
extended fuel burnup are being examined. Other projections arebeing monitored.

2. Approximately 650 MTU equivalent of commercial high-level waste
from West Valley will be accepted at the repository. No addi-
tional commercial reprocessing of spent fuel is assumed, althoughsystem designs will include the capability to handle solidifiedhigh-level waste from commercial reprocessing.

3. Defense waste will be accepted at approximately the rate of itsgeneration from the atomic energy defense facilities. It is
assumed that approximately 20.000 canisters of solidified high-level defense waste will be available for geologic disposal bythe year 2020. The actual quantities and the acceptance rate
have not yet been determined: they are the subject of currentanalyses by the DOE.

C. Waste Age
The spent fuel received for disposal is assumed to have a minimum
cooling age of 5 years, although certain system-component designs are
based on receiving fuel that has a maximum decay-heat rate of 1 kilo-
watt per metric ton of uranium, which is equivalent to current
pressurized-water-reactor spent fuel that has been discharged from
the reactor for approximately 10 years. This assumption will be
reviewed to determine the effects of age on system performance and
cost effectiveness.
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Table 2-1. Program Assumorions About che “aste and the

Components of tne “aste-“anagement System (Zontinued)

IIT. ASSUMPTICNS ABOUT TRANSPCRTATICN

A. Shipmenn Mode

From reactors to the recos:tory or to che MRS facility (if authorized

by Congress): 70 percent by rail, 30 seccent by truck.

From the MRS facility to the repository: 100 percent by rail.

B. O1stanceTraveled

Average distances for potential coutes from reactors to a repository
in the indicated host rock or to the MRS facility are presented below

in the first two coiumns. Por waste shipped first to the MRS

facility. the last column shows distances from the MRS facility to

the repository.

Distance (miles) |

Reactorstofacility MRS to repository
Pacility Truck Rail Rail

Basalt repository 2190 2360 2590

Salt repository 1320 1450 1250

Tuff repository 2040 2270 2380

Crystalline-rock repository 760 900 610
MRS facility 790 920 --

III. ASSUMPTIONS ABOUT AN MRS PACILITY

A. Proposed Capacity
The initial authorized capacity will be proposed to be 15,000 MTU.

If necessary, the DOE will request Congressional approval to modify
this capacity.

B. ‘Waste Receipt Rate

The waste-acceptance rate will be approximately 3000 MTU per year of

spent fuel or equivalent high-level waste.

The MRS facility will begin operations as early as 1996. In 1998,

after a 2-year ramp-up period, the MRS facility will achieve the

design acceptance rate.
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Table 2-1. Program Assumptions About the “aste and theComponents of the ““aste-Management System (Continued)

IV. ASSUMPTIONS ABGUT GEOLOGIC REPOSITORIES
A. Number of Repositories

Two

B. Design Capacity for Each Repository
The design capacity for each of the two repositories is assumed to be70.000 MTU. The capacity for both repositories can be expanded ifthe geologic conditions permit, but the capacity of the first ceposi-tory cannot exceed 70.000 MTU until the second cepository beginsoperation.

C. Repository-Startup Dates for the Authorized System
The operation of the first repository will be conducted in twophases, with phase 1 starting operation in 1998 and Phase 2 startingoperation in 2001. The second repository will start receiving spentfuel in 2006.

D. Host-RockOptions
Basalt, salt. and tuff for the first repository; two of the first-repository host rocks and crystalline rock (granite) for the secondrepository.

E. Other DesignAssumptions
Designs include provision to maintain capability to begin wasteretrieval for up to 50 years from the date on which the first wastepackage is emplaced.

2.7 WASTE-ACCEPTANCE SCHEDULES

The DOE is committed to accept waste from the signatories of the standarddisposal contracts on a firm schedule that begins no later than January 31,1998. Table 2-2 shows a schedule that is based on the current estimated em-placement capacities of the two planned geologic repositories, one of which iscurrently authorized. This schedule accords with the repository schedules andattendant operating characteristics presented in this document.

On the basis of the integrated system approach described in the improved-performance plan (Section 2.3), the DOE has identified many possible waste-acceptance schedules. depending on the size and the Operating characteristicsof the system facilities. One such waste-acceptance schedule that illustrates
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the quantities of waste the DOE could accept beginning in 1996 with the com-

pletion of an integral MRS facility is presented in Table 2-3. This sched-
ule assumes that one MRS facility services the first repository. Other

scenarios are possible, such as a larger MRS facility servicing part or all of
both repositories, or two MRS facilities servicing two repositories.

Included in Tables 2-2 and 2-3 are possible acceptance schedules for de-
fense high-level waste (DHLW) produced in national defense programs and com-

mercial high-level waste (CHLW) from the West Valley Demonstration Project.
These schedules are based on the assumption that the DHLW and CHLW would be

emplaced in phase 1 of the first cepository after phase 2 begins operating and
reaches its design capacity (see Section 3.1 for a discussion of the first-

repository phases). These schedules are for illustrative purposes only at

this time. The amount of defense waste to be disposed of in the repository,
and the actual acceptance rates, have not yet been determined by the DOE.

A comparison of the two acceptance schedules shows the following advan-

tages of the improved-performance plan over the authorized plan for the accep-
tance of civilian spent fuel:

1. Spent-fuel acceptance can begin as soon as the integral MRS facility
begins operation, possibly 1 to 2 years ahead of the repository.

2. System waste-acceptance rates with the integral MRS facility ramp up
and reach the design level sooner, thus easing the problem of spent-
fuel storage during the critical years around 1998.

3. In the particular example depicted in Table 2-3, the spent-fuel back-

log after 1998 never exceeds the cumulative spent-fuel inventory in

1998. In other words, with the exception of a few years just before
the startup of the second repository, the acceptance rate matches or

exceeds the rate of spent-fuel generation after 1998.

The choice of the receipt rate for the integral MRS facility establishes
the bounds by which the integrated waste-management system would accept and

package spent fuel during the critical years from 1998 to the startup of the

second repository in 2006. The rate at which the integral MRS facility would

accept spent fuel is based on two major considerations:

1. The need to relieve the utilities of onsite-fuel-storage pressures
that could result in the disruption of orderly nuclear reactor opera-
tions after January 31, 1998.

2. The need to operate the overall system in an orderly, cost-effective
manner, which implies the handling of suitably aged nuclear fuel and

the maintenance of fairly constant receipt and packaging rates over

extended periods of time.

The representative waste-acceptance schedule for the improved-performance
system described in this chapter is designed to achieve the following DOE

objectives:
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1. Accept civilian spent fuel at an annual rate that will allow the
utilities to maintain orderly operations of their nuclear powerPlants, cecognizing that the oldest spent fuel will have the AighestPriority for acceptance consistent with the DOE’s current contracts;with the waste generators.

2. Accept the current planning-base spent-fuel inventory of 130,900 MTU
consistent with the objective of cost-effective operations while pro-viding tangible evidence that the DOE fully intends to dispose of
spent fuel in a timely manner.

3. Ensure that the rate of defense-waste acceptance does not disrupt theorderly and timely acceptance of spent fuel and civilian high-levelwaste.

4. Emplace the inventory of defense waste in a repository in a timeiy
manner after the waste has been solidified and encapsulated. This
objective accords with the President's decision to dispose of defense
waste in a civilian geologic repository in a cost-effective manner.

ft should be emphasized that this schedule is only an approximation of
how the system may operate and is subject to considerable variation. The DOE
will further define and specify the system acceptance parameters as the pro-gram progresses,

Should the Congress decide not to authorize an integrated MRS facility.the waste-acceptance schedule shown in Table 2-2 1s an example of a plan the
DOE is likely to follow.

The DOE will continue to use the Energy Information Administration's“middle-case" forecasts of gross electricity generation by nuclear powerplants and the attendant spent-fuel discharges as the principal planning basis
for the overall waste-management program. The DOE will consider other fore-
casts of nuclear power growth as conditions warrant. The waste-acceptanceschedule will serve as a planning base that will be updated annually an
response to the latest forecasts of nuclear power growth. Under the terms of
the contracts for disposal services that have been Signed between the DOE and
the utilities, an annual capacity report with projected annual receiving ca-
Pacities and rankings will be issued by the DOE beginning in 1987, In 1991,
the DOE will begin to publish firm waste-acceptance schedules for individual
reactors, including shipment allocations.
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Chapter 3

PROGRAM PLANS

This chapter discusses the following elements of the Civilian RadioactiveWaste Management Program: geologic repositories (Section 3.1), monitoredretrievable storage and Federal interim storage (Section 3.2), transportation(Section 3.3), and systems integration (Section 3.4). Included in the dis-cussions are the major objectives, current status of the program elements, andfuture plans and schedules.

3.1 GEOLOGIC REPOSITORIES

Before the passage of the Act. the DOE had selected mined geologic re-positocies as the preferred means for the disposal of spent fuel and com-
mercially generated high-level radioactive waste (Federal Registe Vol. 46,
Pp. 26677, May 14, 1981). This decision was made after evaluating alternativedisposal methods in an environmental impact statement (Final EnvironmentalImpact Statement--Management of Commercially Generated RadioactiveWaste,DOE/EIS-0046F, October 1980). To carry out this decision, the DOE has been
conducting research and development and performing siting studies as part of
the geologic repository program. This decision has since been supported bythe Act, which was enacted "to provide for the development of repositories for
the disposal of high-level radioactive waste and spent nuclear fuel, to estab-
lish a program of research, development, and demonstration regarding the dis-
posal of high-level radioactive waste and spent nuclear fuel, and for. other
purposes."

After a brief description of geologic repositories (Section 3.1.1) andlegislative requirements for the development of licensed repositories (Section
3.1.2), this section discusses the regulatory requirements for licensed re-
positories, the mission and objectives of the DOE's repository program, and
the background and status of the repository program (Sections 3.1.3, 3.1.4,
and 3.1.5). It then presents plans for the development of repositories (Sec-
tion 3.1.6) and schedules for the first and the second repositories (Section
3.1.7).

3.1.1 BRIEF DESCRIPTION OF GEOLOGIC REPOSITORIES

A geologic repository will resemble a conventional mine in Many res-
pects. As shown in Figure 3-1, the repository will consist of both surface
and underground facilities. The surface facilities will be used while waste
is received, handled, and emplaced in the underground disposal rooms. When
the cepository has been filled to capacity, the surface facilities will be
decommissioned and all points of access to the underground repository (i.e.,
shafts and boreholes) will be filled and permanently sealed.
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The surface facilities will consist of waste-handling systems and otherrepository support facilities. The waste-handling systems will includereceiving, packaging, storing, and transporting facilities. The waste will bereceived at the repository gate in rail or truck transportation casks and,after inspection and washdown, will be moved into the hot-cell area of thewaste-handling building. The waste will then be removed from the casks, pack-aged, and transported to the waste-handling shaft for transfer underground.Once underground, the waste will be emplaced in boreholes in the floor orwalls of disposal rooms.

Sufficient surface storage capacity will be available to accommodate dis-tuptions in operations. Support facilities will include maintenance, util-ities, warehousing, storage, administration, security, a visitors center, per-sonnel, training, and other miscellaneous buildings. Emergency power genera-tors as well as shaft-headframe structures, ventilation fans, and hoistingfacilities will be provided. Access to the surface facilities will be re-stricted, and monitoring facilities will be provided. Facilities for thehandling and storage of mined rock and for the processing and decontaminationof site-generated radioactive waste and effluents will also be provided.
This description, as well as other discussions that follow, is based onthe authorized plan described in the preceding chapter. If the improved-performance plan is implemented, then it is expected that several waste-handling functions would be transferred from the repository to a facility formonitored retrievable storage. The repository facilities and systems thatsupport these functions would be redesigned accordingly. The specific effects

on the repository program have not been firmly established at this time.

To protect the health and safety of the public over the long term, multi-ple independent barriers, both natural and engineered, will be used. Thesebarriers are designed to provide waste containment and isolation and are of
three types, as shown in Figure 3-2:

1. Natural system
2. Repository
3. Waste package

The natural system will consist of (1) a host rock suitable for repositoryconstruction and waste emplacement and (2) the surrounding rock formations.
It will include natural barriers that provide containment and isolation bylimiting radionuclide transport through the geohydrologic environment to thebiosphere and providing conditions that will minimize the potential for humaninterference in the future.

The repository portion of the total disposal system consists of theunderground structures and components, including engineered barriers not asso-ciated with the waste package, such as shaft seals, the backfill of tunnels
and disposal rooms, and the host rock that supports them. The repository will
be designed to mitigate the effects exerted on the natural system byrepository construction and waste emplacement.

The waste package consists of the waste form and any containers,shielding, packing barriers, and other absorbent materials that separate the
waste from the host rock. The waste package will provide substantially
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Figure 3-2. Artist's conception of the complete repository system.
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complete containment of the waste for 300 to 1000 years and will contribute to

long-term isolation as part of the engineered-barrier system by (1) hindering
the dissolution of the waste by any ground water that may ceach it and (2)

controlling the release and migration of radionuclides into the host rock.

As mentioned in Section 3.1.3, the use of multiple barriers is required
by both the Nuclear Regulatory Commission (NRC) in 10 CFR Part 60 and the
Environmental Protection Agency (EPA) in proposed 40 CFR Part 191. However,
the DOE intends to place primary importance on the capabilities of the natural

system for waste isolation. In evaluating the suitability of sites, there-
fore, the use of an engineered-barrier system will be considered to the extent

necessary to meet the performance requirements specified by the Nuclear Regu-
latory Commission and the Environmental Protection Agency but will not be
relied on to compensate for significant deficiencies in the natural system.
The role of engineered barriers in the comparative evaluation of sites is dis-
cussed in the DOE's final siting guidelines, 10 CFR Part 960.
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3.1.2 LEGISLATIVE REQUIREMENTS FOR THE DEVELOPMENT OF LICENSED REPOSITORIES
Before the Act was passed, the DOE was searching for sites for geologicrepositories, under authority established by the Atomic Energy Act of 1954,the Energy Reorganization Act of 1974, and the authorization and appropriationbills passed by Congress from 1975 theough 1983. The National Waste TerminalStorage program (the predecessor of the current geologic repository program)was initiated in 1976 with the intent of finding suitable sites and to developthe technology necessary for repository licensing, construction, operation,and closure. The Act provides a framework for the completion of these activ-ities.

The Act requires that, within 90 days after its enactment, the Secretaryof Energy identify the States with one or more potentially acceptable sitesfor a repository and within 180 days issue general guidelines for the recom-mendation of sites. The next step requires the Secretary to nominate sites asSuitable for site characterization (at least five sites for the first reposi-tory and five sites for the second repository). Each nomination is to beaccompanied by an environmental assessment that evaluates the site in terms ofthe guidelines and requirements specified by the Act. Before nominating anysite, the Secretary is required to hold public hearings in the vicinity of anysite under consideration. These hearings are to inform the residents of theDOE's intent to nominate sites and to receive their recommendations on issuesthat should be addressed in the environmental assessments and the site charac-terization plans.

The Secretary is then required to recommend at least three of the nomi-nated sites in at least two different types of host rock to the President forcharacterization. The President may approve or disapprove the recommendation,permit the characterization to proceed by taking no action within 60 days, ordelay the decision for 6 months, if, in his opinion, insufficient informationis available.

During site characterization, the DOE will collect detailed informationabout the site, as specified ina site-characterization plan. This plan is tobe submitted for review and comment to the Nuclear Regulatory Commission, theState in which the site is located, and the governing body of any affectedIndian tribe; it will also be available for public review and comment. Sitecharacterization will involve a wide range of activities, including the con-
struction of exploratory shafts for tests and studies at repository depth.Before sinking the first exploratory shaft, the DOE is to hold public hearingsin the vicinity of the site to inform the residents of the site-characteriza-tion plan and to receive their comments. When Site characterization has beencompleted, public hearings are to be held to inform the residents of the areathat the site is being considered for development as a repository and toobtain their comments.

The next step is for the DOE to recommend to the President a site to bedeveloped as a repository. This recommendation is to be accompanied by acomprehensive statement that provides the basis for the recommendation. Thecomprehensive statement, or site-selection report. will include. among otherthings, a final environmental impact statement.
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After a site is recommended by the President for development as a reposi-
tory, the affected State and/or an affected Indian tribe on whose reservation
the site is located may submit, within 60 days. a notice of disapproval to

Congress. If no notice of disapproval is filed, then the site becomes "the

designated site" 60 days after the site is recommended. If a notice of dis-

approval is filed, then Congress has 90 days of continuous session to act on

the notice and override the disapproval by passage of a joint resolution. If

Congress does not override the disapproval, then the disapproval stands and

the President must recommend another site not later than 1 year after the

disapproval.
Within 90 days of site designation, the DOE is required to apply for a

License from the Nuclear Regulatory Commission to construct the repository.
The Act allows the Nuclear Regulatory Commission up to 3 years to review this

application and to extend the review period by 1 year if needed.

After construction and the receipt of a license to receive and possess
radioactive waste, the DOE will begin emplacing spent fuel and high-level
waste in the repository. These disposal operations for the first repository
will begin by January 31, 1998, as directed by the Act.

The Act also authorizes the DOE to develop a test and evaluation facility
for research and the demonstration of the integrated technologies needed for

geologic repositories. The DOE was to report to Congress on whether the fa-

cility will be located at the site of the repository. This is discussed in

Section 3.1.5.3.

3.1.3 REGULATORY REQUIREMENTS FOR LICENSED REPOSITORIES

The Act established a schedule for the promulgation of regulations by two

other Federal agencies--the Nuclear Regulatory Commission and the Environ-

mental Protection Agency. The Environmental Protection Agency is to promul-
gate generally applicable standards for protecting the public from the radio-

active material in repositories. The EPA standards are to be implemented and

enforced by the Nuclear Regulatory Commission, which is required to issue

technical criteria for that purpose. Both sets of regulations have been under

development for several years and were used in developing the siting guide-
lines. Both regulations will be complied with during repository siting,
design, construction, operation, closure, and decommissioning.

The EPA standards were defined in Section 2(a)(6) of Reorganization Act

No. 3 of 1970 as limits on radiation exposures or levels, or concentrations or

quantities of radioactive material, in the general environment outside the

boundaries of locations under the control of persons possessing or using
radioactive material. In fulfilling this responsibility, the Environmental
Protection Agency has proposed, in 40 CFR Part 191, a radiation-protection
standard for both the management and the disposal of spent fuel, high-level
waste, and transuranic waste. A key provision is a limit on the amount of

radioactivity that may enter the environment for 10,000 years after disposal.
The Act required the final rule to be issued by January 1984, Drafts of the

final rule have been prepared and are under consideration by the Environmental
Protection Agency. The final rule is expected to be published in the summer

of 1985.
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The NRC regulations in 10 CFR Part 60 consist of rules that establish(1) procedures for the licensing of geologic repositories and (2) technica)criteria to be used in the evaluation of license applications under thoseprocedural rules. The procedural rules were published in February 1981. TheNuclear Regulatory Commission issued in January 1985 a proposed amendment thatwill make the procedural rules conform with the Act. These revised proceduralrules should become final in late 1985.

The final technical criteria were issued in June 1983. An amendment tothe criteria regarding disposal in the unsaturated zone has been proposed andis being evaluated. The objective of the criteria is to provide reasonable
assurance that geologic repositories will isolate the waste for at least10,000 years without posing undue risk to public health and safety. Unduerisk is defined as risk that is unnecessary and could be prevented or riskthat is excessive.

The key provisions of the technical criteria are as follows:
1. The waste package is to provide substantially complete containment ofthe waste for 300 to 1000 years.

2. The rate at which each significant radionuclide is released from theengineered-barrier system is not to exceed one part in 100.000 peryear of the inventory of that radionuclide at 1000 years after per-manent closure.

3. The pre-waste-emplacement ground-water travel times from the reposi-tory (more precisely, from the “disturbed zone" around the rceposi-tory) to the accessible environment are to exceed 1000 years,
The Nuclear Regulatory Commission will review the technical criteriaafter the Environmental Protection Agency's final standards are published andwill initiate subsequent rulemaking actions, as necessary, to make the cri-

teria and standards consistent.

3.1.4 MISSION AND OBJECTIVES

The mission of the DOE's repository program is to develop mined geologicrepositories for the permanent disposal of spent fuel and high-level waste in
a manner that protects the health and safety of the public and the quality of
the environment and in a time frame responsive to national needs. To meet
this mission, the DOE has established the following objectives for the reposi-tory program:

1. Nominate at least five sites in a variety of geohydrologic settings
as suitable for site characterization for the first repository and
five sites for the second repository in accordance with the sitingguidelines.

2. Recommend three sites for site characterization for the first reposi-tory and three sites for the second repository in accordance with
the siting guidelines.
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3. Establish and maintain effective mechanisms for the involvement of
State and local governments and affected Indian tribes in the reposi-
tory program.

4. Acquire through site characterization sufficient data to support the

preparation of environmental impact statements and subsequent site-
selection decisions for the first and the second repositories.

5. Develop the necessary engineering data and complete designs for

repositories and waste packages that will meet NRC licensing require-
ments for a repository at the selected site.

6. Obtain a construction authorization from the Nuclear Regulatory Com-

mission by filing a license application within 90 days of repository-
site designation.

7. Construct the first repository to the approved design in a safe and

cost-effective manner.

8. Obtain from the Nuclear Regulatory Commission a license to receive

and possess radioactive waste at the site of the first repository.

9. Obtain Congressional approval for the construction of the second

repository.

10. Proceed with the second-repository program through the receipt of a

construction authorization from the Nuclear Regulatory Commission
and construct the repository if authorized by Congress.

1l. Once the repositories have been filled, obtain appropriate NRC

license amendments to permit repository closure and decommissioning.

Sections 3.1.5 and 3.1.6 briefly describe the current status of the repository
program and discuss the major elements of the plans for meeting the objectives
listed above. Section 3.1.7 presents the schedule for achieving these

objectives.

3.1.5 BACKGROUND AND STATUS OF THE REPOSITORY PROGRAM

This section summarizes the history and the status of major program
efforts. The discussion first considers the siting process and then the

development of technology.

3.1.5.1 Siting
The suitability of a site for a geologic repository depends on answers to

four basic questions:
1. Will the repository, consisting of multiple natural and engineered

barriers, isolate the radioactive waste from the accessible
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environment after closure in accordance with the requirements setforth by the Nuclear Regulatory Commission and the Environmental
Protection Agency?

2. Will predicted radiological exposures of the general public and anypredicted releases of radioactive materials to restricted and un-
restricted areas during repository operation and closure meet appli-cable safety requirements set forth by the Nuclear Regulatory Commis-Sion and the Environmental Protection Agency?

3. Can the repository and its support facilities be sited, constructed,operated, closed, and decommissioned so that the quality of the envi-
ronment will be protected and can waste-transportation operations be
conducted without causing unacceptable risks to public health andsafety?

4. Are repository construction, operation, closure. and decommissioningfeasible on the basis of reasonably available technology and are the
associated costs reasonable?

These questions are the same as the key issues presented in Chapter 1 of PartII.

This section describes the approach used by the DOE in addressing thesequestions and discusses the status of the Siting program for the first and thesecond repositories. Pinal answers to the questions posed above can be estab-lished only after site characterization and repository designs are complete.

3.1.5.1.1 First Repository
Beginning in 1976, the DOE (then the Energy Research and DevelopmentAdministration) started a search for sites with geologic and hydrologic char-

acteristics suitable for long-term isolation and rock characteristics suitablefor the construction of a large underground facility. This search, or site-screening process, was based on a twofold approach. The first approachfocused on a systematic Survey of areas underlain by salt. The second
approach was to search for suitable repository sites on some Federal lands
where radioactive materials were already present; this approach was recom-
mended by the Comptroller General of the United States and a House resolu-
tion. Although land use was the initial basis for this screening of Federal
lands, the subsequent progression to smaller land units was based primarily on
evaluations of geologic and hydrologic Suitability. This twofold screeningapproach allowed the DOE to consider sites in diverse geohydrologic environ-
ments and rock types.

During site screening. the DOE's studies focus on areas of successivelydecreasing size to determine whether they contain sites that warrant more
detailed examination. Site screening consists of up to four stages: national
or province surveys, regional Surveys, area surveys, and location surveys.National or province and regional surveys are based on national maps of
faults, earthquake epicenters, land use, recent volcanic activity. locations
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of potential host rock and of mineral resources. geohydrologic conditions, and
other information available in the open literature. The screening foc poten-
tial sites in salt began with national surveys and with the cooperative assis-
tance of the U.S. Geological Survey.

Area and location surveys require more thorough examination, including
field exploration and testing. Since the Federal lands under consideration
were small in comparison with a province or a region, the screening of these

lands started at roughly the area stage of the process. Typically, the field

studies included the drilling of boreholes to investigate subsurface condi-
tions and to determine whether a potentially suitable host rock occurs at the

depths of interest: hydrologic testing in boreholes to determine the hydro-
logic parameters of the various subsurface formations; evaluation of aerial

photographs and satellite data to help identify faults that might affect the

performance of the repository; field mapping; and geochemical analyses of

selected formations and ground water to establish mineral stability, ground-
water chemistry, and the chemistry of the environment that would be in contact

with the waste package. Geophysical surveys were used to supplement the geo-
logic field work.

The field studies were supported by laboratory studies that focused on

the isolation and engineering characteristics of the rock. Examples of the

properties important to isolation are sorption coefficients, effective po-
rosity, permeability, mineral composition, and radionuclide solubility in the

ground water. Examples of the properties important to engineering include

strength, elastic properties, coefficients of thermal expansion, and thermal

conductivity. Measurements of ground-water characteristics were also made and

included the concentration of anions and cations in solution, the pH value,
the oxidation-reduction potential, the particulate composition, organic con-

stituents, the isotopic distribution of selected anions and cations, and the

variation of composition with location and depth.

When the Act was passed, the DOE's program had already completed the

location phase in five different geohydrologic settings. Field and laboratory
testing as described above had been under way at nine different sites, and

varying quantities of data had been collected for each site. Preliminary
designs for exploratory shafts in all geohydrologic settings had been com-

pleted. The design of the shafts differed from site to site because of dif-

ferences in the geologic and hydrologic conditions. Also in progress were

systems analysis, waste-package development, and repository-design efforts.

In accordance with the Act, the DOE formally identified, in February 1983,

nine sites as being potentially acceptable. thus concluding the site-screening
portion of the first-repository program.

The nine potentially acceptable sites are located in six States, as shown

in Figure 3-3. Seven of the sites are in salt: two sites in the bedded salt

of the Palo Duro Basin in Deaf Smith and Swisher Counties, Texas; two sites in

bedded salt at Davis Canyon and Lavender Canyon in the Paradox Basin, Utah;

and three salt domes in the Gulf Interior region of the Gulf Coastal Plain

(the Richton and the Cypress Creek Domes in Mississippi and the Vacherie Dome

in Louisiana). The site in basalt is on the Hanford Site in the Pasco Basin

in Washington, and the site in tuff, known as the Yucca Mountain site, is

adjacent to the Nevada Test Site in the southern Great Basin.
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Figure 3-3. Potentially acceptable sites for the first repository

The siting process continued with the development of siting guidelines.The first draft of the siting guidelines was issued in February 1983. After along review process, including several public hearings and consultation withaffected States, Indian tribes, and key Federal agencies, the DOE's proposedfinal guidelines were forwarded to the Nuclear Regulatory Commission for con-
currence in November 1983. The Nuclear Regulatory Commission concurred withthe guidelines by unanimous vote at a public meeting held in June 1984. Theguidelines were issued in final form in November 1984 and published in the
FederalRegister 1n December 1984; they became effective on January 7, 1985.The guidelines are presented in Appendix B of Volume I of the Mission Plan.

After the issuance of the guidelines, the DOE issued, in December 1984,nine draft environmental assessments, one for each potentially acceptablesite. These draft environmental assessments evaluated each site in terms ofthe siting guidelines and, when final, will be the basis for the nominationand recommendation of sites for site characterization. In the draft environ-mental assessments, the DOE announced the proposed sites for nomination and
recommendation. The proposed sites for nomination are Deaf Smith County,Texas; Hanford Site, Washington; Yucca Mountain, Nevada; Davis Canyon, Utah:
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and Richton, Mississippi. Of these five sites proposed for nomination, the

DOE proposed to recommend to the President the Deaf Smith County, the Hanford,

and the Yucca Mountain sites for site characterization.
As required by the Act, the DOE conducted public hearings on the DOE's

intent to nominate sites and to receive recommendations on issues to be ad-

dressed in the environmental assessment and in any site-characterization plan
to be used if the site is approved by the President. These public hearings
were held in the States of Washington and Nevada in March 1983, in Mississippi
in April and May 1983; and in Utah, Louisiana. and Texas in May 1983. Al-

though not required by the Act, about 50 formal briefings and 19 public hear~

ings were held in early 1985 in the six States containing potentially accept-
able sites to receive comments on the draft environmental assessments. About

650 individuals presented written and oral testimony at these hearings. The

comments received at these hearings, as well as written comments, will be con-

sidered in preparing the final environmental assessments.

3.1.5.1.2 Second Repository

In 1979, in response to recommendations by the Interagency Review Group
(Report to the President by the Interagency Review Group on Nuclear Waste

Management. TID-29442, U.S. Department of Energy) to consider alternative host

rocks for geologic repositories, the DOE initiated a national survey of crys-
talline rocks (granite). This survey identified for further study near-

surface and exposed crystalline-rock formations in 17 States. As shown in

Figure 3-4, these States are divided into three regions: northeastern (Maine,

Vermont, New Hampshire, New York, Pennsylvania, Connecticut, Massachusetts,
New Jersey, and Rhode Island); north-central (Michigan, Minnesota, and Wis-

consin); and southeastern (Maryland, Virginia, North Carolina, South Carolina,

and Georgia). These States have been notified that the DOE is undertaking
further study of crystalline-rock formations within theic boundaries to eval-

vate their suitability for repository development. Because these

investigations are still very preliminary. it was not possible to include

erystalline-rock sites in the screening process for the first repository.
The screening process for the second repository is currently in the

regional~survey stage. In May 1983, the DOE issued for State review draft

regional characterization reports, which compiled open-literature information
on the geologic, environmental, and socioeconomic conditions of each region.
The DOE had intended to issue these reports in final form after State review

and to use them as the basis for recommending areas for field investigations.
However, because of comments received on the draft regional characterization

ceports and the comments submitted by the States on the siting guidelines, the

DOE decided to develop and issue a screening-methodology document that des-
cribes how the region-to-area screening will be conducted and then to reissue

the regional characterization reports in draft form for further State review

and comment. This resequencing of activities allows the review of the region-
al characterization reports to consider the way in which the DOE will use the

information presented in the reports.

The screening-methodology document was issued in draft form in September
1984 and in final form in April 1985. This document was developed in consul-
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Figure 3-4. Regions being considered for the second repository.

tation with the 17 affected States and is based on the siting guidelines. The
DOE revised and reissued. in December 1984, the draft regional characteriza-
tion reports.

3.1.5.1.3 Long-Range Alternatives

Alternative Host Rocks

In accordance with the Act, the DOE will continue to consider a variety
of rock types as long-range alternatives if more than two repositories are
needed.

The DOE is examining the literature on the generic characteristics of
sedimentary rocks not previously considered: these rocks include limestone,
sandstone, anhydrite, chalk, and argillaceous rocks like shale. The
literature search will use only existing data sources. Rock types will be
compared in terms of intrinsic properties, such as strength, permeability, and
sorption characteristics. This rock evaluation will not involve site-
screening activities and will be completed during 1985.
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Subseabed Disposal
As required by the Act, the DOE will continue and accelerate a program of

research, development, and investigation of alternative means and technologies
for the permanent disposal of spent fuel and high-level waste. As an alterna-
tive to mined geologic repositories, subseabed disposal is currently funded by
the DOE in collaboration with a number of other nations. The primary mission
of the subseabed disposal program is to assess the feasibility of isolating
radioactive waste within the thick stable beds of sediments under the ocean

floor. If demonstrated to be feasible, subseabed disposal could provide a

potential future repository for the United States or could serve as an inter-
national repository. Various institutional issues will have to be addressed.
and resolved.

The DOE’s subseabed disposal program began in 1973. Five areas in two

oceans are currently being evaluated: three areas in the North Pacific Ocean

and two in the North Atlantic Ocean. In addition, the DOE has developed
mathematical models that predict sediment response to various chemical,
thermal, and mechanical conditions. Laboratory tests completed in December
1982 confirmed the predicted thermal effects on deep ocean sediments. In-situ

heat~-transfer tests are scheduled for 1986. The characterization of the deep-
ocean biological system is continuing for use in risk analyses. Field tests

of concepts for waste-container emplacement are under way.

In addition to the United States, nine countries and the Commission of
the European Communities are investigating subseabed disposal through the
Seabed Working Group, which was formed in 1977 under the auspices of the

Nuclear Energy Agency of the Organization for Economic Cooperation and

Development. Those countries are Belgium, Canada, the Federal Republic of

Germany, France, Italy, Japan, the Netherlands, Switzerland. and the United

Kingdom. Each nation has agreed to coordinate its research and development
efforts to determine the feasibility of subseabed disposal. The major activ-
ities include site assessments, barrier assessments, engineering studies,

safety assessments, and legal and institutional studies. The DOE is cooper-
ating with these international subseabed disposal activities.

3.1.5.2 Technology Development
In parallel with the siting efforts, an extensive program is under way to

develop the site-specific technology for cepository licensing, construction,

operation, and closure. These technology-development activities have been

broadly grouped into the categories of systems, repository, and waste pack-
age. The status of each category is summarized below. More detailed discus-

sions are presented in Chapter 2 of Part II.

3.1.5.2.1 Systems

Activities in the systems category are directed at performance
assessment--the analytical evaluation of the capability of the total disposal
system to contain and isolate the waste--and at systems engineering--the
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organization of the technical activities necessary to achieve the program'sobjectives.

In the performance-assessment category. the first-repository program isin the process of identifying and developing the analytical techniques to beused for evaluating system and component performance and is identifying theProcedures for the verification and validation of these techniques. Theseactivities are needed to give reasonable assurance that compliance with theNRC and EPA regulations can be demonstrated.

To support the plans for site characterization, site-specific perform-ance-assessment plans are being prepared. These plans will lay out the tech-nical approach, planned activities, and schedule for evaluating the preclosureand the postclosure phases of the repository and for identifying disruptive-event scenarios in terms of the magnitude and the likelihood of resultingradionuclide releases. A national peer-review pane] has been established toexamine various technical and analytical aspects (e.g., assessment methods,scenario-development methods) of the performance-assessment efforts in orderto strengthen and improve these plans. As a first step toward the applicationof performance assessment to the siting process, the DOE conducted preliminaryassessments, based on data available before site characterization, of thepotentially acceptable sites for the first repository. The results of thesepreliminary assessments were reported in the environmental assessments.
The other key effort. systems engineering, provides a disciplined, sys-tematic approach to planning and analysis. Overall generic requirements forthe mined geologic disposal system have been developed; these requirementsprovide top-level design bases, functional requirements, performance criteria,and constraints for the system. These overall requirements are being used todevelop site-specific system requirements tailored to the unique characteris-tics of each site. Further descriptions of plans in the systems tasks aregiven in Section 2.6 of Part II.

3.1.5.2.2 Repository
Activities in the repository-technology category are directed at thedevelopment of site-specific repository designs, with supporting efforts under

way in the development of a repository data base, equipment and instrumenta-
tion, as well as backfills and seals. Various preconceptual design studies
have been completed for salt, basalt, and tuff. A conceptual design for a
basalt repository at the Hanford Site was completed in 1983; additional
efforts in 1984 were directed at upgrading the design of the undergroundfacilities to reflect new site-specific data and design requirements. Also,during 1984, engineering feasibility studies were completed for a two-phaserepository in tuff, salt, and basalt. These studies indicated that the two-
phase approach, which is discussed in Section 3.1.6.1.2, is feasible and could
provide the capability for limited repository operations in 1998.

Current design work is focused on developing the conceptual design for
the site-characterization plan (SCP). This design will meet the requirementsof the Act (Section 113(b)(1)(c)) and 10 CPR 60.11(a)(6)(ii) and reflect the
conditions expected at each of the three sites recommended for site character-
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ization. Each design will be separately documented in an SCP conceptual
design report. A summary of the design and its basis will be presented in

Chapter 6 of the site-characterization plans, which will also include a dis-

cussion of the information needs identified to support the design. These

information needs will form the basis for the test plans discussed in Chapter
8 of the site-characterization plans.

The SCP conceptual design for each site will be sufficiently detailed to

provide the basis in the site-characterization plan for identifying the number

and the type of tests and analyses to be pecformed during site characteriza-

tion. The design will also reflect the integration of the site-characteriza-
tion (exploratory shaft) facilities with the repository in terms of design,
construction, and performance, so that theic impacts with respect to the suit-

ability of the site can be assessed in the site-characterization plan.

A significant portion of the design basis is the compilation of data on

the rock characteristics that affect the structural behavior of the reposi-
tory. Field and laboratory testing is under way to acquire these data, with

plans to collect in-situ data in the exploratory shafts. The program is in

the early stages of identifying the required analytical techniques and instru-

mentation as well as the plans for their development. These needs are

expected to provide support for the design of underground openings. the dril-

ling and backfilling of waste-emplacement holes, shaft-sinking, etc., and are

dependent on the specific sites and host rocks under consideration. As an

element of repository design, work is also proceeding on the development of

seals for shafts and boreholes. The approach to the development of permanent
seals is similar to that of the waste-package program, with both design
development and materials evaluation progressing in parallel. To date, work

has concentrated on generic design concepts and characterization of a wide

range of sealing materials, with plans being developed for laboratory and

field tests. More-detailed discussions of work in the repository task are

given in Section 2.4 of Part If.

Repository design and operation will conform to the latest requirements
of the Environmental Protection Agency and other regulatory agencies in main-

taining radiation exposure, radiation levels, and the releases of radioactive

materials into the environment within prescribed limits.

The status of technology development described above applies only to the

sites that are candidates for the first repository. Technology development
for the second repository is limited at this time to preliminary engineering
studies. cooperative international efforts, and monitoring the plans and

activities of the first repository.

3.1.5.2.3 Waste Package

As one of the engineered barriers, the waste package is being developed
to work in concert with the host rock to ensure adequate waste containment and

isolation. This requires a thorough understanding of the geologic, hydro-
logic, and geochemical environment or conditions to which the waste package
will be exposed--conditions that are markedly different from site to site.

Knowledge of the expected environment will allow the design of packages that
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will meet or exceed regulatory requirements for performance as well as beingcost effective. Therefore, at this time, site-specific waste packages arebeing developed, with efforts conducted in parallel in two major areas--designdevelopment and materials testing.
Waste packages are being designed to have the following capabilities:(1) to provide radionuclide containment in accordance with the performanceobjectives of the NRC regulations in 10 CFR Part 60: (2) to contribute to theperformance of the total engineered-barrier system in limiting radionuclidereleases to the host rock in accordance with the performance objectives of theNRC regulations in 10 CFR Part 60: (3) to provide for safe handling; (4) topreserve the ability to safely retrieve the waste up until repository closure;and (5) to meet the latest EPA requirements in 40 CFR Part 191.

Conceptual waste-package designs for salt, basalt. and unsaturated tuffhave been completed. As part of the design effort, reference and alternativematerials have been chosen for the waste container and packing, where thelatter is necessary. The reference material for the waste container islow-carbon steel for salt and basalt, and stainless steel for tuff. The DOEis also examining the potential use of copper and selected copper-~based alloysfor waste containers in basalt and tuff. Copper along with other candidateswill also be considered in the crystalline-rock studies for the second ceposi-tory. For emplacement-hole packing in basalt, a mixture of crushed basalt andbentonite clays is being considered, whereas for salt, the use of crushed saltis planned; for tuff, either no packing or crushed tuff may be used.Interaction tests are being conducted for various combinations of host rock,ground water, and waste-package materials to determine behavior under expectedrepository conditions. Other tests will measure the radionuclide-releasecharacteristics of spent fuel and high-level waste. Requirements for thewaste form are being developed to establish the acceptance criteria forreceipt at the repository.
As discussed in Section 3.3 of this chapter, the DOE is studying the pos-sibility of a universal cask that could be used for spent-fuel storage, trans-portation, and emplacement in the repository without further repackaging oroverpacking. If it is determined that this type of package is feasible andoffers significant benefits to the waste-management system, it will be incor-porated into the repository program.

More-detailed discussions of the plans for the waste-package task aregiven Section 2.5 and Chapter 8 of Part II.

3.1.5.3 Test and Evaluation Facility
After the Act passed, the DOE evaluated the role and location of the testand evaluation facility. The DOE has concluded that a test and evaluationfacility, if needed, should be colocated with the repository and could providedata after the site-characterization phase at the selected repository site inthree areas: (1) geotechnical data for design verification, (2) engineeringdata for site-performance confirmation, and (3) the development and demonstra-tion of technology for repository operations. The need for these data willbecome clear as site-characterization Plans for the three candidate sites forthe first repository are issued and evolve through interactions with the
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Nuclear Regulatory Commission. Therefore, the DOE will delay the decision on

the need for a colocated test and evaluation facility until the program's data

needs are better established. In order to allow for orderly facility planning
and design, the DOE plans to make a decision on the need for a colocated test

and evaluation facility in late 1987. A more detailed discussion of the test

and evaluation facility 1s presented in Chapter 4 of Part ITI.

3.1.5.4 Institutional Relations

A major element in the repository program has been and continues to be

that of institutional relations, including interactions with other Federal

agencies, with Congress, with States, with affected Indian tribes, and with

the public. The program has placed emphasis on an open, two-way flow of

information. The governing principles are consultation and cooperation with

the States and affected Indian tribes and sensitivity to the social and

economic effects of repository siting and development to ensure that all valid

concerns are addressed. A more detailed discussion of the DOE's institutional

relations program is presented in Chapter 4 of Part I.

3.1.5.4.1 Information Exchange and Financial Assistance

The DOE has conducted information dissemination and exchange activities

for 6 years in the States of Louisiana, Mississippi, Texas. and Utah and

longer in the States of Washington and Nevada. Recently, information-exchange
seminars have been held in communities near some of the potential sites.

Information offices have been established in Moab and Monticello, Utah;

Minden, Louisiana: Richton, Mississippi; and Tulia, Hereford, and Vega,
Texas. The Federal sites maintain information offices for the States of

Nevada and Washington, and local and State libraries continue to be involved

in extensive dissemination of information. As part of the information-dissem-
ination program, progress meetings and technical seminars have been conducted
for representatives from the States.

Financial assistance has been provided to the States with potentially
acceptable sites and affected Indian tribes to encourage participation in the

analysis of technical information. This assistance can be used to fund tech-

nical review programs or to acquire the services of technical experts. Other

financial assistance has been made available to the States for funding State

library and information-dissemination activities.

3.1.5.4.2 Consultation and Cooperation

The DOE has begun to develop written consultation-and-cooperation agree-
ments with the potential host States and affected Indian tribes. Negotiations
with the State of Washington have proceeded to a point where only several

issues remain to be resolved before a final agreement can be reached. Nego-
tiations have also begun with the Yakima Indian Nation, but these are in

abeyance, at the request of the Yakimas. until the Washington agreement is

signed.
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In the 17 States being considered for the second repository. workshops onthe region-to-area screening methodology and consultation meetings on thesiting guidelines have been of major importance. In addition, the DOE hasconducted briefings for various State officials and the public in several ofthe 17 States. Funding for reviewing the regional characterization reportsand other activities pertinent to the region-to-area screening process hasbeen made available to the States. The DOE has begun negotiations with theState of Wisconsin regarding an informal consultat ion-and-cooperation agree-ment. which is not required by Section 117(c) of the Act.
Additional information on consultation and cooperation can be found inChapter 4 of Part I and Chapter 3 of Part II.

3.1.5.4.3 Identification and Mitigation of Socioeconomic Impacts
The DOE is committed to developing a close dialogue and collaborationwith States, affected Indian tribes, and local communities in order tounderstand, anticipate, and provide a cooperative response to the potentialsociocultural and economic impacts of the waste-management program. Theevaluation of social and economic impacts has been under way since theinception of the program. The work completed includes the identification anddevelopment of methods for assessing socioeconomic impacts, the screening ofpotential sites against socioeconomic criteria, and the development ofcomparable data bases for each potential site. Investigations have been madeof alternative approaches to impact-mitigation measures, such as job training,housing, citizen involvement, and local management and planning techniques.Various documents have been produced to promote understanding among theStates, affected Indian tribes, local governments, and the DOE concerningpotential community-development issues and their resolution. The DOE hasreviewed the impact~monitoring programs at other large-scale construction pro-jects to provide input into the design of a program for monitoring and miti-gating repository impacts. Chapter 11 of Part II discusses the potentialsocioeconomic impacts of repository development in more detail.

3.1.6 PLANS FOR THE DEVELOPMENT OF GEOLOGIC REPOSITORIES
This section describes the approach the DOE plans to use in order to

achieve the objectives of the repository program. It also discusses long-range alternatives to the present program~-specifically, the concept of sub-
seabed disposal and the use of other host rocks not now being considered for
either the first or the second repository.

An integral part of these plans is a quality-assurance program. A formalquality-assurance program that addresses the 18 criteria of the NRC's 10 CFR
Part 50, Appendix B, and the national consensus standard known as ANSI/ASME
NQA-1 (Quality Assurance Program Requirements for Nuclear Facilities) is beingPlanned and implemented by the DOE and its contractors. This program will
cover the total spectrum of activities associated with the Siting, design,construction, operation, closure, and decommissioning of repositories. Duringsite characterization, the quality-assurance program will provide assurance
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that the data collected for siting decisions and the license appiication are

accurate, verifiable, and retrievable. A description of the quality-assurance
program that was applied during site screening and will be applied to

site-chacacterization and design activities will be provided to the Nuclear

Regulatory Commission in the site~-characterization plan for each site to be

characterized. As part of the license application, the DOE will submit a

detailed description of the quality-assurance program for the design, fabri-

cation, inspection, construction, testing, and operation of the repository
structures, systems, and components that are important to safety and the

barriers that provide waste isolation. The cequirements that the DOE's

quality-assurance program must satisfy are set forth in the Nuclear Regulatory
Commission's cule, 10 CFR Part 60. A more detailed discussion of the DOE's

quality-assurance program is presented in Chapter 5 of Part I.

3.1.6.1 Plans for the Developmentofthe Firest Repository

This section presents the plans for the first repository in two parts:
(1) site characterization and supporting-technology development and (2)

licensing, design, construction, operation, closure, and decommissioning.

3.1.6.1.1 Site Characterization and Supporting-Technology Development

The significant activities to be performed during site characterization

and supporting-technology development are summarized below. Discussions of

these activities can be found in Chapters 2 and 7 of Part II.

Site-characterization activities will begin after site approval and the

issuance of the site-characterization plans that describe the testing program
for each site. Critical activities include the obtaining of permits, site-

preparation work, the procurement of long-lead-time items, and the final

design of the exploratory shafts. The construction of the exploratory-shaft
facility will include constructing and outfitting the shafts, developing the

underground drifts, and installing test equipment. The DOE is planning to

sink two exploratory shafts at each candidate site. The second shaft will

support the safe operation of the underground testing program and will provide
flexibility in the scope and the duration of in-situ testing. More

information on the exploratory shafts is presented in Sections 2.3 and 7.2 of

Part II.

After the completion of shaft sinking and outfitting. and the development
of underground test tunnels, in-situ testing will begin and will be conducted

in both shafts in accordance with site-specific test plans and coordinated
with the Nuclear Regulatory Commission and affected pacties. Surface-based

site characterization--such as the drilling of geologic and hydrologic bore-

holes, geophysical logging, and trenching--will be initiated in accordance

wath additional test plans. The results of the characterization work and any

necessary changes to the site-characterization plan will be reported every
6 months to the Nuclear Regulatory Commission. affected States. and affected
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Indian tribes. Concurrently with site characterization, the DOE will conductenvironmental and socioeconomic studies at each of the candidate sites. Stepswill be taken to ensure access to, and the acquisition of, land as necessaryto allow these site-characterization activities to be conducted and to pre-
serve the integrity of the candidate sites as possible locations for a
repository.

The development of supporting technology will continue for each of the
candidate sites. Site-specific advanced conceptual repository design studies
will be completed, and new data acquired from the site-characterization pro-gram via the exploratory shafts will be used in the formulation of license-
application (Title I and selected Title II) design criteria. The developmentof the waste package will continue in parallel. A site-specific advanced con-
ceptual design for the waste package will be completed, and design inputs will
be used in the ongoing repository-design, performance-assessment, and in-situ
testing programs. Efforts will continue on the testing and analysis of bar-
rier materials as well as the laboratory and engineering-scale testing of
packages. The results of these activities will form the basis for the
license-application design of the waste package. The development of reposi-tory equipment and instrumentation as well as the testing and evaluation of
seal designs and materials will continue.

In the area of performance assessment, computer codes will be developedand tested, disruptive-event scenarios will be postulated and evaluated, and
data uncertainties and system sensitivities will be analyzed.

As site characterization proceeds, license-application designs for the
repository and the waste package will be initiated for each of the three can-
didate sites. The designs will reflect completed efforts in related areas,such as repository sealing and equipment and instrumentation development. The
completed license-application (Title I and selected Title II) designs will
support the preparation of the documentation required for the license applica-tion, which will be developed in consultation with the Nuclear RegulatoryCommission.

In-situ testing and other site-characterization activities will be com-
pleted to allow for the determination of site Suitability in terms of the DOE
Siting guidelines (10 CFR Part 960), the NRC criteria in 10 CFR Part 60, and
the EPA standards (to be codified as 40 CFR Part 191) and for the preparationof documentation for repository-site selection, including the environmental
impact statement and the site-selection report. The results of the site-
characterization activities will be incorporated into such documentation, as
appropriate for each candidate site. Confirmatory testing in support of the
license application may continue at the recommended repository site as needed.

As previously stated, the need for a test and evaluation facility colo-
cated at the repository site will be evaluated in 1987. I£ a decision is made
to proceed with the colocated test and evaluation facility, a memorandum of
understanding with the Nuclear Regulatory Commission will be prepared to
establish procedures meeting the requirements of the Act for the Commission's
review of the test and evaluation facility. Initial test-planning and
facility-design studies will be conducted for each of the candidate repositorysites.

-51-

HQ0005330

OCR DB-105340
Holtec_PAL-000847



.

3.1.6.1.2 Licensing. Design, Construction, Operation, Closure, and

Decommissioning

Sagnificant activities are summarized below. More-detailed information,
particularly about design, is given in Chapter 2 of Part II.

The DOE's approach to licensing reflects an overriding commitment to pro-
tecting public health and safety as well as the quality of the environment.
In order to facilitate the NRC licensing process, the DOE has planned a signi-
ficant amount of interaction with the Nuclear Regulatory Commission before
submitting a license application for the construction of the repository.
These interactions will focus on the development and implementation of the
site-characterization plans. The DOE also plans to continue an open two-way
communication with the Nuclear Regulatory Commission before submitting a

license application. To facilitate liaison between the two agencies, the NRC
will station onsite representatives at the DOE Operations Offices involved in
the repository program, and the two agencies will hold frequent technical
meetings and workshops. Some issues may also be resolved in formal NRC rule-

making actions, which can be subject to judicial review. It is expected that
this approach will allow technical issues to be identified in the prelicensing
phase. The issues can then be resolved without delay. or activities leading
to a cesolution can be instituted.

The design of the repository (complete Title II design) will be made
final during the NRC review of the license application (for the construction
of the repository). It will provide the basis for procurement and construc-
tion and for the updated license application (to receive and possess radioa-
ctive waste) for phase 1 of the repository; this updated license application
will be submitted to the Nuclear Regulatory Commission while construction is

proceeding. Included in the final procurement and construction design of the

repository will be the associated design of the waste package: it will be
based on data from tests conducted on waste packages of the license-applica-
tion design, the DOE's extensive research program, and the results of
performance modeling.

After a construction authorization is received from the Nuclear Regula-
tory Commission, the construction of the repository will begin. The DOE is

planning to construct the repository in two phases. Phase 1 will consist of
the construction of the surface, shaft, and underground facilities that are

needed to allow the DOE to accept small quantities of spent fuel beginning in

1998. Phase 2, which will begin at the same time as phase 1, will consist of
the construction of the remaining facilities needed to develop the repository
to its full-scale capacity.

It is estimated that the phase 1 facilities will be able to receive com-

mercial spent fuel at a rate of 400 MTU per year or an equivalent amount of
other waste types. Emplacement rates vary somewhat with each host rock.
Phase 1 facilities will not have the capability to consolidate spent fuel, but

phase 2 facilities will. The phase 2 facilities will be able to receive and

emplace a maximum of 3000 MTU per year of spent fuel and/or solidified high-
level waste, including high-level waste from the West Valley Demonstration

Project and from defense activities (see Chapter 1 of Part I). Current plans
call for phase 2 facilities to accept only spent fuel until they reach the

emplacement rate of 3000 MTU per year. At that time it may also be possible
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to dedicate the phase 1 facilities entirely to the emplacement of defense
waste. In any case, the phase 1 facilities will continue to operate at a rateof 400 MIU per year once the phase 2 facilities reach their maximumemplacement rate.

Upon receipt of the license for phase 1, operational activities willbegin. An application for an amended license (to receive and possess radio-active waste for phase 2) will subsequently be submitted to the Nuclear Regu-latory Commission. Upon receipt of the amended license, phase 2 facilityoperations will begin. Operational activities will include waste receipt,inspection, consolidation (phase 2 only), encapsulation in containers, ifrequired, handling, and emplacement: continued underground construction of thewaste-emplacement cooms and supporting services (ventilation, power, etc.);
the storage and management of mined rock for later use as repository backfill:the conduct of a performance-confirmation program throughout the operationalperiod in accordance with 10 CFR Part 60; other Support services (quality
assucance. operational safety, security, administration): and the possibleretrieval of the waste, as required. Operational safety will be the responsi-bility of the DOE, and all applicable requirements of the Occupational Safetyand Health Administration and the Mine Safety and Health Administration will
be met.

The DOE's recently published Generic Requirements for a Mined GeologicDisposal System (DOE/NE/44301-1, September 1984) shows an approximate total
preclosure time of 90 years for the repository. Six years of this 90-yearperiod will be used for construction and 28 years for repository operation.Beginning at the same time as repository operation (i.e., the emplacement of
the first wastes) is a 50-year period of waste cetrievability. The repositorydesign, in accordance with 10 CFR Part 60, will have the capability to beginretrieval at any time for 50 years after the start of waste-package emplace-ment. The remainder, 34 years, is the length of time assumed to be necessaryfor waste retrieval if waste retrieval proves to be necessary at the end of
the 50-year period of retrievability. It is assumed that the retrieval would
take as long as waste emplacement (28 years) and repository construction (6
years). This length of time is consistent with the NRC's provisions in 10 CFR
60.111, in which public health and safety considerations are of primary impor-tance in any waste-retrieval operation. The 90-year requirement for facilitymaintainability either in a dormant or an active mode is based on the NRC's
10 CFR 60.111(b). It will provide sufficient time, in accordance with the re-
quirements of 10 CFR Part 60, to successfully complete the performance-
confirmation program and the permanent closure of the underground facilities
and shafts.

After the repository has been filled and the performance-confirmation
program has been completed to the satisfaction of the Nuclear Regulatory Com-
mission, the DOE will submit to the Nuclear Regulatory Commission an applica-tion for an amended license that will allow the DOE to close the repository.After NRC approval, the DOE will begin sealing the repository and decommis-
sioning the surface facilities. Repository shafts will be sealed, surface
facilities will be decontaminated and dismantled, the mined rock that is not
used in backfilling will be stabilized or moved off the site, the surface area
will be returned to its original natural condition to the extent feasible,
permanent markers will be erected, and equipment for postclosure monitoring or
Sutveillance will be installed as necessary. The last step will be the
termination of the repository license.
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The DOE plans to site the second repository and to request Congressional
approval for its construction. The activities described in the preceding
section for the first repository with respect to site characterization,
supporting-technology development, licensing, design, construction, operation,
and closure will be similar for the second repository. The strategy for

identifying sites for nomination and recommendation for characterization is
discussed below.

After ceceiving comments from the States on the draft regional character-
ization reports, the DOE will issue these reports in final form. A draft
area-recommendation report containing the cesults of the region-to-area
screening will then be prepared and issued for comment by the 17 States cur-

rently under study. This report will identify the areas where the DOE plans
to conduct more-detailed studies, including field investigations. The final

area-recommendation report will be issued after the consideration of State
comments.

The areas identified for further study in the final area-recommendation

report may be identified as potentially acceptable sites if the DOE can make

the findings and determinations required by the siting guidelines. If such

findings and determinations are made at that time, they will be documented in

the area-recommendation report: if not, potentially acceptable sites will be

identified during the area stage of the program,

Before the area studies begin, a draft area-characterization plan will be

prepared and issued for State comment. It will describe the activities the

DOE will undertake during the area field investigations. The data collected

during these investigations will allow the DOE to evaluate sites that may be

suitable for nomination and recommendation for site characterization. These

evaluations will be based on the siting guidelines. After the activities
described in the area-characterization plan are completed. the process of site

nomination and recommendation will be similar to that used for the first

repository. More-detailed information on the site investigations is given in

Chapters 2 and 7 of Part II.

The Act requires the DOE to nominate five sites for site characterization
for the second repository. Three of these sites must be sites that were not

nominated for site characterization for the first repository. The Act also

permits sites characterized, but not selected, for the first repository to be

nominated for the second repository. If this occurs, the shafts, surface

facilities, and underground openings at those sites will be maintained while

the other second-repository sites are characterized. Since salt, tuff, and

basalt may be among the first-repository sites recommended for site character-

ization, it is possible that as many as two different host rocks now con-

sideced for the first repository may be nominated for the second repository.
The Act does not allow the two sites that were nominated, but not recommended,
for site characterization for the first repository to be nominated for site

characterization for the second repository.
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3.1.6.3 Long-Range Alternatives

3.1.6.3.1 Alternative Host Rocks

As previously mentioned, a literature study of argillaceous and sedimen-
tary rocks other than salt is currently under way. When this study is com-pleted in 1985, a decision will be made on the feasibility of using these rock
types as future repository-siting alternatives.

The U.S. Geological Survey is currently funding two studies that mayassist the DOE in evaluating potential geographical areas for investigation as
repository sites. One of these studies will identify, on the basis of geo-logic and hydrologic criteria, areas within eight western States (Arizona.
California, Idaho, Nevada, New Mexico, Oregon, Texas. and Utah) that appear to
have the characteristics necessary for waste isolation.

The second U.S. Geological Survey study involves erystalline rocks buried
beneath sediments. A literature search identified several general regions in
the eastern United States where the requisite geologic and hydrologic condi-
tions probably exist. The U.S. Geological Survey is currently reviewingavailable data in order to more clearly define the regions where the desirable
geohydrologic conditions appear to occur. Later efforts will involve some
field data collection to verify that the presumed conditions do exist.

3.1.6.3.2 Subseabed Disposal
Future activities for the subseabed disposal program include research and

development leading to a report on the feasibility of subseabed disposal in
1990; site studies leading to the ability to recommend a subseabed repositorysite in 1994 as a potential future repository, if the concept proves feasible:
participation in the International Seabed Working Group and in multinationallyfunded field experiments with the objective of sharing the costs of deep-oceanexperiments; and participation in interagency and international meetings on
subseabed disposal with the intent of keeping the option open until at least
the second repository is approved by Congress.

3.1.6.4 Institutional Strategy
The Act provides a comprehensive guide for dealing with the complexinstitutional issues associated with this program. These mechanisms should

prove useful in resolving institutional problems as they arise. In addition,
the DOE plans to effectively use the existing and future mechanisms for com-
munication, consultation, and cooperation. Institutional issues will affect
all major stages of repository development. Such issues can be anticipatedmost clearly during the early stages, such as the issuance of Siting guide-
lines, negotiations for consultat ion-and-cooperation agreements, and siting
decisions by the President and Congress. Other issues will undoubtedly arise,
and the institutional strategy must be flexible enough so that these issues
can be addressed in a comprehensive and timely fashion. More details are con-
tained in Chapter 4 of Part I and in Chapter 3 of Part II.
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3.1.6.4.1 Consultation and Cooperation

Specific plans include the following:

1. Negotiation and signing of written agreements as required by the Act.

2. Public review of, and comment on, the draft environmental assess-

ments, which contain information on site nomination and
recommendation.

3. Establishment of mechanisms to provide licensing and technical data
on a timely basis.

4. Development of mechanisms for the resolution of objections raised

during the planning. siting, construction, operation, closure, and

decommissioning of the repository.

In addition to these formal mechanisms, the DOE will seek to encourage infor-

mal dialogue with all affected parties and pledges to resolve any issue in an

atmosphere of cooperation.

3.1.6.4.2 Identification and Mitigation of Socioeconomic Impacts

The socioeconomic work that is needed to meet the requirements of the Act

falls into three general categories: (1) site screening and impact assess-

ment, (2) impact mitigation and community development, and (3) impact moni-

toring. Site-screening and impact-assessment activities occur throughout the

siting process and will end once a site is selected. Impact-mitigation and

community-development plans will be formulated during the siting process and

will be implemented during repository development. Monitoring activities will

begin concurrently with site characterization and will continue throughout
repository construction and operation.

The design of the monitoring program will involve the States, affected

Indian tribes, and affected communities. The factors to be monitored will be

those associated with the economic, demographic, and sociocultural changes
occurring in the region of the repository; changes in the requirements for

facilities and services: and the resulting fiscal impacts. An analysis of the

effectiveness of current mitigation measures will also be performed.

The States, affected Indian tribes, local communities, and the DOE will

be using the Act as the framework from which the impact assistance will be

negotiated. Current plans include discussions to define (1) the role of each

party. (2) the makeup of the impact-management committee or committees,

(3) the provisions of the Act concerning front-end financing and jurisdic~
tional allocations, (4) methods for conflict resolution, and (5) mitigation
measures, such as long-distance commuting, changes in project schedule, local

business development, and housing. More information is provided in Chapter
11 of Part II.
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3.1.7 REPOSITORY SCHEDULE

This section consists of three parts. The first part describes thereference schedule and possible schedule durations for the major phases of therepository program. The second part discusses alternative schedules for thefirst repository. The last part describes the reference schedule for thesecond repository.

3.1.7.1 The Reference Schedule and Alternative Schedule Cases for the FirstRepository
The DOE has examined the steps that lead to the beginning of repositoryoperations and, for purposes of this discussion, has divided them into fivemajor phases:

Recommend sites for characterization.
Characterize sites.
Select site and obtain site approval.

- NRC licensing review.
Construct and test repository.OF

om
W

N
.

Table 3-1 shows the major activities within each of these phases for thefirst cepository. There are many other activities within each phase that havenot been included in this list because they are not as critical to the sched-ule as those shown.

Table 3-1. Major Phases of the Repository Program

1. RECOMMEND SITES FOR CHARACTERIZATION
DOE issues final environmental assessments
DOE nominates and recommends sites
President approves sites

2. CHARACTERIZE SITES
DOE issues site-characterization plansDOE acquires land and obtains applicable permits

¢ DOE constructs exploratory shafts
© DOE performs site characterization to supportthe draft environmental impact statement

3. SELECT SITE AND OBTAIN SITE APPROVAL
DOE issues draft environmental impact statement
DOE issues final environmental impact statement
DOE submits site-selection report to the President
President recommends site to CongressState or affected Indian tribe submits notice
of disapproval
Congress overrides or sustains disapproval

HQ0005336

DB-105346
Holtec_PAL-000853



.

Table 3-1. Major Phases of the Repository Program (continued)

4. NRC LICENSING REVIEW
DOE submits license application to NRC

e NRC issues construction authorization

5. CONSTRUCT AND TEST REPOSITORY
® DOE constructs surface and underground facilities

DOE completes startup testing
NRC issues license

® DOE begins operations

As the following sections show, the DOE considered many possible alterna-

tives for completing the activities listed for each program phase. After

analyzing these alternatives, which are presented here as alternative cases,

the DOE selected a reference schedule for the first repository (Figure 3-5).

This schedule is consistent with the DOE's strategy to ensure the quality and

sufficiency of information used to support program decisions while still

adhering to the statutory requirement to begin accepting waste for disposal by
January 31, 1998. While there are numerous intermediate dates and key
milestones laid out in the Act, the DOE believes the 1998 date is the most

important.

The sections that follow are organized by phase. The reference schedule

and major milestones for each phase are discussed first, followed by the other

schedule cases that were considered but not selected. The effects of these

schedule cases are expressed in terms of the potential delay on the reference

schedule. Table 3-2 presents the reference schedule by phase and summarizes

the schedule cases considered for the five phases of the repository program.

3.1.7.1.1 Recommendation of Sites for Characterization

The reference schedule and the alternative cases that have been

identified for phase 1, the recommendation of sites for characterization, are

described below.

The Reference Schedule

The specific milestones for phase 1 are as follows:

1. The Secretary of Energy issues the final environmental assessments in

November 1985.

2. The Secretary nominates and recommends sites to the President in

November 1985, shortly after issuing the final environmental
assessments.

3. The President approves the recommended sites in January 1986.

The duration of the reference schedule is 13 months (December 1984 to

January 1986).
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OCR

Case 1-A

One area for potential change in the schedule is the amount of timerequired to respond to comments on the draft environmental assessments and to
prepare the final environmental assessments. Delays of up to 6 months arepossible if there are delays in the receipt of comments or if the comments are
voluminous and complex, requiring extensive modifications of the documents.
Case 1-A would increase the duration of the reference schedule by 6 months.

Case 1-B
After the comments on the draft environmental assessments are reviewed,

the Secretary of Energy could find it necessary to acquire additional data to
support his nomination and recommendation decisions. This case assumes that
1 year would be needed to gather the necessary data, analyze it, and incor-
porate it into the environmental assessments. Case 1-B would increase the
duration of the reference schedule by 12 months.

The Act permits the President to request up to an additional 6 months to
approve or disapprove the site recommendation. This case assumes that this
request is made. Case 1-C would increase the duration of the reference
schedule by 6 months.

Summary
The reference schedule does not assume that the approval of the recom-

mended sites is delayed by judicial reviews of the draft environmental assess-
ments. To minimize the probability of other delays such as those described in
the alternate cases, the DOE extended its original schedule to allow extra
time to prepare thorough draft environmental assessments. Furthermore,preliminary drafts of the environmental assessments were made available to
affected States to allow them to become familiar with the documents before the
start of the formal review process. The DOE believes that with these earlyreviews and prudent planning, the reference-case durations for phase 1]
activities can be maintained.

3.1.7.1.2 Site Characterization

The reference schedule and the alternative cases that have been identi-
fied for phase 2, site characterization, are described below.

The Reference Schedule

The specific milestones for site characterization are as follows:

1. Site-characterization plans are issued in March 1986 for tuff and
basalt and in October 1986 for salt.

2. The obtaining of permits and site preparation for salt, which has the
most extensive permit requirements. are completed by July 1987.
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3. The construction of the first exploratory shaft is completed in
Novembec 1987, February 1988, and January 1989 foc tuff, basalt, and
salt, respectively.

4. The construction of the second shaft is completed in June 1988,
December 1988, and January 1989 for tuff, basalt. and salt.

respectively.
5. Underground connections are made with the second exploratory shaft in

Macch 1988, February 1989, and April 1989 for tuff, basalt. and salt.

respectively.
6. In-situ testing begins in June 1988, October 1988, and April 1989 for

tuff, basalt. and salt, respectively.

7. Testing to support the draft environmental impact statement and site
recommendation is completed in December 1989. This corresponds to

durations of 18, 14. and 8 months available for testing at the tuff,
basalt, and salt sites, respectively. Additional testing to support
the license application will continue into phase 3 for tuff and
basalt, as described later in this section.

Moce information on the exploratory-shaft and testing schedule can be
found in Chapter 2 of Part II. The duration of the reference schedule is
47 months.

Case
This case assumes that the site-selection decision could be based on

sucface studies and data obtained during the sinking of the exploratory
shafts. No in-situ testing is assumed to support the preparation of the
environmental impact statement and the subsequent site recommendation. Since
in-situ testing is required by 10 CFR Part 60, the DOE would conduct in-situ

testing to support the license application. Test durations of 16, 12, and

6 months are assumed for tuff, basalt, and salt. respectively.

Under these assumptions, all data needed to support the draft environ-

mental impact statement would be collected 36 months after the President

approves the recommended site. This corresponds to the time required to issue

the site-characterization plan, obtain permits, and construct both exploratory
shafts for the reference salt site. Since no in-situ testing is assumed to

support site recommendation, case 2-A is 11 months shorter than the reference
schedule. Case 2-A would reduce the duration of the reference schedule by
11 nonths.

Case 2-B

This case assumes that delays are encountered during the process of

obtaining permits. Such delays could result from extensive hearings held by
the State before the issuance of site permits, from additional data-collection
activities that may be needed to support the permit application, and froma

protracted review and evaluation of the permit application by the State. Case

2-B would increase the duration of the reference schedule by 9 months.
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ase 2-C

Delays in the construction of the exploratory shafts could be encoun-
tered. For example. up to 2 additional years could be required if significantproblems are encountered in drilling or from rock instability. the installa-tion of the liner, the sealing of aquifers, or the mining of undergroundGrifts. Case 2-C would increase the duration of the reference schedule by24 months.

Expanded in-situ testing may also be required to support the site recom-
mendation. For example. additional tests with durations of about 3 years maybe required to evaluate the thermal effects of waste emplacement, evaluatecoupled thermal-hydraul ic-mechanical-chemical effects, and confirm repositoryengineering designs and technology (e.g.. waste-package performance and
retrieval). Case 2-D would increase the duration of the reference schedule by36 months.

Summary
Case 2-A was not selected for the reference schedule, because case 2-A

assumed that site selection could be made without in-situ testing data. The
DOE believes that some amount of in-situ testing data is necessary for site
selection. The other alternative cases for the site-characterization phaseassume delays in the permit process (case 2-B), construction delays (case
2-C), or additional in-situ testing requirements (case 2-D). The DOE will
comply with State laws or regulations consistent with its responsibilitiesunder the Act. Immediately on recommendation of the three sites by the Presi-
dent for site characterization, the DOE will seek to establish with each of
the three States the process and timing for completing any activities that
need to occur before the start of exploratory-shaft Sinking. The DOE believes
that by working closely with State and local authorities, particularly throughthe open exchange of data and concerns. the permit process can occur expedi-tiously. Although construction delays are possible, the DOE will work to
minimize such delays and believes it is inappropriate to anticipate them in
the reference schedule. With respect to the need for additional in-situ
testing, the DOE and the Nuclear Regulatory Commission are already working to
better define the testing requirements so that the test program can be focused
on obtaining only data essential to both the DOE and the NRC actions relatingto each site. Therefore, cases 2-B through 2-D were not selected for the
reference schedule.

As shown above, site characterization (phase 2) is completed when the DOE
has gathered enough data to support site selection on the basis of the sitingguidelines. The kinds of information needed to select one site from among the
three characterized sites are not necessarily the same as that required for
the license application. For example, extremely detailed design information
is not necessary to select a site, but it will be required for the license
application. The DOE has assumed that this additional level of information
will become available through continued in-situ testing during phase 3 of the
program. Furthermore, this additional testing may be needed to reduce the
uncertainties associated with data obtained from long-term tests.
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Because of this approach, the reference schedule assumes that up to

another 11 months after the end of phase 2. or until November 1990, is avail-
able for additional testing and documentation to support the license applica-
tion. The reference schedule assumes that an additional 8 and 10 months of

testing are required for tuff and basalt. respectively, while no additional

testing is believed to be required for salt. This corresponds to a total
in-situ test period of 26 months for tuff, 24 months for basalt, and 8 months

for salt. Therefore, testing to support the license application would be com-

pleted by October 1990. The remaining time, until November 1990, would be

used to complete the documentation of the test results. Confirmatory testing
may continue, however, at the recommended site as needed. This schedule in-

formation is shown in Chapter 2 of Part II (Pigure 2-4).

AS an additional consideration affecting the site-characterization phase,
the Act requires the DOE to have three candidate sites for which a preliminary
determination of suitability for repository development can be made by the

Secretary of Energy on the basis of the siting guidelines. The Secretary will

make this preliminary determination of site suitability at the time he recom-

mends three sites to the President for site characterization on the basis of

the evaluations contained in the final environmental assessments. The DOE

considers that, if during or after site characterization a site is found to be

unsuitable for further consideration, the DOE can nonetheless proceed with a

recommendation to the President of one of the other two sites as the proposed
repository site. If three sites must be found to be suitable after site char-

acterization, then the selection of the repository site could be delayed by up
to 5 years while a replacement site is selected and characterized, depending
on the replacement host rock.

3.1.7.1.3 Site Selection and Site Approval

The reference schedule and alternative cases that have been identified
for phase 3, site selection and site approval, are described below.

TheReference Schedule

The specific milestones for phase 3 are as follows:

1. The draft environmental impact statement is issued in June 1990,

followed by a 90-day public comment period.

2. Testing for the license application is completed in November 1990.

3. The final environmental impact statement is issued in December 1990.

4. The site-selection report is issued in January 1991.

5, The President recommends the site to Congress in March 1991.

6. The site designation is effective in May 1991.

The duration of the reference schedule is 17 months.
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Case 3-A

As previously mentioned, the recommendation to Congress must be accom-panied by a final environmental impact statement. As required by the Act, theDOE must receive comments on the draft environmental impact statement from theDepartment of the Interior, the Council on Environmental Quality. the NuclearRegulatory Commission. and the Environmental Protection Agency. The DOEbelieves that it could take as little as 6 months to receive and incorporatethe comments and produce the final environmental impact statement. However,the other Federal agencies, the States and affected Indian tribes, and othermembers of the public may require additional time to review and comment on thedraft environmental impact statement. If the comments that might be generatedace extensive, additional time may be required for the DOE to incorporatethem. This case assumes that 9 additional months of review time would berequired. Case 3-A would increase the durationof.the reference schedule by9 months.

Case 3-B

This case assumes that a notice of disapproval is submitted within 60days, and Congress overrides the notice of disapproval by joint resolutionwithin 90 days. Case 3-B would increase the duration of the reference
schedule by 5 months.

Case 3-C

If a notice of disapproval is submitted within 60 days after site
recommendation and Congress does not override it by a joint resolution within90 days, the disapproval stands, and the President must recommend another sitenot later than 1 year after the disapproval. Assuming that no notice ofdisapproval is filed for this second recommended Site. the site designationwould be effective 60 days later. Case 3-C would increase the duration of theceference schedule by 19 months.

Summary
Two of the alternative cases (3-B and 3-C) relate to @ notice of disap-proval submitted by a State or an affected Indian tribe. The DOE has not

assumed a notice of disapproval in the reference schedule, because it believesthat an open consultation-and-cooperation process in the years preceding site
selection will reduce the probability of such an action by the State or the
affected Indian tribe. With respect to additional review time for the envi-
ronmental impact statement. the DOE can minimize the likelihood of this byearly sharing of the data and analyses to be included in the environmentalimpact statement.

3.1.7.1.4 NRC Licensing Review

The reference schedule and alternative cases that have been identifiedfor phase 4, NRC licensing review, are described on the next page.
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The specific milestones for phase 4 are as follows:

1. The DOE submits a license application in May 1991.

2. The Nuclear Regulatory Commission grants a construction authorization
in August 1993.

The duration of the reference schedule is 27 months. The rationale for
the selection of this duration is presented below.

Case
This case assumes that the Nuclear Regulatory Commission takes the nomi-

nal amount of time allowed by the Act, which is 3 years. Case 4-A would in-

crease the duration of the reference schedule by 9 months.

Case 4-B
This case assumes that the Nuclear Regulatory Commission requests a

l-year extension and extends its licensing review to 4 years, as permitted by
the Act. This extension could, for example, be needed for additional NRC
staff analyses and review or intervention by concerned groups. Case 4-B would
increase the duration of the reference schedule by 21 months.

It is possible that the Nuclear Regulatory Commission may determine

during its licensing review that additional information is needed to support
the license application. This case assumes that the collection and incorpora-
tion of this information into the license application by the DOE would extend
the NRC review period to 5 years. Case 4-C would increase the duration of the
reference schedule by 33 months.

Case 4-D

If the Nuclear Regulatory Commission determines at the end of its li-

censing review that the recommended site is unsuitable and subsequently denies
the DOE's license application, then up to 4 years may be needed to obtain
Presidential and Congressional approval, prepare a new license application,
and for Nuclear Regulatory Commission review of the application. Case 4-D

would increase the duration of the reference schedule by 48 months.

Summary
The Nuclear Regulatory Commission believes that the minimum licensing

review period will be 3 years unless effective steps are taken to identify and

resolve potential licensing issues during the next 6 years. The DOE believes

that these issues can be identified and resolved through the effective use of
the ongoing close and extensive interaction between the two agencies. Through
the SCP reports and frequent technical meetings, the Nuclear Regulatory
Commission will be continuously informed of the DOE's plans and progress
regarding site characterization and repository design. Furthermore, the

Commission recently issued detailed site-specific technical positions that
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provide early guidance on the types of information required in the site-
characterization plans and license application. Continued enhanced technicalcommunication of this type should enable the DOE to submit a high-qualitylicense application immediately upon the site designation becoming effective
and should expedite the approval of the license application. The DOE believes
that the approach presented above will allow the delays described in cases
4-A, 4-B, and 4-C to be avoided. This approach also minimizes the possibilitythat the Nuclear Regulatory Commission will reject the license application(case 4-D).

3.1.7.1.5 Construction and Testing of the Repository
The reference schedule and alternative cases that have been identifiedfor phase 5, the construction and testing of the repository. are described

below.

TheReference Schedule

The construction and preoperational testing of phases 1 and 2 of the
repository would be completed in 53 and 90 months, respectively, after the
receipt of a construction authorization from the Nuclear Regulatory Commis-
Sion. The specific milestones for construction and testing are as follows:

1. Repository construction begins in August 1993.

2. The updated license application (to receive and possess radioactive
waste for phase 1 of the repository) is submitted in June 1995.

3. The license for phase 1 operations is received in December 1997.

4. Phase 1 operations begin in January 1998, at a receipt rate of 400
MIU per year.

5. The application for an amended license (to receive and possess radio-
active waste for phase 2 of the repository) is submitted in June 1998.

6. The amended license for phase 2 operations is received in January2001.

7. Phase 2 operations begin in February 2001 and reach the 3000-MTU/yremplacement rate in February 2003.

The duration of the reference schedule is $3 months until initial small-
scale waste emplacement and 90 months until full-scale operation.

Construction delays could result from problems with labor relations;
Materials delivery: the excavation of shafts, passageways, and panels; accep-
tance testing; and readiness reviews. The DOE estimates that such problemscould result in delays of up to 2 years. Case 5-A would delay initial waste
emplacement by 24 months.
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If the DOE proceeded to construct a full-scale facility with no limited

phase of operation, the repository would take about 70 months to construct.
This is 17 months longer than the duration assumed for phase 1 of the reposi-
tory in the reference schedule. It is, however, 20 months shorter than the
duration assumed in the reference schedule for phase 2 of the repository.
This case assumes construction in a salt formation; the duration would be
somewhat longer in hard-rock formations. Case 5-B would delay the time until
initial waste emplacement by 17 months, but would accelerate full-scale opera-
tions by 20 months.

Summary
The DOE has adopted the two-phase construction method described as the

reference approach because it provides a mechanism for waste acceptance by
January 31, 1998. The construction of a full-scale repository with no limited

capacity in the early years (case 5-B) was not adopted in the reference sched-
ule because it did not meet the 1998 milestone in the Act. Case 5-A was not

selected because, as previously stated, the DOE believes that it is inappro-
priate to anticipate construction delays in the reference schedule.

3.1.7.1.6 Comments on the Reference Schedule for the First Repository

The reference schedule is aggressive but achievable, although there is a

potential for schedule delays. However. the Act clearly requires a best
effort by the DOE to meet the 1998 repository opening date. The DOE will work

to minimize or eliminate delays, particularly for those activities that are

under its control. I£ delays are encountered, the DOE will pursue, to the

extent possible, alternative cases that allow future phases of the program to

be completed in less time than that assumed in the reference schedule. The

DOE will continue to examine its program plans and assumptions and will revise
its ceference schedule as required. The DOE will work with the Congress,
States and affected Indian tribes, other Federal agencies, utilities, and the

public, to identify potential problems with the reference schedule and will

consider their comments as schedule revisions are developed. A significant
part of this cooperation involves the development of the Project Decision
Schedule. Required by the Act, the Project Decision Schedule identifies the

milestones that require interaction with other Federal agencies and are needed

to support program decisions. A preliminary draft of this document

(DOE/RW-0018) was issued in January 1985 and is currently being revised in

response to comments.

3.1.7.2 Alternative Schedules for the First Repository

The DOE considered many combinations of the schedule cases just described

before selecting its reference schedule for the first repository. Two of

these alternative schedules are shown in Appendix A of Volume I and are des-

cribed below. These alternatives represent only a few of the many combina-

tions of schedule cases that are possible.
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This schedule is the same as the reference schedule except that the site-characterization phase is reduced because Site selection is based on only sur-face data and data from exploratory-shaft construction (case 2-A). Thisallows site designation for the first repository to be effective in June 1990and leads to the start of limited repository operations in February 1997,which is 11 months earlier than the reference schedule. The DOE did notselect this schedule because the selection of a repository site would not bebased on any in-situ data.

Alternative Schedule 2

This schedule is the same as the reference schedule through the licensingphase. This schedule then assumes a full-scale repository (case 5-B) is con-structed. Construction authorization is granted in August 1993, like the ref-
erence case, but construction takes 70 months instead of 53 months. Thisleads to a June 1999 start of full-scale repository operations. This alterna-tive schedule was not selected, because it does not meet the 1998 date for the
start of repository operations.

3.1.7.3 Reference Schedule for the Second Repository
The reference schedule for the second repository is shown in Figure 3-6.The major milestones for the second repository are listed below.

Milestone Date

Issue report on region-to-area screening methodology April 1985
Issue final regional characterization reports July 1985
Issue final area-recommendation report May 1986
Issue final area-characterization plan December 1986Begin area field investigations December 1986
Identify potentially acceptable sites To be determinedComplete area field investigations January 1990
Issue final environmental assessments September 1991
Nominate and recommend sites for

characterization October 1991
President approves recommended sites December 1992
Issue initial site-characterization plan January 1993
Request Congressional approval for

construction June 1993
President recommends site for repository

to Congress March 1998
Submit license application to the Nuclear

Regulatory Commission May 1998
Receive construction authorization from the

Nuclear Regulatory Commission and begin
construction August 2000

Begin waste emplacement June 2006

-69-

HQ0005348

OCR DB-105358
Holtec_PAL-000865



.

DB-105359

HQ0005349

-70-

CA
LE

ND
AR

YE
A

R

T
e

e og

SI
TE

W
OM

NA
TIO

N’
AE

CO
MM

EN
GA

TIO
N

ST
E

CH
AR

AC
TE

MT
ZA

TIO
N/

SH
TE

SE
LE

CT
IO

N

WA
ST

E
PA

CK
AG

E
vE

or
m

tn
t

ne
ve

sii
on

y
ot

vt
re

re
ca

t

|
toe

r
toes

te
s

|
199

0
Toe

|
199

3
|

190
0

|
19

96
199

0|
199

9
200

0|
200

1
|

2
0
0
1

-2
00

6

PE
CO

UM
EN

DA
TI

O
N

O
F

S
IT

E
S

FO
R

CH
AR

AC
TE

M
TA

TI
O

N
C

H
A

R
A

C
TE

M
ZA

TI
O

N
O

F
T

E
S

To
te

&
TE

ST
ING

OF
|

C
R

IT
IC

A
L

P
A

T
H

1S
SU

E
S

C
R

E
E

N
ME

TH
OD

OL
OG

?
4
/6

5

W
SS

UE
D

R
A

FT
E

A
s

3
/0

9

S
G

U
F

es
as

C
A

s*
07

09

*S
SU

E
A

C
R

:
1
/6

4
W

O
M

M
A

TE
A

N
D

M
EC

O
UR

M
EN

D
S

IT
E

S
*

10
70

9

YS
SU

E
A

R
M

s
5/

06

s
S

u
e

A
C

h
12

/7
00

PR
ES

ID
EN

T
A

P
P

R
O

V
E

S
SI

TE
S”

19
70

1

R
EQ

U
ES

T
CO

NG
RE

SS
IO

NA
L

A
P

H
R

O
V

A
L

a
re

o
m

er
FO

R
C

O
N

ST
R

U
C

TI
O

N
6

/9
9

mam
ass

cr
Co

nm
st

au
ct

ro
n

a
c

e
A

R
E

A
C

H
A

R
A

C
TE

MIZ
AT

ION
O

L

ar
n

A
R

ES
AE

LO
M

M
EN

DA
TI

O
N

RE
FO

RM
?

t
s

C
O

M
ST

A
U

C
T

IO
N

aU
TH

OM
ZA

TIO
N

D
E

S
OM

AF
TE

VIM
OT

EE
EM

ETA
L

e
m

a
c
s

S
ta

te
m

e
n

t

e
s

E
rv

Im
O

W
e

N
E TA
LAS

SE
SS

M
EN

T

€
s

Ex
PL

O
M

A
TO

R
Y

S
ta

t

F
e
s

F
e

a
t

C
o

rr
eQ

u
eN

ew
t ar

m
m

m
ac

s
S

TA
TE

M
E

N
T

F
A

L
PR

O
CU

RE
M

EN
T

A
N

D

CO
MS

TA
YC

TO
M

a
LI

C
E

N
S

E
A

P
P

LI
C

A
TI

O
N

ac
e

M
E

G
HD

IE
AL

C
H

A
R

A
C

TE
MT

AT
HO

n
e
ro

n
t

se
e

SI
TE

C
H

A
R

A
l

TE
M

ZA
TI

O
N

n
a
a
n

SO
R

SA
TE

SE
LE

C
TI

O
N

ORE
w

e
w

aS
T

E
P

A
C

H
A

G
E

ME
O

W
IA

E
TOE

OT
R

E
T
M

E
S

TOM
ED

E
C

IS
IO

N

ON
EST

ONE
“DE

CO
UN

LA
O

ES
IG

H

omaea

M
A

JO
R

L
E

S
T

O
T

U
N

C
H

C
A

O
A

T

e
te

MA
RE

CUA
TE

BE
LE

ST
E

Dt
C

S
O

A
w

e
A

v
e
rt

ne
rm

esa
THO

C
A

R
M

C
A

TE
CO

mT
Am

eg
es

|

|
A

D
VA

N
C

ED
C

O
N

C
EP

TU
A

L
D

ES
IO

M
S

T
U

D
S

*

pormmune

R
EC

EI
VE

WAC
C

O
N

ST
R

U
C

TI
O

N
A

U
TH

O
M

ZA
TI

O
N

:

C
O

M
PL

ET
E

CO
NS

TR
UC

T
TI

O
Te

su
se

n
t

uP
oa

TE
eD

RE
GO

OP
ER

AT
ON

S:
v

e

r
e
m

CA
LE

ND
AR

Y
E

A
R

oes
[us

es
[ve

er
|

soso
vo

n]
seo

]v
omv

_vo0
z]_

voos
sove

J
ross

roe
Fig

ur
e3

-6
.

Sc
he

du
le

fo
r

se
co

nd
ge

olo
gic

re
po

si
to

ry
o

re
on

e?

Holtec_PAL-000866



.

The schedule for the second repository is not based on the phasedconstruction approach that was assumed for the first repository. Instead, theconstruction of the full-scale repository facilities without any intermediatesteps is assumed.

The schedule for the second repository also recognizes the fact that someof the sites not selected for the first repository are eligible for the secondrepository. This aspect of the second-repository program is directly depen-dent on the first-repository program. As shown above, sites are nominated forSite characterization for the second repository in October 1991, which isafter the first-repository site is recommended to Congress in March 1991.This allows the DOE to consider sites characterized, but not selected, for thefirst repository for nomination for the second repository. This sequencingensures that the second-repository schedule will not converge with that of theficst repository. Furthermore, information gained from the first-repositoryprogram can be applied to the second repository, which could result inatechnically improved. more cost-effective program.

3.2 STORAGE OPTIONS

The Act recognized that, while the owners and operators of civiliannuclear power reactors have the Primary responsibility for providing interimstorage of spent nuclear fuel, the Federal Government also has its responsi-bility to encourage and expedite the effective use of existing storage facil-ities and the addition of needed new storage. In addition, the Act allows theFederal Government to provide interim storage for up to 1900 MTU of spent fuelfrom reactors that cannot reasonably provide adequate storage Capacity.
The Act also recognized that facilities for monitored retrievable storage(MRS) can provide an option for the safe and reliable management of waste.

The DOE believes that, if Congress authorizes an MRS facility as an integralpart of the waste-management system, the MRS facility would significantlyimprove system operations and the timely implementation of system functions.

This section discusses both the integral MRS facility (Section 3.2.1) andFederal interim storage (Section 3.2.2).

3.2.1 MONITORED RETRIEVABLE STORAGE

Section 141 of the Nuclear Waste Policy Act directs the DOE to study the
need for, and the feasibility of, monitored retrievable storage (MRS) for
spent fuel and high-level waste. It also directs the DOE to submit to Con-
gress a proposal that establishes a program for the Siting, construction, andOperation of MRS facilities. As discussed in Section 3.2.1.6, the DOE plansto submit this proposal in January 1986. Any further work on MRS facilitiesrequires explicit authorization by Congress.

This section describes the DOE's current plans for the role of an MRSfacility, the advantages of an MRS facility that is an integral part of the
waste-management system, the facilities and operations of an integral MRSfacility, the design basis, the approach to MRS development, and the schedule.
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3.2.1.1 TheRole ofan MRSFacility
The DOE’s initial plans for monitored retrievable storage, as reflected

in the April 1984 draft Mission Plan. consisted of an MRS facility to provide
backup storage capability should there be significant delays in the avail-

ability of a geologic repository. In this case, the DOE planned to build and

operate an MRS facility to store spent fuel until the repository was ready to

receive it. As soon as the repository became available, the spent fuel stored

at reactor sites was to be shipped to the repository for packaging and dis-

posal. When the repository had sufficiently reduced the spent-fuel backlog at

the reactors, the MRS facility was to ship its spent fuel to the repository
for packaging and disposal.

As discussed in Chapter 2 of Part I (see Section 2.3, “Improved-
Performance Plan"), the DOE currently is evaluating an integrated waste-

management system that consists of both storage and disposal components. An

MRS facility is the part of the integrated system that would perform most. if

not all, of the waste-preparation functions before emplacement in a repository.

The MRS facility in the integrated waste-management system does not have

the same role as the MRS facility studied in the past oc described in the

draft Mission Plan. Its primary function is waste preparation for emplacement
in a geologic repository. Its role in providing backup storage is secondary.
although it could provide temporary backup storage if the startup of the

repository is delayed.

3.2.1.2 Advantages of an Integral MRS Facility

The DOE's evaluation of an integral MRS facility has identified important
advantages in the development and integration of the waste-management system,
the operation of the system, and the provision of a cost-effective contingency
capability. These advantages are briefly summarized below.

Improvements in System Performance

By being centrally located for most reactors, an MRS facility would sig-
nificantly reduce the potential impacts of transportation and would improve
the management and control of the transportation function. An integral MRS

facility would provide a hub for the logistics of managing spent-fuel trans-

portation, cask-fleet operations, and cask-fleet servicing. By shipping to

the repository consolidated fuel, possibly in dedicated trains, the number of

cross-country shipments could be significantly reduced.

Locating the waste-preparation functions (i.e., spent-fuel consoli-

dation and packaging) in an integral MRS facility would simplify the design.
construction, and operation of the repository facilities. The repository can

receive a controlled stream of uncontaminated, standard packages that are

ready for disposal instead of an irregular flow of truck and rail transpor-
tation casks containing contaminated spent-fuel assemblies that need to be

prepared for disposal.
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The integral MRS facility would increase the flexibility of the waste-management system by separating the waste-acceptance schedule from the capa-bility for waste emplacement. The MRS facility would allow the DOE to acceptspent fuel without interruption even if the repository is delayed or its em-placement operations are reduced. The MRS facility would safely store spentfuel until the repository was capable of receiving and emplacing it. More-over, waste-acceptance activities would not be affected by temporary slowdownsor other operational problems that could be experienced at the repository.Consequently, a firm schedule for spent-fuel acceptance could be establishedto accommodate the DOE's contractual commitments to the utilities paying feesinto the Nuclear Waste Fund. In addition, the MRS facility would improvesystem flexibility by having the capability to serve the second repository ifdetermined to be appropriate.

Improvements _in System Development, Deployment, and Integration
By performing the pre-waste-emplacement functions (waste acceptance,transportation, operational storage, and packaging) at an MRS facility, thedevelopment and integration of all system functions would proceed with greatercertainty and focus, ensuring that the resources of the Nuclear Waste Fund areeffectively used to achieve a fully functioning and integrated disposal systemby 1998. The separation of the pre-waste-emplacement functions from thelicensing and construction of the geologic repository would provide a clearand well-defined interface with the waste generators (utilities). In addi-tion, the development of the repository could concentrate on demonstrating thesafety of long-term isolation. Waste acceptance, transportation, and pack-aging issues would be separated from the geologic issues related to the long-term performance. This separation would allow early definition of systemrequirements--including waste-acceptance schedules, transportation routes, andcask-fleet requirements--thus Providing utilities with a firm planning basisand providing private industry with the certainty it will need to develop afully functional transportation System. The MRS facility would also be afocal point for systems-integration activities. It would provideOpportunities for the early testing of key system functions and allow theexperience gained to improve system operations.

Cost Effectiveness

Because the MRS facility would provide essential packaging and waste-acceptance functions, storage capability would be available at a very low
incremental cost, estimated to be less than $20 per kilogram. The cost to
utilities of providing dry storage once their storage pools are full is esti-
mated to range from $50 per kilogram to $125 per kilogram. For each year thatthe repository is delayed beyond 1998 (or the emplacement capability is
reduced an equivalent amount) utilities would have to store spent fuel equiva-lent to 1500 to 1900 metric tons of uranium in excess of the quantity that can
be handled in fully reracked pools. The contingency capability provided bythe MRS facility would provide storage more cost effectively than additional
at-reactor storage.

An integral MRS facility would provide an early focus for developing andintegrating the essential operational functions of waste acceptance, transpor-tation, and packaging for disposal. By separating these short-lived opera~
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tional functions from the repository-development process, which must concen-

trate on demonstrating that the waste can be safely isolated for thousands of

years, they can be developed more quickly and with greater certainty. An

integral MRS facility would therefore allow early productivity for the

resources of the Nuclear Waste Fund and would provide utilities with the

assurance they need to plan for orderly power-plant operations. In addition,

an integral MRS facility would add operational flexibility to the total

system, improve the management and control of the transportation system, and

reduce the potential impacts from transportation because fewer cross-country
shipments to a repository would be required (perhaps as few as two or three

dedicated trains per month). These significant benefits would be achieved at

a very slight increase--about 2 percent--in the costs of the Federal waste-

management system. By precluding the need for substantial expenditures by the

utilities to provide at-reactor storage after 1998, an integral MRS facility
could reduce the total costs to the ratepayers in the long run.

3.2.1.3 Description of an Integral MRS Facility
An integral MRS facility would consist of facilities in which waste would

be prepared for permanent emplacement in a repository, an area for temporarily
stocing the waste, and various support facilities (e.g., cask-fabrication

plant. administration building, utilities). An artist's conception of an MRS

facility is shown in Figure 3-7. The facility would be designed mainly for

spent fuel from commercial power reactors, but it could also accommodate the

Limited amount of vitrified high-level waste from the facilities in West

Valley. New York.

3.2.1.3.1 Waste Preparation for Permanent Disposa)
The preparation of waste for permanent disposal in a geologic repository

would consist of fuel-rod consolidation and packaging for permanent emplace-
ment in a repository. These operations are briefly described below.

A€ter arriving by truck or rail in heavily shielded transportation casks,

the waste would be unloaded into the receiving-and-handling (R&H) building,
the main operating area of the MRS facility. Here the waste would be prepared
for shipment to a repository or for temporary storage at the MRS facility.

The waste-handling operations in the receiving-and-handling building
would be performed by remote control inside "hot cells” to protect the workers
from direct contact with, or exposure to, the highly radioactive materials.
Hot cells are compartments enclosed with thick concrete walls and equipped
with remote-manipulation devices that are operated by remote control by
workers stationed outside the hot cells. They are also equipped with highly
efficient filter systems that would collect and capture any airborne
radioactive particles that may be released during the various waste-handling
operations. The receiving-and-handling building would be designed to confine

the radioactive materials within the facility, keeping radiation exposure to

the workers and to the public well below applicable safety limits.
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Consolidation of Spent-Fuel Rods

One of the operations that would be performed in the receiving-and-
handling building is the consolidation of spent-fuel rods. Consolidation is
desirable because it would decrease the number of waste packages, thus

increasing the efficiency of waste transportation to a repository, handling at

the repository, and permanent emplacement. In consolidation, the spent-fuel
assemblies (see Figure 1-2) are first disassembled by removing the upper and
lower tie plates, the spacer grids that separate the fuel rods, and any other
structural members. The fuel rods are then formed into a closely packed
bundle for insertion into a canister. The non-fuel-bearing scrap of the fuel
assemblies would be compacted and loaded into containers for shipment to a

repository if such disposal is deemed necessary.

A small portion of the spent-fuel assemblies will contain fuel rods with

cladding defects that could complicate and lead to further cladding damage
during the consolidation operation. The defective assemblies would therefore
not be consolidated; they would be loaded directly into canisters.

Packaging
In preparation for temporary storage or shipment to a repository, the

spent-fuel rods would be loaded into steel canisters. After loading, the

canisters would be purged of air, filled with gas (probably argon with a

helium tracer) and welded closed. The canisters would be tested for leaks and

inspected for weld quality. If necessary, the exterior surfaces would be

cleaned to remove any contamination with radioactive material. At this point.
the canisters would be ready for any needed storage at the MRS facility. The

canisters are expected to range from 12 to 30 inches in outside diameter and

from 12 to 16 feet in height.

For shipment to a repository, the canisters may be loaded into steel dis-

posal containers. Similar steel disposal containers could be used to overpack
canisters of vitrified high-level waste.

3.2.1.3.2 Storage

Sealed storage casks have been selected as the preferred method for any
necessary temporary storage of the canistered waste at an integral MRS facil-

ity. with field drywells selected as the alternative storage technology. Both

methods have been safely used in similar applications for a number of years:
both are low in cost, and both are simple as well as flexible in design.
Furthermore, in both methods storage capacity can be expanded in small incre-

ments, in response to actual requirements. However, if the MRS facility is

authorized, the specific storage method that will be used may be adapted to

evolving systems requirements and technology developments.

Both methods are designed to facilitate monitoring of the atmosphere
within the storage cavity and of the temperatures of the cavity wall during
the storage period. Gas samples would be periodically collected from the

storage cavities and tested for any leakage of gases fcom the sealed waste

canisters. If a leak is detected, the storage unit would be returned to the
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receiving-and: handling building and the canister retrieved for testing and
corrective action. The temperature of the storage-cavity wall would be
monitored to ensure that the temperature of the waste does not exceed designlimitations.

The MRS facility would also be able to accommodate large metal casks,
which may be used by some utilities for at-reactor dry storage of spent fuel.
The storage units could be enclosed or modified to accommodate localenviconmental conditions or other concerns.

Sealed Storage Casxs

A sealed storage cask is a large steel-lined reinforced-concrete cylinderthat holds welded stainless-steel canisters of spent fuel and is closed with a
thick concrete shield plug and a welded stee! lid. Depending on the type of
waste being stored, the casks may range from 17 to 22 feet in height, measure
lz feet in outside diameter, and weigh up to 220 tons when loaded. A cutaway
view of a sealed storage cask containing canisters of spent fuel is shown in
Figure illustrating the top shield plug and the welded steel lid.

Sealed Storage Cask

Cook DimensionsHeight: azn
Diemeter;
Weight: 200tone (empty)

220 tons (loaded)

Figure 3-8. Sealed storage cask.
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OCR

Canisters or other containers of waste would be loaded into the casks
inside the receiving-and-handling building, and the cask would be moved to the

storage area and placed upright on a concrete pad. The heat emitted by the
waste would be conducted through the walls of the cask to the surrounding
atmosphere. Temperatures within the cask would be maintained below levels
that could result in damage to either the cask or the sealed canisters stored
inside it. The thick walls of the cask would keep the radiation levels at the
cask surfaces within safe limits.

Each storage module would be capable of being routinely monitored to

detect any loss of canister integrity. In addition, the enviconment of the

storage area would be continuously monitored to detect any failures in the

containment of the radioactive waste materials.

Field Drywell
The field drywell is an in-ground sealed metal enclosure for storing can-

asters of waste. The drywells can be bored to different sizes as required to

accept different sizes of canisters. The drywell enclosures would extend no

more than 21 feet into the ground. The essential features of the field-

drywell concept are shown in Figure 3-9.

Waste canisters would be loaded into a shielded transporter vehicle while

inside the receiving-and-handling building. The transporter would carry the
canister to the drywell, lower the canister into the drywell, and cover the
well with the top shield plug.

0118 0006 4

Figure 3-9. Alternative storage concept for monitored retrievable storage
field drywell.
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OCR

The drywell closure plate would then be welded onto the liner of the cavity.The drywell’s metal cavity and the surrounding soil would provide both aradiation shield and a medium for conducting heat away from the stored
materials. Drywell storage of radioactive materials has been safely used in
many parts of the world for the last 20 years.

Like the sealed storage cask, each drywell can be routinely monitored todetect any leakage from the stored containers. The environment of the storagearea would also be monitored continuously.
Transportable Metal Casks

Large metal casks are currently being considered by a number of utilitiesfor the dry storage of spent fuel at reactor sites. Since those utilities mayone day wish to ship such casks to an MRS facility, the facility is designedto receive these casks and package their contents, as received. If necessary,these casks could be stored. The current design for storing these casks isillustrated in Figure 3-10, which shows the concrete “saddles” that would sup-port the cask in a horizontal position.

Figure 3-10. Transportable metal casks.
0006 4 26 04

3.2.1.3.3 Safety Features

A wide range of safety features would be incorporated into the design of
the MRS facility to protect the health and safety of the facility workers and
the general public. In addition to the standard fire and industrial safetyregulations, the facility would operate under the radiation-protection stand-
ards established by the U.S. Environmental Protection Agency and the Nuclear
Regulatory Commission. A safety analysis report (SAR) would be prepared and
submitted with the application for an NRC license. During the construction
and preoperational testing phases. an updated SAR would be sent to the NRC as
required. Once normal operations begin, the SAR would be updated annually.

-79-

HQ0005358

DB-105368
Holtec_PAL-000875



.

The principal MRS design features and characteristics that would keep
radiation exposures within permissible limits are described briefly below.

e The spent fuel is in the form of solid oxide pellets in Zircaloy (a
zirconium-steel alloy) tubes.

e The spent-fuel tubes are hermetically sealed within the stainless-
steel storage canisters.

@ Any high-level waste would be in a solid glasslike form, resistant to

leaching by moisture, and sealed inside stainless-steel canisters.

Radiation shielding would be used throughout the facility as appro-
priate to keep occupational exposures within prescribed limits and as

low as reasonably achievable.

e The heating and ventilation system would employ high-efficiency
filtration and other equipment to collect and remove essentially all
of the particulate radioactive material from the air streams,
allowing those materials to be collected, treated, and disposed of
safely. Emissions from the MRS facility would be restricted to
levels within Federal standards.

In cask storage, the thick concrete walls of the cask would keep the
external radiation levels in the storage area within permissible
limits.

In drywell storage, the top shield plug and cover plate, the steel
liner of the cavity. and the surrounding soil would provide suffi-
cient shielding to keep the radiation levels in the storage area

within permissible limits.

e Monitoring of the atmosphere within the storage-unit cavities would
detect any leaks in the storage canisters, allowing prompt corrective
action without any leakage to the environment.

Monitoring of the facility environment would ensure that any signifi-
cant releases of radioactive material, either from the
receiving-and-handling building or from the storage area, are

promptly detected and corrected.

3.2.1.4 Basis for the Design of the MRS Facility

If authorized by Congress, the MRS facility must be able to perform its

design functions in a manner that is safe and environmentally acceptable. The
construction and operation of the facility must be licensed by the Nuclear

Regulatory Commission. To effectively perform its functions within the

integrated waste-management system, the MRS facility must have sufficient

flexibility in design to accommodate evolving systems needs.

According to the current designs being developed for the proposal to Con-

gress, the integral MRS facility would be able to accept waste at a rate of up
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to 3600 MTU per year. This waste-acceptance rate could preclude the addition
of new at-reactor storage capacity and would allow the orderly removal of agedfuel from reactor sites. It also could accommodate the growth of the reactorpopulation forecasted by the Energy Information Administration in its middle-growth case. The facility would have sufficient capacity to prepare and shipwaste to the first repository--and to the second repository if deemed appro-priate. The design would provide capability to simultaneously accept spentfuel, package the fuel for direct shipment to the repository or storage at the
MRS facility, retrieve fuel from storage and ship to the repository. The MRSfacility would be designed to Simultaneously accept and unload current-
generation truck or rail shipping casks; disassemble and consolidate spentfuel of nearly all designs; and load into canisters spent fuel of all current
designs. To prepare waste packages for the repository, the facility would
include space in the receiving-and-handling building to overpack the can-
istered materials if ongoing systems studies confirm this operation to be
appropriate at the MRS facility.

The receiving and handling building would include space to provide opera-tional vault storage for approximately 1000 MTU. Such storage would accomno-
date the expected short-term variations between the repository emplacementcapability and spent-fuel transfers from the utilities to the DOE.

The storage method must provide shielding, waste containment, safeguards,and monitoring. A modular storage system is desirable to accommodate capacityuncertainties in a cost-effective manner. Passive, dry storage is preferred
for extended storage applications because it does not cequire any mechanical
assistance, such as blowers or pumps, or external power to provide cooling,
containment, or radiation shielding. The MRS storage concept will rely on
engineered features for safety rather than geologic or physical features that
would restrict siting options.

Current estimates indicate that an integral MRS facility would require a
storage capacity of approximately 15,000 MTU. A 15,000-MTU facility would
provide enough storage to accommodate projected variations in waste-
generation rates, waste-acceptance schedules, and repository emplacement
capability; it would also provide the utilities with a firm basis for plan-ning. If there are reductions in the waste-generation rate or improvements in
the expected repository emplacement capabilities, the required storage capa-city at the MRS facility could be reduced.

3.2.1.5 Approach to MRS Development

This section briefly describes the steps being taken to develop the man-
dated proposal to Congress for the construction of an MRS facility and the
schedule for putting such a facility into operation should Congress authorize
its construction.

The DOE intends to submit in January 1986 a proposal to Congress re-
questing authorization for an MRS facility. To provide a technical basis for
the Congressional decision, the following documents will be included in or
will accompany the proposal to Congress:
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Site-specific facility designs.
Need and feasibility report.
Program plan (funding, integration, deployment).
Environmental assessment.o

e
e
e

To establish a sound basis for decisions about an MRS facility, the DOE
has undertaken the following activities:

An assessment of research and development needs.
The selection of storage concepts for MRS facilities.
The design of MRS facilities.
The identification of candidate sites.
An assessment of environmental impacts.
Interactions with the candidate host State and the public.

0
@

These activities are briefly described below.

Assessment of Research and Development Needs

No additional research and development is required for the completion and

submittal of the proposal to Congress. This finding has been reported to Con-

gress in a report issued by the DOE in June 1983 (DOE/S-0021). This report
was prepared in accordance with the Act, which requires the DOE to prepare a

report describing the research and development required for a proposal to

construct an MRS facility.

Selection of Storage Concepts for MRS Facilities

The Act specifically directs the DOE to include in its proposal to Con-

gress “at least three alternative sites and at least five alternative combina~

tions of such proposed sites and facility designs." In response to this

requicement, the DOE has decided to select two alternative concepts for the

storage function of the MRS facility: (1) sealed storage casks and (2) field

drywells.
The selection of these concepts resulted from a comprehensive evaluation

of eight storage concepts. The technical feasibility of both concepts is sup-
ported by prior demonstrations and use. Designs for both sealed storage casks

and field drywells at three potential sites will accompany the proposal to

Congress.

The concept-selection process is described in a report entitled Selection
ofConcepts for Monitored Retrievable Storage in Spent Fuel and High Level

Radioactive Waste (U.S. Department of Energy, Richland Operations Office,

April 1984).

This selection has been subjected to reevaluation, particularly in light
of the change in the MRS role from a backup facility to an integral component
of the waste-management system. The integral MRS design incorporates an addi-

tional operational storage capacity in the receiving and handling building to

facilitate the flow of materials to the repository. The results of the re-

evaluation supported the initial selection of the sealed storage cask and

field drywell as the technically suitable storage concepts for the development
of the MRS proposal.
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Design of Facilities

Concurrently with the selection of storage concepts, functional designcriteria for the MRS facility were developed to guide the design effort.These functional design criteria include the applicable Federal standards:definitions of facility scope and purpose; requirements for accommodat ingtransportation casks; design requirements for protecting the facility fromstorms, earthquakes, floods, and other natural phenomena; design requirementsfor the receiving-and-handling building; heat loads; throughputs; requirementsfor mechanical and electrical systems; performance requirements for thestorage facility; requirements for Support facilities: and requirements forsite improvements and utilities.

Since three alternative sites have been identified, an architect-engineeris now preparing the required site-specific MRS facility designs with asso-ciated specifications. cost estimates, and engineering and constructionschedules,

Facility designs and Supporting data are being developed in compliancewith the quality-assurance requirements for licensed nuclear facilities.

Identification of Candidate Sites

In the integrated waste-management system, the MRS facility must be inoperation by January 1998 to accept and prepare waste for the repository.Because of this need to proceed expeditiously, the DOE has reconsidered thereference site-facility development plan discussed in the draft Mission Planand concluded that specific candidate sites should be included in the proposalto Congress. The following three sites have been identified as candidatesites for the proposal to Congress: the former site of the Clinch River
Breeder Reactor as the preferred site and the DOE Oak Ridge Reservation andthe site of the Tennessee Valley Authority's Hartsville nuclear plant as thealternatives. All three sites are in Tennessee.

Because the MRS designs being pursued by the DOE rely on engineeredrather than geologic barriers to ensure safe containment of radioactive waste,technically suitable sites should be available throughout the country. Thecandidate sites for these designs were therefore selected to enhance the over-all operation of the waste-management system. Thus, the identification of
candidate sites has been based on two siting considerations:

1. Ability to construct and operate an MRS facility in a safe, cost-
effective, and timely fashion without unacceptable effects on the
existing environment or socioeconomic conditions.

2. Ability to enhance the contribution of an integral MRS facility to
the waste-management system.

With regard to the second consideration, the MRS facility should be so
located that the total distance for the transportation of spent fuel from the
reactors to the MRS facility and from the MRS facility to the repository is
limited. The site-selection process for this “shortest distance”consideration involved identifying the region where the total shipment mileagefrom the reactors to the MRS facility and from the MRS facility to the
repository is reduced to within 20 percent of the lowest mileage achievable.
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It is assumed that truck and rail transport will be used from the reactors to

the MRS facility and dedicated rail transport will be used from the MRS

facility to the repository. This analysis results in the identification of a

prefecred region that reduces shipment distances, thus limiting impacts
relative to all other potential MRS locations outside that region.

A reasonable method to satisfy the first siting consideration mentioned
above is to evaluate those sites within the optimal region that were previ-
ously planned and “qualified” for nuclear activities sites within the

preferred region owned by the DOE or previously docketed by the Nuclear

Regulatory Commission). Existing environmental documentation and data for
these sites are of high quality and relevant to the construction of a facility
for spent-fuel storage. Furthermore, the use of preexisting documentation

(augmented as necessary) will save money and time in the preparation of the

proposal, the accompanying environmental documents, and safety analysis
reports, as well as NRC findings regarding site characteristics. Eleven

potential candidate sites in the preferred region met the above consideration
and had ample acreage (1100 acres) for the potential MRS application.

The potential candidate sites were evaluated with regard to licensabil-

ity, land availability, transportation characteristics, infrastructure, envi-

ronmental characteristics. socioeconomic impacts, institutional structure,

cost, and schedule. The characteristics of each candidate site were described
to evaluate whether that site can meet the factors necessary for a 10 CFR Part

72* license from the Nuclear Regulatory Commission. To evaluate land

availability, all known plans for the site under consideration were described
to determine the current and planned land uses for the site and adjacent
property. An assessment of transportation characteristics evaluated the ease

and safety of access to inter-state highway networks and Class A rail lines.

Known plans for transportation infrastructure improvements. or advisable

improvements, were also described. Descriptions of the sewer system,
utilities, housing, etc., were used to evaluate the sufficiency of the local

infrastructure to handle an MRS facility and to determine where improvements
may be necessary. Environmental characteristics were evaluated using baseline

information to describe the local ecological structure and to determine

potential impacts, including any known impacts the meteorological, geologic,
or geographic conditions of the site could have on the safety of the facility.

The capacity of local economies and governments to accommodate the socio-

economic impacts of an MRS facility were evaluated, and the potential require-
ments for impact assistance will be assessed. Local government structure and

the jurisdictional responsibilities for environmental, construction, and

operating permits were described, and the impact on the MRS facility was

evaluated. Finally, site characteristics that affect the cost of construction

or affect the construction and permitting schedules were described and their

impacts considered.

The Act includes a provision that MRS facilities developed pursuant to

Section 141 may not be constructed in a State with a candidate site approved
for repository-site characterization. This restriction was respected.

*10 CPR Part 72, "Licensing Requirements for the Storage of Spent Fuel in

an Independent Spent Fuel Storage Installation."

-84-

HQ0005363

OCR DB-105373
Holtec_PAL-000880



.

The DOE reviewed this evaluation and identified the three candidate sitesmost suited for consideration in the proposal by the Secretary to Congress. Areport has been prepared to document the identification of the three candidatesites (Screening and Identification of Sites for a Pro sed Monitored Retriev-able Storage Facility, RW-0023, April 1985). Appropriate government entities
were notified, and a public announcement identifying the candidate sites wasmade.

The site descriptions and evaluation are being prepared for inclusion inthe proposal to Congress.
Assessment of Environmental Effects

The Act requires that an environmental assessment (EA) based on availableinformation accompany the MRS proposal to Congress. This EA will include ananalysis of the relative advantages and disadvantages of all proposedalternative combinations of sites and facility designs and will be based onavailable information regarding alternative technologies for the storage ofspent fuel and high-level waste. Appropriate design-related data are beingdeveloped by an architect-engineer. Site-related data will be gathered fromexisting sources (e.g., previous environmental reports and impact statements;NRC findings and evaluations; and Federal, State, and loca) records). The EA
will be published and released for information purposes several weeks beforethe proposal is submitted to Congress.

If Congress authorizes an MRS facility, a draft and final environmentalimpact statement (EIS) will be prepared. In accordance with the Act, these
environmental documents will not consider the need for the facility but willcomply with all other requirements of the National Environmental Policy Act,including the provision of opportunities for public participation.
Interactions with States, Affected Indian Tribes, and the Public

The Act (Section 141(h)) provides that any authorized MRS facility will
be subject to the provisions of Sections 115; 116(a), (b), and (d); 117; and
118. Section 115 provides the specific mechanisms for Congress to override a
“notice of disapproval." Sections 116 and 118 require the DOE to notifyStates and affected Indian tribes if they have potentially acceptable sites
and provide for the submittal of a “notice of disapproval" by a State governor
or legislature. Specific guidance for consultation and cooperation is pro-vided in Section 117.

The preparation and release of information concerning the need for an MRSfacility and the impacts associated with the facility are critical to the
development of public understanding during the Congressional decision pro-
cess. The DOE recognizes its responsibility to provide complete and timelyinformation to meet these needs and proposes to approach this responsibilityin several ways. Briefing materials on policy and special issues will be pre-pared for public distribution. Information briefings for the candidate host
State (Tennessee) and local governments will be held to help their representa-tives and constituencies to have sufficient understanding for independentjudgments on the acceptability of an MRS facility in their State. The DOE
will consult with the State and local governments to define the briefingagendas that will meet their information needs. For example, it is expectedthat an MRS candidate State will have different information needs than other
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interested States. Briefings emphasizing different subject areas may be

advisable and will be conducted if needed.

The participation of the government of the candidate host State is

particularly important to an efficient and effective MRS program. The DOE

feels that the use of a grant for this purpose is appropriate. A grant will

be awarded to Tennessee specifically to facilitate its participation in

preproposal interactions. Funding for this grant will be drawn from the
Nuclear Waste Fund.

For a repository, Sections 116(b) and 118(a) of the Act provide that a

State or affected Indian tribe will have an opportunity to file a notice of

disapproval within 60 days of the presidential recommendation of a cepository
site to Congress. Although there is no equivalent provision for an MRS site,

Section 141(h) provides that the opportunity for submitting a notice of dis-

approval is to be available after Congressional authorization, inasmuch as

Section 141(h) applies to an authorized facility. Purthermore, the DOE

believes that as a result of the public involvement process described above,

the candidate host State (Tennessee) will have full opportunity to make its

views about the MRS facility known during the Congressional deliberations on

the DOE proposal. The DOE expects this issue to be addressed during
authorization actions by Congress. In addition, the DOE will include in its

proposal to Congress the views of the State of Tennessee insofar as they are

made known.

AdditionalInformation
In addition to the facility designs and the EA, Section 141 of the Act

requires that the proposal include additional information. First, a “program
for the siting, construction, and operation of such facilities" should be in-

cluded. Second, a “plan for the funding of the construction and operation of

such facilities" should be included. This plan will “provide that the costs

of such activities shall be borne by the generators and owners of the

high-level radioactive waste and spent nuclear fuel to be stored in such

facilities.” Third, a “plan for integrating facilities constructed pursuant
to this section with other storage and disposal facilities authorized in this

Act" should be included. These plans will be part of the MRS program plan in

the proposal.
The funding plan will show expenditure requirements for the program and

the recommended revenue source or sources. The funding requirements will be

based on the other plans, the facility designs. the operational-cost esti-

mates prepared by the architect-engineer, and analyses of operational costs

for the integral MRS facility.
The integration plan will depend on the results of the need-and-

feasibility study. It will provide detailed plans as to how and when an MRS

facility is to be incorporated into the overall waste-management system.
These plans are being developed in parallel with the facility designs and in

cooperation with the repository and transportation planning efforts. In addi-

tion, safety assessments and a plan for licensing the MRS facility will be

prepared.

As previously indicated, all of the above activities will contribute to,

and be the basis for, the proposal to be submitted to Congress. Liaison with
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the Nuclear Regulatory Commission and the Environmental Protection Agency willbe maintained throughout the development of the Proposal documents. Theformal comments from these agencies are to accompany the proposal when it issubmitted to Congress.

Cost

An MRS facility would have an estimated capital cost of approximately$800 million to $1.2 billion, depending on the storage capacity. Annualoperating costs have been estimated to be $30 to $40 million.

3.2.1.6 Schedule

The estimated time to deploy an integral MRS facility is 8 to 11 yearsafter Congressional authorization. The currently estimated schedule for anMRS facility, if authorized, would allow the DOE to start operations by theend of fiscal year 1996. Implementation of MRS according to this schedule
will provide assurance that the DOE's acceptance of spent fuel in 1998 andsubsequent years will be at sufficient rates to meet obligations. Table 3-3shows the currently projected timing of major milestones in the development of
an MRS facility.

Table 3-3. Major Milestones After Congressional
Authorization To Deploy an MRS Facility®

Milestone Date

Consultation-and-cooperation agreements completed Early 1987

License application submitted to the NRC Early 1989

Design verification and definitive design completed Early 1990

License issued by the NRC Summer 1991

Construction begun Summer 1991

Testing of “hot” systems completed Early 1996

Pilot-scale operation begun Early 1996

Production operation begun Fall 1996

*Assuming that Congressional authorization is received by the fall
of 1986.
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The estimated schedule is based on the use of sealed concrete casks for

storage, with the submittal of a site-specific proposal to Congress in January
1986. The timing of the Congressional decision with regard to an MRS facility
establishes the remainder of the schedule.

If Congress approves the construction of the MRS facility, a notice of
intent to prepare an environmental impact statement (EIS) will be issued. The
DOE will consult with the State of Tennessee in accordance with the MRS siting
plan, to ensure that its needs and concerns are considered. Public comments

on the draft EIS will be addressed during the preparation of the final EIS.

The definitive design of the facility would begin after the Congressional
decision and would be completed 36 months later. When the design of safety-
related facilities and equipment is completed, a safety analysis report would

be prepared. At that time a license application would be submitted to the

Nuclear Regulatory Commission. During the NRC review of the license applica-
tion, the DOE would respond to NRC questions and, as required, provide any
additional explanation and technical analysis necessary to support the

position taken in the license application.

The issuance of the NRC license is projected to occur by mid 1991.
Construction would start immediately on notification of granting of the

license and is scheduled for completion at the end of fiscal year 1995.

Design-verification activities supporting operational capability validation
would continue throughout construction. These activities would include
extensive testing of operating conditions. This testing would validate opera-
tor training and operational procedures before the completion of construction
and would allow early operation at full capacity. After the completion of

construction, a 3-month period of systems testing involving all MRS facility
operations would commence, concluding by 1996. Pilot-scale operations
involving all components of the waste-management system up to shipment to the

repository would then commence, and the facility would start operating at

production levels 9 months later, by the fall of 1996. Waste retrieval from

temporary storage for shipment to the first repository would start in January
1998, at a rate compatible with the repository receipt rate.

This schedule is believed to be sufficiently flexible to accommodate some

delays. Appreciable delays in critical events would delay the facility.
Detailed plans and schedules for the implementation of an integral MRS

facility. including operation and decontamination, will be part of the

proposal to Congress.

3.2.2 INTERIM STORAGE

Although the Act requires the Federal Government to ultimately provide a

permanent repository for spent fuel and high-level waste, approximately
16 years will have elapsed between the passage of the Act and the availability
of alternative storage or disposal options. With existing storage technology,
spent-fuel inventories at nearly half of the U.S. commercial nuclear power
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plants will exceed the projected capabilities for onsite spent-fuel storage by1998, with some reaching their Storage limit in the mid-1980s. The Act ad-dresses this problem by providing for research to expand existing onsite stor-age and by providing the Federal interim storage (FIS) needed before utilitiescan implement programs for expanding onsite storage.
Specifically, the Act provides that--

1. Reactor operators have the primary responsibility for the storage oftheir fuel and the effective use of the storage that exists or may beadded.

2. The Federal Government has the responsibility to encourage and expe-dite the efficient use and expansion of onsite storage.
3. If these efforts prove insufficient and the Nuclear Regulatory Com-mission finds that the lack of spent-fuel storage is a threat to con-tinued orderly reactor operation and that the owner cannot reasonablyProvide storage through the use of high-density storage for spent-fuel rods, rod compaction, transshipment to another facility owned bythe same owner, the construction of additional storage Capacity, orother technology approved by the Commission, then the Federal Govern-ment must provide not more than 1900 metric tons of interim storageCapacity for spent fuel.

3.2.2.1 Background and Status

The DOE has published a report annually over the last several years ana-lyzing in detail the current spent-fuel-storage situation in the UnitedStates. The most recent report. Spent Fuel Storage Requirements (DOE/RL 84-1,August 1984) describes in detail projected spent-fuel discharges over the nexttwo decades, current reactor storage capacities, and the potential forincreasing these capacities through existing, licensable technologies--namely,by reracking pools to the maximum extent practicable and through transship-ments. A recent analysis shows that the storage needs of some utilities couldexceed their capacities as early as 1986. The August 1984 report shows that,even if all utilities are able to rerack and transship to the maximum extentpracticable, there will be storage problems from 1986 on unless new technol-Ogies that are not currently fully developed, licensed, or demonstrated in theUnited States are made available for utility use.

Some utilities. faced with increasing amounts of spent fuel to be stored,have developed and obtained licenses for various methods of extending theironsite-storage capabilities. These include the reracking of spent-fuelstorage pools to obtain greater storage densities and transshipping excessSpent fuel to the sites of newer reactors within their systems where unusedStorage capacity exists. However, these methods are not available to allutilities or are insufficient to provide all the capacity needed. Rerackingis ultimately limited by the dimensions of the spent-fuel pools and may alsobe limited by seismic and structural constraints. Transshipment is availableas an option only to some utilities and is further limited in many of thosecases by institutional considerations.
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Despite efforts to resolve their storage problems, nine nuclear power
plants owned by five utilities are projected to require additional storage
capacity for up to 270 metric tons of spent fuel within the next 5 years.
Furthec increases in requirements for additional storage are projected for the

years that follow. From information supplied by nuclear utilities, projec-
tions of the additional storage requirements for spent fuel that has been, and

will be. discharged from commercial reactors are shown in Figure 3-11. For

comparison, the figure also shows the projected total spent-fuel inventories

for the same period.
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Figure 3-11. Projections for additional spent-fuel-storage
requirements and for total spent-fuel inventories.

0400-9008

To prevent potential forced shutdowns of nuclear power plants, the util-

ities must have additional licensed options available for increasing their

spent-fuel-storage capabilities.

Pulfillment of the Act's requirements, particularly the DOE's respon-
sibility to encourage and expedite efficient use of onsite storage capacity.
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OCR

involves a series of Federal actions in cooperation with the utilities. Pirstis the identification of technologies that utilities consider promising forsolving their storage problems in a timely fashion. Cooperative efforts arethen cequired to define and understand impediments to the licensing and imple-mentation of these technologies. The final resolution of issues and theaccumulation of data required for NRC licensing will be accomplished throughcooperative demonstrations at both reactor and Federal sites and throughfederally sponsored generic research.

In the event that these impediments cannot be overcome soon enough. theDOE must be in a position to accept up to 1900 metric tons of spent fuel fromthose utilities that are in dire need despite their diligent pursuit oflicensed alternatives to increase at-reactor Storage capacity. The major con-clusion here is that, if the impediments alluded to above can be resolved soonenough, there should be no demand for Federal storage. The DOE is thereforereluctant to expend funds to deploy Federal capacity before a clear indicationof need because the Act requires that these expenditures be fully recovered byfees charged to customers and there may, in fact, be no customers. Yet, ifdemand arises, it will likely be on short notice, and the DOE is required toaccept fuel once a utility has been certified eligible by the Nuclear Regula-tory Commission and has entered into a contract with the DOE and the DOE hascompleted the design, licensing (if applicable), and construction of a facil-ity for Federal interim storage within a 2.S-year period.
Federal cesponsibilities are being discharged through the support ofgeneric research and development activities and participation in cooperativeprograms with the utilities to develop and demonstrate licensable techniquesfor increasing the effective Capacity at reactors. In addition, the planningfor the provision of Federal interim storage, if needed, is continually beingevaluated.

3.2.2.2 Mission and Objectives of the Spent-Fuel Storage Program
The objectives of the DOE's program efforts in this area are to use all

means directed or available through the Act or other authority to encourageand expedite the most efficient use of existing storage facilities and the
addition of new capacity in a timely fashion. The primary means for accom-plishing this under the Act are as follows:

1. Participating in cooperative demonstration programs with the private
sector to develop dry-storage technologies that the Nuclear Regula-tory Commission can generically approve (Section 218(a)).

2. Assisting the operators of commercial reactors with the demonstration
of spent-fuel storage casks, caissons, or silos at theic sites (Sec-
tion 218(a)).

3. Providing consultative and technical assistance on a cost-sharedbasis for the design and documentation for NRC licensing (Section
218(b)(2)).

4. Performing generic cesearch and development to supplement utility-sponsored work (Section 218(b)).
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5. Establishing cost-shared research and development programs at Federal
facilities for not more than 300 metric tons of spent fuel to collect
necessary licensing data (Section 218(c)(1)).

6. Participating in cooperative programs with the private sector to

encourage the development of spent-fuel-rod consolidation in an

existing reactor storage pool (Section 218(a)).

3.2.2.3 Strategy and Approach
The technical approach of the spent-fuel-storage program is based on a

strategy that depends on pursuing cooperative activities in which the pravate
sector has expressed a high degree of interest. This ensures that the storage
concepts developed will be those that most appropriately address the needs of

the utilities. The generic research-and-development activities are designed
to support the technology-development and licensing activities by minimizing
technical risks and potential licensing delays for the technologies chosen as

having the most potential for enhancing and expanding the at~-reactor storage
capacity.

A logic diagram for this approach is shown in Figure 3-12.

As shown in Figure 3-12, the adequacy of the technology data base for

satisfying onsite-storage requirements depends on the successful imple-
mentation of the following several major activities:

1. Cooperative DOE/utility programs for licensed and unlicensed
demonstrations.

2. Generic research and development to support those demonstrations.

3. International cooperation in the exchange and dissemination of tech-

nologies and data.

Each of these major activities will primarily contribute to the adequacy of

the technology data base required to expand onsite-storage capacity. If this

technology is inadequate and transshipment is available, then onsite-storage
requirements will also be satisfied. If neither of the above is available and

the Nuclear Regulatory Commission certifies a requirement for Federal interim

storage in accordance with 10 CFR Parts 1 and 53, “Criteria and Procedures for

Determining the Adequacy of Available Spent Nuclear Fuel Storage Capacity,”
then the plan for providing Federal interim storage will be activated.

Therefore. the primary focus of the program is to provide the technical

information required by the utilities to allow them to license and deploy
technologies to solve their own interim spent-fuel-storage problems. This

information is developed by carrying out tests and demonstrations of spent-
fuel-storage technologies in cooperation with the utilities. supplemented as

needed with generic research-and-development activities to provide the req-
uisite technical bases. In addition, pertinent information obtained from ex-

ternal sources--such as the Federal Republic of Germany, other foreign coun-

tries, and other DOE programs--is incorporated to minimize, insofar as pos-
sible, the resource requirements for providing this assistance to the

utilities.
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Figure 3-12. Logic for the spent-fuel-storage development program.
3.2.2.4 Program Plan and Status

The plan for meeting DOE's obligations under the Act covers cooperativelicensed demonstrations of dry-storage and rod-consolidation technologies with
utilities, conducting spent-fuel research and development (R&D) to expediteutility licensing efforts for these new technologies, and planning for Federal
interim storage as needed. The objective of these cooperative R&D activities
is to establish one or more technologies that the Nuclear Regulatory Commis-
sion may, by rule, approve for use at the sites of commercial nuclear powerreactors without the need for additional site-specific approvals. These
activities include participation in cooperative demonstrations of dry-storageand rod-consolidation technologies at reactor sites and the development of the
technical bases needed to license those new technologies for spent-fuelstorage.

The demonstrations will exercise NRC licensing processes for dry storageunder 10 CFR Part 72 and rod consolidation under 10 CFR Part 50. The results
of these demonstrations will contribute to generic rulemaking by the Nuclear
Regulatory Commission. In addition, the data and experience obtained throughthese demonstrations, including supporting dry-storage R&D testing at Federal
sites, will be useful to other utilities in determining performance charac-
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teristics, storage economics, and the ability of these systems to be li-
censed. The utilities will then have a sufficient technology base to meet
theic own interim requirements for spent-fuel storage.

3.2.2.4.1 Dry Storage

Dry-storage systems provide an alternative for additional spent-fuel
storage at nuclear power plants that cannot accommodate reracking or rod con-

solidation because of the economic, seismic, or structural limitations of
their spent-fuel pools. Systems for dry storage include casks. drywells,
silos, and vaults. These systems are passive, modular, and low in mainte-
nance. The modular aspect offers the economic advantage of adding storage in
small increments, thereby avoiding large initial capital outlays.

The DOE has approximately 20 years of experience with dry-storage
technologies. Drywell, silo, and vault storage systems have been demonstrated
at the DOE's facilities in Nevada. The dry storage of reactor spent fuel,
however, has never been licensed in the United States. To address this. the
DOE entered into an interagency agreement with the Tennessee Valley Authority
(TVA) in 1982 to demonstrate the licensed storage of spent fuel from a

boiling-water reactor (BWR) in a prototype dry-storage cask called CASTOR,
which is designed to store 16 BWR fuel assemblies. This demonstration will
exercise the licensing process as required by 10 CFR Part 72. A license
application will be submitted to the Nuclear Regulatory Commission in 1985.
The cask will be loaded with fuel after the approval of the license applica-
tion, which could be in 1986 or 1987. Fuel will be stored at conservative
conditions for about 2 years, at which time the fuel will be returned to the

storage pool.
Another cask, the REA 2023, was originally designed and fabricated for

the DOE as part of the DOE/TVA cooperative program and was to be part of the
aforementioned licensed demonstration at the Browns Ferry nuclear plant. How-
ever, it now appears that certifying that cask for a licensed demonstration
will be too difficult because the original designer and fabricator are no

longer in existence as the entity with which the DOE contracted. As a result,
this cask will be used for unlicensed demonstrations at a Federal facility.

In addition, a solicitation for cooperative agreement proposals for dry-
storage demonstrations was issued in May 1983. Proposals were received and

cooperative agreements negotiated with the Virginia Electric Power Company
(VEPCO) and the Carolina Power & Light Company (CP&L). These agreements were

signed in March 1984, The agreement with the Virginia Electric Power Company
provides for the licensed testing of spent fuel in five casks under
conservative conditions at the Surry power plant. In addition, Surry fuel
will be shipped to a Federal site (the Idaho National Engineering Laboratory
(INEL)) for an unlicensed test in four casks supplied by the Virginia Electric
Power Company. The Federal-site tests will demonstrate dry storage at higher
temperatures using different cover gases, including air, and may involve con-

solidated fuel. The agreement with Carolina Power & Light provides for
licensed demonstrations of dry storage in horizontal, modular concrete silos
at the site of the H. B. Robinson plant. The fuel will be sealed in canisters
filled with an inert gas. These dry-storage demonstrations will expand the
data base available for the licensing of dry-storage concepts and will build
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on previous demonstrations, such as the on
The 10 CFR Part 72 licensing processity.

and the cost effectiveness of dry-storage technology will
demonst rations.

The DOE expects that,
quate data base will have been assembled

after these demonstrations are

storage processes tested at the Federal sites.

e with the Tennessee Valley Author-
cask-performance characteristics,

be assessed by these

completed, an ade-
to allow the licensing of the dry-

The schedule for completing both the rod-consolidation and thedry~storage demonstrations is summarized in Figure 3-13.
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Figure 3-13. Schedule for the spent-fuel Storage program.

3.2.2.4.2 Consolidation of Spent-Fuel Rods

Rod consolidation involves the dismantling of the fuel assembly and rear-ranging the spent-fuel rods into a more compact array. It represents a cost-effective method for significantly increasing the capacity of storage poolsthat have sufficient structural strength to safely support the added weightand for reducing the number of shipments to disposal or storage facilities.

The DOE began its research on rod consolidation in 1980, when it con-
tracted for the design and fabrication of rod-consolidation equipment for
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spent fuel from pressurized-water reactors. In 1981, the DOE successfully
completed a cold demonstration of this equipment with a dummy assembly. This

equipment was then modified to handle BWR spent fuel for use in an interagency
cooperative demonstration program with the Tennessee Valley Authority. This

demonstration, to be completed by late 1985, involves the disassembly and
consolidation of 12 BWR assemblies stored in the Browns Ferry storage pool. A

final report of this demonstration will be issued in 1985.

In May 1983, the DOE issued a solicitation for cooperative agreement pro-
posals for licensed in-pool rod consolidation. One proposal was received, and

negotiations are under way, with an agreement expected by the summer of 1985.
The actual schedule will depend on the negotiated scope of work. This new

agreement will supplement the rod-consolidation demonstration with the
Tennessee Valley Authority.

An objective of these cooperative programs is to make use of, and to de-

monstrate the process of, amending a license granted under 10 CFR Part 50 to

permit the wet storage of consolidated fuel. The DOE expects that, after the

completion of these cooperative programs, an adequate data base will have been

assembled to allow the licensing of rod consolidation foc commercial use. It

is expected that, where physically possible, significant quantities of spent
fuel will be consolidated and that this could result in a substantial increase

in the storage capacity available at some reactor sites.

3.2.2.4.3 Federal Interim Storage

The DOE expects the increased efficiency of onsite spent-fuel storage
that is expected to result from the successful completion of the fuel-rod
consolidation and dry-storage demonstrations discussed in the preceding
section to be sufficient to preclude the need for Federal interim storage.
However, to comply with the Act and as a prudent backup in case unexpected
pcoblems arise during the rod-consolidation and dry-storage demonstrations.
the DOE developed an initial deployment plan to provide Federal interim

storage if any utility requests it and the Nuclear Regulatory Commission
determines that the utility is eligible under 10 CFR Parts 1 and 53. The

initial deployment plan was updated and published in January 1985. It

provides a generic overview of the activities that must be undertaken to

deploy an FIS facility, including institutional and transportation issues.

The specific site and type of storage to be used will not be determined

until there are clear indications that Federal interim storage will be re-

quiced. This will allow the DOE to tailor the site and the method selected to

provide the best solution available at the time the need is identified.

The DOE has identified several storage techniques for consideration:

1. Metal storage casks.

2. Drywells (caissons below grade).

3. Silos (concrete caissons above grade).

4. Existing water pools at Federal sites.
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Techniques 1, 2, and 3 provide passively cooled, dry-storage facilitiesthat can be deployed in modules; they are currently being developed as des-cribed in the preceding section on spent-fuel research. The last option, theuse of existing Federal water pools, is a currently authorized operating stor-age method requiring no further development. Since there is no firm indica-tion when Federal interim storage will be required, if ever, there is no fixedtime table for its deployment.
The Act requires that, if Federal interim storage is established, it mustbe handled as a stand-alone, full-cost-recovery program separate from thepermanent-disposal program established by the Act. The Act establishes aseparate fund (the Interim Storage Fund) that is to be activated to receivethe fees charged to recipients of FIS services and from which the costs ofestablishing and operating the FIS program are to be paid. The Act alsorequires the DOE to establish and update annually a schedule of the fees thatwill be charged for Federal interim storage if it is required and to publishthem in the Federal Register. The DOE is carrying out these requirements asspecified.

The funding plan for Federal interim storage has been developed to dis-tribute the costs of the service equitably among all users on a pro ratabasis. Furthermore, the payment structure has been designed as a three-stepProcess to provide the resources required for the FIS program when they areneeded. The first step is an initial payment due at contract signing to coverpreoperational costs--including capital, development, and administrativecosts--and impact aid. Excess funds from this payment will be refunded withinterest if additional contracts are signed, resulting in a lower unit costfor the service. The second step is a final payment, due soon after eachwaste shipment is made, to cover any outstanding adjustments in the initialpayment as well as projected storage-module costs and operating and decommis-sioning costs. Transportation costs will also be billed to the utility as
soon as they are known. Finally, at the conclusion of the FIS program, areconciliation of all costs and revenues, including the interest earned onadvance payments, will be made to determine what adjustments are needed to
ensure that each user of Federal interim storage has provided his pro ratashare of costs.

3.3 TRANSPORTATION

3.3.1 THE TRANSPORTATION SYSTEM

The ability to transport radioactive waste safely and economically iscritical to the implementation of the Act. This ability is contingent on theavailability of the necessary equipment and a stable. supportive institutionalenvironment. The Act directs the DOE to take title to the spent fuel from theutilities at the reactor site and to be responsible for all aspects of itstransportation to storage facilities or repositories. Furthermore, the Actrequires that these transportation activities be performed by private industryto the maximum extent possible.
In addition to the shipment of civilian waste, the DOE has the responsi-bility for transporting high-level waste from defense activities to reposi-
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tories. Currently. 41} DOE shipments of cadioactive materials, including
defense wastes, are made in accordance with the applicable cegulations of the

Department of Transportation (DOT) and NRC packaging standards as required by
DOE policy. Although the framework governing the shipments of defense waste

to a civilian repository has vet to be decided, the DOT regulations and NRC

packaging standards will continue to apply under any procedures.

3.3.2 MISSION AND OBJECTIVES

In planning, designing, developing. and operating the transportation
system that can support the fulfillment of its responsibilities, the DOE is

faced with two major tasks that are parallel and complementary. One is pro-
viding for the full institutional development of the transportation system.
This includes working with Congress: other Federal agencies; States,
interested and affected Indian tribes, and local governments; industry and the

utilities: and the public to address concerns about waste transportation and

to prevent or resolve to the extent possible the institutional issues that

could become impediments to the safe, efficient functioning of the system.
The other task is providing for the technical or physical development of the

transportation system. This includes defining the technical requirements of
the system and working with industry and other interested parties to ensure

that the various components are available when needed.

This section of the Mission Plan provides an overview of the program
policies and plans to complete both of these tasks. Because the transpor-
tation of waste is a focal point of interest to all States and localities

through which shipments will pass, the task of institutional development 15

discussed first. The information provided here will be amplified by two sup-
plementary documents, the transportation institutional plan and the transpor-
tation business plan, both of which are being developed and are scheduled foc

release in draft form in the fall of 1985. Eventually, as both documents

require updating and revision, the option of combining them into a single
intecrelated transportation plan may prove advisable.

3.3.3 THE INSTITUTIONAL DEVELOPMENT OF THE TRANSPORTATION SYSTEM

Adequate types and quantities of equipment will not be the sole determi-
nant of the DOE's ability to transport nuclear materials under the provisions
of the Act: stable regulations and regulatory bodies and a supportive insti-

tutional environment will be equally important. By its very nature, the ship-
ment of radioactive material is a high-visibility activity that elicits inter-

est and concern beyond the immediate vicinity of a repository or a storage
site. Individuals who live along potential transportation routes--as well as

the State, tribal, and local officials representing them--have expressed con-

cerns about the safety of shipments. The DOE is committed to addressing and

resolving their concerns to the extent possible.

Wide-ranging and potentially conflicting jurisdictional responsibilities,
authorities, and interests must be recognized and addressed. Current Federal

regulations for the shipment of hazardous and radioactive material are de-
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signed to protect the public health and safety and the quality of the environ-ment. Commercial spent fuel and high-level waste will be transported in ac-cordance with all applicable DOT and NRC tegulations. Stcict regulatory com-pliance has been and will continue to be the foundation for the DOE's planningto ensure safety in the transportation of radioactive waste.

Many States have adopted the Federal regulations for the transportationof hazardous materials. (The governing regulations, 49 CFR Parts 100-199,have been promulgated by the Department of Transportation under the authorityof the Hazardous Materials Transportation Act.) However, in cecent yeacs someStates and local jurisdictions have enacted regulations that have been deterc-mined to be or are potentially inconsistent with the Federal regulationsestablished to promote a national transportation policy. These inconsis-
tencies must be resolved to ensure that waste shipments can be made in an
efficient manner: at the same time, the concerns of States, Indian tribes, andlocal populations about safety and emergency response must be adequatelyaddressed. The DOE sees its role in this regard as twofold. First, as an
agency with substantial experience and expertise in the field of radioactive-
materials transportation, the DOE will take an active role in working with
State, tribal, and local officials to identify and resolve public concerns.
Second, the DOE will work with other Federal agencies to determine whatchanges, if any. should be made to the existing Federal regulations to makethem more responsive to public or intergovernmental concerns without affectingnational welfare and security.

In accordance with the requirements of the Act, the OCRWM will con-tinually assess the effects of its transportation plans and activities on all
affected parties. This will include generic analyses of the safety, environ-
mental impacts, and costs of transportation for various storage and repositorysiting options. Such analyses are included in the draft environmental assess-
ments issued for the nine potentially acceptable sites for the first reposi-tory. Moreover, as the site-selection process narrows, the effects of all
transportation activities will be analyzed more specifically. The findings oftransportation-specific environmental analyses will be included in the
environmental impact statement.

3.3.3.1 Institutional Planning
The DOE recognizes that institutional concerns are complex and often

interrelated--and that they will influence technical decisions and strategies.Issues are characterized by uncertainty and will frequently change in relativeimportance as some are resolved and others surface during the evolution of thetransportation system. Divergent views complicate resolution, and national
interests must be balanced against State, tribal, and local interests. In an
effort to foster an institutional climate conducive to issue resolution and
prevention, the OCRWM has initiated opportunities for dialogue with a wide
range of interested groups. These interactions have led to the identification
of a number of issues and the Preparation of a series of discussion papers.These papers, which are intended to serve as focal points for the exchange of
views and information, will become more detailed as common ground for agree-ment grows. Focused discussions should increase the knowledge and sensitivityof all parties involved and help ensure broad understanding and support for
final decisions.
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3.3.3.1.1 Institutional Issues

Seven issues of identified concern are briefly discussed below. As
comments are received on the discussion papers, new iterations will be re-

leased for further public consideration. The DOE hopes that this will elicit
a wide range of opinion concerning the various transportation issues. Other
issues for which discussion papers are being developed or will be developed
include inspection and the enforcement of regulations, cask safety. the trans-

portation of defense waste, training, regulatory preemption and inconsistency,
infrastructure improvement, occupational safety. and funding mechanisms.

TheRouting of Waste Shipments to Repositories

This issue is a primary concern. Under existing procedures, the desig-
nated motor carrier of spent fuel is permitted to select from routes identi-
fied as "preferred" by the Department of Transportation or the States. A

preferred route is (1) an interstate system highway, including beltways around

major cities, or (2) an alternative route selected by a State routing agency
in consultation with other affected States and local jurisdictions and in
accordance with the DOT guidelines. The designation of alternative routes is

assigned to the States because a State has more knowledge of local conditions
than do Federal authorities, and it also has a broader perspective of overall

routing requirements than do local authorities. At the request of the State,
the DOE will assist. as practicable, in the identification and evaluation of
alternative routes in accordance with DOT guidelines.

Once the carrier has selected the route for a specific shipment, the
route plan is provided to the driver of the transporting vehicle. After the

shipment has been completed, the carrier submits a report of the actual route

taken, including any variance from the preshipment plan, to the shipper, who
files the report with the Department of Transportation.

The DOE will consider a more formal program of routing assistance to the
States in the future. An integral component of the projected process will be
a coordinated effort with the DOT. the States, and Indian tribes to identify
the factors--both generic and specific--that should determine routing selec-
tions. The routes selected must comply with all applicable regulations.
Through a cooperatively determined weighting scheme, a set of the most impor-
tant factors for evaluating specific routes will be established. Approved
preferred routes will be provided to the carrier and monitored by the DOE when
waste transportation begins.

In enforcing compliance with the routing requirements, the Department of

Transportation and the States have primary authority. However, there are a

number of ways in which the DOE currently supports routing-compliance efforts
and, as the shipper of record for the transportation of spent fuel to reposi-
tories, the DOE will continue these practices. Designated carriers will be
notified of the approved State-preferred routes and instructed that these
routes are to be used. The carrier will be required to meet all safety and

couting requirements and will be informed that failure to comply will result
in appceopriate sanctions, including potential suspension (41 CFR 109-40.103.2).
Federal and State reports of carrier performance, DOT records of actual routes

traveled, and DOE tracking of shipments will provide mechanisms by which

operations can be monitored.
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For rail shipments. there are fewer routing alternatives than for highwayshipments. Route selection will consider the classification of the track andthe specific conditions that exist at the time. The DOE intends, however, towork with the railroads, the States and Indian tribes, and the Department ofTransportation to identify the benefits and detriments of available rail
routes for waste shipments. As the shipper of record. the DOE intends to
ensure adequate control over such factors as interchange points and secondarycarriers.

The Mode of Transportation

The mode of transportation to be used in shipping waste to repositoriesis another issue of high interest. The DOE believes it is prudent to maintainthe capability to ship by both rail and highway and is evaluating the capabil-ity of each option to meet its requirements. At this time, approximately two-thirds of the operating reactors have rail Sidings. In addition to rail andhighway, the OCRWM will continue to evaluate the feasibility of water trans-portation in terms of both safety and cost. More-complete information on thebarge option is required to allow for comparisons with the road and railmodes, which are well documented.

A mixture of modes appears to offer the best assurance of operationalefficiency. For example, if one mode is affected by labor or weather prob-lems, an alternative mode could be used. In addition, competition betweenmodes will enhance the cost effectiveness of waste transportation. Which mixof shipment modes will be most efficient will depend on factors that must beaddressed over the next several years; examples are the deregulation of car-tiers, the design and the location of the repositories, decisions on the func-tions of a facility for monitored retrievable storage, the costs and risks ofeach mode, and the development of new equipment, such as transportable storagecasks. The selection of sites for waste-management and disposal facilitieswill signal decisions on which of the available modes and what mix of modeswould be the safest and the most efficient. The selection of modes will trig-ger site-specific analyses of such related factors as facility and equipmentcompatibility and methods of waste pickup and delivery.
Prenotification of Shipments

Some State and local organizations have expressed strong preferences thatthey be notified in advance of each shipment to a repository. The DOE's
current practice is to provide State officials with generic prenotification.The basis for the State preference appears to be the belief that shipment-specific prenotifications would be beneficial to developing and maintaining an
emergency-response and safeguards capability at the local level.

Pursuant to Section 117(c) of the Act, the Secretary of Energy is rce-quired to seek to enter into a consultation-and-cooperation agreement with a
State or an Indian tribe that has a site approved for characterization or, ifrequested, with a State or an Indian tribe that has a potentially acceptablesite for a repository. Any such agreement is required to include proceduresunder which the Secretary will prenotify the State or the Indian tribe of anyspent~fuel shipments entering its boundaries for disposal at the repository.The DOE fully recognizes the desire of the States to be prepared to handle all
aspects of the spent-fuel shipments crossing their borders. To support this
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objective, the DOE 1s working with the regulatory agencies to review existing
procedures and to determine the changes--if any--that are required for ship-
ments under the Act. An example of this cooperative Federal effort is the
joint DOT/DOE study in progress on prenotification. The outcome of this study
and ongoing technical analyses of the optimum methods for tracking shipments
will influence the regulations governing notification procedures. In shipping
to repositories. the DOE will comply with the regulations that are in effect
at the time of transport.

Emergency-Response Capability
An issue of concern to many is the adequacy of emergency-response capa-

bility, for which the States and local jurisdictions have primary responsibil-
ity. The OOE strongly supports the need to take whatever steps are necessary
to ensure that adequate emergency-response capabilities exist along the

designated routes. Accordingly, the DOE stands ready to support the States in

emergency-response planning and to assist in emergency-cesponse activities,
including training. The DOE believes this support provides the appropriate
level of Federal assistance under current conditions.

The DOE has long played a central role in preparing for potential emer-

gencies. The DOE provides support to the Federal Emergency Management Agency
(PEMA), which has been established to coordinate overall Federal emergency-
response activities. FEMA has designated the DOE the cognizant Federal agency
for the development of emergency-response plans for the DOE's nuclear facil-
ities and materials in transit. The DOE is an active participant in the
Federal Radiological Preparedness Coordinating Committee. which recently
published Guidance for Developing State and Local Radiological Emergency
Response Plans and Preparedness for Transportation Accidents (FEMA-REP-5,
March 1983).

The DOE has also long provided direct support to State and local agencies
for radiological monitoring and assessment at an accident scene. Its person-
nel will respond to requests from NRC licensees; Federal, State, and local
authorities; and private persons or companies, including carriers. Assistance
can be obtained from any one of eight DOE regional centers, which can respond
to radiological incidents on a 24-hour basis. Requests for aid are handled

directly through the DOE's regional centers or through an emergency clearing
house called CHEMTREC (Chemical Transportation Emergency Center). which is

sponsored and funded by the chemical industry. The DOE, when requested. will

field the radiation-assistance teams appropriate to the problem.

In the case of host States for facilities developed under the Act, the
DOE will negotiate written agreements that will address assistance and funding
for emergency-response preparations. In other States. funding or assistance
in lieu of funding (e.g., training courses and equipment) will continue to be

available through FEMA or other Federal agencies. Examples of the type of
assistance already provided by the Federal Government are the emergency-
response workshops for first responders sponsored by the DOE at various loca-
tions in the country each year as part of its compliance training program.
Detailed information about the coordinated Federal emergency-response effort
is given in the Federal Radiological Emergency Response Plan. In addition to

existing support, the OCRWM will evaluate approaches for further assistance to

the States in reinforcing their emergency-response capabilities.
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Safeguards
Another concern of State and local governments and the public is the needfor safeguarding shipments of spent fuel and high-level wastes to preventtheft, diversion, or sabotage. Since 1979, the Nuclear Regulatory Commissionhas had interim rules in effect for the Protection of licensed spent-fuelshipments. Similar physical protection requirements have been approved andimplemented by the DOE for existing program shipments. However, the Commis-

sion is considering whether its rules should be revised, because recentlycompleted research has demonstrated that the health consequences of successfulsabotage of a spent-fuel shipment would be much smaller than the consequenceestimates that prompted the issuance of the interim rules. Also in progressis an NRC-sponsored study to determine what, if any, physical protectionrequirements should apply for shipments of high-level waste, particularlyshipments with dose rates comparable to those of spent-fuel shipments.Requirements, if needed, will be developed by the Nuclear RegulatoryCommission and put into force before wastes are shipped to a repository. The
OCRWM will comply with whatever NRC shipment-protection requirements are in
force at the time when wastes are transported.
Liability

Many questions have arisen concerning the liability for nuclear accidentsarising out of activities conducted under the Act. The Price-Anderson Act,
which is the legal mechanism for dealing with liability concerns, provides acomprehensive system of financial protection with many procedural advantagesto the public.

The DOE has executed approximately 70 contracts with the owners and
generators of spent fuel and high-level waste. In these contracts, the DOE
agrees to take title to the material and provide transportation to, and dis-posal in, a repository. These contracts also specify that the DOE will in-
clude an indemnity agreement based on the Price-Anderson Act in any contract
for the operation of a repository. The indemnity agreement will apply to nu-
clear accidents that occur at a contract location or in the course of trans-portation to or from a contract location. Furthermore, the disposal contracts
state that the indemnity provision will continue beyond the term of the dis-
posal contracts. The transportation of spent fuel from reactors will also be
covered by the Price-Anderson system administered by the Nuclear RegulatoryCommission for commercial reactors. Since the DOE's indemnity agreements pro-~vide coverage only insofar as coverage is not already provided by the finan-
cial protection required by the Commission, liability coverage for nuclear
incidents occurring in the course of transportation from a commercial reactor
will be covered by the NRC-administered system.

The Price-Anderson Act provides “omnibus” coverage; that is, it covers
any person liable for personal injury or property damage under applicable law
with respect to a nuclear incident. Therefore, indemnification is not limitedto the parties who have entered into an indemnity agreement with the DOE: it
is available also to suppliers, subcontractors, and transporters; to States
and local governments; and to the generators and former owners of spent fuel.
All transportation modes are covered. Even for a terrorist act that causes a
dispersal of nuclear material, liability is covered as long as the act occurs
in the course of transportation to or from a covered facility.
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Once liability has been determined. $630 million (as of March 1985--the

amount increases as new reactors come on line) would be readily available

through the nuclear insurance pools under the NRC-administered system. If the

DOE system were to apply. after a determination of liability, $500 million

would be readily available to claimants for any one accident and would not be

subject to the availability of appropriated funds. Recognizing the need to

provide for the remote contingency that claims may exceed the limit, the

Price-Anderson Act specifically provides that “in the event of a nuclear in-

cident involving damages in excess of that amount of aggregate liability. the

Congress will review the particular incident and will take whatever action is

deemed necessary and appropriate to protect the public from the consequences
of a disaster of such magnitude.”

State and local officials are also concerned about the potential use of

overweight equipment for shipping and the effect of such equipment on highways.
The DOE has a policy and record of full compliance with all Federal and State

limitations on vehicle weight and size. In general, these limitations are

intended to protect the nation's highway system from damage. However, con-

sidering the safety objective of minimizing the number of spent-fuel shipments,
the DOE, in supporting designs for future casks, will balance the benefit of

reducing shipments against the possible road damage caused by overweight
vehicles.

The DOE is investigating the potential of larger casks and will consider

their use if additional impacts to roads can be minimized. The use of any

overweight or oversized equipment will be subject to review and comment by
appropriate State officials. Also, the DOE recognizes the State as the

permit-issuing authority for shipments requiring overweight or oversize equip-
ment over the national highway system.

3.3.3.1.2 The Transportation Institutional Plan

As a tool for coordinating institutional activities and for articulating
policies and positions on issues, the OCRWM is developing a transportation
institutional plan. As envisioned, the plan will identify the institutions

that are affected by the development of a transportation system, provide gui-
dance in establishing an interactive communications network, and suggest
plans, including schedules, for the final resolution of transportation-related
issues. Much of the general, preliminary work of developing the plan, includ-

ing the determination of its contents, has been accomplished, and many of the

prescribed activities have been initiated. The development of, and the inter-

action on, the discussion papers described above constitute part of the

process for developing the institutional plan. This process has been and will

continue to be helpful in defining the issues and identifying information and

policy needs. As overall programmatic decisions are made on such factors as

repository siting, the timing and siting of the MRS facilities, the waste-

acceptance schedule, and disposal of both defense and civilian waste, the DOE

strategies for transportation can be defined more precisely. Final positions
on issues, determinations of risks and costs, and realistic schedules will

then become available for inclusion in the plan. The OCRWM currently projects
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that a draft version of the institutional plan will be available in the fallof 1985. As conditions change and strategies evolve, it will be necessary torelease periodic updates of this planning document. The details of coordina-tion and communication between the OCRWM and the other elements of the pro-jected institutional network will be specified in the institutional planitself, but a brief discussion of currently projected strategies and activi-ties is given below.

The OCRWM has identified three major institutional categories as de-sirable components for a communications network: intergovernmental (Federal,State, and tribal); industry and the utilities: and the general public. Atthe Federal level, the DOE will strengthen its coordination with other Federalagencies (e.g., the DOT, the NRC, and the FEMA) to avoid duplication of effortand to identify and resolve, as early as possible, any regulatory issues ordeficiencies that could impede the transportation mission. A number of stepsin this area have already been taken. A procedural agreement on packagingcertification between the DOE and the Nuclear Regulatory Commission has beencompleted. A memorandum of understanding is being worked out between DOE andDOT program elements: in addition, the two Departments are cosponsoring ajoint study of prenotification of hazardous material shipments. As noted inthe preceding discussion of issues, the DOE is a participant in the emergency-preparedness activities of the FEMA. The DOE intends to maintain active andregular communication with the affected Federal agencies.
A forum for addressing the concerns of State and local officials is pro-vided for in the consultation-and-cooperation procedures established by theAct for host States and affected Indian tribes. In addition, the OCRWM isinvestigating the potential for informal cooperative agreements with accessand corridor States. Established contacts within Governors’ offices, otherState agencies (e.g., the legislature and public utility commissions), thegovernments of Indian tribes and State and regional organizations will be aprimary element of the DOE’s institutional network. Communication on aregular basis will serve to acquaint the DOE with regional concerns andinterests regarding transportation as well as to inform the States and Indiantribes of Federal policies and plans. In addition to formal liaison, theOCRWM will conduct workshops, prepare discussion papers, and correspond withaffected parties, including local governments and individuals, regardingtransportation issues and other matters of concern. Finally, the OCRWM willassist States and Indian tribes in interpreting generic and route-specifictransportation analyses and will, to the extent practicable, incorporateState-supported options in future efforts. Throughout the process of caskdevelopment and subsequent System operation, the OCRWM will maintain con-tinuing liaison with the utilities to promote appropriate use of Waste Fund

money and consideration of ratepayer interests. In addition, the OCRWM willwork with business interests in developing the transportation system to ensurethe proper balance of DOE oversight and management with the maximum use ofindustry, as directed by the Act.

To reinforce effective communication, the OCRWM will develop resources onwaste transportation for use by State, tribal, and local officials; industryand utilities: the news media: and interested members of the public. These
resources will include informational documents, technical reports, news-
letters. films, public speakers knowledgeable about the DOE's waste-managementprogram, and issue-oriented workshops. By providing adequate information, the
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OCRWM seeks to inform citizens and to clarify misunderstandings on the safety
of waste transportation. By encouraging comment on these resources, the DOE

fucther seeks to promote constructive dialogue and to involve the public in as

gany aspects of the program as possible.

3.3.4 THE TECHNICAL DEVELOPMENT OF THE TRANSPORTATION SYSTEM

In its future role as the primary shipper of spent fuel and high-level
waste to repositories and storage facilities, the DOE must ensure the avail-

ability of a supporting waste-transportation system. The technical develop-
pent of the system must be accomplished on time and with maximum participation
by the private sector. The system components to be developed include casks

and related equipment: specialized onsite services at ceactors, at destina-

tions, and possibly at truck or rail fleet maintenance facilities; and the

actual transportation procedures.

To assist in establishing the system, the OCRWM is producing a transpor-
tation business plan, which will be a summary document of expected business

relationships, responsibilities. and strategies. It will provide information

on contracting procedures, equipment requirements, budget information. and

other areas of interest to the business of developing the transportation capa-
bility. A preliminary business document. the Transportation Business Plan:

Strategy Options Document. was released in November 1984 to elicit comments

from industry and other elements of the private sector regarding a number of

potential business strategies. The comments received are being considered

carefully and, where appropriate. will be reflected in the draft business plan
scheduled for release in the summer or fall of 1985. This document will
contain more-precise information than can be included in the Mission Plan and

therefore should be consulted for details on cask production, procurement, and
the like.

The scope of the hardware-development activity associated with establish-

ing the transportation system will be delineated by a number of assumptions.
With regard to long-range shipments to repositories, the DOE has signed con-

tracts with the utility owners to begin accepting spent fuel no later than

January 31. 1998. At the time of acceptance, the title to the spent fuel will

transfer to the DOE. and shipment will begin to repositories or other desig-
nated Federal facilities, such as an MRS facility. In addition, the DOE will

accept defense waste for disposal in the civilian repository system.

The DOE plans to rely on all surface modes of transportation (truck,

rail, and barge) for shipment, and intermodal transport will be used where

practical. Generally a practice of shipping the oldest fuel first will be

followed. All spent fuel will have been aged at least 5 years. The spent
fuel will be shipped in compliance with all DOT regulations in casks that have

been certified by the Nuclear Regulatory Commission in accordance with 10 CFR

Part 71. Estimates of the number of annual shipments vary widely, depending
on assumptions about the shipment modes, cask capacities, and the function of

an MRS facility. If an MRS facility is approved by Congress as an integral
pact of the waste-management system, approximately 100 truck and 10 train

shipments to the MRS facility and 2 cross-country train shipments to the
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repository per month would permit an annual transfer of 3000 MTU of spentfuel. Depending on the cask design, the number of shipments could be reducedsignificantly, perhaps by a factor of 2.

3.3.4.1 Technical Planning
The current strategy for the development and operation of the transporta-tion system assumes that the DOE would be an active participant with industrythroughout the entire process. Technical development will follow a multi-

phased approach designed to (1) allow for the optimum use of research and
development, (2) avoid premature commitment of resources. (3) encourageprivate-sector approaches to meet program needs, and (4) provide a framework
for evaluating progress in the acquisition of the transportation system.Figure 3-14 shows the major activities and estimated schedules to meet long-term transportation requirements.

The details of the multiphased approach will be included in the transpor-tation business plan. The plan will help the DOE in its interactions and com-
munications with the private sector on contracting plans. funding availability.

CALENDAR YEAR 05 , 66, 87, 06, 60,00, 91, 92, 99, 94, 95 96, 07, 08, 99, 00,01, 02, 03, 04
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Figure 3-14. Major activities and estimated schedules to meet long-term transportation
requirements.
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and equipment requirements. In addition to information on the timing and the

scope of major procurement actions, the plan will include plans for cask

development, procurement, and ownership and for service procurement. The
strategy outlined in the business plan will evolve through an iterative pro-
cess as the technical requirements of the program become more definitive.
This strategy is described briefly below.

3.3.4.2 System Definition

During the system-definition phase. which is now in progress. require-
ments for the overall transportation system will be defined in terms of the
needs, capabilities, schedules, costs. and operating constraints. The DOE is

developing information about long-term shipments. such as the size, weight.
and other characteristics of waste forms; the quantities, timing, and destina-
tions of shipments; and handling constraints at origin, en route. and at des-

tination points. Activities include estimating the number and types of casks
that will be needed to serve storage and disposal facilitaes, defining the
interface characteristics of casks, establishing the key features desired in
modifications of existing designs or in a new generation of shipping casks,

identifying the physical interface requirements at the various reactor sites,
and continuing any required safety or development research.

The DOE will invite industry to develop design concepts for both truck
and rail/barge casks. Figures 3-15 and 3-16 are examples of the types of
casks that are expected to be developed. Performance and design specifica-

oteet

weeeer
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Figure 3-15. Mlustration of a 100-ton reference spent-fuel
transportation cask for shipment by rail or barge.
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Figure 3-16. Illustration of a 40-ton reference spent-fuel transportation
cask for shipment by truck.

tions are expected to be sufficiently advanced to permit the DOE to issue a
request for proposals (RFP) by eacly 1986. Potential concepts from this RFP
will result in a new generation of the traditional reusable (transportationonly) casks. Future RFPs will look to more advanced multipurpose casks.
Multipurpose casks could be used for storage, transportation, and disposal.Studies that will help to define the feasibility of the various cask conceptsare under way.

The new casks can be designed to carty a Significantly higher payloadthan the casks now in use. This is possible because the fuel to be shippedwill be aged at least 5 years. The casks in current use are designed to shipfuel that has been out of the reactor for only a few months and therefore
emits much more heat. In existing spent-fuel casks, the cylinder and the lid
ace made of thick stainless-steel shells, which envelop shielding materials
like lead and depleted uranium. Current truck casks, which weigh approxi-mately 25 tons, can carry only one assembly of fuel from a pressurized-waterreactor (PWR) or two assemblies of fuel from a boiling-water reactor (BWR).
Existing rail casks, which weigh about 100 tons and have a much greater capa-city than truck casks, transport 7 PWR assemblies or 18 BWR assemblies. It is
projected that the new designs could more than double the capacity of the cur-
rent casks.
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3.3.4.3 Engineering Development andCertification

The engineering development and certification
follows the establishment of feasibility for a cask

development specifications. The DOE will invite ir

engineering design and development, certification,
testing of the cask. Contracts will be awarded on

bination of cost, schedule, and technical features.
if directed, will test scale models and fabricate e

type testing will include the verification of opere
gration and standardization to meet reactor and rer
quicements, and verification of safety features. 1

tions, the OCRWM is considering the option of the ¢

dent testing contractor who is not involved in cas}
national laboratories.

Considerable flexibility must be built into tt
accommodate many reactors and facilities with sign:
handling capabilities and waste forms. Consequent-
of a family of casks will be appropriate. Categor.
include the following:

1. Truck casks (25-40 tons).

2. Rail/barge casks (100-ton range).

3. Dual-purpose casks for transportation and

4. Multipurpose “universal” casks for transp.
posal.

5. Advanced-concept casks for shipment by ra

The OCRWM expects that some standardization o

needed to minimize licensing requirements and to a

tions at a repository or storage facility. Advanc

handling) being developed today will allow a cask

manually or by automated remote systems. These ha
some degree of standardization.

Since the responsibility for certifying a cask

industry contractor developing it, certification act

this phase. Each new cask system that is used for t

fuel and commercial high-level waste to a repository
certificate of compliance before use. To receive
must be able to pass a series of four sequential t

feet onto an unyielding surface, a puncture drop f

fice of 1475°F for 30 minutes, and immersion in we

this entire phase of engineering development and c

consult with regulatory agencies on potential char
could affect cask development.

-110-

HQ0005389

DB-105399
Holtec_PAL-000906



.

3.3.4.4 Cask-FleetProcurement andCarrier Negotiations
During the phase of cask-fleet Procurement and carrier negotiations,procurement activities for repository and storage-facility operations will beconducted, the fabrication of production cask units will be started, andoperating-personnel training programs will be developed. This phase will alsoinclude the operation of prototype units for the purpose of evaluating equip-ment, contractual relationships, scheduling, and handling of casks. The OCRWMwill be responsible for directing the operation of prototype units and forprocuring production casks for repository and storage-facility operations.This phase, when completed, will confirm the technical and economic adequacyof the operating systems.

3.3.4.5 Transportation Operations

Phase 4, transportation operations, will include all tasks needed to com-plete required shipments (i.e., cask procurement. personnel training, mainte-nance, transportation operations, and traffic management) and to plan for thefuture development and improvement of transportation capabilities. As theshipper of record for spent fuel and high-level waste. the DOE will take thelead role in directing these activities.
.

3.3.5 TRANSPORTATION OPERATIONAL MANAGEMENT SYSTEM

The management structure and operational procedures that will be employedto carry out the transportation responsibilities of the DOE depend in largemeasure on the determination of what components and facilities are integral tothe waste-management system and on the approach to be taken in contracting fortransportation hardware and services. As decisions are made in these twoareas, more definitive plans will be developed for the management of thetransportation operations.

The DOE's well-established current transportation-management system andwealth of experience in shipping radioactive materials will provide importantinput into determining the approach to managing the transportation required bythe Nuclear Waste Policy Act. In addition, the experience and capabilities ofprivate industry in managing the transportation of thousands of shipments oftadioactive and other hazardous materials will be factored into the operationand the management of the System. As in all elements of the waste-managementprogcam, the DOE will employ improved methods of quality control and quantityassurance as well as cost contro] in the operation of the transportationsystem.
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3.4 SYSTEMS INTEGRATION

3.4.1 INTRODUCTION

As described in the preceding sections, the waste-management system pro-
posed in this Mission Plan may consist of several components, including two

repositocies, a facility for monitored retrievable storage (MRS). near-term

at-reactor storage by the utilities, potential Federal interim storage (FIS).
and a transportation system. The combination of these components into an

integrated system will require the application of systems engineering and

integration techniques similar to those used in other major technical programs.

3.4.2 OBJECTIVES AND APPROACH

The objective of systems integration is to ensure that the above-listed

components are integrated into a waste-management system that is efficient,
safe, and on schedule. To achieve this objective, the systems-integration
effort will--

1. Identify and baseline the requirements of the total system and main-

tain a current description of the waste-management system that meets

those requirements, including the system components, functions. and

critical interfaces.

2. Enhance communication among the parties responsible for various sys-
tems components and functions in order to ensure compatibility and

the coordination of interfaces.

3. Develop and maintain the capability to fully assess alternative sys-
tems concepts and to determine how a change in one part of the system
will affect the rest of the system.

4. Conduct well-planned and well-coordinated systems studies and

recommend to the OCRWM Director improvements to the design of the

waste-management system, as appropriate.

5. Support the development and testing of equipment or processes that

have the potential to improve the waste-management system.

3.4.3 BACKGROUND

The management of waste from its acceptance at the source (e.g., a

reactor site) to emplacement in a repository will involve major investments in

facilities, equipment, construction, and operations. Figure 3-17 illustrates

the various functions and facilities that could possibly be included in an

integrated waste-management system. The operations include wet and dry
storage at the reactor; truck, rail, or even barge transportation; near-term

interim storage at a Federal site; the consolidation and packaging of spent
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fuel; and ultimate final disposal in a geologic repository. Each of theseoperations involves health, safety, and licensing issues and posespotentialinterface challenges.
In order to have a totally integrated waste-management system, it is

necessary to consider the packaging and storage activities that are conductedby the utilities and other waste generators before the transfer of the wasteto the Federal Government. These activities will influence what equipment theFederal Government will need to provide to transport the waste and what pack-aging or repackaging operations may be necessary at Federal facilities.
Therefore, the waste-management system is defined to include the waste gene-rators, distinguishing between the portion of the integrated system for which
the waste generators are responsible and those for which the Federal Govern-
ment is responsible. The discussions that follow are concerned mainly with
the Federal portion of the integrated waste-management system.

SPENT FUEL HIGH-LEVEL WASTE

pwr | ewa COMMERCIAL] DEFENSE

\
INTEGRATION CONSIDERATIONS

recknome TECHNICAL/ INSTITUTIONAL AT-REACTOR STORAGE
HANDLING stavonnnowenn — FEDERAL INTERIM STORAGE

SYSTEM — MONITORED RETRIEVABLE SYSTEM
FUNCTIONS] STORAGE OPTIMIZATION STORAGE coursnenrs|

EMPLACEMENT COST-EFFECTIVENESS rnEPOSITORYRETRIEVABILITY SCHEOULING

INTEGRATED WASTE-MANAGEMENT
SYSTEM

0006

Figure 3-17. System integration considerations.

3.4.4 SYSTEM COMPONENTS

As indicated on the right side of Figure 3-17, the waste-management sys-
tem may consist of several components. The first component is the spent-fuelstorage facilities at the reactor sites.

The Act clearly makes the utilities responsible for the near-term manage-ment and storage of spent fuel. Nonetheless, this storage must be considered
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in a total waste-management system because the fuel must be packaged for

transportation to Federal facilities.

Federal interim storage will only become a reality if a certified need
arises, as discussed in Section 3.2.2. Interim storage, if required, will not

significantly affect the design and the operation of the whole waste-

Management program, because the maximum amount of spent fuel that would be
stored is 1900 MTU.

As discussed in Chapter 2 of Part I, the DOE will propose to Congress
that an MRS facility be an integral part of the system. As described in Sec-
tion 3.2.1, its primary function will be the control, receipt. and packaging
of waste for disposal. The repository (see Section 3.1) will emplace the
waste packages in a geologic formation. The last component of the

waste-management system is transportation, which is discussed in Section 3.3.

3.4.5 SYSTEM FUNCTIONS

The left side of Figure 3-17 shows the system functions that must be
accommodated in the integrated waste-management system. Current plans call
for spent-fuel assemblies to be disassembled and the spent-fuel rods to be
consolidated before storage at an MRS facility or emplacement in the reposi-
tory.

Several packaging operations may be necessary in the waste system, in-

cluding packaging for storage at the reactor site, for transportation, for

temporary storage at an MRS facility, and for emplacement in the repository.
The coordination and standardization of waste-package designs, to the extent

feasible, will therefore be considered.

The handling of the fuel assemblies, canisters, containers, and casks
will require both remote and contact handling capabilities, using cranes and

various jigs. grapples, and other handling devices. The design of these de-

vices must be coordinated at all facilities to ensure compatibility with all

handling operations. The use of robots will be considered where appropriate.
Waste may be stored at two locations in the waste system: at the reactor

site and at an MRS facility. Temporary lag storage may also be necessary at

the repository if fuel is shipped directly from reactors to the repository.
Storage methods and equipment should be coordinated to the extent feasible.

The transportation of wastes may be by truck, rail, or barge. This func-

tion interfaces with all system components and with many States and locali-

ties not hosting one of the system facilities. The coordination of all

aspects of transportation-equipment design and system operations is essential

in the integrated system.

Emplacement in a repository is the final function of the waste-management
system. It must be coordinated with other system functions such that the em-

placement can be performed safely and efficiently.
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3.4.6 STRATEGY AND PLANNED ACTIVITIES

Each component of the system could be optimized individually. However,the optimum waste-management system may not be just the sum of its separatelyoptimized parts. Rather. 1t must be considered in its entirety to ensure theintegration of the parts into a System that meets all requirements and isoptimized as a whole.

As noted in the center of Figure 3-17, there are several factors that
must be considered in the design of an integrated waste-management system;they include the technical alternatives related to the design of hardware andfacilities and institutional issues related to licensing. ownership of equip-ment, division of responsibilities, emergency response, and liability. Coor-
dination with the utilities, the Federal Government, States and Indian tribes,
and the industry is necessary in designing and implementing an integratedwaste-management system. Other considerations include the standardization of
waste canisters and handling equipment to the extent feasible, the optimiza-tion of the whole system to the extent feasible, assurance of compliance with
health and safety regulations, Minimizing the cost to the ratepayer, and the
scheduling of all systems activities such that required milestones are met and
the waste system is implemented on time.

The strategy for ensuring that a safe, reliable, efficient, and cost-
effective waste-management system is designed and implemented is as follows:

1. Prepare and implement a systems-engineering process that identifies
(a) the systems-engineering procedures necessary for developing and
designing the system, (b) the organizational responsibilities for
implementing the procedures, (c) the required documentation. and (d)
the procedures for controlling changes or revisions to the system.

2. Identify the technical and institutional requirements that the inte-
grated waste-management system must meet and maintain a current de-
scciption of the integrated system that meets those requirementsefficiently, safely, cost effectively. and on time.

3. Identify and evaluate alternative systems concepts that offer the
potential for reducing risk, increasing flexibility, lowering costs,
and enhancing the ability to meet desired schedules.

4. Assess the effects of proposed changes in one part of the system on
the design and operation of the whole system. Ensure that all system
components and functions are properly interfaced and coordinated.

5. Where needed, design and test innovative components and equipment
that appear to offer significant potential for improvements to the
whole waste-management system.

The DOE is developing a systems engineering management plan directed at
satisfying the strategy outlined above. This plan will identify and document
the procedures and responsibilities necessary for the engineering of a major,complex system. These procedures are essentially the application of OMB
Circular A-109, “Major Systems Acquisitions.” and DOE Order $700, "Major Sys-
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tems Acquisitions." A system requirements and description document is also in

preparation. This document will define the overall requirements of the waste-
management system and describe the current design of the integrated waste sys-
tem that meets those requirements. It is unlikely that the overall system
requirements will change. However, the description of the total system that
fulfills those requirements may change as the designs of its components are

further defined. As the system design changes, this document will be updated
to reflect the new approved systems concept. It will also be controlled as a

baseline document for the program. Key officials representing each part of
the OCRWM program will participate in the development and updating of the
document to ensure continuing coordination among program participants.

For the assessment of alternative approaches, three activities have been
initiated. First, the DOE issued a competitive solicitation called a Program
Research and Development Announcement (PRDA) in 1984. Its objective was to
invite utilities and industry to identify and develop technical and institu-
tional alternatives for the near-term and long-term handling, packaging, ship-
ping, and storing of spent fuel in ways that could facilitate or minimize
handling and packaging for final disposal. Thus, the expenditures of time,
effort, and costs throughout the back end of the fuel cycle could be minimized
while possibly providing near-term benefits to the utilities in safely and
efficiently solving storage problems. Concepts for standardization that could
lead to additional economies were to be considered to the maximum extent prac-
ticable. Emphasis was placed on waste packaging and handling in an integrated
system and on determining how an improvement in one part of the system will
affect the total system in terms of cost, safety, and licensing.

The PRDA was issued on March 15, 1984, and proposals were received on May
15, 1984. The proposals covered a variety of ideas. Some were innovative.
while others were for improvements to existing concepts.

Six contracts were awarded. These contractors are studying several
unique systems ideas, including multipurpose casks and canisters, centralized
and regional packaging facilities, and compact, portable dry rod-consolidation
equipment.

Second, in addition to the studies initiated under the competitive soli-
citation discussed above, additional supplementary studies are being identi-
fied and will be conducted as necessary. These studies will concentrate on

ideas that are not being addressed by the PRDA studies but appear to offer
potential benefit to the integration of the system. Studies have been initia-
ted to assess the benefits of rod consolidation to the whole waste-management
system, to determine the effect of extending the burnup of fuel on the waste-

management system, and to define strategies for waste acceptance. Other stud-
ies will be initiated as deemed appropriate. Various techniques of decision

analysis, such as probabilistic analysis, are being investigated and will be
used as appropriate. Value-engineering techniques will be considered as a

method of cost control in the design and construction of the various com-

ponents of the system.

Third, a systems computer model has been developed for use in cost and

logistics sensitivity analyses. Along with other subsystem models, this model
will be used to study how changes in one part of the waste-management system
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will affect the cost and logistics of the system as a whole. The cost data
for these analyses will be obtained from various DOE programs and will be keptcurcent. A peer review of the model ais being conducted by a select group ofindustry experts. Their comments will be valuable for improving the model for
future use.

After the systems studies, new, innovative equipment may be designed and
tested. An example of such equipment could be the rod-consolidation equipmentfor use at an MRS facility or a repository.

All systems-integration studies and analyses will be monitored by DOE
officials representing each program area to ensure that the unique features of
these programs are properly integrated. Periodic progress reviews will be
conducted. Industry representatives are invited to participate in these re-
views. Representatives of the Edison Electric Institute and the Electric
Power Research Institute have participated in past reviews and have offered
valuable comments and suggestions.

3.4.7 COORDINATION AND INTEGRATION OF RESULTS WITH OTHER PROGRAMS

While systems studies are being conducted, existing design efforts in the
various program areas (repository, monitored retrievable storage, and trans-portation) will continue. As the results of such studies indicate that
changes should be made, such changes will be incorporated, with the approvalof all affected parties. The systems requirements and description document
will be updated as necessary to reflect the currently approved systems de-scription. It will be used by the various program areas to redirect, if
necessary. current design efforts. Figure 3-18 is an illustration of the
systems-integration program logic.

AESULTS OF
SUPPLEMENTARY
STUDIES

PROPOSED MODIFI. INTEGRATIONCURRENT RESULTS OF CATIONS TO SAD INTO SUBSYSTEMREPOSITORY, MAS. EVALUATION SUBMITTED TO AEVISEO oesonsREFERENCE TRANSPORTATION L—e! OF ALL steerinc Groups [>] REFERENCE [ol og,CASE SAD (REPOSITORY.oesian INFORMATION CHANGE CONTAOL AD MAS.ACTIVITIES TO OATE eoann TRANSPORTATION)

AESULTS AESULTS OF
OF PROA AOOITIONAL

STUDIES SUPPLEMENTARY
STUDIES AS NEEDED

016 Os

Figure 3-18. The logic for the systems-integration program.
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Figure 3-19 presents the near-term schedule for systems-integration
activities and shows how they will contribute to key activities of other pro-
gram areas (repository. monitored retrievable storage, and transportation). A

key date in Figure 3-19 is late 1985, by which time the results of the PRDA

studies, the results of the supplementary studies, and the results of sensiti-

vity analyses will have been brought together to produce a series of inte-

grated analyses of the back end of the nuclear fuel cycle. incorporating new

concepts. aS appropriate. The results of these analyses will be incorporated, .

as appropriate, in modifications of the reference system design. This infor-

mation will be available well before the DOE is scheduled to begin license-

application designs for the repository and the waste package and before final

designs for transportation casks are developed.

Progress made in developing the information base for transportation will
be available and incorporated into proposed modifications to the system re-

quirements and description document. In parallel, some results of the storage
research and development program will also be available. While the DOE’s re-

port on monitored retrievable storage will have been submitted to the Con-

gress, appropriate design changes could be submitted as an amendment to the

report.

It is expected that some reactors will begin to have storage-capacity
problems by about 1990. By that time, however, the total system should be

well enough defined to allow the DOE to provide guidance to the utilities that

is fully compatible with the integrated waste-management system.

In practice, the discrete lines of Figure 3-19 are symbolic in that there

is, and will continue to be, an interchange of knowledge and information among
the several program areas. In the short term, the accumulating information

under the PRDA and supporting studies will be available continually for the

advanced conceptual design of the waste package, for the conceptual design of

the repository, and for use in preparing the MRS report to Congress. For the

longer term, beyond 1985, systems analyses will continue, drawing as cequired
on the private sector and on DOE contractors, in order to improve the overall

effectiveness of the system. The revised system requirements and description
document will serve to organize and contro] the total waste-management system,
not only through the timeframe of Figure 3-19, but also through the design and

construction of the ultimate system components.

3.4.8 THE WASTE-MANAGEMENT SYSTEMS UNDER CONSIDERATION

This section discusses the two concepts for a total waste-management
system that were presented in Chapter 2 of Part I. Either concept would ful-

fill the requirements and the intent of the Act and would be integrated into

an efficient. safe, and timely waste-management system, to the extent practi-
cable. However, the DOE believes that one system offers significant advan-

tages over the other.
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Figure 3-19. Systems-integration schedule and interfaces with other program activities.
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3.4.8.1 The Authorized System

The principal components of the authorized integrated waste-management
system are the waste generators (primarily reactors), the geologic reposi-
tories. and the transportation system that links these components with each

other. The packaging and handling operations associated with each of these

components must also be integrated for the efficient operation of the entire
system.

The spent fuel that will be accepted by the system for geologic disposal
may be either intact assemblies of various types or canisters of consolidated

spent-fuel rods. The spent fuel will be shipped directly to the repository
from storage pools at reactor sites. Solidified high-level waste will also be

shipped directly to the repository from the sites at which it is generated.
Shipments will be made by rail, truck, or barge, using specially designed
shielded transportation casks that comply with applicable safety regulations.

The surface facility of the repository will consolidate and package spent
fuel from commercial reactors before permanent disposal.

The acceptance of waste will begin with the initiation of repository
operations. The first geologic repository is to begin limited operation
(phase 1) by no later than January 31, 1998. The system will be designed to

eventually receive spent fuel at or near the projected rate of commercial

spent-fuel generation. The second repository would start operating about 8

years later.

Generators of Spent Fuel

Nuclear power utilities will continue to store spent fuel at their com-

mercial nuclear reactor sites until the Federal waste-management system is

available to accept the fuel. The spent fuel stored at various reactor sites

will differ in its physical, thermal, and radiation characteristics because of

differences in fuel-assembly designs, the burnup in the reactor. the storage
techniques used by each utility, and the duration of at-reactor storage.

It is expected that most of the spent fuel that is accepted into the

Federal system will come directly from reactor storage pools. However,

because of the possibility of limited storage-pool capacity at some reactors,

some utilities may pursue the option of storing spent fuel outside their pools
in licensed dry-storage casks until the fuel is transferred to the Federal

Government. As discussed in Section 3.2.2, the DOE is cooperating with

utilities in demonstrations of licensed dry storage. and it is expected that

licensed casks would be available to industry within the next few years. The

utilities are also investigating rod-consolidation procedures, which represent
another method to significantly increase the capacity of some storage pools.
Therefore. the spent fuel will be accepted into the Federal part of the system
eather in the form of intact fuel assemblies or canisters of consolidated rods.

The utilities will be cesponsible for loading their spent fuel into

licensed transportation casks provided by the DOE. The DOE will then accept
title to the spent fuel at the reactor site and transport it to the repository.
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Generators of High-Level Waste

Liquid commercial high-level radioactive waste is a residual product ofthe reprocessing of spent fuel for the recovery of useful materials. Only asmall amount of commercial high-level waste currently exists. This waste isstored in tanks at a closed commercial plant located at West Valley, NewYork. After being solidified and prepared for transportation, the waste willbe shipped from the West Valley site to the repository.
Defense high-level waste is being generated at several DOE facilities,such as those located near Savannah River, South Carolina; Richland, Wash-ington; and Idaho Falls, Idaho. This waste will be solidified at the genera-tion sites into a waste form acceptable for permanent isolation and then ship-ped directly to the repository.

Geologic Repository
The geologic repository is designed to provide for the permanent disposalof spent fuel and high-level waste. At the repository, the waste will beemplaced in a suitable host rock at depths of 1000 to 3500 feet below thesurface, depending on the rock. The repository will be licensed by theNuclear Regulatory Commission.

When fully operational, the repository will be capable of receiving andemplacing the equivalent of about 3000 to 3400 MTU per year.
As illustrated in Figure 3-1, the repository will consist of both surfaceand underground facilities. It will be equipped to receive, handle, and em-place underground all of the spent fuel and high-level waste. The main opera-tions performed in the surface facilities of the repository will consist of(1) receiving and inspecting the waste, (2) consolidating and packaging spentfuel, and (3) overpacking high-level-waste canisters, if necessary, with dis-posal containers.

The underground facilities will consist of access shafts or ramps, cor-ridors, and waste-emplacement rooms. The waste will be lowered undergroundand emplaced into boreholes drilled into the floors or the walls of the em-placement rooms. The waste will be fully retrievable until it has been demon-strated that the repository is performing within the guidelines set by NRCregulations. The underground facility and shafts will then be closed andsealed, and the surface facilities will be decontaminated and decommissioned.

Current plans call for a second repository to be in operation in the year2006.

Transportation
The transportation system will have the capability to transport wastefrom the waste generators to the repository. All waste will be shipped inlicensed casks designed specifically for that purpose. The DOE will assumeresponsibility for transportation. Depending on the circumstances, waste willbe shipped by rail, truck or barge.
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Shipments will consist of both consolidated and unconsolidated spent fuel

as well as solidified high-level waste. The private sector wil] be relied on

to the maximum extent possible for cask development and transportation opera-
tions. Any functions performed by the private sector will be conducted in

accordance with the appropriate licensing requirements.

The casks for each transportation mode will be designed to accommodate

alternative waste forms and canistered waste configurations. Conceptual dia-

gcams of transportation casks are shown in Figures 3-15 and 3-16.

3.4.8.2 The Improved-Performance System

The improved-performance system includes an MRS facility as an integral
part of the waste-management system. In this system, all or most of the spent
fuel will be shipped directly from reactor sites to the MRS facility. How-

ever, spent fuel from reactors located close to a repository but an appre-
ciable distance from the MRS facility may be shipped directly to the reposi-
tory. Solidified high-level waste could be shipped directly to the repository
from the sites at which it is generated or to the MRS facility. where it may
be combined with other wastes for shipment to the repository.

The MRS facility will consolidate and package spent fuel from commercial

ceactors before shipment to the geologic repository for permanent disposal.
In addition, the MRS facility will provide temporary storage for waste

received by the DOE and awaiting shipment to the repository. The length of

time for which spent fuel will be stored at the MRS facility will depend on

repository operating factors, such as the time of startup, waste-acceptance
rates, and thermal design limits. Shipments from the MRS facility to the

repository may be made in unit trains or barges to minimize the number of

shipments.

The flow of waste from the waste generators to an MRS facility and a

repository is illustrated in Figure 3-20. The MRS facility will have a finite

lifetime. After all the waste has been emplaced in the repository. the MRS

facility will be placed in caretaker status. capable of receiving waste from

the repository in the unlikely event that the retrieval of the waste is neces-

sary. After the retrievability period, the MRS facility will be decommis-

sioned and removed from the site. The improved-performance concept is

illustrated in Figure 3-21.

In the improved-performance system, the acceptance of waste could begin
with the start of MRS facility operations as early as 1996. The system will

be designed to receive spent fuel at or near the projected rate of commercial

spent-fuel generation by 1998.

The difference in functions and characteristics of each of the components
of the improved-performance system from those described previously for the

authorized system are described below.
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Figure 3-20. Distribution of waste-management functions within an “integrated” system.

Generators of Spent Fuel

In the authorized system, the utilities must store the spent fuel until
the repository is operational. The receipt rate will depend on the rate at
which the repository can emplace the waste. In the improved-performance sys-tem, the receipt rate from utilities is not limited by the emplacement rate,
because the fuel goes to the MRS facility for packaging and temporary storage,if necessary.

Generators of High-Level Waste

In the improved-performance system, commercial and defense high-levelwaste will be handled in exactly the same way as described for the authorized
system except that the transportation routing may be via the MRS facility so
that the high-level waste shipments to a repository can be combined with a
spent-fuel shipment.
Monitored Retrievable Storage

In the improved-performance system, the MRS facility is an integral partand will perform most if not all of the packaging operations previously des-
cribed for the surface facility of the repository. In particular, the MRS

~123-

HQ0005402

DB-105412
Holtec_PAL-000919



.

Neuciear tuel Consists Of rectangular bundles
at vender (ods 12 to 13 feet tong Bundies of

spe tuel ae removed trom the rector and

placed in a poo’ ol water where they coo.

ard chet radoacavity decreases

Aner cooling tor several monchs ot
OF years tne tuel can be removed
tor smipment to a Monnored '

retnevanle srorage facility MARS or {
10 repositan The tuel-1od Dundies
are Posted

toa

The cash 15 closed
sealed and inspected

PRIMARY STORAGE CONCEPT - SEALEO STORAGE CASK

If the fuel 1s to be stored the canister of fuel rods 15 transfered

to the storage field and placed in a storage Cask

strong, betore shipment
Neavuy

ededt

show
wash Chat es

tested ro

in STANT ANG

earal seer TA
ri eeresayt ir A

iy Shee
ride . 4 oot os a

7 8 9
(

' The tuel When the
j bundles are fuel is

then ready for

chsassembled Asposal it

and che fuel 1s Over-

fods are placed packed,
Into a canister

t

.
the

overpack
t 1s sealed

In the renosHory a

transport vehicle
recerves the waste

Package then cames

ttinco the

emplacement tunnel

Final destination for the waste na”

hole datied in the tunnel floor The
canisters lowered into the hole

Matenal may be packed around

the waste package

Figure 3-21. Illustration of the improved-performance-system concept.

-124-
0114-0006 4

HQ0005403

DB-105413
Holtec_PAL-000920



.

The cask is loaded into a truck or
tailcar near the stotage pool. The
spent fuel. enclosed in its cask. is

is
id
id
ig
iH

Upon arrival at the MRS the cask is

The fuel
bundles are

removed tron
the shipping
Cask by remote

condtransported to the MRS on public
highways. rail lines. or by barge unloaded and inspected

10 tt Waste package is | 13
lowered down

Le™Va ay Se repository shah
.

+

to the
bunal12 level
deep
below
the
suttace

The waste package is ot the
landthen loaded into a

shipping cask. and
transported to the

repository
Ac che repository the waste

Pachage ts removed trom the

shipping Cask and inspected SO TE ETTey

ay Tey est
When the holes are filled. tunnels are backfilled
Tnen the shafts are plugged. backfilled and sealed

.

[17

Acap or plug fired.
into the hole and the
hole 1s filled to the
floor tevel with

plugging marenal
This provides
fadiation shreld.ng
for workers

Figure 3-21. Illustration of the improved-performance-system concept (continued). HQ0005404
-125- 4/10/85

DB-105414
Holtec_PAL-000921



.

facility will (1) receive spent fuel from most or possibly all reactors:
(2) consolidate and package the fuel, including overpacking with disposal con-

tainers for permanent disposal in a repository, unless further studies show
that overpacking should be done at the repository; and (3) temporarily store
the fuel pending shipment to the repository. The MRS facility will be
licensed by the Nuclear Regulatory Commission. The design storage capacity of
the facility will be limited.

The MRS facility will be located centrally with respect to the reactors
to be serviced. It will be designed to receive spent fuel at a rate of about
3000 MTU per year. On arrival at an MRS facility, spent-fuel assemblies will
be removed from the shipping cask. Each fuel assembly (unless already con-

solidated) will then be dismantled, and the fuel rods will be consolidated and
loaded into canisters. These canisters will be capped. filled with an inert

gas, welded shut, inspected, and readied for further handling or packaging
operations. The hardware remaining from the disassembly operation will be

compacted and loaded into similar canisters.

Canisters that are to be stored at the MRS facility will be removed from
a hot cell in which remote fuel-handling operations are performed and then
stored in dry storage casks or possibly dry wells. Figure 3-7 (see Section
3.2.1) illustrates a concept of the MRS facility and dry-cask storage. Vault
storage at the MRS is being evaluated.

The spent-fuel canisters will be loaded into licensed transportation
casks and shipped from the MRS facility to the geologic repository. It is
assumed that dedicated trains will be used. The MRS facility may also repair
damaged containers received from the repository. As already mentioned, the
lifetime of the MRS facility will be limited to the period necessary to

support the emplacement of waste in the repository and the specific period
during which the waste is to be retrievable from the repository.

With the MRS as an integral part of the waste-management system, the main

operations performed in the surface facilities of the repository would be re-

duced to (1) receiving waste and (2) inspecting the waste containers received
for emplacement. Additional operations that may be performed in the surface
facilities are (1) the installation of spent-fuel disposal canisters if neces-

Sary and if not done at the MRS facility: (2) overpacking of high-level-waste
canisters with disposal containers. if necessary and if not done elsewhere,
(3) repair of any damaged waste containers that are received if not sent back
to the MRS facility for repairs, and (4) possibly packaging for disposal the
fuel received from nearby reactors. The interface between the MRS facility
and the second repository cannot be defined at this time, because it will

primarily depend on the locations of the MRS facility, the second repository,
and the reactors being served. The necessity for a second MRS facility will
be evaluated when the site of the second repository is selected.
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OCR

Teansportation

Spent fuel will be transported from reactors located in various parts ofthe country to either an MRS facility or a nearby repository, as well as be-
tween the MRS facility and the repository. Solidified high-level waste wil]
be either transported directly to a repository from the sites at which it wasproduced or to the MRS facility for combination with other waste forms. Sincethe spent fuel will be consolidated at the MRS facility, packages of consoli-
dated fuel can be shipped in unit trains, thereby minimizing the number ofshipments to the repository.

Conclusion

The improved-performance integrated waste-management system will satisfythe requirements of the Act and appears to be a Significant improvement over
the authorized system. Further details of the system and plans for its imple-mentation are being developed. This improved system can be implemented onlyif the Congress authorizes an MRS facility. The DOE plans to request such an
authorization in January 1986. A more detailed discussion of the MRS facilityis presented in Section 3.2.1 of this chapter.
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Chapter 4

INSTITUTIONAL PLANS AND ACTIVITIES

The mission of the institutional program is to support the overall pro-
gram goal of establishing a safe and environmentally acceptable system of
facilities, equipment, and operations for handling, transporting. storing, and
disposing of spent fuel and high-level waste.

To ensure full participation by States and affected Indian tribes in the
implementation of the DOE's waste-management program, the Act sets forth one
of the most comprehensive outreach and involvement plans ever mandated by Con-
gress. The major features of the Act in this regard include extensive provi-
sions for notifying affected parties of the DOE's planned activities and
soliciting their comments; consulting and cooperating with States and affected
Indian tribes and committing plans for such interactions to written agree~
ments; assessing the effects of program activities on States. affected Indian
tribes, and localities at frequent intervals throughout the program; and pro-viding for a substantial commitment by the DOE to avoid, mitigate, or compen-
sate for any negative impacts.

The DOE is committed to follow both the letter and the spirit of the law
to ensure a full and timely flow of information about the program to all af-
fected parties and to provide frequent opportunities, both formal and infor-
mal, for the fullest possible participation in the program. The achievement
of this goal depends on developing and maintaining information and interaction
programs that meet the needs and address the concerns of States and affected
Indian tribes, local governments, affected citizens, the general public, and
other interested parties.

The DOE's information and interaction programs will demonstrate its com-
mitment to--

1. Conduct activities in an open environment.

2. Listen to and understand the concerns of interested parties.
3. Actively involve affected parties in the program.

4. Execute faithfully the intent of Congress as expressed through the
Act.

5. Provide equitable treatment for all parties affected by the implemen-
tation of the Act.

Toward these ends, the DOE is developing an institutional program that
has three related elements:

1. Outreach and participation: activities to ensure that accurate,
understandable information about the program is communicated to
interested parties and that affected parties are involved in the
program.
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2. Consuitation and cooperation activities associated with
negotiating and implementing formal consultat ion-and-cooperation
agreements that will establish tne foundation for interaction wath
States and affected Indian tribes.

3. Socioeconomic analysis and impact mitigation: activities to ensure

that affected parties are actively involved in the planning of ef-
forts to assess the impacts of program activities and to eliminate.
mitigate, or compensate for any negative impacts.

In carrying out the waste-management program, the DOE will also ensure

close and frequent interaction with other Federal agencies with responsibil-
aties under the Act.

4.1 OUTREACH AND PARTICIPATION

4.1.1 GOALS AND INTENTIONS

Successful implementation of the waste-management program requires an

informed and involved public, especially in those States and communities that
may host a facility or may be along transportation routes. The better the
public 1s informed, the better able it will be to participate constructively
in planning the program. Through close and frequent interaction, the concerns

and interests of all affected parties can be identified and addressed in a

cooperative manner. Toward these ends. the DOE will endeavor to--

1. Identify the changing information needs of Governors, State legisla-
tors, the governing bodies of interested and affected Indian tribes,
local governments, industry and environmental groups, other inter-
ested organizations, and the general public as the waste-management
system is defined, designed. and implemented.

2. Communicate accurate, understandable information about the program to

these groups.

3. Encourage the active involvement of interested and affected parties
in the program.

4. Interact with Congress to report on the status of the program and
respond to requests to answer inquiries from constituents.

4.1.2 IMPLEMENTING PLANS

Out reach-and-participation goals will be realized through the following
macor activities:

1. Discussing information and interaction needs with States, interested
and affected Indian tribes, local representatives, and other
interested parties.
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2. Developing facility-specific outreach-and-participation programsbased on input received from interested parties.
3. Maintaining an efficient system for responding to information re-

quests and other correspondence.
4. Conducting regular, meaningful briefings for interested parties,including the Congress.
5. Holding informal, interactive information meetings and workshops.
6. Publishing materials and developing and presenting educational pro-

grams about the program.

7. Staffing community information offices.

8. Conducting formal hearings and soliciting public comments.

9. Providing financial assistance to particular groups to facilitate
their participation.

Discussions with Affected Parties

In the States that may host a repository or storage facility, DOE offi-
Cials will hold discussions with State, tribal, and local representativesbefore site characterization to gain a firsthand understanding of major pro-
gram issues, information needs, and desired opportunities for input into pro-
gram decisions. For example, the DOE will work with these representatives to
identify the types of program information they would like to receive duringthe characterization of a candidate site for a repository and the form in
which they prefer to receive it (e.g., small meetings, fact sheets, progressreports, or briefings). The DOE will also ask these representatives to
specify how they would like to provide comments on program activities (e.g.,small meetings, workshops. hearings, written comments).

Facility-Specific Outreach-and-Participation Plans

The information received during informal discussions with affected
parties will be used to design outreach-and-participation activities that meet
the needs of parties affected by the potential siting of a repository or a
storage facility. These activities will be detailed in a facility-specific
outreach-and-participation plan that will be available to the public. The DOE
will also ask these parties to comment, on an informal and continuing basis,
on the effectiveness of these information and participation activities. For
example, during the site-selection process for a repository, DOE officials
will hold further discussions with affected parties to determine additional
information and interaction needs during the construction and the operation of
the repository.

Responding to Information Requests and Other Correspondence
In addition to its efforts to identify information needs through dis-

cussions with interested groups, the DOE will respond to requests for informa-
tion from Congress, State and tribal officials, local citizens, representa-tives of interested groups, and the general public. To ensure prompt
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responses to requests for information, the DOE is developing a computer-based
data storage and retrieval system to organize and track its responses to
information requests.

The DOE will also analyze the information in the system to determine
areas of particular public concern. The DOE will call on the expertise of
such organizations as the National Governors’ Association, the National Con-
ference of State Legislatures. the National Congress of American Indians, the
Western Interstate Energy Board. and the Southern Interstate Energy Board to

facilitate the flow of information to the public and to respond to questions
and concerns about the program. Such assessments will enable the DOE to im-

prove the content of its briefings. meetings, and publications.

Briefings
As the DOE meets project milestones, it will brief Congress, State and

tribal officials, local citizens and officials, representatives of other
interested organizations. and the public. Tentative briefing schedules will

be developed after discussions with affected parties and will be specified in

facility-specific outreach and participation plans. The DOE will provide
advance notice of such briefings to State, tribal, or local cepresentatives
and seek their recommendations on how to schedule and structure briefings in a

way that best meets identified needs. The DOE will also respond to requests
for briefings on plans for administering the waste-management program.

MeetingsandWorkshops
To ensure that all interested parties have access to program plans and

have an opportunity to shape these plans, the DOE will respond to requests for

meetings by interested and affected parties and may initiate meetings as

well. These meetings will be directed toward the following:

1. Establishing a sound working relationship between the DOE and the
affected communities.

2. Providing information about how the DOE is attempting to address the
concerns of States, Indian tribes, and local communities.

3. Providing program status reports and answering specific questions.

4. Identifying and resolving concerns about the program.

For example, the DOE will meet with State and tribal representatives
interested in how radioactive waste can best be transported, as well as repre-
sentatives of the States and other groups that may be affected by storage and

handling facilities and by programs for the first and the second reposi-
tories. These meetings will be structured to encourage interaction between

the DOE and State and tribal representatives.
To provide opportunities for intensive discussions of issues, the DOE

will continue to hold working sessions on specific issues or problems with

groups of affected officials or citizens. For example, several meetings have

recently been devoted to the subject of transportation of spent fuel and high-
level waste. The persons who attended these meetings have generally commented

favorably on the usefulness of such sessions.
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Publications and Educational Programs
The DOE will inform interested parties on the nature and status of the

program through the formal documents required by the Act; through technical
reports, pamphlets, brochures, bulletins. and other publications: and throughpress releases and news conferences.

The DOE will participate in technical conferences and meetings throughpresentations, exhibits, and publications. The exhibits will describe the
various aspects of waste management and will note the availability of both
technical and nontechnical literature on the waste-management program.

The DOE will initiate efforts to involve universities and scientific and
technical groups to present objective information about the management of
spent fuel and high-level waste to local groups and others involved in publiceducation.

A large number of special interest groups will be affected by the pro-gram. Such groups include nearby residents and landowners, local and national
environmental organizations, local civic and citizen groups, public utilities,public utility commissions, rate-payer organizations, the mass media, chambers
of commerce (local and national). and many others. The DOE will endeavor to
maintain communications with all such individuals or groups who express an
active interest in the program. Periodic bulletins will be mailed to thosewho wish to stay abreast of program developments and upcoming events.

Community Information Offices

Among those citizens most interested and affected by the waste-managementprogram will be those living in areas under consideration for a repository or
a storage facility. To provide a local source of information for these citi-
zens, information offices may be established, when appropriate or upon re-
guest. Such offices have already been established in some of the States under
consideration for the first repository. These offices will contain the out-
reach~and-participation plan for the facility, project documents, nontechnicalexplanations of those documents, and the names of DOE staff to contact for
more-detailed information.

Formal Hearings and Public Comment

The DOE uses forma] hearings to identify issues that should be addressed
in key program documents such as the Siting guidelines, environmental assess-
ments, site-characterization plans. and the environmental impact statement,
and to receive comments on draft documents. The DOP will design hearings ina
manner to make it as easy as possible to participate in the public hearing and
public comment process. For example, the DOE will work with State, tribal,
and local representatives to ensure convenient hearing times and locations.
The DOE will also release drafts of program documents for review, whenever
practicable, and provide for informal comment periods.

Comments received through hearings and in the formal written-comment pro-
cess will be considered as the document is prepared or revised. A separate“comment-response document" may be issued. as was done with the general sitingguidelines (10 CFR Part 960), or an index to the treatment of comments may be
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included as part of the document. In both instances, a clear and complete
description of the procedures employed for addressing the formal comments will
be made available to any interested party. The DOE will encourage comments on

documents outside of formal hearings.

Financial Assistance To Facilitate Participation

The DOE will continue to provide grants and other financial assistance,
as appropriate, to States, affected Indian tribes, and others to facilitate
effective public participation in the program. In addition, the DOE will seek

ways to encourage the involvement of other interested parties through grants
and other technical or financial assistance. Grants to national organizations
(e.g., the National Conference of State Legislatures, the National Governors’
Association, and the National Congress of American Indians) will support the
dissemination of information to members of the various groups. The DOE will
also seek ways to facilitate effective participation by units of general local

government that may be affected by program activities.

4.2 CONSULTATION AND COOPERATION

4.2.1 GOALS AND INTENTIONS

As noted in the preceding section, the DOE is undertaking an active

outreach-and-participation program for States, Indian tribes, and other
affected parties. Some of these activities will be specified in formal

consultation-and-cooperation (C&C) agreements with States and the governing
bodies of affected Indian tribes, as required by Section 117 of the Act.

Consultation and cooperation between the DOE and States and affected
Indian tribes, however, is a dynamic process that will not be limited to

activities specified in agreements. The DOE has initiated a series of in-
formal meetings with first-repository States and tribes as well as a series of
discussions with second-repository parties. The DOE intends to continue to
work hard to build smooth working relationships as well as trust and
confidence.

Some of the key goals of establishing an effective C&C process are as

follows:

1. To establish a timely and substantive two-way information flow be-
tween the DOE and States and affected Indian tribes.

2. To assist States and affected Indian tribes in building the capabil-
ity to study, comment, and make recommendations on program plans.

3. To provide States and affected Indian tribes with frequent opportun-
ities to express their concerns.

4. To encourage States and affected Indian tribes to use the consulta-

tion-and-cooperation process as a means of developing mutually satis-

factory project-management and communication arrangements.
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5. To ensure that the DOE addresses concerns raised.

6. To identify and agree on formal conflict-resolution mechanisms thatcan deal with the objections raised by States and affected Indiantribes.

Formal C&C agreements between the DOE and States and affected Indiantribes will specify information and Participation activities that reflectthese goals.

4.2.2 IMPLEMENTING PLANS

The provision of timely and complete information to States and Indiantribes on plans and decisions made during all stages of site selection anddevelopment is instrumental for ensuring full participation. As technicalprogram information is obtained and shared, the concecns of States and Indiantribes will be solicited, and these concerns will be taken into account to themaximum extent feasible in carrying out programmatic responsibilities. If,however, conflicts do arise, the DOE will endeavor to negotiate them to ful-fill its responsibilities to site and construct a facility on schedule. Toinitiate and complete agreements that formalize this C&C process as quickly aspossible and to use the financial-assistance programs to make the partici-pation of States and affected Indian tribes more effective are program prior-ities. Ongoing and planned activities are described below.

Consultation-and-Cooperation Agreements

To ensure that States and affected Indian tribes are actively involved inthe program, a formal C&C process will be established through the writtenagreements provided for in Section 117(c) of the Act. High priority will beplaced on concluding these agreements promptly. No formal C&C agreements haveyet been signed with any States or affected Indian tribes, although negotia-tions have been initiated with the State of Washington and the Yakima IndianNation,

Training will be provided to DOE personnel involved in the negotiation ofC&C agreements to improve their sensitivity to issues. of concern to States andaffected Indian tribes and to increase the likelihood of reaching early agree-ment. The DOE will also be receptive to requests from States and affectedIndian tribes for such training in preparation for negotiations as well.Mutually agreed-upon negotiation procedures will be established to help ensurethat the negotiations are productive and that an agreement can be reachedwithin a reasonable period of time.

Communications with the general public concerning the status of negotia-tions in progress will be determined mutually by the parties in negotiation.Once a C&C agreement is signed, it will be made readily available to the pub-lic, through such mechanisms as the community information offices.

The terms of C&C agreements will vary, depending on the specific needsand interests of the particular State or affected Indian tribe: no two agree-
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ments are

that--

1.

likely to be identical. The DOE. however, will seek agreements

Specify procedures for consultation and cooperation among the af-
fected parties. These procedures will need to be applicable through-
out the entire facility-development process. Because it is not pos-
sible to prescribe at an early date detailed mechanisms for the

handling of all possible future concerns. the C&C agreement should

stipulate procedures for modifying and amending the original
agreement.

Include, to the maximum extent practicable, reciprocal obligations
between the parties. For example. both the DOE and the State or

affected Indian tribe should keep the other informed of planned and

continuing activities and agree to similar schedules for providing
comments on reports prepared by the other.

Provide for meetings and briefings, advance notice of significant
decisions, detailed review of documents, and accountability for con-

sideration of comments.

Make technical information available at the earliest. possible time
and to the fullest extent possible. Certain data. however, such as

proprietary data or data protected by patents, will be subject to all

applicable laws governing release. Every effort will be made to

release information of a policy nature, such as policy working papers
or excerpts thereof, at the earliest possible time consistent with

the program's internal predecisional policy-development requirements.

Provide formal procedures for conflict resolution. They should be

reciprocal (i.e., contain procedures by which the State or affected
Indian tribe as well as the DOE can seek resolution of disputes con-

cerning the agreement). The procedures should encourage the resolu-
tion of disputes informally, early in the process. Should informal
means fail, the conflict-resolution procedures defined in the C&C

agreement will be used. Either party to the agreement may invoke the

procedures defined in the C&C agreement. Schedules for each step of

the process should be established.

Identify key events that trigger negotiations for financial assis-

tance as a particular site advances through the site-selection pro-
cess, in order to ensure an orderly financial-assistance program.

A formal, comprehensive written agreement does not by itself ensure an

effective
negotiate
tionships
record of
agreement
To the ex

their nee

Cons
of Part I

OCR

C&C process. Equally important is the spirit in which the parties
and implement the agreement. The development of good working rela-

before the negotiation of the C&C agreement will help establish a

good faith and set the stage for constructive negotiations. The

itself is also likely to influence the nature of the relationships.
tent that the agreement is perceived by both parties as responsive to

ds, further cooperation will be fostered.

ultation-and-cooperation agreements are also discussed in Chapter 3

I.
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Financial Assistance

Financial assistance helps provide the means for States, affected Indiantribes, and local communities to participate in the waste-management program,including the activities authorized in the C&C agreements. The financial
assistance described here is intended to enable the States and affected Indiantribes to participate in the C&C activities detailed above. Financial assis-tance to support impact-assessment efforts and to mitigate impacts is des-
cribed in Section 4.3, “Analysis and Mitigation of Socioeconomic Impacts."

To date, all six States considered for the first repository and threeaffected Indian tribes have been awarded grants for participation in the pro-gram. The awards have totaled $2.15 million in fiscal year 1983 and $4.59million in fiscal year 1984. Grants also have been extended to the States
involved in the crystalline-rock program to enable them to participate in thescreening phase of the second-repository program. These DOE awards have
totaled $930,400 in fiscal year 1983 and $2.06 million in fiscal year 1984.
Grants enable States and affected Indian tribes to review and comment on
program documents, such as the siting guidelines and the Mission Plan, and toparticipate in program meetings and workshops.

In general, grant proposals will be submitted by the State or affected
Indian tribe to the appropriate DOE Project Office. The DOE will endeavor to
process grant applications as quickly as possible consistent with applicableFederal procurement regulations.

4.3 ANALYSIS AND MITIGATION OF SOCIOBCONOMIC IMPACTS

4.3.1 GOALS AND INTENTIONS

The Act provides for financial and technical assistance to mitigate theimpacts of waste-disposal activities. Many of the activities that may be
undertaken by the DOE as part of the waste-management program could lead to
social and economic impacts on States, affected Indian tribes, and communitiesin the vicinity of facilities or along transportation corridors. It is of the
utmost importance that the potential for such impacts be assessed in a thor-ough and timely manner, with adequate Planning to avoid, minimize, or mitigateany negative impacts.

States, affected Indian tribes, and local communities will pursue paral-lel paths with the DOE in their assessment and Planning efforts. For example,the DOE will conduct socioeconomic-impact assessments for the environmental
assessments and the environmental impact statement. States and affected
Indian tribes may conduct their own socioeconomic-impact assessments todevelop and document their requests for mitigation grants,in the repositoryProgram. The DOE will work closely with States, affected Indian tribes, and
localities during this process to achieve a common understanding of the issuesthat need to be addressed, the impacts that will need to be mitigated, and theanalytical tools that will need to be used. Some of these effortswill.bespecified in the C&C agreements described in Section 4.2.
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The key goals for addressing socioeconomic impacts throughout the facil-

ity planning and development process are as follows:
1. To attain a thorough understanding of the social and economic impacts

of the program.

2. To avoid, minimize, or mitigate social and economic impacts to the

greatest extent possible.
3. To ensure that the assessment of impacts and plans for their mitiga-

tion are developed with understanding of, and sensitivity to, the
concerns of States, affected Indian tribes, and local communities--
and with the cooperation of affected groups.

4.3.2 IMPLEMENTING PLANS

The goals for addressing socioeconomic impacts will be implemented
through the following major activities:

1. Conducting socioeconomic impact assessments and working with States,
affected Indian tribes, and local communities to develop a common

understanding of the factors and issues involved, and to identify
appropriate mitigation measures.

2. Developing mechanisms for providing financial and technical support
for States, affected Indian tribes, and local communities in their
own assessment and mitigation efforts.

3. Providing financial and technical support for impact mitigation to

appropriate States, affected Indian tribes, and local governments.
Socioeconomic Studies

Socioeconomic studies have been and will be conducted by the DOE for the

environmental assessments and environmental impact statements. These socio-
economic analyses examine a variety of potential impacts--demographic, eco-

nomic, community services, social, and fiscal--on host communities. The

impacts of celated transportation will also be analyzed. A large body of

institutional knowledge and experience from other energy-development projects,
nuclear facilities, and waste-disposal activities is available to assist in

this effort. To ensure that future analyses will be thorough and

comprehensive, and will accurately represent the study areas, teams of
socioeconomic specialists will be involved in the development of all major
program documents, such as the environmental impact statement.

The DOE will endeavor to involve affected parties in the development of

socioeconomic-impact analyses. Interaction is also planned with potentially
affected residents at briefings and at public hearings, and through other
mechanisms that may be developed as part of the formal C&C agreements or the

facility-specific outreach-and-participation plans. Residents will have an
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opportunity to provide information on socioeconomic conditions in their com-

munity and to consult with the DOE on plans for assessing socioeconomic
impacts. The DOE will work with States. affected Indian tribes, and
localities to identify socioeconomic issues regarding the transportation of
wastes through State and local jurisdictions.

Impact-Assessment Grants for States and Affected Indian Tribes

The Act specifies mechanisms whereby the DOE can provide financial and
technical assistance for impact mitigation to States, affected Indian tribes,
and localities that are affected by the construction of a repository. The
nature and the level of such assistance will be based, in large part, on the
socioeconomic-impact reports that the States or affected Indian tribes will
submit at the time one site is recommended for development as a repository.
and on discussions and negotiations between the DOE and States; affected
Indian tribes, and communities.

Financial and technical support will be made available to States and
Indian tribes affected by repository activities for the development of impact
reports. This support can assist States and affected Indian tribes in exam-

ining the potential effects of a repository on public health and safety, the
environment, and on social and economic conditions. Procedures will be re-
fined, published, and followed in order to distribute financial assistance in
a timely and efficient manner.

Many socioeconomic impacts, such as increased demand for public services,
will affect local governmental units directly. For this reason the DOE will
encourage the participation of local governments in the development of these
impact reports as early and as fully as possible. Where the Act does not pro-
vide for direct grants to units of local government, the DOE will encourage
the State to allocate a portion of its grant to affected localities. All pos-
sible means of financial] and technical assistance will be explored to ensure
that local communities can effectively participate in the siting program.

Technical and Financial Support for Impact Mitigation
The DOE will work with States, affected Indian tribes, and localities to

develop impact-mitigation plans in response to the siting of repository and
storage facilities. These plans will address ways to augment community ser-
vices, as well as ways to minimize disruptions and maximize the benefits of
new economic activities related to program activities.

In addition to providing support to the development of mitigation plans.
funding wil] be provided for impact-mitigation efforts after the construction
of the repository has been authorized by the Nuclear Regulatory Commission.
Impact-mitigation funds can be provided throughout the period when impacts are

occurring. Funds could be used, for example. for improving community services
to accommodate project-related population growth. In addition, States, af-
fected Indian tribes, and units of general local government are entitled to
receive grants equal to the taxes they would have received were the project
conducted as a private business.

The Act also provides for impact assistance to local communities in which
a facility for monitored retrievable storage (MRS) facility is located. Such
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assistance is limited by the Act to use for planning, construction, mainte-
nance, and provision of public services related to the MRS facility.

Concern has been expressed by potentially affected communities that the
need to improve community services will occur before impact-mitigation funds
are distributed. To resolve these concerns, the DOE will endeavor to work

with States, affected Indian tribes, and localities to identify mechanisms
that ensure timely provision of mitigation funding within the authorizations

provided by Act. This issue is discussed further in Chapter 3 of Part II.

4.4 PLANS FOR INTERACTION WITH OTHER FEDERAL AGENCIES

4.4.1 GOALS AND INTENTIONS

The management of the radioactive waste involves the participation of
numerous agencies of the Federal Government. The Act assigns lead responsi-
bility for developing and implementing a program to the DOE: however, it

anticipates significant roles for the following other agencies:

The Nuclear Regulatory Commission.
The Environmental Protection Agency.
The Department of Transportation.
The Bureau of Indian Affairs.
The Bureau of Land Management.
The U.S. Geological Survey.
The U.S. Army Corps of Engineers.
The Advisory Council on Historic Preservation.Q

n
n

u
ND

&

The DOE has identified milestones that require interactions with these
Federal agencies and support program decisions in its Project Decision
Schedule, which was issued in preliminary draft form in January 1985
(DOE/RW-0018). The DOE's goals in interacting with other Federal agencies are

as follows:

1. To ensure compliance with other Federal statutes and regulations.

2. To ensure a thorough and timely flow of information.

3. To identify issues that will require common resolution as early as

possible.
4. To develop agreements on operating principles to guide agency-to-

agency interactions, where appropriate.

4.4.2 IMPLEMENTING PLANS

The Project Decision Schedule has been developed in consultation with

participating Federal agencies. These agencies will be interacting in up-
dating the schedule. For example, if a Federal agency believes it cannot
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comply with any deadline identified in the Project Decision Schedule, it will
notify the DOE. The DOE will then work with the agency to establish a new.
mutually agreeable milestone. The DOE will also consult with agencies when
changes to the program activities require changes in the schedule.

In addition to the formal interactions required for the DOE to obtain
from other agencies needed concurrences, licenses. approvals, permits, leases,
and rights-of-way or other approaches, the DOE wil] interact with the agenciesthrough meetings and workshops to exchange data. information, and views on
issues of mutual concern. Such meetings have been held and will continue as
needed. An example was the frequent interaction with the Nuclear Regulatory
Commission on the repository siting guidelines (10 CFR Part 960). Agreements
on repository operating principles have been reached with the Nuclear
Regulatory Commission, the Bureau of Land Management and the Corps of
Engineers, and the U.S. Geological Survey: they will be considered with the
other agencies that are involved.

4.5 SUMMARY

The DOE's institutional program for implementing the waste-management
program envisions a comprehensive system of collaboration, consultation, and
cooperation with States, interested and affected Indian tribes, and other
affected parties. In the spirit of the Nuclear Waste Policy Act, the DOE will
work individually and collectively with these groups to ensure high standards
of performance and to place the highest priority on protecting public health
and safety and the environment.

The active involvement of all interested parties is solicited to help
build an institutional process that supports the national commitment to the
safe disposal of spent fuel and high-level radioactive waste.

The processes described in this chapter will be reviewed periodically to
determine whether they support the Act in a manner that best serves the public
interest. As technical programs evolve, the institutional plans that imple-
ment those programs will be updated to reflect current activities.
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Chapter 5

PROGRAM MANAGEMENT

This chapter provides an overview of the organization of the Office of
Civilian Radioactive Waste Management (OCRWM) and the management system used
for the program. Being a part of the Department of Energy (DOE), the OCRWM is
using the DOE's management philosophy and management systems to the extent
possible. However, to meet the unique challenges of the waste-management pro-
gram, the OCRWM is developing a program-management system to supplement the
DOE systems. The OCRWM system is being developed and implemented at this time
and will be documented when it is complete.

The Civilian Radioactive Waste Management Program has a complex mission
that demands exceptionally effective management. The characteristics of the
program that define the management requirements include the following:

1. Qbjective. The program has a specific, predetermined objective
established by the Nuclear Waste Policy Act of 1982 (the Act) and
agreed to by the parties to the contracts between the DOE and the
owners and generators of the waste (spent fuel and high-level waste).
This objective is waste acceptance by the DOE by January 31, 1998.

2. Uniqueness. The program and its implementing legislation (the Act)
are complex, first-of-a-kind, and controversial.

3. Duration and cost uncertainty. The life cycle of this program ex-
tends for nearly a century at an estimated cost of more than $23
billion in constant 1984 dollars, but with considerable inherent cost
uncertainty due to the unique nature of the program.

4. Financing basis. The program must be financed on a full-cost-
recovery basis by fees largely calculated and collected many years in
advance of providing the disposal services. The fees are collected
from electric utilities and other owners and generators of waste;
general tax revenues are not used.

5. Quality-assurance requirements. The program must provide for the
achievement and assurance of quality in order to protect the health
and safety of the public and to meet other mission objectives ina
timely and cost-effective manner.

6. Institutional requirements. The program has extensive. but essen-
tial, institutional requirements (e.g., consultation and cooperationwith States and affected Indian tribes. public involvement, and coor-
dination with other Federal agencies).

7. Management control. The program requires strong, centralized manage-ment because it is executed through a geographically dispersed net-
work of Project Offices and contractors.
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These features distinguish the DOE's waste-management program from most

Federal or private-sector activities. They also impose special requirements
for management organization and systems.

The first three sections of this chapter define program-management goals
and objectives (Section 5.1), describe the program-management organization
(Section 5.2), and discuss the program-management system (Section 5.3). The

management of funds is covered in Section 5.4, which is followed by a discus-
sion of the acquisition strategy (Section 5.5). The other topics covered in
the remainder of the chapter are quality assurance (Section 5.6), safeguards
and security (Section 5.7), peer review (Section 5.8), administrative support
services (Section 5.9), and international activities (Section 5.10).

5.1 PROGRAM-MANAGEMENT GOALS AND OBJECTIVES

The overall program-management goal is to ensure the successful and cost-
effective execution of the waste-management mission in accordance with the
Nuclear Waste Policy Act of 1982.

The specific objectives of the management system designed to accomplishthis goal are as follows:

1. Effective program planning. Define and support program planning pro-
cedures that will efficiently allocate time and resources to well-
defined program objectives.

2. Effective use of systems engineering. Define and support systems
engineering activities that will optimize the configuration of a

waste-management system meeting programmatic, legal. health and
safety, technical, and economic requirements.

3. Effective program execution and monitoring. Develop, implement, and
enforce program-execution and program-monitoring procedures. includ-
ing quality assurance, to achieve technical, cost, and schedule ob-

jectives.

4. Effective cost control. Define and support effective methods and
adequate incentives to control expenditures and to minimize the costs
of the program.

5. Reliable estimates of costs and revenues. Define and support activi-
ties to develop documented and defensible forecasts of total-system
costs and evaluations of fee adequacy that will help to ensure that
revenues will be adequate for the full recovery of all costs.

6. Sound financial management. Provide sound financial management and

accountability for all revenues and expendituresin a manner that
will instill and maintain public confidence in the administration of
the nuclear waste funds.
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7. Effective institutional and outreach programs. Define and supportinstitutional and outreach activities that will promote understandingof the program and cooperation by States, affected Indian tribes, the
general public, the industry and the utilities, and other Federal
agencies.

5.2 PROGRAM-MANAGEMENT ORGANIZATION

The Act assigned to the DOE responsibility for the permanent disposal of
spent fuel and high-level waste and created the Office of Civilian Radio-
active Waste Management for this purpose. This Office is headed by a Director
appointed by the President, by and with the advice and consent of the Senate.The Director is responsible for carrying out the functions of the Secretary of
Energy under the Act and reports directly to the Secretary.

The OCRWM's management organization is consistent with the DOE's overall
Philosophy of program planning, guidance, and control by DOE Headquarters,with project execution being accomplished through the DOE Operations Offices
and Project Offices established within the Operations Offices. Accordingly,Headquarters (i.e.. OCRWM) provides policy guidance. program direction, and
technical review, while the Project Offices and their contractors are respon-sible for the execution of projects and the day-to-day management of projectperformance. The sections that follow describe the OCRWM organization, the
Support received from other DOE offices, and the responsibilities of the
Operations and Project Offices.

5.2.1 OCRWM ORGANIZATION

As shown in Figure 5-1, the OCRWM is organized by functional responsi-bility and staff responsibility. The three major functional components are
(1) Resource Management; (2) Geologic Repositories: and (3) Storage and Trans-
portation Systems. Policy, Integration and Outreach provides staff support.

The Director of the OCRWM recommends program policy to the Secretary of
Energy and ensures that the activities of OCRWM components are properlyfocused, paced, and integrated. He also guides the Project Offices in imple-menting major program decisions.

5.2.1.1 Resource Management
The Office of Resource Management administers the Nuclear Waste Fund and

the Interim Storage Fund, which are discussed in Section 5.4. This responsi-bility. carried out in coordination with the Assistant Secretary for Manage-
ment and Administration, encompasses fee collections and payments; annual
reviews to determine the adequacy of the fee collected from the owners of the
waste: and contract-management activities. Other functions include the prepa-Fation of OCRWM budgets. financial management, and management information and
data systems. The Office is also responsible for the development and main-
tenance of the OCRWM program-management system, the management of contracts
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Figure 6-1. The Office of Civilian Radioactive Waste Management.

between the DOE and the owners of the waste, and the traditional management-
support functions associated with subcabinet offices.

5.2.1.2 Geologic Repositories
The primary responsibility of the Office of Geologic Repositories is to

site, design, construct, operate, close, and decommission geologic reposi-
tories for spent nuclear fuel and high-level waste. As described in more de-
tail in Section 3.1 of Part I, this responsibility includes the screening and
characterization of potential sites for geologic repositories: recommendation
of sites; the design and development of repositories and waste packages; the

preparation of documents to meet all regulatory, licensing. safety and health,
environmental, and quality-assurance requirements; cooperating and consulting
with States and affected Indian tribes; evaluating the need for and designing
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a test and evaluation facility; and managing the research and development of
disposal technology for both repositories and alternative means of permanentdisposal.

5.2.1.3 Storage and Transportation Systems

The Office of Storage and Transportation Systems implements all interim
or long-term storage and transportation activities (see Sections 3.2 and 3.3
in Part I). A key responsibility of this Office is to develop an integratedapproach that coordinates the entire system of repositories, waste prepara-tion, handling, and transportation. The Office is also developing for submit-
tal to Congress a proposal to construct facilities for monitored retrievable
storage and to develop a Federal capability to provide interim storage for up
to 1900 metric tons of spent nuclear fuel if utilities determined eligible bythe Nuclear Regulatory Commission submit a request for such storage.

5.2.1.4 Policy. Integration and Outreach

The Office of Policy, Integration and Outreach has primary responsibilityfor providing central staff support to the OCRWM Director and Associate Direc-
tors in policy formulation, program planning. and the general oversight of
Program execution. The Office evaluates program accomplishments and ensures
the integration of the activities performed by the OCRWM and the OperationsOffices. including international activities. The Office has the
responsibility to oversee the application of environmental, safety, health,
and quality-assurance policies, standards. and regulations in the execution of
the waste-management program. In addition, the Office independently monitors
program interaction with external organizations to observe the effectiveness
and quality of policy implementation. The Office also coordinates communica-
tions and public affairs and is responsible for the development and implemen-
tation of the OCRWM institutional relations policy.

5.2.2 SUPPORT FROM OTHER HEADQUARTERS OFFICES

Other organizations in the DOE provide essential support to the Civilian
Radioactive Waste Management Program, and certain functions can be performedonly by other DOE offices. The most important contributions are made by the
Office of General Counsel: the Office of the Assistant Secretary for Manage-
ment and Administration; the Office of the Assistant Secretary for Environ-
ment, Safety and Health; the Office of the Assistant Secretary for Congres-
sional, Intergovernmental and Public Affairs: and the Energy Information
Administration. In keeping with the full-cost-recovery basis for program
execution, the OCRWM reimburses other DOE units for the support they provide.

The Office of General Counse) is the source of legal reviews and opinions
on the interpretation of statutes, contracts, and other legal instruments re-
lating to the funds. It also coordinates litigation with the Department of
Justice.
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As briefly explained below, four offices within the Office of the Assis-
tant Secretary for Management and Administration provide support for the waste-

management progcam: the Office of the Controller, the Procurement and Assis-

tance Management Directorate, the Office of the Director of Administration,
and the Office of Project and Facilities Management.

The Office of the Controller integrates the OCRWM budget into the DOE

budget and coordinates it with the Office of Management and Budget: develops
Fund-administration policies and procedures; and performs Headquarters ac-

counting and administrative activities for the Nuclear Waste Fund. The Pro-

curement and Assistance Management Directorate develops and administers inter-

nal procedures and controls for contracting activities; negotiates and exe-

cutes contracts between the DOE and the utilities for the disposal or storage
of radioactive wastes and for support services; and provides contract-

administration oversight. The Office of the Director of Administration pro-
vides administrative support services to the OCRWM, prepares quarterly esti-
mates of Headquarters support costs, and coordinates with the OCRWM in

developing personnel-cost estimates. The Office of Project and Facilities
Management provides departmental guidance for the implementation of project-
management systems as well as independent assessments of program performance
and cost estimates.

Within the Office of the Assistant Secretary for Environment, Safety and

Health, the Office of Environmental Compliance provides expertise and
environmental assistance and guidance, facilitating compliance with applicable
Federal, State. and local regulations and laws.

The Office of the Assistant Secretary for Congressional, Intergovern-
mental and Public Affairs provides assistance in developing, managing, and

coordinating relations with Congress; the news media; the governments of

States, affected Indian tribes, and local jurisdictions: other Federal agen-
cies; and the general public.

Under a memorandum of understanding, the Energy Information Administra-
tion (EIA) provides projections of spent-fuel discharges, nuclear power gene-
ration, and the revenues collected into the Nuclear Waste Fund. The EIA also

collects all necessary data, validates all amounts owed by each utility or

other owner of spent fuel existing prior to April 7, 1983, and verifies that

the fees due on electricity generated by nuclear power are accurately reported
by the utilities.

5.2.3 OPERATIONS OFFICES AND PROJECT OFFICES

Four of the DOE's Operations Offices are involved in the waste-management
program and are assigned responsibility for major projects. The Operations
Offices pecform their waste-management work through Project Offices, which, in

turn, rely on prime contractors. This arrangement is well suited for the

Civilian Radioactive Waste Management Program because the work of its reposi-
tory projects is focused on sites in various parts of the country. and the

management of these projects can be best accomplished in the field.
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The DOE Operations Offices that are involved in the waste-managementProgram are the Albuquerque, Chicago, Nevada, and Richland Operations Offices.
The latter three are responsible for evaluating the suitability of sites forgeologic repositories in four different host rocks (basalt, salt, tuff, andcrystalline rocks), designing repositories and waste packages that are com-patible with a particular host rock, demonstrating the performance of the
total system, and conducting all attendant regulatory and institutional acti-
vities. In addition to its involvement in the geologic-repository program,the Richland Operations Office is also responsible for performing studies re-lated to monitored retrievable storage and for research and development inspent-fuel disposal. The Albuquerque Operations Office is responsible fortransportation systems and for subseabed disposal (see Section 3.1). The
OCRWM projects assigned to the Operations Offices are presented in Figure 5-2,which also shows the prime contractor for each project.

The DOE Operations Offices perform a variety of project management and
administration functions. In addition to administering contracts, they
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Figure 5-2. DOE Operations Offices and prime contractors responsible for major projects.
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provide support services in accounting. budgeting. quality assurance,

procurement, and the like.

OCRWM Project Offices are part of the above-mentioned DOE Operations
Offices, but they report to the OCRWM Director and his designees for overall

program policy guidance and for the technical direction and review of project
performance. The Project Offices are responsible for providing detailed gui-
dance and oversight to the prime contractors.

The prime contractors are responsible for the performance of the work

under DOE direction. They also prepare detailed project plans, schedules,
cost estimates, and budgets. Work that is not performed directly by the prime
contractors is subcontracted to firms that have the technical expertise needed
for specific tasks. Among the prime contractors and subcontractors are the

national laboratories (e.g.. Sandia National Laboratories, Lawrence Livermore

National Laboratory). Under DOE direction, these contractors spend approxi-
mately 85 percent of the total Nuclear Waste Fund budget. (A more detailed
discussion of the overall procurement approach for the program is presented in

Section 5.5.)

All of the Project Offices must conform with existing DOE procedures and

orders for project management, including the uniform guidance in DOE Order

5700.4A for DOE project-management systems. While working under this uniform

guidance, each Operations Office has some autonomy to organize and manage its

responsibilities in accordance with its particular mission.

5.3 PROGRAM-MANAGEMENT SYSTEM

The DOE and its predecessor agencies have developed an effective project-
management system that has been used for a wide variety of projects. (A

project is a specific, well-defined effort within a program.) The DOE project-
management system provides guidance for the procurement of the goods and ser-

vices needed to carry out a project, and it describes the data and control

systems needed to ensure that the work is performed on time and cost effec-

tively. The DOE's project-management system for major systems acquisition and

other elements of the DOE project-management system are documented in a series

of detailed directives (DOE Order 5700.4A) that are used internally within the

DOE. The DOE project-management system was developed primarily for the

management of projects that are executed by the DOE Operations Offices. It is

therefore well suited for the management and control of the OCRWM projects.

The Civilian Radioactive Waste Management Program has used the DOE

project-management system for the management of its projects. but some of the

program’s unique characteristics require special approaches to provide effec-

tive program-management control. For example, the mandate of full cost

recovery and the OCRWM's commitment to control costs and to minimize adjust-
ments to the waste-disposal fee require strong, centralized direction and con-

trol. In addition, the individual projects must be managed as parts of an

integrated waste-management system, and the several repository projects are

parallel efforts that must be closely coordinated.
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Therefore, the overall management and control of the program are exer-
cised by the OCRWM Director and his staff from Headquarters. Responsibility
for the execution of the technical projects is delegated through the Associate
Directors to the Project Office Managers, who manage the activities ona day-to-day basis. The management of detailed technical work and individual
contractor tasks is best performed locally where DOE staff can monitor
progress and deal with problems as they arise. However, progress on each in-
dividual project is reported to Headquarters on a regular basis to enable the
OCRWM Director to contro] overall cost, schedule. and technica) performance.

A major element of the DOE project-management system is the Field Work
Package Proposal and Authorization System (WPAS). Within this system, DOE
Headquarters organizations like the OCRWM have the responsibility for develop-ing program plans for achieving their goals. The work required to execute a
program is divided into a group of discrete elements in a work-breakdown
structure. Within the OCRWM, the Associate Directors are responsible for pro-viding overall guidance for the elements of the work-breakdown structure in
their areas of technical responsibility. with the work in each element to be
performed by the Project Offices and their supporting contractors.

The OCRWM is now developing a program-management system to meet the uni-
que requirements of the Act and to comply with the existing DOE project man-
agement system. The OCRWM program management system (PMS) makes maximum use
of existing and proved project-management mechanisms both to avoid repeating
past mistakes and to ensure compliance with Federal regulations. Many ele-
ments of the OCRWM system are already in place, and current plans are to docu-
ment and fully implement it during calendar year 1985.

The OCRWM program-management system will provide a set of managementtools needed to ensure that the performance of individual projects is inte-
grated into a program that develops and implements a total waste-managementsystem and to document these management systems so that they can be uniformly
and effectively used throughout the program. In summary, the OCRWM program-
management system is a union of existing DOE management systems and additional
systems needed to meet the unique needs of the program.

The OCRWM program-management system will be documented in a PMS manual.
The PMS manual will provide a set of mutually supportive, interrelated
policies and procedures designed to enable the OCRWM Director to plan and con-
trol the implementation of the program. A simplified illustration of the
Pprogram-management system that shows the major management, contro) and report-ing interfaces between Headquarters, the Operations Offices, and contractors
is provided by Figure 5-3. Figure 5-4 shows more of the details of the
program planning and control process; it also lists the major plans, reports,
and systems that comprise the program-management system. The topics covered
in the manual are summarized below.

Program Management Organization and Responsibilities. In this section,
the management organization will be described in detail, including the assign-
ment of functions, responsibilities, and authority for each level of manage-
ment. This includes a summary of the responsibilities of the supporting
Project Offices.
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Figure 5-3. Overview of the management system for the Civilian Radioactive Waste

Management Program. 4/12/08

Program Documentation. This section will list and categorize the reports
and other documentation needed for the orderly planning and management of the

program. Documentation includes reports to the Congress, planning documents,

program and project baselines, and the detailed procedures for managing and

conducting program activities. The top-level technical requirements and a

description of the waste-management system as a whole are specified in the

prescribed system requirements and description document. Requirements for

similar documents for each program element are specified as illustrated in

Figure 5-5. Also included in this section is a summary of the procedures that

control the systematic modification of management and technical documents.

Program Functional Management. This section will describe several
distinct management functions that are necessary for effective program plan-
ning and implementation. These include an annual management-by-objectives
plan at the Headquarters level to identify the major near-term milestones and

responsibilities. A program-wide work-breakdown structure is required to en-

sure that all activities are identified and defined in a common framework and

used for all appropriate management purposes. The systems-engineering process
is specified in a systems engineering management plan. Additional sections

cover procedures and mechanisms for Fund management, quality assurance, the

acquisition strategy, safety assurance, and the conduct of internal coordinat-

ing groups.

Program Controls. This section will describe the procedures for estab-

lishing program cost and schedule baselines and for conducting management
reviews of program performance and making changes, as necessary, in the

program baselines that result from those reviews. Central to effective
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Figure 5-4. OCRWM program-management system: summary of processes and systems.

program control will be the OCRWM program-management information system(PMIS). The PMIS will provide the data and analytical capabilities needed tosupport the management-review and program-change procedures and mechanismsdelineated in this section. This PMIS will make optimum use of data that arecurrently being collected by the Operations Offices. The analyticalcapability will be developed to project the effect of schedule changes on costand program milestones.

Regulatory Compliance. In achieving its mission, the DOE will have tocomply with applicable Federal laws and regulations. In addition, the DOEintends to comply with State and local laws and regulations consistent withits responsibilities under the Act. The program will be subject to frequentreviews, concurrences, and approvals by authorities outside the DOE. This
section will describe the policies, procedures, and strategies needed to
achieve compliance with the regulations and to receive the necessary approvalsand concurrences.

Institutional Management Plan. A separate section will be devoted to themanagement of institutional affairs because of the exceptional importance ofthis activity in accomplishing the waste-management mission under the Act.This section will reference plans for public outreach and participation, pro-cedures for conducting formal consultation-and-cooperation activities with
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States and affected Indian tribes, an approach to the analysis and mitigation
of socioeconomic impacts, procedures for interactions with other Federal
agencies, and policies and procedures for integrating international activities
in support of the program.

In summary, the program-management system, as set forth in the PMS manual,
will be a centralized program-planning and program-contro) system. Its speci-
fic purpose will be to ensure a disciplined, systematic management approach
that enables the OCRWM Director to plan, integrate, and contro] the decen-
tralized execution of the individual projects that comprise the Civilian
Radioactive Waste Management Program.

5.4 FUND MANAGEMENT

The Act stipulates that the cost of providing disposal and/or storage
services is to be fully recovered by the Federal Government from the gene-
rators or owners of the waste. To implement this requirement, the Act estab-
lishes two special funds in the U.S. Treasury: the Interim Storage Fund and
the Nuclear Waste Fund. The Act contains provisions covering the sources and
the uses of these funds and requires formal contracts between the DOE and the
electric utilities defining the rights and the obligations of the parties.

Federal interim storage of spent nuclear fuel is to be provided only for
utilities that submit a request to, and are determined eligible by, the
Nuclear Regulatory Commission. To date, no such requests have been made, and
the Interim Storage Fund has not been activated.

The management of the funds for the Civilian Radioactive Waste Management
Program is of special significance because the program is fully financed by
fees collected by utilities from their ratepayers. It is complicated by the
requirement that these fees, which are deposited into the Nuclear Waste Fund,
be largely calculated and collected many years in advance of the provision of
the services. Thus, the unusual financial provisions of the Act impose re-
quirements on the OCRWM that transcend traditional financial management by the
Federal Government.

Although the Civilian Radioactive Waste Management Program is essentially
self-financed, the Nuclear Waste Fund is included in the budget of the U.S.
Government. Therefore, the program is subject to Executive Branch and Con-
gressional budgetary processes, and expenditures from the Fund require author-
ization and appropriation by the Congress. Federal accounting and reporting
procedures must be observed, and the General Accounting Office is required to
conduct an annual audit of the program for the Congress. In addition, the
Secretary of the Treasury must submit an annual report to the Congress on the
financial condition and operations of the Nuclear Waste Fund.

The financial provisions of the Act also impose some of the standards and
constraints applicable to a private business. The program must generate rev-
enues sufficient to cover estimated costs. Conversely, expenditures must be
controlled within the limits imposed by the revenues generated. In the short
term, the program must borrow if available funds do not cover current expen-
ditures and, conversely, may invest and earn interest during periods when
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income temporarily exceeds its needs. The OCRWM has contracted with a

certified public accounting firm for an independent annual financial] audit to
reassure the utilities, the public utility commissioners, and the electricity
consumers who ultimately pay most of the fees that generally accepted
accounting principles are observed and that the financial statements and

presentations of the OCRWM fairly and accurately present the financial
conditions and operations of the Nuclear Waste Fund.

A fund management plan is one of the plans required under the OCRWM

program-management system. That plan describes how the individual tasks in-
herent in management of the Nuclear Waste Fund are performed and integrated to

accomplish the financial management and cost-control objectives of the Mission
Plan. The major tasks being performed in accordance with this plan include

estimating the life-cycle cost of the program, projecting the nuclear

electricity-generating capacity, and evaluating the sufficiency of the fees;
managing contracts with the utilities, preparing and executing budgets,
accounting and reporting, implementing cash-management policies and proce-
dures, and collecting and verifying fees; and auditing of the Nuclear Waste
Fund. The most recent revision of the Fund Management Plan was issued in

August 1984 (DOE/S-0019/1).

5.5 ACQUISITION STRATEGY

The Civilian Radioactive Waste Management Program encompasses several

major systems to be procured at a number of separate locations. Furthermore,
some of its activities (e.g., siting, construction, operation, and closure and

decommissioning) will extend over a long time--approximately a century.
Therefore, it is neither practical to use a single procurement approach nor

feasible to prepare detailed procurement plans for all of the specific ele-
ments of the program at this time. Instead, acquisition strategies and pro-
curement plans will be prepared and approved as needed in accordance with
established policies and procedures.

Most procurements will be subcontracted through prime contractors who
will conduct assigned work under the direction of the OCRWM Project Offices.
As a general rule, design and construction management will be performed under

negotiated contracts that are awarded through competition. Whenever feasible,
construction materials, equipment, and supplies will be obtained competitively
by a construction manager, using fixed-price contracts.

Individual acquisition strategies and procurement or business plans will

be required in advance of requests for significant funding for each major ele-
ment of the work-breakdown structure and for major subprojects. Reviews of
these advance plans and strategies will be coordinated between the OCRWM and

Project Offices and documented either by the originating office or, if appro-
priate, by a DOE business strategy group. This documentation will include the

purpose of the project, the status of the program, and, whenever applicable,
the tradeoff analyses performed and the incentives provided for developing and

selecting minimum-cost alternatives for achieving the objectives of the

project. All procurement activities will be guided by the policies and proce-
dures in the OCRWM PMS manual and in accordance with DOE Order 5700.4A, the
DOE's project-management system.
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For all cases, the method of contracting and performance will be reviewed
by the lead DOE Operations Office manager, by OCRWM program-element managers.
and, as appropriate, by the OCRWM Director to ensure that procurements are in
compliance with DOE procedures and regulations and OCRWM policies.

5.6 QUALITY ASSURANCE

A major and continuing commitment of the OCRWM is to achieve and ensure
quality in all essential aspects of the program. To this end an integrated
system of plans and actions is being established to achieve and ensure quality
at all levels of the program from Headquarters, through Project Offices, to
the participating contractors. The overall OCRWM quality assurance (QA) pro-
gram will be established and maintained for the development of mined geologic
repositories and storage and transportation systems.

The objective of the OCRWM QA program is to set forth QA policy and re-
quirements for a disciplined QA program. This QA program will consist of sys-
tematic actions that will ensure and provide demonstrable evidence that the
health and safety of the public are protected and that other program goals,
such as reliability and maintainability, are achieved in a cost-effective
manner.

The OCRWM is committed to ensure that the structures, systems, and compo-
nents important to safety and the barriers important to waste isolation, as
well as supporting engineering and technological data, are subjected to
appropriate QA methods and procedures during the siting, designing, licens-
ing, constructing, and operating of waste-management facilities.

Quality-assurance requirements for the OCRWM program have their origin
in, and comply with, DOE directives, NRC licensing regulations, and national
consensus standards. The principal DOE and NRC quality requirements for the
program are shown in Figure 5-6. Specifically. the QA program is consistent
with the applicable QA criteria of DOE Order 5700.6A (Quality Assurance); the
NRC's 10 CFR Part 50, Appendix B (Quality Assurance for Nuclear Power/Fuel
Reprocessing Plants); and the national consensus standard ANSI/ASME NQA-1
(Quality Assurance Program Requirements for Nuclear Facilities), which has
been developed by the American National Standards Institute and the American
Society of Mechanical Engineers. The criteria cover the following QA program
elements:

Organization
Quality-assurance program
Design control
Procurement-document control
Instructions, procedures, and drawings
Document control
Control of purchased material, equipment, and services
Identification of materials, parts, and components
Control of special processes
Inspection
Test control
Control of measuring and test equipment
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13. Handling, storage. and shipping
14, Inspection, test, and operating status
15. Nonconforming materials, parts, or components
16. Corrective action
17. Quality assurance records
18. Audits

Quality requirements will be selectively and judiciously applied on the

basis of how important the item or activity is to safety, waste isolation, and

mission performance criteria.

The OCRWM will continue to take the initiative in instituting new or

modified QA reguirements and guidance beyond those existing for the design,
construction, and operation of nuclear facilities by focusing on the activi-
ties unique to geologic repositories, such as data collection. site charac-
terization, and computer-code development. The OCRWM will also continue to

support the long-standing DOE policy of encouraging the adoption of needed

requirements by the organizations that write national consensus standards.

A focal point for the OCRWM QA program is provided by the CRWM quality
management policies and requirements (QMPR) document. This document sets

forth generic requirements for quality planning and management and defines

responsibilities for quality achievement and assurance. It provides for

quality indoctrination and training of management and technical personnel; the

performance of management overviews and audits; and the communication of

quality information, including quality progress and problems. Actions to

achieve and ensure quality are described in progressively greater detail in

the QA plans and procedures prepared by Headquarters, Project Offices, and

participating contractors.

NUCLEAR WASTE
POLICY ACT

DEPARTMENT OF NUCLEAR REGULATORY
ENERGY DIRECTIVES MISSION PLAN COMMISSION REGULATIONS

DOE 5700.6A, DOE $700.4A 10 CFR PARTS

OCRWM QUALITY

PROGRAM ASSURANCE NATIONAL CONSENSUS

CUIDANCE MANAGEMENT STANDARDS
AND POLICIES ANSI/ASME NOA-1

REQUIREMENTS

ADMINISTRATIVE Coe nan TECHNICAL

PROCEDURES REQUIREMENTS PROCEDURES

Figure 5-6. Generic quality requirements.
0114-0008 4/12/88
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The QMPR and the QA plans for Headquarters and Project Offices will be
reviewed periodically and updated as necessary to incorporate major changes in
policy. responsibilities. and requirements. Descriptions of the QA program
will be incorporated into the site-characterization plans and other key docu-
ments.

Consistent with DOE policy, the achievement of quality is a primary
responsibility of line management, and it will be independently verified by
various methods by both the DOE and the contractors’ line and QA organiza-
tions. For example, management overview and QA audits will be performed to
ascertain the status and the adequacy of OCRWM and contractor management
controls. Site-characterization, research, and design data will be subjected
to technical, peer, or design reviews. Surveillance and inspection methods
will be periodically used to monitor or accept work activities. All verifica-
tion activities for the program will be planned. scheduled, and documented to
provide objective evidence of procedural adequacy and compliance. The organi-
zational relationships for the performance of quality overview and audits and
the feedback of quality status and problems are shown in Figure 5-7.

DIRECTOR
OCAWM QUALITYOFFICE OF CIVILIAN

Levent RADIOACTIVE wasTE AseunanceMANAGEMENT

OCRWM HEADQUARTERS OCRWM HEADQUARTERSLEVEL |
ASSOCIATE DIRECTORS QUALITY ASSURANCE

pmosrcrorsice | ERATIONELeveL 3 DIRECTORS iC ASSURANCE
MANAGERS

4
‘ ‘

ap PARTICIPATINGPARTICIPATING
CONTRACTORSLEVEL « CONTRACTORS QUALITY ASSURANCEPROJECT MANAGERS MANAGERS

GEE MANAGEMENT DIRECTION

c———>_ ouattty overview

eeaeewead QUALITY INFORMATION
Ore cems

Figure §-7. OCRWM program quality management direction,
overview and information
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Pursuant to 10 CFR Part 60, during site characterization, the NRC staff
is permitted to visit and inspect the site and observe excavations, borings,
and in-situ tests as they are done.

The QA policies and requirements document for the program was issued in

May 1985 under the title Quality Assurance Management Policies and Require-
ments. A QA plan for siting and site characterization was issued by the

Office of Geologic Repositories in September 1984. Quality-assurance plans
and implementing procedures are under development by the Project Offices and

are scheduled to be in place before the submittal of the site-characterization
plans. Similar QA plans and procedures are under development for storage and

transportation systems.

SAFEGUARDS AND SECURITY

Special safeguards and security measures will be established and imple-
mented for the handling, transportation, and storage of spent fuel and high-
level waste. These measures will be defined in site-specific terms as needs

are identified. In the interim, routine safeguards and security measures,

including access control, will be executed in accordance with current DOE

directives applied to DOE test facilities.

5.8 PEER-REVIEW PROCESS

Peer review is an important part of the process by which a repository is

sited, constructed, and operated. Peer-review groups have already partici-
pated in the early stages of the process. For example, the DOE has assembled
a group of independent experts, the Performance Assessment Review Group, to

examine the performance-assessment plans of the repository projects. As the

repository program continues, the OCRWM expects to assemble similar groups to

examine other parts of the work. Other DOE organizations--for example, the

Office of Environmental] Compliance--also use independent experts in their
review of work sponsored by the OCRWM: their peer reviews are significant
contributions to the program.

The States in which a repository may be located also provide independent
peer reviews; some of the funds distributed by the DOE as financial assistance
to the States (see Chapter 4 in Part I and Chapter 3 in Part II) are used for

that purpose. The States have already conducted peer reviews of the draft
environmental assessments prepared for the nine potentially acceptable sites

for the first repository: they will provide further reviews throughout the

program.

Another source of independent peer review is the National Academy of

Sciences. This organization has contributed a review of the draft environ-
mental assessments and is expected to contribute further reviews in the future.
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The ultimate peer review of the program will be provided by the Nuclear
Regulatory Commission. Through its staff and consultants, the Commission will
continuously review the DOE work, as it already has the siting guidelines and
the draft environmental assessments.

5.9 ADMINISTRATIVE SUPPORT SERVICES

Administrative support is essential to the success of the program. The
program cannot attain its objectives without adequate personnel, facilities,equipment, mail handling, travel, procurement, printing, records. and other
support activities. There is no need for a detailed presentation of adminis-
trative services in the Mission Plan. However, it is important to emphasizethat these services are being provided within the established DOE organiza-tions. The success of the program will hinge on the continued prioritysupport from the DOE's administrative offices.

5.10 INTERNATIONAL ACTIVITIES

It has long been DOE policy to cooperate with other nations in developingtechnology for the management of radioactive wastes.

The objectives of the OCRWM international activities are as follows:

1. To improve the performance of the OCRWM program by
a. Conserving OCRWM resources through joint projects.
b. Securing independent reviews and confirmation of OCRWM data and

modeling concepts.
c. Avoiding unwarranted duplication of research-and-deve lopmentefforts.

da. Promoting international consensus on issues related to
radioactive-waste management.

2. To comply with U.S. foreign policy.
3. To fulfill the obligations of existing bilateral agreements and to

consider other agreements that could augment the OCRWM program.
4. To comply with Section 223 of the Act.

It is OCRWM policy to ensure the proper management of international
activities through coordination and integration, to ensure compliance with the
requirements of the Act, to continue honoring existing commitments, and to
complete cost-benefit evaluations before the initiation of new activities.

The OCRWM currently maintains active participation in international
cooperation and information exchange through bilateral agreements, multi-
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national activities, and international agency forums and programs. These

activities are conducted under current bilateral agreements with Belgium,
Canada. France. the Federal Republic of Germany, Japan, Sweden, Switzerland,
the United Kingdom, and the Commission of European Communities. The OCRWM

also cooperates through the International Atomic Energy Agency and the Nuclear

Energy Agency of the Organization for Economic Cooperation and Development.
The OCRWM is currently most active in joint projects with Canada, the Federal

Republic of Germany, and the Nuclear Energy Agency. These projects include

(1) an underground crystalline-rock research laboratory in Canada; (2) ongoing
tests in the Asse salt mine in the Federal Republic of Germany; (3) the ex-

change of information with and tests of spent-fuel storage in, the Federal

Republic of Germany; and (4) crystalline-rock tests in the Stripa mine in

Sweden. Through the Nuclear Energy Agency, the OCRWM participates in the

International Seabed Working Group, which coordinates research on the feasi-
bility of waste disposal in clay formations beneath the ocean floor.

In accordance with Section 223 of the Act, the DOE and the Nuclear Regu-
latory Commission jointly offer cooperation and technical assistance in spent-
fuel storage and disposal to countries that do not produce nuclear weapons.
This includes assistance in the health, safety, and environmental regulation
of storage and disposal activities. The Federal Register notice extending
this offer was updated and reissued jointly by the DOE and the NRC on April 6.

1984 (FederalRegister. Vol. 49, p. 13858) and April 5, 1985 (Federal Register,
Vol. 50, p. 11137). Expressions of interest have been received from the

Netherlands, Egypt, Brazil, Japan, the Republic of Korea, Taiwan, Mexico, and

Indonesia. Other expressions of interest are expected. Briefings on the

spent-fuel management program have been provided to Korea and Mexico, and a

seminar on spent-fuel management was held in Egypt. These types of briefings
will be continued in response to expressions of interest.
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Chapter 1

INFORMATION NEEDS

An identification of the primary scientific, engineering,and technical information, including any necessary demon-
Stration of engineering or systems integration, with
respect to the siting and construction of a test and
evaluation facility and repositories.

~-Nuclear Waste Policy Act, Section 301(a)(1)

INTRODUCTION

Although a geologic repository is a first-of-its-kind engineering pro-ject, many of its elements are similar to those of facilities that have beensuccessfully built and operated. For example, the sinking of shafts and theexcavation of underground disposal areas will resemble routine operations atdeep mines throughout the world: many of the surface operations will resemblethose of warehousing; and many of the waste-handling operations will resemblethose successfully used by the nuclear industry and the DOE for years. Fur-thermore, the mission of the repository and the requirements for its perfor-mance are explicitly defined by regulations, including the DOE's siting guide-lines ("General Guidelines for the Recommendation of Sites for the NuclearWaste Repositories," 10 CFR Part 960). There is, therefore, a broad basis fordetermining the kinds of scientific, engineering, and environmental infor-mation that will be required for a repository.
Certain aspects associated with the design and performance of a geologicrepository distinguish it, however, from more conventional engineering pro-jects. For example, the design of the repository must account for the thermalstresses on the host rock induced by the heat-producing waste, an aspectunique to the repository as an underground construction project. Another dis-tinguishing aspect is the reliance--over the long term--on the natural bar-riers of the site to provide waste isolation. This reliance requires a verythorough underground-exploration program in comparison with the Siting ofother underground engineering projects, such as hydroelectric power stations.These distinguishing aspects of the repository are reflected in the emphasison the site.

Unresolved questions related to the performance of a repository aretermed "issues." For each issue, the kinds of information needed to answerthe question can be identified. This information will be. collected duringsite characterization. This chapter lists and explains examples of the typesof information needed to determine whether a repository can be sited, de-signed, constructed, operated, and closed in accordance with applicable regu-lations. The information needs listed here are not intended to be applicableto all sites. Each geohydrologic setting or site will have additional,specific information needs. These site-specific issues and information needswill be described in the site-characterization plans to be issued for thethree sites approved by the President.
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Much of the information listed here remains to be collected, analyzed, or

verified. The activities through which these data-acquisition steps will be

performed are described in Chapter 2, which presents plans. milestones, sched-
ules, and budgets.

During site characterization, the DOE will collect detailed information
on the geologic, hydrologic, and other characteristics that determine compli-
ance with the siting guidelines. These guidelines (see Appendix B) include a

postclosure system guideline, 10 CFR 960.4-1; postclosure technical guidelines
for geohydrology, geochemistry, rock characteristics, climatic changes, ero-

sion, dissolution, tectonics, human interference, and natural resources,

960.4-2-1 through 960.4-2-8; a preclosure system guideline for the ease and
cost of siting. construction, operation, and closure, preclosure technical

guidelines for surface characteristics, rock characteristics, hydrology, and
tectonics, plans for collecting the detailed information required to demon-
strate compliance with this set of guidelines will be presented in the site-

specific site-characterization plans to be developed for each candidate site

approved for characterization.

In parallel with site characterization, the DOE will collect information
about other aspects of the site. This activity, referred to as site investi-

gations, will be carried out in order to establish compliance with the guide-
lines that do not require characterization (e.g., demographic, socioeconomic,
and ecological characteristics) and to comply with the requirements of the
National Environmental Policy Act of 1969. The guidelines for which informa-
tion will be collected during site investigations include 960.4-2-8-2 (techni-
cal guideline for site ownership and control); 960.5-1(a)(1) and 960.5-1
(a)(2) (preclosure system guidelines for radiological safety and for environ-
mental quality, sociceconomics, and transportation) and 960.5-2-1 through
960.5-2-7 (preclosure technical guidelines for population density and distri-
bution, site ownership and control, meteorology, offsite installations and

operations, environmental quality, socioeconomic impacts, and transporta-
tion). Plans for collecting the detailed information required to demonstrate

compliance with this set of guidelines will be presented in the EIS

implementation plan, which will be separate from the site-characterization
plans.

The information required to site and construct a test and evaluation
facility (TEF), if such a facility is deemed necessary, will be essentially
the same as that for a repository. However, the information needed would be
much less extensive because the TEF would be located at the repository site
(see Chapter 4), would operate over a short time, and would be much smaller in

scope. For these reasons, no separate information needs for a TEF are pre-
sented here.

Appendix III of the DOE's siting guidelines describes the level of infor-
mation needed in each step of the site-selection process. Appendix IV of the

guidelines identifies the types of information needed to nominate potential
sites as being suitable for characterization.
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HIERARCHY OF INFORMATION NEEDS

This chapter is organized in accordance with an issues hierarchy con-sisting of three levels of detail: key issues, issues, and informationneeds. The purpose of this hierarchy is to make apparent the logic of site
Studies and design activities and thereby ensure that no significant issues
are overlooked or extraneous information collected. The hierarchical struc-
ture provides a convenient framework to distinguish broad questions of overallSuitability (key issues) from more specific questions about natural systems or
major design components (issues) and from requirements for additional data oranalyses about particular natural conditions or design elements (information
needs).

The key issues are derived directly from the system guidelines in the
DOE's siting guidelines. The system guidelines define general requirementsfor the performance of the repository system; these requirements are based
generally on the objectives of protecting public health and safety and the
quality of the environment and specifically on the Environmental Protection
Agency's standards for allowable releases of radioactive material (40 CFR Part
191). The key issues are treated in their order of importance (see discussion
in Appendix B).

Issues are subordinate to key issues. Collectively, the issues groupedunder a key issue indicate what questions must be answered to resolve the keyissue. Most of the issues are related to the geologic, hydrologic, and geo-chemical characteristics of the repository site and other aspects of the nat~-
ural environment; they are based on the qualifying conditions of the technicalguidelines in 10 CPR Part 960. Some issues, however, are concerned with the
waste package and engineered aspects of the repository itself: these issues
are based on performance criteria and regulations that must be met to receive
a license for a repository. It is noteworthy that many of the issues should
not be especially difficult to resolve because the methods used to obtain the
information, and the analysis and interpretation of the information, arestraightforward and well established. However, some issues can be resolvedonly after in-situ testing at the proposed depth of the repository. To per-form these tests it will be necessary to construct one or more exploratoryshafts.

Information needs constitute the lowest level of the hierarchy. The
technical information needed to resolve the issues is stated broadly at this
level. Some information topics pertain to site suitability: others pertain to
the information required to design cost-effective waste packages or surface
and subsurface facilities. The DOE has intentionally duplicated certain in-
formation needs under two or more issues so that each issue and its associatedinformation needs can be considered as a discrete package; thus, the inter-dependences among issues and information needs are not shown. The DOE placesno particular programmatic significance on the number of information needs
associated with an issue. Finally, the preceding discussion on the relativedifficulty of resolving issues applies to acquiring the technical data as
well. For example, data on meteorological conditions are routinely collected
at nuclear power plants, and the use of these data in analyzing the safety of
the plant and planning emergency responses is well established.
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As mentioned, the issues are intended to apply to a repository sited and

constructed in any host rock. Some of them are relatively unimportant in

certain potential host rocks, an example being dissolution processes in any of

the hard rocks. These limited-applicability cases are indicated in the narra-

tive, as appropriate. Typically, the information needs cited here ace generic
and illustrative of the information required to cesolve issues. Site-specific
information needs will be identified in the forthcoming site-characterization

plans or the EIS implementation plan. In addition, not all of the approxi-
mately 140 information needs listed in the following pages are of equal impor-
tance. Generally, the information needs required to resolve key issue 1 are

more important than those required to resolve key issue 2, and so on. The

information needs listed under each issue generally are in the order in which

they would be collected or applied to that issue and thus are not in order of

importance.

KEY ISSUE 1: Will the geologic repository. consisting of multiple natural

and engineered barriers, isolate the radioactive waste from the

accessible environment after closure in accordance with the

requirements set forth in 10 CFR Part 60 and the proposed
Environmental Protection Agency rule to be codified as 40 CFR

Part 191?

Key issue 1 is derived directly from the postclosure system guideline
(10 CFR 960.4-1), which defines the general long-term performance requirements
for the repository system as a whole (i.e., the waste package, the engineered
repository, and the natural system at the site). These performance require-
ments reflect the general objectives of protecting the health and safety of

the public and the quality of the environment; they are based specifically on

the safety standards proposed by the Environmental Protection Agency (EPA), to

be codified as 40 Part CFR 191, Subpart B, and the criteria adopted by the NRC

in 10 CFR Part 60, Subpart E.

Compliance with the system guideline must be demonstrated (1) to recom-

mend a site for the development of a repository and (2) to obtain a construc-

tion authorization from the NRC. The demonstration of compliance will be

based on the results of analyses that will evaluate the integrated performance
of the total repository system. This performance assessment will use mathe-

matical models (i.e., computer codes developed specially for repository model-

ing purposes), scientific data collected during site characterization and

during the preceding field investigations at the site, data about the perfor-
mance of the waste package in the particular host rock, and data about the

repository itself, including such engineering specifications as the distance
between waste-emplacement holes, the distance between drifts, and the shape
and dimensions of each drift. Included in this assessment will be analyses of

the following:

1. Interactions between various components of the repository system
(e.g., the effects of the heat emitted by the waste on the surround-

ing host rock and the effects of the chemical constituents of the

host rock on the materials of the waste package).

2. The effects exerted on the repository system by exploratory boreholes

and shafts, and the construction of the underground facility.
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3. The effects exerted on the performance of the repository system byconditions that are expected to occur over the long term (e.g.,changes in geohydrologic conditions that can be projected from thehistory of the host rock during the Quaternary Period--the past2 million years or so).

4. The effects exerted by potentially disruptive processes and eventswhose occurrence is not likely but is sufficiently credible to war-rant analysis (e.g., extreme erosion, climatic change, or humanintrusion).

Critical to the performance assessment will be the definition of threemajor boundaries that are related to the regulatory requirements for therepository: the boundaries of the engineered-barrier system, the disturbedzone, and the accessible environment. These boundaries can be preciselydefined only after completing the site characterization and the designs of therepository and the waste package.
Derived from key issue 1 are nine issues--one that pertains specificallyto the engineered barrier system and waste package, one that pertains largelyto the repository, and seven that pertain mainly to the site. The latter arebased on the postclosure technica) guidelines (codified as 10 CFR 960.4-2).

ISSUE 1.1: Will the present and expected geohydrologic setting at a site becompatible with waste containment and Isolation?

The geohydrologic setting will determine the quantity and the chemicalcomposition of the water that comes into contact with waste packages. Theseconditions, together with the thermal and radiation fields produced by thewaste packages, will control the corrosion of the waste containers. For thesite to be compatible with the achievement of waste containment and isolationobjectives, it must be possible to design and build a waste package that iscompatible with the requirements of NRC regulation 10 CPR 60.113(a)(1)(ii) onthe engineered-barrier system.
After the containment period, as the waste package begins to lose itsintegrity, some of the radioactive waste may be dissolved. This would createthe potential for radionuclide transport out of the engineered barrier sys-tem. The hydrologic conditions at the site will affect isolation by deter-mining the flow paths and flow times for the water containing the radionu-clides. The geologic conditions along the flow path will affect the rate atwhich the radionuclides travel in relation to the water flow rate: these con-ditions can affect radionuclide transport through retardation by sorption,dispersion, precipitation of low-solubility phases, and other processes thatslow the rate of radionuclide transport in relation to the rate of water flow.

The information needs for this issue include the following:
1.1.1 Knowledge of the present nature and distribution of aquifers andaquitards in the region (thousands of square miles) surroundingthe site, including areas and modes of recharge and discharge,interrelationships of geohydrologic units, and influence of struc-ture on the regional occurrence of aquifers.
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1.1.2 Detailed descriptions of the lithology, stratigraphy, and struc-

ture (especially of structural features like fractures, faults,

and folds) of the geologic deposits and formations in the vicinity
of the site.

1.1.3 Geochemical characteristics of ground water in the region and near

the site, including variations with depth.

1.1.4 Detailed knowledge of the potentiometric surface, present hydro-
logic properties (e.g., hydraulic conductivity and gradient), and

distribution of the geologic deposits and formations in the vicin-

ity of the site.

1.1.5 Estimates of, and bounds on, the present ground-water fluxes, flow

directions, velocities, and travel times for the paths between the

repository and the accessible environment.

1.1.6 Estimates of, and bounds on, effects of man-induced changes on the

present hydrologic flow system at the site, including those caused

by site characterization, repository construction, dam construc-
tion and operation, climate changes induced by human activity, and

increased surface-water and ground-water withdrawal, as specified
in State or local management plans.

1.1.7 Estimates of, and bounds on, the effects of natural phenomena that

have reasonable potential for changing the present surface and

subsurface hydrologic flow system, including climatic changes
(both natural and those induced by human activities), tectonism,

and dissolution.

Information need 1.1.5 is critical to the resolution of issue 1.1. The

ground-water flow parameters and travel-time calculations for the undisturbed
conditions are required to qualify the site. The ground-water fluxes, flow

directions, and velocities at the potential repository horizon are needed to

plan the construction and operation of the repository and to design the shaft

and borehole seals. The post-waste-emplacement ground-water-flow conditions
at the repository horizon need to be determined to ensure that borehole and
shaft seals will function properly and to determine the conditions of water

flow to which waste packages will be subjected.

The information gathered to address this issue will provide the baseline

description of the geologic and hydrologic setting. This description will be

used in designing the components of the engineered barrier system and estab-

lishing conditions for the testing of the barrier materials. Together with

geochemical information, it will provide the basis for calculating the ex-

pected rates of radionuclide releases to the accessible environment.

ISSUE 1.2: Will the present and expected geochemical characteristics of the

site be compatible with waste containment and isolation?

The geochemical characteristics of the repository site will control the

chemical composition of the fluids available for the degradation of the waste

package. These fluids will affect the lifetime of the containment barrier and
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the rate of radionuclide releases from the waste packages after the contain-
ment barrier is breached. The geochemical characteristics of the rock units
along the water flow path from the repository to the accessible environment
must be known to estimate the retardation of radionuclide transport in rela-
tion to water travel times.

The heat and radiation emitted by the waste may induce changes in the
properties of the host rock, local water chemistry, and mineral composition
along the water flow path from the repository to the accessible environment.
Changes in water chemistry may alter the rates and mechanisms of waste-package
degradation and the rate of radionuclide release from the engineered-barrier
system. Changes in the mineral composition of the host rock may result in
changes in water chemistry or in the amount of water that may come in contact
with the waste packages--or in the mechanism by which these changes may take
place. Changes in the mineral composition of the rock units along likely flow
paths may alter the potential of the site for retarding radionuclide transport.

The retardation of radionuclide transport relative to water flow times
depends on such processes as the precipitation of low-solubility phases, sorp-
tion onto minerals, the exchange of ions between dissolved species and the
minerals along the flow path, and the dispersion of radionuclides into rock-
matrix pores during flow through fractured rock. Some of these processes de-
pend on the chemical speciation of the radionuclides in solution: it is there-
fore necessary to know the chemical stability of complex ions and colloidal
species. Transport by particulate matter and colloids suspended in water must
also be investigated. Kinetic factors may be involved in speciation, colloid
stability, and precipitation. Finally, the relative importance of each of the
transport and retardation processes must be determined so that the overall
retardation properties along the path from the repository to the accessible
environment can be estimated.

Both preemplacement and postemplacement geochemical conditions must be
understood. The preemplacement geochemical conditions are needed to provide
the baseline data from which the effects of waste emplacement will be esti-
mated. Information on the present geochemical conditions will be used in
evaluating the suitability of the site. The geochemical conditions that are

expected after waste emplacement will determine whether the site is compatible
with the long-term containment and isolation of the waste.

The information needs for this issue include the following:
1.2.1 Estimates of, and bounds on, the present geochemical conditions at

the potential repository site, including water chemistry, the min-
eralogy and petrology of the proposed repository horizon, types
and amounts of organic compounds present, and geochemical para-
meters along the water flow path from the repository to the acces-
sible environment.

1.2.2 Estimates of, and bounds on, the geochemical stability of the
host-rock minerals, changes in ground-water chemistry and mechani-
cal stability of the host rock after repository construction and
waste emplacement.

1.2.3 Estimates of, and bounds on, the processes that affect the retar-
dation of radionuclide transport relative to the velocities of
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water flow along the path from the repository to the accessible
environment.

ISSUE 1.3: Will the present and expected characteristics of the host rock and

surrounding units be compatible with waste containment and
isolation?

The physical and chemical properties of the host rock and surrounding
rock units must all be compatible with a design and an operating plan that
will allow construction, operation, and closure in accordance with containment
and isolation criteria. The excavation of the repository and the effects of
waste emplacement must not induce changes that would significantly affect the
ability of the rock to contain and isolate the waste. If changes in the host
rock occur, such as extensive fracturing, new pathways for radionuclide trans-

port could be established, and the isolation capabilities of the rock could be

impaired. Therefore, in addition to the scientific characterization of the
site (e.g., determining the thermal and mechanical properties of the host
rock), engineering analyses are also needed.

The major information needs for this issue include the following:

1.3.1 Descriptions of the structure, lithology, and stratigraphy of the
host rock and surrounding rock units, including depth, thickness,
and lateral extent.

1.3.2 Estimates of the mechanical properties and ambient stress condi-
tions of the host rock and surrounding rock units.

1.3.3 Estimates of the thermal properties and ambient geothermal charac-
teristics of the host rock and surrounding rock units.

1.3.4 The characteristics of the geologic and hydrologic setting and
in-situ conditions of the repository.

1.3.5 The thermal characteristics of the waste package and the thermal-
mechanical effects of the heat emitted by the waste on the

properties of the host rock.

1.3.6 The underground layout and configuration (i.e., drift design,
depth and areal extent of the underground development) and the
waste-emplacement configuration.

1.3.7 Estimates of mining-induced effects on the hydrologic properties
of the rock immediately surrounding repository openings.

1.3.8 Definition of the allowable changes in the host rock caused by the
presence of the repository (e.g., temperature, stress).

1.3.9 Description of the sealing design for underground drifts, shafts,
ramps, and boreholes.

1.3.10 Construction, operation, and closure plans for the repository.
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ISSUE 1.4: Can the underground facility be placed at a depth such that sur-
face erosion will not lead to releases greater than those allowed
by regulations?

To prevent the waste from being uncovered, thereby causing a direct
release of radionuclides to the surface, the repository must be at a depthgreater than that which can be reached by surface erosion during the next
million years. As specified in technical guideline 10 CFR 960.4-2-5, this
depth must be at least 200 meters (650 feet) below the directly overlyingground surface. The rates and depths of erosion are controlled by the nature
of the rocks and deposits that lie between the repository and the surface; byclimatic conditions that affect precipitation, infiltration, evapot ranspira-tion, and runoff; and by changes in the baseline of erosion through differen-
tial vertical movements of the earth's crust or by changes in sea level.

Erosion, like the processes and events covered in issues 1.5 through 1.7,
is a potentially disruptive process that is not expected to adversely affect
the long-term performance of the repository but is sufficiently credible to
warrant analysis. In projecting the depth of continued erosion, the rates and
depths of erosion in response to crustal movements and climate during the pastmillion years need to be determined as the first step. The results must be
coupled with estimates of the consequences of changes in crustal movement and
climate during the next million years, to ensure that the repository is suf-
ficiently deep.

The information needs for this issue include the following:
1.4.1 Descriptions of the stratigraphy of the soils, deposits, and rocks

that lie above the repository horizon.

1.4.2 Past rates of erosion estimated by determining depths of entrench-
ment of geomorphic surfaces whose ages have been determined.

1.4.3 Determination of mechanisms of erosion through study of the soils,
weathering processes, and geomorphic processes in the region.

1.4.4 Estimates of, and bounds on, future climatic and fluvial condi-tions as outlined in issue 1.5.

1.4.5 Estimates of, and bounds on, past and future geomorphic processes
in the geologic setting, including effects of changes in climate
and fluvial conditions as outlined in issue 1.5 and of changes in
tectonic stability as outlined in issue 1.7.

1.4.6 Estimates of glacial erosion during the Quaternary Period.

ISSUE 1.5: Will future climatic conditions at the site lead to radionuclide
releases greater than those allowed by regulations?

Phenomena that could cause significant climatic change in the future will
be considered. One such mechanism for change is an increase in global atmos-
pheric carbon dioxide. Variations in climate can result in changes in infil-
tration, which may affect the ground-water regime, as well as changes in run-
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off and streamflow, which will affect the rates of erosion. Cyclic climatic

patterns occurred during the Quaternary Period and are expected to continue
into the future. The prediction of future climates is based on the recon-

struction of Quaternary climates. Areas covered by continental glaciers in

the past can be presumed to be covered by comparable glaciers in the future

and to be affected by glacial erosion, deposition, disruption of drainage,
increased overburden and changes in the ground-water regime. Areas not

directly affected by glaciers have been and will again be affected by the

changes in climate that result froma glacial episode. These changes are

global; they involve fluctuations in temperature, evaporation, precipitation,
and runoff. These can lead to changes in sea level. Also of importance to

future climates is the influence of human activity, such as the injection of

particulates into the atmosphere and release of carbon dioxide.

Estimates of, and bounds on, future climatic conditions and their effects

on the host rock and the hydrologic system will be developed.

The information needs for this issue include the following:

1.5.1 Estimates of the distribution of precipitation, including geo-
graphic occurrences, amounts, rates, and durations.

1.5.2 Estimates of the balance of precipitation, evapotranspiration,
infiltration, and runoff.

1.5.3 Descriptions of any paleo-flood deposits, including their age,
composition, particle size, and stratigraphy: and the width,

depth, depth of scour, and gradient of the channels in which they
occur.

1.5.4 Evidence of past ground-water levels in the geologic setting and

the potential for future changes in ground-water level.

1.5.5 Descriptions of geomorphic features in the geologic setting,
including size, slope, and elevation.

1.5.6 Rates and directions of streamflow in the drainage basin during
the Quaternary Period.

1.5.7 Descriptions of soil horizons in the vicinity of the site, includ-

ing fossil pollen where available.

1.5.8 Estimates of, and bounds on, contributions to climatic changes
from man-related factors, such as releases of carbon dioxide and

particulates.

ISSUE 1.6: Will any subsurface rock dissolution within the geologic setting
of the site lead to radionuclide releases greater than those al-

lowed by regulations?
Rock dissolution is of concern because it might expose waste packages to

corrosive fluids or cause a hydraulic interconnection between the host rock

and the immediately surrounding geohydrologic units. It is a slow, erosional
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process (a representative rate is 1 foot per 1000 years) of concern only to
potential sites in salt or other evaporite formations. In such formations,
zones of past or present dissolution are commonly evidenced by such features
as breccia pipes, sinkholes, and depressions of varying size: reductions in
the volume of the host rock or surrounding strata and consequent collapse or
other deformation: or the absence of strata in a geologic section where their
presence is expected. While dissolution is a potentially disruptive process,
it is not expected to adversely affect the long-term performance of a reposi-
tory at any of the potentially acceptable sites.

To estimate the rates of horizontal and vertical dissolution, it is nec-
essary to obtain the following information:

1.6.1 Definition of the structural, hydrologic, geomorphic, and strati-
graphic framework of the site vicinity.

1.6.2 Locations and characteristics of dissolution fronts or other dis-
solution features, if identified in the vicinity of the site.

1.6.3 Geochemical analysis of the ground water within the geologic
setting.

1.6.4 Fracture and fault analysis of surface outcrops. drill cores, and
data from geophysical surveys.

1.6.5 Estimates of future climatic conditions in the geologic setting.
1.6.6 Estimates of future tectonic activity in the geologic setting.

ISSUE 1.7: Will future tectonic processes or events within the geologic set-
ting of a site lead to radionuclide releases greater than those
allowed by regulations?

Tectonic processes include subsidence, uplift, tilting, folding, fault-
ing, igneous activity, and seismic activity (earthquakes). Slow subsidence
may be favorable because it generally increases the depth of burial of a
site. However, some other tectonic processes and events may lead to a rela-
tive uplift of the site and to increased rates of erosion, which in the ex-
treme, might exhume the repository.

Potential igneous activities include volcanism and intrusions that do not
reach the surface. Igneous activity can cause faulting, tilting, and uplift.
Uplift by itself or in combination with the magma body, can change, either
favorably or adversely, the ground-water flow. Uplift can also lead to faster
erosion, and the introduction of heat can cause hydrothermal activity. Possi-
ble impacts resulting from intrusions into the repository range from disper-
sion of radionuclides into the atmosphere to their encapsulation in highly
impermeable igneous rock formations.

Some faults may provide barriers to ground-water flow: others may act as
conduits of increased hydraulic conductivity that result in faster and shorter
flow paths. Therefore, the presence of faults and the likelihood of future
faulting and uplift must be evaluated in terms of their contributions to a

1Q0005451

OCR DB-105461
Holtec_PAL-000968



.

tectonically induced, erosional] breaching of a repository or adverse changes
in the paths of ground-water flow, even though a significant disruption of the

repository by tectonic processes is unlikely.

The following information constitutes a basis for estimates of, and

bounds on, the rates, magnitudes, and locations of future tectonism and the

effects on the local and regional ground-water-flow system:

1.7.1 Patterns of active and inactive tectonic features in the geologic
setting--including igneous features, faults, folds, uplift, and
subsidence--and their relation to the hydrologic system.

1.7.2 Ages of tectonic features to allow a time-space analysis of geo-
metric information in a historical framework. This reveals tec-
tonic changes that have occurred through time and permits the cal-
culation of past and present rates of tectonic activity as a means

of predicting future changes.

1.7.3 Records of historical earthquakes within the geologic setting,
including locations, frequency, magnitude or intensity, and focal
mechanisms when available.

1.7.4 Assessments of the correlations of earthquakes with tectonic fea-
tures and processes.

1.7.5 Estimates of the geometry and origin of present stress systems
within the earth's crust to relate tectonic processes to present
tectonic conditions.

1.7.6 Assessments of past igneous activity in the geologic setting as an

indicator of the potential for future igneous activity.

1.7.7 Estimates of changes in rock stress and potential fault creation
and movement due to flooding and glaciation.

ISSUE 1.8: Will future human activities at or near the site adversely affect
waste containment and isolation?

Much consideration has been given to activities by future generations
that could inadvertently compromise the effectiveness of a geologic reposi-
tory. Such intrusion into a repository could result from attempts to find or

exploit natural resources or from changes in land use. For this reason, re-

positories will be sited in areas where future exploration for valuable na-

tural resources is unlikely and where land ownership and control can be main-
tained. Furthermore, various measures will be used to warn future generations
about the presence of the repository (e.g., the erection of durable monuments

and markers).

The information needed to resolve this issue includes the following:

1.8.1 The general quantities, grades, and depths of occurrence of energy
and mineral resources, including water. The potential for using
underground spaces for the storage of fluids must also be assessed.
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1.8.2 Estimates of the value of the natural resources compared with that
contained in other areas of similar size in the geologic setting.

1.8.3 Assessments of whether geologic or geophysical exploration would
be likely to discover a significant concentration of any naturallyoccurring material that is not widely available from other sources.

1.8.4 Descriptions of past and present drilling and mining operations in
the geologic setting. The description of drilling practices will
include drilling methods, frequency of drilling, and depth and
spacing of drill holes.

1.8.5 Natural phenomena (e.g., atmospheric conditions, floods, glaciers,
sandstorms) and human activities (e.g.,. construction of dams) that
might degrade the surface markers and monuments designed to warn
future generations of the existence of the repository.

1.8.6 Evaluation of potential for changes in land use over the long term
of interest to waste isolation.

This information will be used to estimate or to bound the potential ef-
fects of future human activities (in the vicinity of the repository) on the
rates and concentrations of radionuclide releases to the accessible environ-
ment.

ISSUE 1.9: (1) Will the waste packages meet the performance objectives of
waste containment for the 300 to 1000 years after permanent
closure of the repository, and (2) will the engineered-barrier
system meet the performance objectives of an acceptable rate for
radionuclide releases after the containment is breached?

After closure of the repository, the waste package and other engineeredbarriers must accomplish two functions. First, the waste package must provide
substantially complete containment of the waste for a period of 300 to 1000
years after permanent closure. Second, the other engineered barriers must
control radionuclide releases after complete containment ends. This issue
addresses the ability of the waste package and the other engineered barriers
to meet these performance requirements, which are specified in the performanceobjectives of the NRC regulation 10 CFR 60.113.

Seven information needs have been defined for this issue:

1.9.1 Estimates of, and bounds on, the flow of fluids in the waste-
package environment.

1.9.2 Estimates of, and bounds on, the chemical properties of fluids to
which waste packages will be exposed.

1.9.3 Estimates of the thermomechanical stresses acting on the waste
packages.

1.9.4 Estimates of, and bounds on, the radiation level and its effects
on the waste-package environment.
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1.9.5 Specifications for, and material properties of, the waste form and

estimates of, and bounds on, the rate of radionuclide release from
the waste form after the containment barrier is breached.

1.9.6 Material properties relevant to design specificatiqns for the con-

tainment barrier and estimates of the rates and mechanisms of con-

tainment-barrier degradation in the repository environment.

1.9.7 Design specifications, performance characteristics, and material

properties for packing material if packing material is used in the

waste package.

The information gathered will lead to (a) an understanding of waste-con-

tainer degradation: (b) estimates of how long the waste will be contained; (c)

an understanding of mechanisms controlling waste-form degradation; and (d)

estimates of the rate of radionuclide releases from the waste form after the

containment barrier is breached, including the contribution of packing mate-

rial, if it is used, to the control of radionuclide releases. This informa-

tion will be combined to provide estimates of, and bounds on, the time at

which radionuclide releases will begin (breach of the containment barrier) and

of the rates of radionuclide releases from the waste packages. The results of

these calculations will show whether the waste packages will meet the regula-
tory criteria.

KEY ISSUE 2: Will projected radiological exposures of the general public and
releases of radioactive materials to restricted and unre-

stricted areas during repository operation and closure meet

applicable safety requirements set forth in 10 CFR Part 20,
10 CFR Part 60, and 40 CFR Part 191, Subpart A?

Key issue 2 is derived from the preclosure system guideline for radiolog-
ical safety (codified as 10 CFR 960.5-l(a)(1)). This guideline requires com-

pliance with the applicable safety requirements of the safety standards pro-
posed by the EPA to be codified as 40 CFR Part 191, Subpart A, and the crite-
ria adopted by the NRC in 10 CFR Part 60 and 10 CFR Part 20. Compliance must

be demonstrated by calculating (1) the quantities of radioactive materials
that could be released to restricted* and unrestricted areas during repository
operation and closure and (2) the resulting radiological exposure, if any, of

the general public.
Included in these analyses will be the following elements:

1. The site characteristics that affect the transport of radionuclides
(i.e., local weather conditions that affect atmospheric diffusion and

transport).

*"Restricted area" is defined in the guidelines as “any area access to

which is controlled by the DOE for purposes of protecting individuals from

exposure to radiation and radioactive materials before repository closure, but

not including any areas used as residential quarters, although a separate room

or rooms in a residential building may be set apart as a restricted area."
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2. The engineered repository components whose function is the control of
releases of radioactive materials (e.g., the ventilation filters that
clean the airborne emissions from the repository).

3. The people who, because of their location, may be affected by radio-
nuclide releases.

4. The present and projected effects of nearby industrial, transporta-tion, or military installations whose presence could adversely affect
the safety of the repository (i.e., surface facilities) or its com-
Pliance with the radiological standards for unrestricted areas.

Derived from key issue 2 are three issues based on preclosure technical
guidelines 960.5-2-1, 960.5-2-3, and 960.5-2-4 and an issue related to the
design of the repository.

ISSUE 2.1: During repository operation and closure (1) will the expected
average radiation dose to members of the public within any highly
populated area be less than a small fraction of the allowable
limits and (2) will the expected radiation dose received by any
member of the public in an unrestricted area be less than the
allowable limits?

The radiation doses referred to in issue 2.1 are the population dose (in
man-rem) and the maximum individual dose that would be received by a member of
the public from routine repository operations. During repository operation
and closure, any releases of radioactive material will most probably be air-
borne (releases that could reach people through water pathways are veryunlikely), and, indeed, there is a potential that very small quantities of
radioactive materials may be available for release into the environment. To
ensure that such releases are kept well within the limits allowed by regula-
tion, the repository will be equipped with appropriate instrumentation and
equipment.

Both of the questions in issue 2.1 will require an affirmative answer if
the repository is to receive a license from the NRC. To ensure that the
answers are affirmative, another precaution will be taken in addition to
engineering measures: a repository will not be sited ina highly populated
area.

The information needed to resolve issue 2.1 includes the following:
2.1.1 Estimates of, and bounds on, the population density and distribu-

tion in the general region of the site during repository operation
and closure.

2.1.2 The basic design and operating parameters for the waste-receivingand waste-handling facilities.
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2.1.3 The basic design and operating parameters for the underground
waste-handling and waste-emplacement systems and the underground
ventilation systems.

2.1.4 The characteristics and amount of any expected routine:releases
from the surface and underground facilities.

2.1.5 Definition of an emergency preparedness program.

2.1.6 Design-basis accident scenarios and remedial-action plans.

ISSUE 2.2: Will the meteorological conditions prevailing during operation
and closure lead to radionuclide releases to an unrestricted area

that are greater than those allowed by regulations?

Although a significant airborne release from a repository is highly
unlikely (because there are only a few processes by which a significant quan-
tity of radioactive material can be released into the atmosphere, and, fur-
thermore, the design and the operation of the repository will be based on

sound principles of radiological protection), knowledge of the atmospheric
dispersion potential can be useful in siting surface facilities for maximum

safety. Prevailing meteorological conditions determine the probability that

airborne emissions from the repository will be effectively dispersed or trans-

ported in a particular direction. This direction is compared with the known

distribution of population in the area. Also of interest is the potential for

extreme-weather phenomena like hurricanes or tornadoes because the repository
must be designed to resist phenomena that can occur at the site.

The information needs that have been identified for this issue include

the following:

2.2.1 Record of meteorological data collected in the vicinity of the

site, such as the prevailing wind direction, wind speeds,
precipitation, and the frequency distributions of stability and
mixing height.

2.2.2 Estimates of the atmospheric dispersion characteristics prevalent
near the repository. including the effects of the terrain.

2.2.3 Identification of locations that are potentially suitable for the

siting of surface facilities with respect to atmospheric and

meteorological phenomena.

2.2.4 Estimates of, and bounds on, the population density and distribu-
tion in the general region of the site during repository opera~
tion and closure.

2.2.5 Records of extreme-weather phenomena, such as hurricanes, torna-

does, severe floods, and storms accompanied by lightning and

blowing dust and sand.
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ISSUE 2.3: Will the present and projected effects from nearby industrial,
transportation, and military installations and operations, in-
cluding atomic energy defense activities, significantly affect
repository activities or lead to radionuclide releases to an
unrestricted area greater than those allowed by regulations?

Nearby facilities could, in the event of an accident (e.g., an explo-
sion), adversely affect the radiological safety of the repository. Examplesinclude munitions plants, petrochemical plants, or other types of industrial
facilities that have the potential for accidents with major consequences.
Nearby transportation routes used for the transport of hazardous materials and
military or commercial aircraft routes will also need to be examined for their
potential impact on safety.

Included in this issue are nearby nuclear facilities. The routine re-
leases from such facilities must be considered in the analysis of repositoryreleases to establish that EPA limits on combined releases are met.

The information needed to address issue 2.3 includes the following:
2.3.1 Identification of nearby industrial, transportation, and military

installations and operations (nuclear and nonnuclear).

2.3.2 Impact of operations at nearby installations on the location and
design of surface and subsurface facilities.

2.3.3 Estimates of, and bounds on, contributing radionuclide releases
from other nuclear installations and operations.

2.3.4 Estimates of, and bounds on, radionuclide releases from the
repository.

ISSUE 2.4: Can buildings, underground areas, and waste handling operations be
designed, constructed, and operated to accommodate the expected
waste characteristics and quantities and to perform the intended
operations in a manner that ensures the radiological safety of
workers?

The waste characteristics and quantities must be factored into design
criteria, selection of building materials, and operations planning. The waste
materials are sufficiently hazardous to require considerable care in the de-
velopment of designs and operational plans.

The following information is needed to address this issue:

2.4.1 Incoming waste characteristics and quantities that the facilities
must be designed for.

2.4.2 Handling, packaging, transport, and emplacement operations that
must be accomplished.

2.4.3 Technical specifications for facilities and equipment.
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2.4.4 Operating procedures.
2.4.5 Structures, systems, and components that are important to safety.

KEY ISSUE 3: Can the repository and its support facilities be sited, con-

structed, operated, closed, and decommissioned so that the

quality of the environment will be protected and waste-

transportation operations can be conducted without causing
unacceptable risks to public health or safety?

Key issue 3 is derived from preclosure system guideline 960.5-1(a)(2).
which is concerned with the environmental, socioeconomic, and transportation-
related impacts associated with repository siting. construction, operation,
closure, and decommissioning.

ISSUE Cana site be located such that the quality of the environment
will be protected during repository siting, construction, opera-
tion, closure, and decommissioning and can significant adverse

environmental impacts in the affected area be mitigated by rea-

sonable measures?

Environmental impacts will be considered throughout all stages of the

geologic repository program, and unavoidable adverse impacts will be mitigated
to the extent practicable. The affected area can depend on the site and on

the impact being considered. For example, the affected area for air quality
impacts may differ from that for water quality impacts. As a rule, the

affected area will include the repository area and extend outward from the

repository area far enough to include impacts perceptibly above background
levels. The environmental conditions that will disqualify a site are given in

preclosure technical guideline 960.5-2-5, which also identifies a number of

potentially adverse and favorable conditions.

To address this issue, it is necessary to establish a data base for ex-

isting environmental conditions at the potential site. These data will be

used to predict potential impacts; to determine what measures must be taken to

prevent, control, and mitigate the impacts; and to ensure compliance with all

applicable Federal, State, and local environmental regulations and standards.

The needed baseline data include the following:

3.1.1 Existing air-quality levels and trends.

3.1.2 Existing surface-water and ground-water quantity and quality and

trends.
3.1.3 Existing terrestrial and aquatic vegetation and wildlife, includ-

ing evidence of threatened or endangered species and their criti-
cal habitats.

3.1.4 Soil characteristics, such as structure, composition, and erod-

ability.
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3.1.5 Existing levels of background radiation.

3.1.6 Land use patterns and trends.

3.1.7 Noise levels.

3.1.8 Locations of State or regional protected-resource areas, such as
State parks or wildlife areas.

3.1.9 Locations of significant Native American resources. such as major
Indian religious sites, or other sites of unique cultural interest.

3.1.10 Locations of components of the National Park System, National
Wildlife Refuge System, National Wild and Scenic Rivers System,
National Wildlife Preservation System. and National Forest Land.

3.1.11 Other unique environmental resources, as they become identified.

ISSUE 3.2: Can access routes from existing local highways and railroads to
the site be constructed with reasonably available technology,
accommodate transportation system components with the performance
standards specified in applicable DOT and NRC regulations, and
allow transportation operations to be conducted without causing
unacceptable risks to public health and safety or unacceptable
environmental impacts?

The transportation of waste to a repository site could affect the health
and safety of the public, the environment, and the cost of waste disposal.
Issue 3.2 does not apply to the movement of waste over the national system of
highways and railroads; the regulations of the NRC and the Department of
Transportation (10 CFR Part 71 and 49 CFR Parts 171-178) govern those parts of
waste transportation. Issue 3.2 is concerned with the factors that are impor-
tant to siting a repository.

The following information needs have been identified for this issue:

3.2.1 Assessment of whether an existing secondary transportation network
can handle the increased traffic load attributable to the
repository.

3.2.2 Identification of improvements required in the secondary transpor-
tation network and the feasibility, cost, and environmental im-
pacts of the improvements.

3.2.3 Determination of the compatibility of the required transportation
network improvements with the local and regional transportation
and land-use plans.

3.2.4 Analysis of emergency-response requirements and capabilities.
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ISSUE 3.3: Can any significant adverse socioeconomic impacts induced in com-

munities and surrounding regions by repository siting, construc-

tion, operation, closure, and decommissioning be offset by reason-

able mitigation measures or by compensation?

The socioeconomic impacts of repository siting, construction, operation,
closure, and decommissioning will be considered throughout all stages of the

geologic repository program. For a candidate site, the impacts will depend on

the local socioeconomic conditions and on whether the candidate site is se-

lected for repository construction. The socioeconomic conditions that will

disqualify a site are given in preclosure technical guideline 960.5-2-6, which

also identifies a number of potentially adverse and favorable conditions.

To address this issue, it is necessary to establish a data base for

existing socioeconomic conditions at the potential site. These data will be

used to predict potential impacts and to determine what measures must be taken

to mitigate these impacts, including compensation as provided for in the Act.

The information needs identified for this issue include the following:

3.3.1 Baseline data on population density and distribution, major indus-

tries, employment and the economic base for the affected area,

including land-use patterns and trends.

3.3.2 Estimates of local versus migrant work-force numbers for various

phases from site characterization through repository operation,
consequent demands on local communities for housing. education,
utilities, transportation access, and community services, and im-

pacts on lifestyles, government infrastructure, and government
expenditures and revenues.

KEY ISSUE 4: Are repository construction, operation, and closure feasible on

the basis of reasonably available technology and are the asso-

ciated costs reasonable?

Key issue 4 is concerned with the feasibility and cost of repository con-

struction, operation, and closure. It is derived directly from the preclosure
system guideline codified as 10 CFR 960.5-1(a)(3), which requires the con-

struction, operation, and closure of a repository to be feasible on the basis

of “reasonably available technology" and the associated costs to be reasonable

in comparison with those of other comparable siting options. Compliance with

this guideline must be demonstrated by analyzing the interactions of elements

like the following:

1. The site characteristics that would affect the feasibility and cost

of construction, operation, and closure (e.g., rock characteristics
that affect the need for artificial supports in the underground ex-

cavations).

2. The design of the repository (e.g., the required spacing between

drifts).

3. The materials and services needed to construct and operate the

repository.
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4. Applicable Federal, State, and local regulations governing airquality, noise, etc.

The safety of repository workers.

As discussed in the paragraphs that follow, seven issues are derived fromkey issue 4.

ISSUE 4.1: Will the waste package designed for use at a site be cost effec-tive and compatible with the regulatory requirements for safetransportation, handling, emplacement, and retrieval?

The waste package will play an important role in waste handling, emplace-ment, and, if necessary, retrieval operations, and it will have to meet theperformance criteria stipulated in 10 CFR Part 60. Furthermore, because alarge number of packages will be required, the cost of each is an importantconsideration.

This issue will be resolved by technical analysis and testing of wastepackages that were designed for the site and built according to design specif-ications. The results of the analysis and testing will be used to determinewhether the packages, as designed and fabricated. are compatible with regula-tory requirements. The cost effectiveness of waste packages will be deter-mined by an economic analysis of alternative waste-package designs as part ofthe repository system.

The following information will be needed:

4.1.1 Summary of all regulatory requirements affecting a waste packageup to repository closure.

4.1.2 Designs and specifications developed to meet the dual goals ofcomplying with regulatory requirements and being cost effective.
4.1.3 Designs and specifications of repository equipment that will

handle the waste packages.
4.1.4 Cost estimates for the waste package and related repositorysystems.

ISSUE 4.2: Will the surface characteristics and conditions at the site allowthe construction, operation, and closure of a repository to beaccomplished with available technology and at. reasonable cost?

In sites that are prone to flooding, located in rugged terrain, subjectto severe storms, or have other adverse surface features, special measures maybe necessary for construction, operation, and closure. The costs could rise
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to prohibitive levels if a large number of special measures are necessary for

these phases.
Four information needs have been identified for this issue:

4.2.1 Topographic characteristics important to the location and design
of surface facilities.

4.2.2 Soil properties important to the location of surface facilities

and the design of foundations.

4.2.3 Local meteorological conditions important to the location and

design of surface facilities.

4.2.4 Surface characteristics, including the failure of dams upstream,
that could lead to the flooding of surface or underground
facilities.

ISSUE 4.3: Is the repository horizon of sufficient lateral extent, thickness

and depth--and are the planned operations of sufficient flexibil-

ity to allow a cost-effective repository to be developed?

The initial cost of constructing a repository is very high and must

therefore be amortized over a fairly long repository life. The repository
horizon must be capable of accommodating a considerable quantity of waste so

that the costs per ton of waste are reasonable. Because the host site is

unlikely to be a homogeneous block of rock, the ongoing construction of waste

disposal areas and the operating plan must be sufficiently flexible to accom-

modate unexpected geologic and hydrologic conditions. Some of the site-char-

acterization and data-analysis activities must be directed at identifying the

range of anomalous conditions that are likely to be encountered. These site-

characterization data will be combined with a preliminary underground-design
and waste-emplacement plan to assess the disposal-area requirements in rela-

tion to the acceptable waste-emplacement area and the expected variability of

the rock properties.
The following information is needed to resolve this issue:

4.3.1 The size and configuration of competent host rock.

4.3.2 Characteristics and quantities of waste to be accepted for

disposal.
4.3.3 Method of waste emplacement and retrieval.

4.3.4 Mine-development plan and artificial ground-support options to

accommodate unexpected ground conditions.

4.3.5 Method for backfilling and sealing drifts, shafts, and boreholes.
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ISSUE 4.4: Are the hydrologic conditions at the site compatible with the con-
struction and operation of a cost-effective repository?

In addition to the need for a satisfactory geometric configuration of the
disposal horizon, a satisfactory hydrologic setting is necessary. For exam-

ple, if overlying aquifers were to create major problems in water inflow con-
trol or shaft liner construction and maintenance, costs could be increased to
unacceptable levels. The resolution of this issue will evolve from an analy-
sis of the following data and design information:

4.4.1 Hydrologic characteristics of units between the repository and the
ground surface and between the repository and any underlying
aquifer that could result in the upward flow of water into the
repository or exploratory shaft.

4.4.2 Prelisinary shaft design and repository layout.
4.4.3 Bounds on the effects of hydrologic conditions on the design.

ISSUE 4.5: Are the effects of expected tectonic phenomena, tornadoes, hurri-
canes, and other natural phenomena and man-induced ground motion
compatible with cost-effective repository construction, operation,
and closure? .

The surface and subsurface facilities must be designed to withstand both
the natural and man-induced phenomena expected at the site. This issue will
be resolved through an engineering analysis of the following data and
information:

4.5.1 Definition of active and inactive tectonic features in the geo-
logic setting.

4.5.2 Historical record of earthquakes within the geologic setting and
the correlation of earthquakes with tectonic processes and
features.

4.5.3 Record of man-induced ground motion and associated data, if
applicable.

4.5.4 Record of the intensity and frequency of tornadoes in the region.
4.5.5 Record of other natural storms, including lightning and blowing

dust and sand, and their characteristics.

ISSUE 4.6: Can a repository be designed, constructed, operated, and closed to
perform its functions of waste receipt and disposal and protect
the health and safety of the workers in a cost-effective manner?

A site that aeets all the technical criteria for containment and isola-
tion may not be safe for the repository workers or be cost effective. For
example, a site with a highly sorptive but very weak host rock would require
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costly artificial support and could be hazardous to the miners and waste-

handling personnel. To resolve this issue it will be necessary to perform
engineering analyses that integrate the functional requirements, the perfor-
mance criteria, and the constraints on the repository system into a design, an

operating plan, a safety analysis, a construction schedule, and a cost esti-

mate. These tasks will require the following information:

4.6.1 Functional requirements, performance criteria, safety criteria,

design criteria, and system constraints.

4.6.2 Characteristics of waste forms for use in design and safety
analysis.

4.6.3 Resolution of issue 1.3 on whether repository construction might
compromise the integrity of the site.

4.6.4 Resolution of issue 1.9 on waste package and engineered barriers.

4.6.5 Resolution of issue 2.1 on radiation exposure of the public.

4.6.6 Resolution of issue 2.3 on effects from offsite installations and

operations.
4.6.7 Resolution of issue 2.4 on radiation exposure of workers.

4.6.8 Resolution of issue 4.1 on waste-package costs.

4.6.9 Resolution of issue 4.2 on surface characteristics.

4.6.10 Resolution of issue 4.3 on flexibility of repository horizon.

4.6.11 Resolution of issue 4.4 on hydrology and ease of construction.

4.6.12 Resolution of issue 4.5 on tectonics and ease of construction.

ISSUE 4.7: Can the repository be closed in a cost-effective manner?

Assuming that all other aspects of the repository are acceptable, it must

be possible to close the underground disposal area in a cost-effective man-

ner. This closure will require the installation of permanent seals in shafts
and boreholes. The information needed to resolve this issue includes the

following:

4.7.1 Characteristics of the environment in which plugs and seals are to

be placed, such as stratigraphy and geohydrology, load conditions

(temperature and pressure), rock properties, borehole and shaft
characteristics, and the geochemical environment.

4.7.2 Character and extent of damage caused by the excavation of access

shafts and underground workings.

4.7.3 Performance characteristics of sealing materials, including their

long-term stability.
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4.7.4 Emplacement techniques and operational procedures for acceptablematerials and seal geometries.

 Repository-design information important to the design and analysis
of the sealing system.

4.7.6 Detailed closure requirements and implementation plans.
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Chapter 2

PLANS FOR OBTAINING THE INFORMATION NEEDED TO
SITE, CONSTRUCT, AND OPERATE A REPOSITORY

An identification of any information described in paragraph (1)
that is not available because of any unresolved scientific,
engineering, or technical questions, or undemonstrated engi-
neering or systems integration, a schedule including specific
major milestones for the research, development, and technology
demonstration program required under this Act and any addi-
tional activities to be undertaken to provide such information,
a schedule for the activities necessary to achieve important
programmatic milestones, and an estimate of the costs required
to carry out such research, development, and demonstration
programs

--Nuclear Waste Policy Act, Section 301(a)(2)

2.1 INTRODUCTION

The first clause of Section of the Act requires the DOE to
identify the unresolved issues. This task was essentially accomplished by the
issues hierarchy used to respord to Section 301(a)(1). That is, all of the
issues identified in Chapter 1* remain unresolved to some degree at this stage
of repository site investigations and repository development. As mentioned in
Chapter 1, however, the DOE expects that some of these issues will be rela-
tively easy to resolve because the methods used to obtain the information and
to interpret the information are well established.

Other issues will require information obtainable only from large-scale,
long-term testing in an exploratory-shaft facility or from extensive analysis,
interpretation, or extrapolation of laboratory or field results. Examples of
the difficult technical questions associated with these issues are the mod-
eling of fracture and unsaturated flow: the determination of ground-water-
travel times: the demonstration of waste~package performance; assessments of
radionuclide sorption. solubility, and speciation: and the analysis of the
response of the host rock to the presence of heat-producing waste.

It will become apparent from this chapter that much of the planned work
centers on resolving these more-difficult technical issues. Generally, the
resolution of these issues requires site-specific information.

The hierarchy of issues and information needs in Chapter 1 provided a

logical and convenient way to organize a response to Section 301(a)(1) of the
Act. The discussion of plans for resolving the outstanding issues or

*Unless otherwise indicated, all chapter and section numbers cited here
pertain to Part II of Volume I.
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obtaining the missing information--the main topic of this chapter--could be

structured in exactly the same manner. However, to help the reader relate
these plans to the DOE's schedules and budgets, a different method of presen-
tation was selected. The presentation follows the work-breakdown structure of
the repository program, concentrating on five major technical tasks: site

investigations, exploratory shafts. repository. waste package, and systems
(Sections 2.2 through 2.6). Other tasks (regulatory and institutional activ-
ities, land acquisition, test facilities, program management, and financial
assistance) are treated in less detail (see Section 2.7) because they are not

directly aimed at the resolution of outstanding scientific or engineering
issues.

The information needs given in Chapter 1 can be related to the tasks

listed above. For example, most of the activities done and costed under the
“site investigations” task address the issues and information needs associated
with key issue 1, which deals with the long-term performance of the reposi-
tory. Similarly, most of the activities carried out and costed under the

“repository” task address the issues and information needs for key issue 4,
related to repository design and costs. To enable the interested reader to

associate the issues and information needs of Chapter 1] with the plans dis-

cussed in this chapter, an index in Section 2.10 shows where each of the more

than 140 information needs given in Chapter 1 fits into the work-breakdown
structure.

Included in the discussion of each technical task is a logic diagram that
shows the relative schedule for activities needed to meet important program-
matic milestones. An integrated logic diagram for all tasks is presented in

Figure 2-1. Estimated costs (see Section 2.9) are given for each of the tasks
in the work-breakdown structure.

Most of the plans presented here pertain to the first repository. The

program for the second repository is less advanced and is still concerned with
broader site-screening issues. It is nevertheless summarized in Section 2.8.

The discussion of technical tasks for the first repository is predicated
on the assumption that a site in each of the three potential host rocks
(basalt, salt, and tuff) will be selected for characterization. As explained
in Chapter 3 of Part I, however, the selection of sites for characterization
is yet to occur (it is scheduled for January 1986), and the plans reported in

Sections 2.2 through 2.6 should not be construed as indicating that any final

site-recommendation decisions have been made.

2.2 SITE INVESTIGATIONS

For purposes of scheduling and funding, site investigations can be di-
vided into the following major subtasks that represent elements of the work-

breakdown structure:

1. Geologic studies include work in the fields of stratigraphy, struc-

tural geology, seismology, tectonics, geophysics, paleoclimatology.
geomorphology. and resource evaluation. They will be used to eval-

uate the existing condition of the rock mass, the effects of excava-
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tion and waste emplacement. and the expected performance of the nat-
ucal barriers after repository closure. Both local geology and the
regional geologic context will be considered. With reference to
Chapter 1, these studies address issues 1.3, 1.6, 1.7, 1.8, 4.3, and
4.5.

2. Drilling studies include drilling, coring, and logging and many of
the various tests conducted in boreholes. They are the principal
mechanisms by which data will be obtained to address the issues iden-
tified in the other subtasks described in this section. As a supportactivity. drilling is used to provide information relevant the other
subtasks. Consequently, drilling activities are discussed in con-

junction wath those subtasks and are not addressed separately here.

rock and surrounding strata and the fluids within them. These
studies are directed toward assessing the effect of the in-situ
environment on the waste package, the ability of the host rock to
contain the radionuclides. and the ability of the surrounding units
to retard radionuclides by chemical interactions. With reference to
Chapter 1, these studies address issues 1.1, 1.2. 1.6. and 1.9.

4. Hydrologic studies consist of activities such as pumping tests in
boreholes, ground-water dating, ground-water sampling, well logging.
tracer tests, the development of conceptual and numerical models of
the hydrologic-flow system, surface-water monitoring, and calcula-
tions of flood potential. With reference to Chapter 1, these studies
address issues 1.1, 2.2, and 4.4.

quality, plant and animal communities and habitats. agricultural
resources, cultural and archaeological resources, noise, and back-
ground radiation. With reference to Chapter 1, these studies address
issues 2.3 and 3.1.

6. Socioeconomic studies include studies of demographic characteristics,
labor-force characteristics, housing. community services, and land
use. As mentioned in Chapter 1, the topic of socioeconomics is not
strictly relevant to Section of the Act and hence is not
addressed here: however, socioeconomic issues and potential impacts
are discussed in Chapters 3 and

7. Site-performance assessment evaluates the capability of the natural
systems to isolate the waste. It is accomplished by identifying
potential pathways and calculating radionuclide migration away from
the repository. The site-performance assessment helps to identify
the key data needs in site characterization and to assign priorities
to these needs. With reference to Chapter 1, these studies address
issues 1.1, 1.2, 1.3, 1.7, and 2.1.

The logic diagram for site investigations is presented in Figure 2-2.

The plans for geologic and hydrologic studies at the salt sites are based
on the assumption that only one of the three sites recommended for detailed
characterization will be a site in salt. Hence, in the discussions that
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follow, terms like “the selected salt site" mean the salt site that is se-
lected for site characterization from the seven potentially acceptable salt
sites. (Brief descriptions of the nine sites identified as potentially ac-
ceptable for the first repository are given in Chapter 7.)

2.2.1 GEOLOGIC STUDIES

Basalt

Tectonic studies in basalt will concentrate on the development of con-

ceptual models ("model" in this context means a description rather than a
numerical computer code) to explain and predict future changes in the hydro-
logic system and to bound the expected vibratory ground motion. Surveys will
be conducted to ascertain whether and where uplift and subsidence are occur-

ring and to evaluate estimates of strain. In-situ compressional stress rela-
tionships will also be evaluated. Shallow trenches will be dug in the vicin-
ity of geologic structures, and geodetic surveys will be performed. In addi-
tion, both regional and detailed seismic monitoring from the surface will be
conducted. Small earthquakes in the vicinity of the site will be monitored by
instruments located at the ground surface, in boreholes drilled into the top
of the basalt, and in at least one borehole that will extend approximately to
the proposed depth of the repository.

The final plan for tectonic studies is scheduled for completion by Sep-
tember 1986, with a discussion of tectonic models to be included in the site
characterization plan (FY66). A revised interpretation of the tectonic set-
ting is scheduled for completion by mid-Fy89.

Preliminary assessments of the potential for erosion at the Hanford Site
suggest that during the Quaternary Period synclinal areas appear to have been
sites of subsidence and deposition rather than erosion. Since the potential
for exposing the repository seems to be quite small, no further analyses are
planned.

Climatic trends or cycles of the recent geologic past can be used as the
basis for predicting future changes in climate. For the basalt site, data
about the climate of the Quaternary Period are being collected from such
sources as plant-pollen analyses, the record of plant and animal fossils, geo-
logic data, and data from tree-ring analyses. Geologic data include the mar-

ginal positions of glacial ice, the duration and frequency of glaciation dur-
ing the Quaternary Period, the nature and frequency of catastrophic flooding.
and the effects of glaciation and catastrophic floods on drainage and ground-
water recharge or discharge.

Conceptual and numerical models of climatic change may be developed as

appropriate to assess the potential for changes in precipitation and tempera-
ture. the potential for glacial erosion in the vicinity of the site, glacially
induced changes in ground-water flow, and the potential, frequency, duration.
and volume of catastrophic floods in the Pasco Basin. This work is expected
to be completed in FY&8.
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An evaluation of natural resources in the basalt and overlying younger
sediments indicates little potential for economic development. However, the
effects of ground-water withdrawal will be evaluated in case ground water is
wathdrawn from these horizons in the future as existing water supplies dimin-

ish or become inadequate. In addition, the possibility of hydrocarbon extrac-

tion from rocks beneath the basalts and the effects of such extraction will be
evaluated. These studies are expected to be completed in FY88. An evaluation
of the potential for resources undiscovered at present will also be made.

Salt

The salt sites identified as potentially acceptable for the first reposi-
tory are located within three distinct geohydrologic settings: the Richton,
the Cypress Creek, and the Vacherie Domes are in the Gulf Interior Salt Basin:
the Davis Canyon and the Lavender Canyon sites are in the Paradox Basin: and
the Deaf Smith County and the Swisher County sites are in the Palo Duro
Basin. While certain geologic studies planned for site characterization are

designed to address issues peculiar to a specific hydrogeologic setting, many
investigations will be carried out regardless of the setting of the salt
site(s) selected for detailed characterization. In this discussion of geo-
logic studies, planned characterization activities common to all salt sites
are addressed first, followed by a discussion of setting-specific planned
activities.

Studies at the salt sites will include continued monitoring of micro-
seismic activity with the seismographic networks operating in the site re-

gion. When a salt site has been selected for characterization, monitoring
networks at the sites not selected may be discontinued, and the selected
site's network will be augmented. A three-dimensional seismic survey is

planned for the vicinity of the selected site to gather as much detailed
information on structural conditions as possible.

If a site in the Paradox Basin is selected for characterization, trench-

ing will be performed at Shay Graben in an effort to determine when the latest

movement of the faults occurred. Other studies in the Paradox Basin will ad-
dress the clustering of seismicity along the Colorado River, induced seismic-

ity, the influence of observed faults, and dissolution features such as Lock-

hart Basin and the Needles Fault Zone.

If the selected site is in the Gulf Interior Salt Basin, studies are

planned to reanalyze published first-order geodetic survey results that appear
to indicate ongoing uplift in Mississippi and subsidence in Louisiana. Over-

dome and near-dome faults will also be investigated for their ages and offsets
and as indicators of dome stability. Faults to the north of the site area

will require investigation for the time of the most recent movement.

The selection of a site in the Palo Duro Basin will require an investiga-
tion in the site vicinity to locate and determine the amount. time, and dis-

tance to the site of any fault offsets. Faults and structures along the

basin-bounding uplifts must also be characterized for a detailed tectonic
evaluation.
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Two engineering design boreholes (EDBs), one for each exploratory shaft,
will be drilled. cored. geophysically logged, and tested at the selected salt
Site. These boreholes will provide not only design information for the ex-
ploratory shafts but also additional stratigraphic information. They will be
dceilled to depths greater than the proposed repository horizon to provide
needed design and characterization information.

At least three stratigraphic boreholes will be drilled, cored. geophys-ically logged, and tested at the selected site. These holes will be located
so as not to jeopardize the short- and long-term isolation characteristics of
the repository, while circumscribing the site and providing maximum site-
specific information about the character of the host rock and the surroundingrock units. These boreholes will also be drilled to depths greater than the
proposed repository horizon.

If the selected site is in the Gulf Interior Salt Basin, several dome-
flank stratigraphic boreholes will be drilled, cored, geophysically logged,
and tested to determine the stratigraphic and geologic characteristics of the
formations adjacent to the salt stock. They will be drilled to depths greater
than 3000 feet.

Detailed topographic mapping and geologic mapping will be performed on,
and in the vicinity, of the selected salt site.

Estimates of the rate and depth of erosion have been made for each of the
salt sites. Age dating of near-surface deposits and measurements of Quater-
nary entrenchment into these deposits will provide the basis for estimating
the rate and the depth of erosion under probable future climatic conditions.

Preliminary studies of the Quaternary climate in the vicinity of each of
the salt sites are being completed. These studies will be carried out in more
detail for the selected salt site to predict future climatic conditions with
greater accuracy. The effects to be investigated include the potential for
increased pluvial conditions and impacts on erosion and the ground-waterregime. Should a site in the Gulf Interior Salt Basin be selected, the po-
tential impact of sea-level fluctuations due to the global melting or buildup
of glaciers will be assessed.

The dissolution potential for salt remains to be investigated throughdrilling. Questions concerning the dome salt-caprock interface and dissolu-
tion will be addressed as part of the investigation. For the bedded salt of
the Palo Duro Basin, drilling will be carried out in an attempt to answer
questions about the possibility of vertical leakage across the evaporite sec-
tion and the basin-wide conditions of underpressure in the lower units. Data
from site-specific wells will be required. In the Paradox Basin, areas of
salt dissolution, perhaps several miles in extent, exist north and west of the
potential sites. The character of this dissolution will be investigated by
drilling and geochemical analyses if one of these sites is recommended for
characterization. This work is expected to be completed by FY89.

Preliminary results for the salt domes suggest that the potential for the
presence of natural resources is small. However. a definitive evaluation and
a comparison with similar domes in the region need to be performed.
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In the Palo Duro Basin, a site-specific search for abandoned and unre-

corded wells will be conducted. A basin-wide and county-specific evaluation
of the hydrocarbon potential is under way.

For the Paradox Basin, mineral-resource development at the Davis and the
Lavender Canyon sites appears to be unlikely. Potash deposits of potential
economic value are present in the area, but they probably do not extend to

either of the two sites. Uranium deposits are known in this area, although
they occur elsewhere in greater quantities than in the Paradox Basin. A small
amount of petroleum exploration has taken place in the area.

Evaluations of the mineral-resource potential of the salt site that is
characterized are expected to be completed in FY86. These evaluations will
include estimates and assessments of the potential for undiscovered resources

at the site.

Tuff

The tuff site lies in a region of complex tectonic and geologic structure
with numerous faults. Many of these faults are considered to be active;
others could show activity in the future. Several faults within 8 to 30 miles
of the site are known to be seismically active. Patterns of present seismic-

ity have been fairly well defined by an earthquake-monitoring network. Some
concentrations of epicenters coincide with known faults, while others do not.

Some data on the in-situ state of stress in tuff at the site have been
obtained. but they are too limited to be considered representative of the area

at this time. Stress measurements are planned in at least five additional
boreholes, and the significance of the data will be evaluated in the context

of laboratory measurements of strength. These measurements and others related
to present-day stress, such as vertical] and lateral surface strain and earth-

quake activity. will continue throughout site characterization.

Other studies will define the probability and consequences of volcanic

activity and the seismic effects of weapons testing at the Nevada Test Site.
Both surface and subsurface monitoring equipment will be used in these inves~

tigations. These studies are planned for FY¥85 and FY86.

Beginning in FY85 and continuing through site characterization, a region-
al map of tectonic features will be developed and the site's tectonic history,
uplift rates, and erosion rates will be studied. The seismic network men-

tioned above will remain operational over this period but will be reduced in

size. A final seismic-hazard analysis will be performed to support the pre-
liminary design of repository surface facilities. Tectonic hazards will be

analyzed by integrating data collected and synthesized from geophysical, geo-
logic, stress-field, and seismic studies.

The rate and depth of erosion in the vicinity of the tuff site will be

determined by a combination of surficial mapping, stratigraphic studies, ab-

solute-age determinations, and measurements of Quaternary entrenchment. The

information will be synthesized to produce a semiquantitative and qualitative
predictive model of erosion for the site vicinity. This model will be docu-
mented in a report during site characterization.
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Additional work is planned to predict future climatic and fluvial condi-
tions that might accelerate erosion or raise the current level of the water
table. This work will most likely include (1) the evaluation of fossil pack-rat middens in the candidate area to identify the plant communities that
existed during the Quaternary Period: (2) geomorphic studies of sedimentaryenvironments and erosional and depositional processes: (3) studies of soils at
the site and in its vicinity to determine the times, depths, and conditions of
soil accumulation: (4) coring of lake beds in southern Nevada, accompanied by
fossil, plant-pollen, and isotopic studies of the core, to correlate Quater-
nary climatic cycles of the region with those established on continental and
world-wide scales; and (5) studies of debris deposits in channels to determine
the magnitude and ages of extreme flood events. A report on the climates of
the past and the climatic conditions expected in the future will be completedin FY86.

A vesource-potential survey of the region surrounding the tuff site iden-
tified no energy, metal, or nonmetal resources unique to the site vicinity or
critical to foreseeable national needs. The resources identified within the
site vicinity are of lower value than deposits in surrounding regions. Some
water resources are present: however, the depths to ground water, topographicconditions, soil unsuitability, and land-use restrictions at and near the tuff
site presently limit the availability and attractiveness of this ground-water
resource. The potential effects of future ground-water development will be
evaluated and documented in An evaluation of the potential for undis-
covered resources will also be made.

2.2.2 GEOCHEMICAL STUDIES

Basalt

Geochemical studies on basalt began in The results of these
studies are being used to determine the effects of water chemistry, radio-
nuclide solubility. sorption, speciation, and other radionuclide-retardation
properties along the potential flow paths between the repository and the
accessible environment. Work is being done in mineralogy and petrology,
ground-water chemistry, sorption and precipitation, solubility and speciation,
hydrothermal chemistry, transport processes, and natural-isotope chemistry.

Since FY63, geochemical studies in basalt have been emphasizing the
experimental definition of the sorption of key radionuclides on flow-top
materials and on fracture-fill materials. This work, based on previous work
with crushed basalt. will continue through FY85. Geochemical and minera-
logical analyses of materials along potential flow paths to the accessible
environment were started in FY84 and will be continued through FY87. These
studies are expected to provide statistically valid data on the sorption
properties of key radionuclides and will be used in performance-assessment
models. Measurements of sorption isotherms and coefficients in ground waters
representative of the site vicinity will continue. as required to resolve
Issues 1.2 and 1.3.

The measurement of steady-state solution concentrations (to bound solu-
bilities) of actinides started in FY83. This work will continue until suffi-
cient data are obtained to satisfy NRC requirements for licensing.
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Hydrochemical data are used to augment hydrologic testing, and a reevalu-

ation of the hydrochemical data base is being completed. Alternative methods

for drilling and sampling test boreholes to avoid contamination of the samples
by drilling fluids have been developed. Extensive hydrochemical sampling has

been made a part of the ground-water monitoring and testing program and will

continue until FY66. Data on ground-water composition, including isotopic
characteristics, will be used in geochemical models to support a conceptual
model of hydrologic flow.

Salt

The discussion that follows applies to both bedded and dome salt.

Geochemical studies on salt began in FY72. The results of these studies

are being used to determine the environment of the waste package inside a

repository, the performance of the waste package, and the possible migration
of radionuclides in far-field aquifers. Work is under way to quantify the

waste-package corrosion that will result from interactions between the waste

package, with its attendant heat and radiation, and the host salt. with its

associated brines. Measurements of the solubility of key radionuclides in

near-field brines were started in The behavior of radionuclides in the

nearest far-field aquifers is also being evaluated.

Geochemical work is proceeding in five areas, briefly discussed below:

1. Laboratory testing to determine interactions between waste-package
components and the natural salt and brines of the salt sites.

2. The geochemical development of modeling codes and the data bases

needed to use the codes.

3. The characterization of the rocks, ground waters. and geochemical
processes at the salt sites.

4. Laboratory and field testing of the seal materials to be used during
repository closure.

Field tests and modeling of brine migration.

The interactions being investigated in laboratory tests include (1) radi-

ation and thermal effects on the brines, with various waste-package components
and host salt present in the tests and (2) the type of corrosion (e.g., uni-

form, pitting) experienced by waste-package components in the above tests.

Included in this work is the elucidation of mechanisms controlling the degra-
dation of the waste package and release of radionuclides as well as the con-

struction of mathematical models that describe these mechanisms.

The development of modeling codes extends to the formal verification of

these codes and the validation of their suitability. These codes cover the

corrosion and degradation of waste-package components and include calculations

of radionuclide speciation and solubility, as well as modeling of the reaction

paths leading to final solubility limits.
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The measurements of actinide solubilities in sodium chloride brines
started in FY84. This work will be expanded to cover more complex. high-
magnesium brines and include all key radionuclides contributing to calculated
radionuclide releases. It will continue until sufficient data are obtained to
demonstrate safety and to satisfy NRC requirements for licensing.

The geochemical characterization of the host salt consists primarily of
determining the mineralogic composition of the host salt and the amounts and
chemical composition of the brine present in the salt as fluid inclusions.
The origin of brines in the host salt is also being investigated. Inter-
granular brines and brines that could result from the therma) decomposition of
hydrous minerals are also being investigated.

The search for materials suitable for constructing the borehole, shaft.
and tunnel seals to be emplaced at repository closure has been under way since
Fy80.

Brine migration is the tendency of brine to migrate toward sources of
heat. such as waste packages emplaced in salt. The investigations are
directed at determining the composition, the maximum realistic amounts, and
the rate of brine transport to waste packages by brine migration. These
investigations have been under way for several years and will continue until
NRC requirements for licensing are satisfied.

Tuff

Geochemical studies on tuff began in FY77. The results of these studies
are being used to determine the effects of water chemistry, radionuclide solu-
bility and speciation, and the retardation characteristics of potential
ground-water-flow paths between the repository and the accessible environment
on the transport of radionuclides. Work is being done in the following gen-
eral areas: mineralogy and petrology, ground-water chemistry, sorption and
precipitation, solubility and speciation, hydrothermal geochemistry, dynamictransport processes, natural-isotope chemistry, and sensitivity analyses for
radionuclide retardation. This work will continue through FY89. A statis-
tical evaluation of the host-rock variability was started in the second half
of FY84 and will continue through site characterization. In addition, flow
and transport experiments in unsaturated columns have begun.

Solubility measurements on actinides started in FY84. This work will
continue until sufficient data are obtained to satisfy NRC requirements for
licensing.

Sorption-.sotherm experiments and sorption measurements on thermally
altered tuff will begin in In addition, work to model the chemical com-
position of Yucca Mountain ground water as a function of location and depth
along possible transport pathways will continue through site characterization.

The data obtained from these studies will be used to model the transport
of radionuclides from the proposed repository at Yucca Mountain to the acces-
sible environment. In addition, sensitivity analyses of chemical and physical
retardation properties along potential flow paths to the accessible environ-
ment will be conducted as the mineralogic and petrologic variability along
those flow paths is better defined.
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2.2.3 HYDROLOGIC STUDIES

Basalt

Reconnaissance hydrologic studies for the basalt site have been conducted

mainly in the Cold Creek syncline and adjoining areas. The information ob-

tained from these studies has identified basalt intervals of high to low hy-
draulic conductivity, preliminary areal and stratigraphic hydraulic-head dis-

tributions, water-chemistry trends, and the local hydrologic influence of geo-
logic structures. However, the existing data base is too undeveloped to con-

Clusively support a single quantified conceptual model or a very narrow range
of such models: thus, several hypotheses have been developed. Numerical sim-

ulations of ground-water-travel time and radionuclide-transport calculations
will require an intense research effort over the next 4 to S years. In addi-

tion to the tests to be performed in the exploratory-shaft program (see Sec-

tion 2.3), this cesearch effort will include (1) large-scale multiwel! pump
tests. (2) the installation of additional piezometers. (3) hydrologic analyses
of critical structural and stratigraphic discontinuities, and (4) hydrochem-
ical modeling. Portions of these activities were begun in early FY84, with

all planned for completion in FY90. Concurrent with these studies is an on-

going regional modeling program initiated in FY83 and continuing into FY88.

Through interagency agreements, a modeling effort was initiated to establish

existing regional hydrologic conditions for the Pasco Basin and to estimate
historical hydrologic conditions. As part of this effort. a regional ground-
water monitoring program has been established for measuring time-dependent
hydraulic heads and collecting ground-water samples. This and supplementary
information will assist in setting boundary conditions for numerical modeling.

The geohydrologic and hydrochemical data obtained from the tests noted

above will be integrated with a description of the geologic setting to develop
conceptual models of ground-water movement from the repository to the acces-

sible environment. Existing conceptual models have major uncertainties asso-

ciated with the areal and stratigraphic distributions of physical properties
and hydraulic heads, the influence of structural and stratigraphic discontinu-
ities, ground-water-discharge areas, and hydrochemical conditions. The stud-

ies planned for the basalt site should provide the data needed to resolve the

questions critical to assessing the reliability of basalt for waste isola-

tion. The conceptual flow model is planned for completion by 1989.

Most existing measurements of hydraulic conductivity and storativity have

been made in small-scale tests in single boreholes, but the large-scale
(areal) representativeness of these data has been questioned. In addition,

only one small-scale test of vertical hydraulic conductivity across a flow

interior and two tracer tests in flow tops have been completed. This leaves

unquantified the average vertical hydraulic conductivity of the preferred can-

didate horizon or overlying basalt flow interiors as well as the representa-
tive effective porosities and dispersivities critical in calculating ground-
water travel times and radionuclide transport. To address these concerns,

hydrologic tests in boreholes and the exploratory shafts are planned. In-

cluded in the borehole plans are methods for large- and small-scale pumping
and injection tests as well as tests with conservative and non-conservative
tracers. These borehole studies are mainly designed for measuring flow-top
and interbed properties through hydraulic head monitoring in rock zones with-

in, above, and below the stressed interval and may allow large-scale evalua-
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tions of vertical hydraulic conductivity. The tests are scheduled to begin in
FY85 and end in FY88-89. The exploratory-shaft program will complement the
data collected in boreholes through hydrologic measurements within the inte-
rior of a basalt flow. It will include room-scale and cross-hole tests con-
ducted underground to measure the hydraulic-conductivity tensor. to measure
the effective porosity across fracture sets, and to directly observe and
measure water inflow into a large underground opening.

Data on hydraulic heads have been collected with established piezometersand on a progressive "drill-and-test" basis. They appear to suggest that
areal and deep vertical head gradients are low. Ground water appears to move
southeast from the basalt site. However, to resolve questions resulting from
data paucity. the uncertainty associated with hydraulic-head data collected
from boreholes, and the difficulty of defining head gradients in a low-gra-
dient field. a ground-water-monitoring program is being conducted. The plan
for this program will be described in detail in the site-characterization
plan. The installation of three major nested piezometer stations in wells
within and adjacent to the basalt site was completed in February 1984. At
each station, nine individual stratigraphic intervals are being monitored
simultaneously. A hydraulic-head baseline is expected to be established in
1985 before large-scale pumping tests and the sinking of the exploratoryshafts begin.

Analyses of ground-water samples collected from springs and boreholes
(ranging from shallow to deep) have identified areal and stratigraphic hydro-
chemical characteristics and changes. Questions remain on the origin of
more-mineralized ground waters originating within or near the repository site,
gases, specific dissolved chemical species and the in-situ oxidation-reduction
potential, the age of the low-carbon ground waters. and the phenomena of
radionuclide transport beyond the engineered repository. The plan for hydro-
chemical studies is scheduled for completion in FY85. This plan will detail
the hydrochemistry program from FY85 through the completion of site character-
ization. Included in the plan is the collection of data needed to hydrochem-ically characterize the basalt/ground-water environment and to quantify the
transport characteristics (e.g., sorption. precipitation, filtration, complex-
ation, and colloid formation) of key radionuclides.

Available data suggest that models for porous media and equivalent porousmedia are suitable for modeling large-scale ground-water movement and solute
transport in basalt. In the future, fracture-flow models may be necessary for
modeling discrete geologic discontinuities. Site-characterization data col-
lected from surface boreholes and the exploratory-shaft tests noted above wil)
form the data base needed to address issues pertinent to flow and transport in
a saturated and fractured basalt.

Salt

The geohydrologic information gathered to date has been used to provide a
Preliminary evaluation of the hydrostratigraphy, potentiometric surfaces,
hydrologic parameters, geochemistry, and recharge-discharge areas ona re-

gional scale within the salt basins. Regional conceptual models for the sites
are discussed in Section 5.3.2.
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The data base for the Palo Duro Basin includes stratigraphic and hydro-
logic information from 14 DOE wells, numerous 011] and gas wells, and private
and municipal water wells. Consequently, the regional hydrostratigraphic
units and potentiometric surfaces within the Palo Duro Basin are well de-

fined. Furthermore. permeability values for the major units have been deter-

mined from aquifer tests performed in the DOE wells and from reanalyzed oil-

field data. Geochemical data for water samples from the DOE wells have also

been analyzed.

The regional and site-specific hydrostratigraphy at the salt-dome sites

in Mississippi and Louisiana has been defined with data from approximately 150

DOE wells and from oil and gas wells. In addition, the potentiometric surface

of the fresh-water Miocene aquifer has been defined with water-level informa-

tion from DOE and municipal wells. The potentiometric information for deeper
saline aquifers is less reliable.

Information for defining the regional geohydrology near the Davis and the

Lavender Canyons in the Paradox Basin includes data from three DOE wells and

numerous 0i] and gas wells. The hydrostratigraphy of the region has been ten-

tatively defined. Potentiometric surfaces, hydraulic parameters, and

recharge-discharge areas have been evaluated from available data. but more

information is necessary to adequately define the regional system. This in-

formation will be acquired during site characterization if one of the Paradox

Basin sites 1s selected for characterization.

After the site to be characterized is chosen, a series of nests of test

wells in the upper and lower aquifers will be installed to evaluate the hy-
draulic parameters necessary to define the geohydrology near that site. Plans

for the geochemical sampling and monitoring of surface water will be included

in the site-characterization plan. The geochemical sampling will be used to

determine water chemistry, characterize the deep brine aquifers, determine

the age of the brine, and predict radionuclide behavior in the deep aquifer in

the vicinity of the selected salt site.

Tuff

The tuff site is unique in that the proposed repository would be sited in

the unsaturated zone. The components of the hydrologic system that must be

characterized include the hydrologic environment of the waste package and the

repository system, the vertical flow path through the vertical zone from the

repository down to the water table, and lateral flow in the saturated zone to

the accessible environment.

A series of shallow boreholes will be monitored by neutron-logging tech-

niques over several years to relate the intensity of precipitation to the

recharge of ground water. Deeper boreholes will be used to monitor moisture

content, permeability, and potential for moisture movement in rock pores and

fractures, as well as to determine changes over time. Both vertical and

lateral gas-pressure transmission tests will be conducted to define fracture

permeability and interconnectivity. The studies will include the tuffs above,

at. and beneath the repository horizon. The results of these studies will be

used to complete a preliminary model of flow in the unsaturated zone. The

final model will be developed when the detailed tests in the exploratory
shafts have been completed.
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Preliminary data on the configuration of the water table beneath the tuff
site are available from drill holes, but additional drilling and precision
surveys are needed to refine the data and to establish flow paths to the
accessible environment. Tracer tests will be conducted at two or more loca-
tions along the flow paths to determine fracture permeability, effective po-rosity, and ground-water-flow velocity in the tuffs beneath the water table.
Piezometers are already in place in five holes to define the potentials for
vertical flow, and high-precision temperature surveys will be continued
throughout site characterization to help define vertical movement in both the
unsaturated and the saturated zones. A regional flow model has been de-
veloped; a more detailed model of flow in the saturated zone will be developedfor the vicinity of the site to support estimates of flow time and transportfrom the cepository to the accessible environment.

Chemical analyses and age dating of water samples will continue duringsite-characterization drilling and during the sinking of the exploratoryshafts if water is encountered. The data will provide independent evidence of
ground-water flow paths and velocities.

2.2.4 ENVIRONMENTAL STUDIES

Basalt

Environmental studies at the basalt site can draw on the large quantities
of information collected in earlier studies of the Hanford Site (e.g.. an
environmental impact statement prepared in 1975). In FY85, an environmenta)
monitoring program will be initiated. A detailed study of the ecological and
radiological effects that may result from the construction of a repositorywill start in FY86 and should be completed in FY88. An evaluation of alterna-
tive mitigation measures for unacceptable adverse effects, if reguired, fol-
lowed by the selection of possible mitigation measures, will be completed in
FY88. A detailed implementation plan for these measures will be completed in

Salt

Existing environmental data for the potentially acceptable salt sites are
presented in the Deaft environmental assessments (EAs) for the Lavender
Canyon, Davis Canyon, Cypress Creek Dome, Richton Dome, Deaf Smith County,Swisher County, and Vacherie Dome sites (DOE/RW-0009, 0010, 0011. 0013. 0014,
0015, and 0016, respectively, December 1984) and the supporting topical re-
ports cited in the EAs. The environmental field studies to be conducted in
conjunction with site characterization at the selected salt site will include
air quality, meteorology, noise, soils, land use, population density and dis-
tribution, background radiation, ecosystems and threatened and endangered spe-
cies, transportation, visual (aesthetic) resources, cultural and historical
resources, and natural resources. The results of such studies will be incor-
porated into the environmental impact statement and other subsequent program
documents.
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Tuff

Environmental characterization activities were initiated at the tuff site
in 1980. Using previous studies of the region as a baseline (e.g., an en-

vironmental impact statement prepared in 1977 for the Nevada Test Site). addi-
tional environmental data needs were identified, and limited field-survey and

monitoring plans that focused on the ecological and archaeological resources

of the area were developed and implemented in 1981. During 1982 and 1983,
field studies were continued in an effort to characterize both the natural

environment and the socioeconomic conditions in the Yucca Mountain area.

During FY84, a detailed evaluation of the historical environmental data
base was initiated. Plans for field surveys and monitoring will be prepared
for implementation in FY86 and FY87. The resulting data base is intended to

provide a suitable environmental baseline for the assessment of potential
impacts of repository development and the evaluation of mitigation strategies.

2.2.5 SITE-PERFORMANCE ASSESSMENT

The assessment of site performance involves the simulation of the trans-

port of radionuclides throughout the natural barrier system of the site. The

EAs contain preliminary results obtained with some performance-assessment com-

puter codes developed for estimating the ability of the sites to isolate the

wastes. However, the codes used for the preliminary analyses reported in the

EAs are not necessarily appropriate for more-detailed analyses.

The site characterization plans (SCPs) will provide details of the con-

ceptual models. numerical models, and codes to be used for the detailed per-
formance assessments needed to support the license application to the NRC.

They will also define the data needed to use these codes. The SCPs will be

accompanied by site-specific performance-assessment plans that will give over-

views of the performance-assessment codes; describe plans to verify, validate,
and benchmark these codes; describe plans for uncertainty and sensitivity
analyses using these codes; and outline quality-assurance plans. Site-

specific engineering and design requirements documents that set targets for
subsystem and component performance will also be prepared in order to focus
data-acquisition and design activities.

Subsystem-modeling efforts will be integrated to assess the overall

system. This integration will be completed in time to support the license

application. The assessment of site performance for the environmental impact
statement (EIS) and the preliminary safety analysis report will be based on

computer codes that have been verified, benchmarked, and validated to the
extent practicable. Confirmation testing before and during the construction
of the repository will allow the reevaluation of some of the codes before any
waste is actually received. The testing and reevaluation of models and re-

sults will continue up to the time of permanent repository closure, as man-

dated by regulation.
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2.3 EXPLORATORY SHAFTS

Much of the information needed to resolve the issues discussed in
Chapter 1 can be acquired by surface-based investigations, examples being
weather conditions, climatic changes, and surface characteristics. Other data
(e.g., some of the geohydrologic parameters) can be obtained from a systematicseries of deep and shallow boreholes and by laboratory testing of mechanical
and thermal properties. However, as mentioned in Chapter 1, some of the in-
formation needed can be obtained only by gaining access to rock at pointsalong the length of exploratory shafts constructed to the depth of the targethorizon and by performing tests in an exploratory-shaft facility (ESF).

The ESF at each candidate site will consist of two exploratory shafts and
associated surface and underground facilities and workings. Two shafts will
be sunk to provide adequate safety for operating personnel by offering a sec-
ondary means of egress from the underground stations and by providing adequate
ventilation. The current sizes of the shafts are based on the DOE policy of
compliance with Sections 113(a) and 113(c)(1) of the Act, providing an ade-
quate margin for compliance with all safety criteria, increased flexibility
with respect to the in-situ test programs, institutional acceptability, cost
effectiveness with emphasis on near-term expenditures, and the requirements of
the site-characterization schedule.

The ESF shafts will be sunk either in parallel or in series, depending on
the candidate site. Underground ESF development will start as soon as the
first shaft is sunk to full depth and is sufficiently equipped. This initial
development work will provide a ventilation loop, improve safety egress capa-bility, and provide safety-related information at the repository horizon. The
first phase of in-situ testing will begin shortly after shaft construction for
conventionally sunk shafts. The longer-term in-situ testing program conducted
in the underground tunnels will commence after the second shaft is sunk,
equipped, and connected to the first shaft. The DOE intends to use the ex-

ploratory shafts, as required, to ensure that the construction of the reposi-tory can be completed in time to meet the January 1998 date mandated by the
Act and will continue to evaluate the most cost-effective use of the explora-
tory shafts in the operating repository. The current technical plans for
these shafts are described in this section; the rationale for two shafts is
discussed in more detail in Chapter 7, which also covers other general aspects
of site characterization.

The activities to be performed in the exploratory-shaft task include the
design and construction of access roads, auxiliary surface structures, and
impoundments; the design and construction of the shafts and liners; the designand construction of test rooms and tunnels; and the planning and execution of
the in-situ test program. Of these many activities, plans for design, con-
struction, and testing are described below for each of the potential host
rocks for the first repository. These activities are also shown in the logicdiagram for the exploratory shafts (Figure 2-3).

With reference to Chapter 1, the information obtained from the construc-
tion of, and testing in, the exploratory shafts addresses issues 1.1, 1.2,
1.3, 1.9, 4.3, 4.4, and 4.7.

The schedules presented in the next five sections (2.3.1 to 2.3.5) are
shown for each host rock in Figure 2-4.
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2.3.1 GENERAL

Basalt

The exploratory-shaft facility will consist of two shafts, each with a

finished (inside) diameter of 6 feet: approximately 1500 feet of subsurface
excavations: and various support facilities. The underground excavations will

be developed through the first shaft. Primary access for personnel and equip-
ment will also be provided by the first shaft.

Salt

The exploratory-shaft facility will include two shafts with a finished

diameter of 12 feet. Surface and underground facilities will be provided as

necessary to support ESF activities.

Three preliminary designs, one for each geohydrologic basin, will be com-

pleted in July 1985. One final design will be prepared after the candidate

salt site is selected. Site-specific geologic and hydrologic data from the

engineered design borehole (EDBH) are needed to complete the final design.
Drilling for this borehole is scheduled to start in January 1986.

Tuff

The exploratory-shaft facility at the tuff site will consist of two

shafts, surface facilities, one main underground testing area, and two smaller

underground testing areas. The first exploratory shaft will have a finished

diameter of 12 feet: the second shaft will have a finished diameter of 6 feet.
The larger first shaft will be used for routine personne] and equipment access

and egress. The second shaft will serve primarily as a means for emergency
egress, in addition to supporting the underground ventilation system. Testing
activities will begin with the construction of the first exploratory shaft
with such activities as shaft-wall mapping and photography and large-block
sampling and analysis.

2.3.2 SITE PREPARATION

Basalt

Site preparation for the first shaft includes clearing. grading. fencing,
and the installation of utilities for the drilling pad and starter hole.

These activities were completed in January 1983.

The plan for preparing the site for the second shaft is scheduled for

completion in April 1986.

Salt

Site preparation will include the construction of an access road, the

installation of utilities. clearing and grading, and the preparation of the

salt-storage area and impoundments. Design activities for site preparation
are shown on the logic diagram as part of shaft design. Site preparation will

require about 6 months starting in February 1987.

-210-

HQ0005487

OCR DB-105497
Holtec_PAL-001004



.

Tuff

Site preparation will consist of constructing access roads. electric
power lines and a substation, a water-supply line. and a 5.5-acre pad for
surface structures (shops, a warehouse, office buildings, change rooms,
etc.). The design of site preparation will be completed by April 1985. The
preparation of the site and the construction of surface facilities will re-
quire about 5 months starting in February 1986.

2.3.3 FIRST EXPLORATORY SHAFT

Basalt

The final design for the first exploratory shaft was completed in Sep-tember 1983.

The first exploratory shaft will be blindbored and lined to a finished
inside diameter of 6 feet. A steel liner capable of withstanding the hydro-
static head to the total depth will be used. The liner will be equipped with
portholes to allow testing in selected horizons before and after breakout.

The present plan is based on drilling the shafts to a depth of approxi-mately 3400 feet, with a shaft station in the Cohassett flow at approximately3160 feet.

The construction schedule for the first shaft is as follows:

Site preparation Completed
Shaft drilling 9 months
Shaft lining and grouting 3 months
Shaft outfitting 6 months
Porthole testing 4 months

The construction of the first exploratory shaft in basalt is scheduled to
start in August 1986 if the site is selected for characterization.

Salt

The shaft will be sunk by conventional methods (drilling and blasting)and is scheduled to be fully operational before the start of in-situ testing.Site-specific conditions may or may not require ground freezing before sink-
ing. The shaft will be lined with concrete or a combination of concrete and
steel, depending on site-specific conditions, either to full depth or to the
bottom of the lowest major aquifer. Adequate seals behind the liner will be
provided to protect the water quality of the aquifers and to inhibit the mi-
gration of water to the test horizon.

An economic evaluation of the shaft-construction method for the shaft
depths and size under consideration (12-foot inside diameter) showed that the
conventional shaft-sinking method is significantly less expensive than the
previously planned drilled method. In addition to cost savings, the conven-
tional method provides better opportunity and control for characterizing,
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the walls of the shaft, ability to construct seals manually at any required
horizon to prevent the contamination of aquifers and water inflow. and

valuable experience for sinking the larger shafts that will be reguired for a

repository.
A sequential construction schedule is as follows:

EDBH drilling and initial report 4 months
Confirmation of design assumptions with

EDBH data 2 months

Completion of ESF permitting concurrent with

procurement activities 5 months

Site preparation S months

Shaft construction 18 months
Shaft connections 3 months

Drift mining 5 months

Tuff

The final design for the first exploratory shaft in tuff is being updated
to incorporate some changes necessitated by the addition of the second shaft.

The first shaft will be excavated by conventional mining methods and lined

with concrete. The shaft will be constructed to a total depth of about 1480

feet. with breakouts at the 520-, and 1480-foot levels. The shaft will

be outfitted with two hoisting compartments and a manway; it will house under-

ground utility and service lines. Activities associated with construction-

phase testing will proceed in parallel with the sinking operations.
The construction schedule for the first exploratory shaft in tuff is as

follows:

Site preparation 6 months

Shaft construction 15 months

Breakout, drift mining, and 7 months

equipment installation

If the tuff site is selected for characterization, site preparation will

start in February 1986, with the construction of the first shaft beginning in

August 1986.

2.3.4 SECOND EXPLORATORY SHAFT

Basalt

The final design for the second exploratory shaft in basalt is scheduled

for completion in April 1986. .

The second shaft will be finished to an inside diameter of 6 feet. Its

design and construction will be similar to those of the first exploratory
shaft.
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The construction schedule for the second shaft is as follows:

Site preparation 7 months
Shaft drilling 9 months
Shaft lining and grouting 3 months
Shaft outfitting 6 months
Porthole testing 1 month

The construction of the second exploratory shaft is scheduled to start in
June 1987, after the completion of site preparation.
Sait

The second exploratory shaft in salt will be of the same size and basic
design as the first shaft and will be constructed simultaneously with the
first shaft. For details see Section 2.3.3.

Tuff

The second exploratory shaft in tuff will be constructed by upreaming
from the 1200-foot level to the surface. It will have a finished diameter of
6 feet. The final design of this shaft was completed in April 1985. This
shaft will be located about 280 feet from the 12-foot-diameter shaft, and the
two shafts will be connected by underground excavations at the 1200-foot
level. The shaft will be integrated into the overall ESF ventilation system
and equipped with hoisting equipment to provide a means for emergency egress.
The construction of the second shaft, including the drilling of the initial
Pilot hole, will require about 7 months.

2.3.5 UNDERGROUND EXCAVATIONS

Basalt

The final design for the underground excavations is scheduled for comple-
tion in April 1986. The underground drift wil) be constructed from the first
shaft station. The conceptual arrangement provides a drift for hydrologic
tests, a drift for geomechanics tests with a parallel mine-by drift, an area
for heater tests, and adequate space for drilling exploratory boreholes.
Approximately 1500 linear feet will be excavated.

The schedule for the underground excavations is as follows:

First-shaft breakout and initial overcore tests 4 months
Connection to second shaft and underground

facility _4 months

The breakout from the first shaft is scheduled to start in October 1988.

Salt

From one of the shafts. a drift will be excavated to connect with the
other shaft. This connection will provide the ventilation and egress neces-
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sary to begin continuous mining for the underground test facilities. From the

other shaft, a small station will be excavated by drilling and blasting to

provide space for the breakthrough from the first shaft. After the shaft
connection is completed, a continuous-mining machine will be used to excavate

the drifts. crosscuts, and test rooms needed for the in-situ test program,
which will start after the connecting drift is completed. The total footage
of drifts to be excavated may be on the order of 5000 linear feet. The shaft

stations and work areas will be outfitted to the degree necessary to support
continuous-mining operations and the in-situ testing program.

Tuff

In order -to adequately evaluate the potential location for a repository
at Yucca Mountain, three underground testing areas will be constructed: two

small testing areas, one at the 520-foot level and the other at the bottom of

the 12-foot-diameter shaft, and the main testing area, which will be at the

1200-foot level. The main testing area, consisting of about 1250 linear feet

of a 15- by 15-foot drift, will be constructed in the Topopah Spring unit. In

addition to providing rooms for various tests, the excavation at the 1200-foot

level will connect the two shafts and provide room for drilling up to eight
lateral core holes 500 to 2000 feet long. The upper shaft breakout (520-foot
level of the larger shaft) will also be in the Topopah Spring unit, while the

breakout at the bottom of the shaft will be in the Calico Hills unit. The

design of the underground excavations is scheduled for completion by June

1985. If the tuff site is selected for characterization, the construction of

the underground excavations at the 520-foot level and the bottom of the shaft

will be done in conjunction with the shaft construction, while the construc-

tion of the main testing area will begin in September 1987 and require about

4 months to complete. An additional 6 months will be required to drill the

500-to 2000-foot-long core holes at the 1200-foot level.

2.3.6 TESTING

The requirements for in-situ testing stem from the DOE's siting
guidelines (10 CFR Part 960) and the regulations (10 CFR Part 60). The

siting guidelines specify that, in order to proceed with repository
site-selection, the DOE must have evidence to support 4 finding that the site

meets all the qualifying conditions of the guidelines. The NRC's criteria in

10 CFR Part 60 require that, unless otherwise determined, site

characterization will include exploration and testing at depths at which

wastes are to be placed and states that results from site characterization
wil) be an important part of the license application.

Testing, to be conducted in two phases. will commence with the start of

_ shaft construction and end only after reasonable assurance has been obtained

that the data adequately represent the site. The first phase, construction

testing, is defined as the tests and investigations starting with shaft con-

struction and continuing until the two shafts are connected underground.
In-situ testing at depth will start at the completion of construction testing
and continue until sufficient data have been collected.
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Two major reports will be produced during the in-situ testing program.The first will address the Site-suitability requirements of the siting guide-lines and will be used for the preparation of the draft environmental impactstatement (DEIS): the second will address the license application requirementsof the NRC. In large part, these reports will be based on results from the
same tests with different data-cutoff dates.

Basalt

The detailed test plan for the in-situ testing program has been prepared:
an internal review of the plan is proceeding. The first phase of the test
program will include the monitoring of construction activities and limited
in-situ testing.

Construction-phase testing will include the following:
Drill-rig performance.
Grout-seal integrity.
Blasting performance.
Air quality.
Ground-water inflow.
Initial geologic mapping.
Performance of excavation and supports.

The in-situ testing phase will begin at the completion of construction,
except for the mine-by drift. The current program for in-situ testing in-
cludes the following:

Geologic characterization tests.
Small-scale geomechanical tests.
Hydrology chamber test.
Hydrology cluster test.
Heater test.

Plate-bearing test.
Mine-by test.
Overcoring test.
Shaft hydrology tests.
Geophysical tests.
Geochemical sampling.

e
e

@

The in-situ test program is scheduled to start in October 1988 and con-
tinue for approximately 24 months.

Data for the DEIS are required by December 1989. The basalt in-situ
testing program will provide constructibility and early preclosure data at
that time. The additional test data required for the license application will
be available in November 1990.

Salt

Current plans call for a construction-phase testing program of 21
months. The program will include such activities as--

¢ Initial monitoring of shaft behavior.
Initial monitoring of aquifer-seal performance.
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Horizon selection and verification.
Geologic mapping of shafts.
Geologic mapping of initia) underground openings.
Blasting performance.
Initial air-quality measurements.
General assessments of underground stability.
Documenting any evidence of ground-water inflow or seeps.
Initial ground-closure observations.

In-situ testing will begin in April 1989 and continue for 8 months. This

testing will support the DEIS and the license application and will include

such activities as--

Continued monitoring of the tests started during the construction

phase.
e Geologic mapping of underground openings.

Evaluation of excavation supports.

® Laboratory-sample characterization.

© In-situ measurement of the state of stress, thermal properties, and

permeability.

Analysis of interbeds (if any).

e Analysis of underground gases (if any).

Analysis of interim results from long-term testing for thermomechan-

ical response and brine migration, room-closure (salt-creep) measure-

ments, and waste-package tests with electrical heaters.

Tuff

The testing program in tuff will begin shortly after shaft construction

begins. Some in-situ tests can begin when the underground openings are com-

pleted. However, until the construction of the second shaft is completed,
this testing will be on a limited basis because of the high level of construc-

tion activities underground.

The tests conducted during construction will include--

Shaft- and drift-wall mapping and photography.
Large-block sampling for age dating and pore-water analysis.
Ground-water sampling.
Shaft-convergence measurements.
Vertical and lateral-core drilling.
Test of breakout-room deformation.

The tests conducted after construction will include--

Measurement of drift and pillar deformation.
Overcore test.
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Sampling of intact fractures.
Bulk-permeability test
Infiltration test.
Waste-package tests with electrical heaters.
Heated-block tests.

The test plan for tuff is scheduled to be completed by September 1985.
The test program will begin shortly after the start of shaft construction in
June 1986 and continue for 26 months after construction, ending by August 1990.

2.4 REPOSITORY

Work under the repository task is directed at developing site-specific
designs for repositories that meet regulatory performance requirements. are
efficient, and are cost effective. The task is related to issues 1.3, 2.1,
2.3. 2.5. and 4.2 through 4.7 in Chapter 1. To resolve these issues, it is
necessary to (1) establish the properties of the host rock and to develop
constitutive models: (2) develop and demonstrate site-specific equipment for
packaging and handling the waste and to perform specific mining and drilling
tasks: (3) identify site-specific seal requirements and develop site-specific
materials, designs, and emplacement techniques for the seals: and (4) inte-
grate the results of tasks 1, 2, and 3 into an overall design that will meet
the functional requirements and performance criteria established for the re-

pository. The design task is an evolutionary and iterative process that in-
cludes the formulation, testing, and refinement of concepts: the combination
of concepts into the design: analyses of the design for technical validity:
and comparisons of the design with criteria and requirements. This sequence
is repeated and refined until] the design meets the requirements established
for performance, efficiency, and cost effectiveness.

The plans described in the sections that follow are limited to the pre-
construction phase of repository development. The actual construction, opera-
tion, closure, and decommissioning of a repository are not included in the
DOE's current work-task structure. Detailed plans for these activities are

being developed, and general descriptions of the construction and operation of
a repository are available elsewhere.* The annual costs of construction and
operation are reported in Chapter 10.

Two of the sections that follow, “Rock Mechanics" and "Seal Design." are
divided into separate discussions for basalt, salt, and tuff. The remaining
sections were not structured by host rock to avoid unnecessary repetition.

The logic diagram for the repository task is shown in Figure 2-5.

*See. for example, the Final Environmental Impact Statement--Management
of Commercially Generated Radioactive Waste, DOE/EIS-0046, U.S. Department of
Energy, Washington, 1980.
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2.4.1 ROCK MECHANICS

The rock-mechanics task is concerned with obtaining field and laboratory
data on the thermal and mechanical properties of the host rock (see issue
1.3 in Chapter 1 of Part II) and developing mathematical models for predicting
the response of the host rock to the construction of shafts, the excavation of
the repository. and the emplacement of heat-generating radioactive waste.

Basalt

In basalt, a heated-block test has been conducted. The results will be
used to analyze the modes in which underground openings can fail. In parallel
with a continuing laboratory testing program, hydrofracture field tests on
candidate basalt flows are being conducted to measure in-situ stress. In ad-
dition, tests of thermal expansion and rock-mass strength are being conducted
to amplify the geotechnical data base.

Before starting the exploratory-shaft program (see Section 2.3), sensi-
tivity studies of stress and displacement around underground openings will be
conducted to select geotechnical design parameters. The results of these
studies will be used in defining laboratory and field test programs for the
exploratory shafts.

Salt

The material properties of salt are being obtained from testing rock
cores in the laboratory and from field tests. Studies of ongoing deformation
processes have been undertaken and are in progress. Diapiric evolution of
salt domes has been studied by both physical and numerical modeling techni-
ques. In addition, the instability due to more dense liquid overlying a less
dense liquid in a gravity field is being studied. This instability is an ana-

log of a more dense rock overlying a salt bed. A study of this type, known as
a Rayleigh-Taylor instability study, is being conducted. In addition to these
modeling efforts, field data have also been used. Thermomechanical testing
has determined the strength and deformational characteristics of salt from
proposed repository horizons and of various rock units above and below the
horizons. Constitutive models that treat the thermomechanical response of
materials under expected repository conditions have been formulated. Specifi-
cally, the parameters for salt creep, the compressive and tensile strengths of
salt, and the elastic properties of salt have been determined.

At present, the salt studies are developing an adequate data base of
physical properties to compare the seven salt sites from a geoengineering
perspective. The rates of room closure, the quantities of brine transported
to the waste packages, rock stresses acting on the package. and similar quan-
tities are being estimated by means of predictive models that use physical
properties determined in the laboratory and in the field.

Data on rock-mass properties will be investigated in FY85 and future
years. The impact of bedding planes, interbeds, inclusions, jointing, faults.
and folds on the response of the rock mass can control the design of the
underground facilities. The results of field tests (e.g., heated-core jack
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tests in a salt dome) will be available in FY85. Analyzed brine-migration
data obtained from experiments in the Asse mine in the Federal Republic of
Germany will also be available in FyY85.

Future testing in FY86 and beyond will concentrate on additional room-

scale in-situ experiments to validate the predictive codes used for the pre-
liminary design and licensing activities. As data become available, they will
be incorporated into the numerical computer codes to evaluate underground
repository designs, predict rock-mass responses, and analyze in-situ test
results.

Tuff

Data on core samples of welded tuff are being used to establish the ma-

terial properties of welded tuff. Testing on the effects of sample size and
openings in the rocks (i.e., lithophysae) will be completed in FY85. Addi-
tional confirmatory laboratory tests will be performed with samples obtained
in the exploratory-shaft program. In and FY85 emphasis has shifted to

larger scale and more complex field experiments. Preliminary data on the
properties of the rock mass were obtained in FY84. Data from experiments with
heated blocks and electrical heaters will be available in Additional
large-scale in-situ experiments may be conducted in FY85 and continued in the
exploratory-shaft program.

As rock-mass data become available, they will be factored into the con-

stitutive models. Preliminary models that account for fractures in the rock
will be used for the conceptual design of the repository. The more-complex
models incorporating the results of the large-scale field data will be avail-
able in FY8? for use in the license-application design.

2.4.2 REPOSITORY DESIGN

The DOE has decided that the design of the systems, components, excava-~

tions, structures, and barriers necessary to establish and demonstrate com-

pliance with the performance objectives of the NRC's 10 CFR Part 60 should be
substantially completed at the time the license application (LA) is submitted
to the NRC. To accomplish this, the DOE has divided the design of the reposi-
tory as follows:

1. Conceptual design phase
a. Conceptual design for the site-characterization plans
b. Advanced conceptual design

2. Title I and II design
a. License-application design
b. Final procurement and construction design
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2.4.2.1 Design Phases

2.4.2.1.1 Conceptual Design Phase

Conceptua] Design for the Site-Characterization Plans

The SCP conceptual design phase will result in a design report for each
of the three sites approved for site characterization. The design reports
will be summarized and referenced in the reports. This design phase will con-

centrate on the surface and underground system, structure. emplacement, and
component designs which require site characterization data and will provide
the information to ensure that data~-gathering plans relative to design will be
adequately included in the SCPs. Known site-specific data will be incorpo-
rated to assist in the identification of additional data needs, and sufficient
design detail will be developed to ensure that all site data needs are identi-
fied. In addition, data-accuracy requirements will be established, and site-
specific licensing issues related to site characterization will be identi-
fied. This design will be referenced in Chapter 6 of the SCP, which satisfies
the requirements of Section 113(b)(1)(c) of the Act and provides a conceptual
repository design that takes into account likely site-specific requirements,
and 10 CFR 60.1l(a)(b)ii. This design phase will end with the submittal of
the SCPs. The site-characterization process, however, may lead to design
changes during later design phases.
Advanced Conceptual Design

The advanced conceptual design (ACD) phase will start after the comple-
tion of the SCP conceptual design reports for the candidate sites being char-
acterized. The advanced conceptual design phase will be used to explore
design alternatives and will firmly fix and refine the design criteria and
concepts to be made final in later design efforts. The project feasibility
will be demonstrated, the life-cycle cost estimated, preliminary drawings pre-
pared, and a construction schedule developed as required in DOE Order 6410.1.
The design will be developed with project and configuration control as re-

quired in the DOE procedures for major system acquisitions and will comply
with the configuration control program requirements of Appendix B, 10 CFR Part
50. as implemented by the NRC Review Plan: Quality Assurance Programs For
Site Characterization of High-Level Nuclear Waste Repositories, June 1984.
This design will also identify any remaining design-related licensing issues
not defined in the SCP conceptual design.

During the advanced conceptual design phase, the DOE's objective is to

develop appropriate solutions to all identified design-related licensing
issues through consultation with the NRC as established by the DOE-NRC proce-
dural agreement. Site-characterization data and their impact on the design
process will be reported in semiannual reports. as required by the Act.

2.4.2.1.2 Title I and II Design Phases

License-Application Design

The license-application (LA) portion of the Title I and Title II design
phases will start after the completion of the ACD reports for the candidate

~221-

HQ0005498

OCR DB-105508
Holtec_PAL-001015



.

sites being characterized; it will conclude with the development of three LA
design reports. The LA design phase will complete the resolution of design
and licensing issues identified and assessed in earlier design phases and will
develop the design of the items necessary to demonstrate compliance with the
design requirements and performance objectives of 10 CFR Part 60. Therefore,
sufficient design information will be developed during the LA design phase to
meet the requirements of 10 CFR 60.31 for the license application. Design
requirements resulting from detailed safety and reliability analyses will be
fully integrated into the LA design and will form the basis for information
required in the safety analysis report. Site-characterization data and their
impact on the design process will continue to be reported during this design
effort in semiannual SCP reports, as required by the Act. To minimize the
cost of this design phase, the design of non-licensing-related ancillary
systems will be developed only to the extent necessary to ensure their proper
function and adequate cost and schedule planning.
Final Procurement and Construction Design

This portion of the Title I and II phases will start for the one site
selected from the three characterized candidate sites. It will develop the
final (working) drawings and specifications for procurement and construction.
The completion of this design phase will match the completion of the Title II

design effort for the entire repository. This design phase will emphasize the
completion of design of ancillary support items, final design refinement for
the items necessary to demonstrate compliance with the design criteria and
performance objectives of 10 CFR Part 60, the development of construction bid
packages for all systems, and the development of final construction and pro-
curement schedules. Minimal disruption in the NRC review process will be
experienced during this design phase since the level of design detail on

safety-related systems and components will have been adequately covered in the
LA design.

2.4.2.2 Status and Approach
The conceptual designs for repositories in basalt, salt, and tuff are at

different stages of development. For salt, several generic designs are avail-
able for use. However, since specific sites have not been selected, site-
specific conceptual designs will not commence until FY86. For basalt, the
description of the site-specific conceptual system design has been published
and a conceptual design for the SCP will be completed in FY86. Preliminary
repository concepts have been developed for tuff, with a conceptual design to
be described in the SCP.

During the advanced conceptual design, the designs and specifications
developed will be reviewed to ensure that regulatory requirements are met.
Additional design reviews will confirm that appropriate codes and standards
are followed and that the specified procedures and methods are acceptable;
these reviews will check for accuracy, consistency, and completeness. The
results of these reviews will be documented and incorporated into the design
reports.
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As a part of the planned engineering tradeoff studies, alternative de-
signs for elements of the repository system may be proposed to cover a rangeof possible concepts. These design elements will be combined into alternative
systems, if appropriate, and analyzed with respect to the reference concepts.
The results of these studies will be used in the design efforts.

2.4.2.3 General Concerns

Discussed below are some general design-related concerns that the DOE
recognizes in meeting the 1998 waste-acceptance schedule.

First, the ESF test program will not occur early enough to provide full
verification of the data and assumptions used to initiate the LA design. The
construction-phase testing will have been completed, but the major portion of
the long-term ESF in-situ testing program will not have been started at the
start of the LA design. A key design assumption is that at the start of the
LA design the DOE will have sufficient data on the basic rock characteristics
that will be used for design, licensing, and performance assessment to proceedwith the LA design. The objective of the ESF in-situ testing is to confirm
the ranges of values assumed in the design phases and in the performance as-
sessment. The DOE recognizes the schedule and cost risk involved in making
the above assumption and expects that the data from in-situ testing will re-
solve this issue before the submittal of the license application.

To expedite the design process and meet the project schedule, very lim-
ited time has been allowed for formal design reviews. To provide the neces-
sary NRC review and concurrence with the design. an ongoing iterative review
process will be employed. As the designs of major systems, components, and
structures mature to the point where concurrence with the approach can be
achieved, a review and partial-design acceptance will be made. With care and
a more complete level of planning at the start, an acceptable design can be
developed and approved earlier than would be the case if the entire design is
completed before review and approval.

The revised design approach, which includes a license-application design
and a final procurement and construction design (instead of the traditional
Title I and Title II designs), is expected to increase the level of effort
required to produce acceptable designs to support the LA at all three sites.
At the same time, the DOE believes that this approach fully satisfies the
NRC’s license application requirements and thereby assists in meeting the 1998
schedule requirements.

2.4.3 EQUIPMENT AND TECHNOLOGY DEVELOPMENT

Work in equipment and technology development currently is divided into
(1) mining and drilling: (2) waste handling and encapsulation; (3) waste
transport, emplacement, and retrieval; and (4) instrumentation. Additional
development work may be identified later. Each of the host rocks has specific
needs for equipment and technology development. Common elements wil] be coor-
dinated across the program by sharing costs and results.
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Mining in hard rock has typically used drilling and blasting, with some

tunnel boring. Soft rock like salt has been mined by either drilling and
blasting or continuous mechanical mining. Recent developments in mechanical
mining equipment build confidence that mechanical mining can be used in rocks
of intermediate hardness. such as welded tuff. The development and demonstra-
tion of such capability are planned for

The technology for drilling shallow vertical holes and short horizontal
boreholes for waste emplacesent in the repository is available. Current

equipment specifications and procedures for procurement and acceptance testing
should be adequate. The design for a horizontal drill will be accomplished
during FY85, with fabrication and testing during FY86.

Waste-handling and waste-encapsulation hardware will be specific to the
host rock. Considerable testing of designs and hardware has been accomplished
by private firms (with some Federal funding) in the disassembly of spent fuel.
The results of these activities will be incorporated into the design of high-
production systems for the repository. All package-development activities for
three rock types will receive added emphasis in the near future with the iden-
tification of package fabrication requirements, prototype fabrication. and
testing. Development, demonstration, and testing of major safety-related
equipment will be performed to support the license application.

Waste transport. vertical emplacement, and retrieval have been demon-
strated for salt, but additional development is required to accommodate the

required waste-acceptance rate. The conceptual design of transport and em-

placement equipment, as well as development and prototype testing, will be

completed during FY90. For basalt. the preparation of test plans to demon-
strate waste emplacement and retrieval will begin in For tuff, proof-
of-concept hardware for horizontal emplacement and retrieval will be tested in
FY86 and FY87. Demonstration, advanced testing and design refinement, and a

final prototype demonstration will occur in FY88.

Instrumentation development centers around expected field problems (e.g.,
stress and deformation in salt, difficulty in pore-pressure measurements in
tuff, etc.). Other objectives are improvements in the measurements or im-

provements in the longevity and reliability of instruments. Efforts in FY84
and FY85 are directed at the instrumentation needed for the exploratory shaft
experiments. The FY86 and FY87 effort will be directed at the resolution of
problems discovered by the field measurements.

2.4.4 DESIGN OF SHAFT AND BOREHOLE SEALS

The design of seals for any host rock involves: (1) the identification
of seal requirements, (2) the selection and development of materials. (3)
field testing and analysis, and (4) design for the repository.
Basalt

During the first quarter of FY85, a preliminary assessment of seal-

performance requirements was completed. This assessment is based on an allo-
cation of total-system performance among the three repository subsystems: the
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site. the waste package, and the repository. The assessment indicates that
the parameter of principal interest in seal design is the ratio of effective
hydraulic conductivity to effective porosity in the zone around a repository
shaft. This zone includes the engineered material constituting the shaft

plug. the interface between this plug and the host rock and that portion of
the host rock (the "disturbed rock zone") affected by repository construction
and/or thermal loading by emplaced waste.

The seal-performance requirements will be used during FY85 to develop a

seal system preconceptual design to support the preparation of the site-
characterization plan. Seal-conceptual-design work will be completed during
Fy86. Seal preliminary design is currently scheduled to be completed during
FY89 and will be based on laboratory and bench-scale development work com-

pleted in FY86-87.

Laboratory testing to date has been directed toward screening candidate
seal materials to identify those that have the required engineering properties
and are thermodynamically stable under the expected conditions. A preliminary
assessment suggests that a mixture of 75 percent crushed basalt and 25 percent
sodium bentonite clay might possess the required material characteristics.
The work in seal preconceptual design will focus on this material as a prin-
cipal component of the seal system. Laboratory testing during the
period will continue to examine the chemical and physical properties of can-

didate seal materials in support of the seal design effort.

Laboratory testing will be complemented by bench-scale development work
directed toward the development of techniques for emplacing seal materials and

identifying any problems in scaling up from the use of laboratory data in seal
design. Bench-scale development work will be completed, according to the cur-

rent program schedule, during FY88-89 and will constitute a principal input to
the preliminary seal design to be completed during FY89.

Field testing will be conducted during late FY89 and during FY90 to pro-
vide full-scale confirmation of seal-emplacement techniques. The field tests
are currently perceived as a full-scale extension of the preceding bench-scale
development tests.

The design of in-situ tests for repository seals will start during FY90;
it will be based on the repository-seal preliminary design and the results of
field testing. The objective of the seal in-situ tests. which would be con-

ducted in the exploratory-shaft facilities, will be verification that the seal
design meets seal-performance requirements under in-situ conditions represen-
tative of those expected in a repository following permanent closure.

Salt

The selection and the development of seal materials have been in progress
for more than 8 years. The initial selection of cement-based grouts and con-

cretes. crushed salt, clays, bitumens, and polymers from among the considered
alternatives was made for the following reasons:

e Well-established borehole-sealing technology and construction practice
not requiring substantial development.
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e Extensive data base.

@ Opportunity to evaluate existing long-lived structures.

@ Widely available. low-cost raw materials.

These materials are being considered for borehole plugs. embedding grouts
for the shaft liners, shaft and tunnel bulkheads, and a high-density, low-

permeability backfill.

The results of field testing will be used to validate the existing ana-

lytical models. The planning for field testing 1s complete. Two general
types of activities are being scheduled: field testing to support design and
testing of sealing materials.

Schematic designs for three salt sites have been prepared. Site-specific
conceptual designs will be started after November 1985.

The development of seal-performance requirements for a salt repository is
also under way. Until site-specific performance modeling reaches a more

advanced stage of development, interim semiquantitative design requirements
are being set as program objectives.

Tuff

For the tuff project, sealing concepts and requirements were developed in
Fy84, and a draft repository-sealing plan was prepared in FY¥84. Preliminary
materials development and testing and planning for field tests were done in
Fy84. In the resolution of sealing issues and an updated repository-
sealing plan will be finished. The design of seals for the conceptual design
will also be completed. In FY86 and FY87, efforts will concentrate on field
testing and advanced materials development if required and the design of seals
for the license-application design of the repository.

2.4.5 REPOSITORY-PERFORMANCE ASSESSMENT

The assessment of repository performance is divided into two phases:
preclosure and postclosure.

The assessment of repository preclosure performance will be directed at

determining that the repository will not adversely affect the health and
safety of the public and the operators and that the security of repository
operations can be maintained. The range of expected and unexpected events and
conditions to be considered and the failure modes that could give rise to
those conditions will be identified by means of logical~choice methods. These
methods will require quality control, small-group review, documentation, and
peer review.

In particular, for accident scenarios that require the modeling and cal-
culation of specific disruptive conditions (e.g., postulated radionuclide
releases, ground-water infiltration combustible-gas explosions. and stored-
energy releases) a variety of special purpose codes will be employed. These
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codes will be developed, verified. validated, and benchmarked for the applica-
tion in which they are to be used. They will also undergo peer review.

The first safety analyses will be conducted to support preliminary-design
activities. The analyses will be a continuing activity as the design pro-
ceeds, becoming more specific as more detail becomes available. The items
important to public safety and radionuclide isolation will be identified and
be subjected to particular scrutiny in support of the license application
design. The entire work will be documented in the license application. Sub-
sequent work will be largely confirmatory and will contribute to the final
procurement and construction design.

The assessment of repository postclosure performance is an integral part
of the performance assessment for the mined geologic disposal system. These
system-performance assessments will be done with the assistance of site and
waste-package specialists and repository designers. The repository designers,
in particular, will provide the details of repository- and shaft-closure
methods and verification testing results, seal designs, and repository con-

figuration. This information is to be an integral part of the data base for
the systems postclosure-performance analyses. Computer codes will be de-
veloped, verified, benchmarked, and validated. Preliminary codes have been
developed and were used to support the draft environmental assessments. Post-
closure system performance evaluation will be a continuing activity leading to
documentation in the license application. A system performance assessment,
based on confirmatory test results at the time of the final procurement and
construction design. will support the license application update. Final
system-performance assessments, incorporating experience from testing during
the construction phase, will be conducted in support of the license amendment
to receive waste.

2.5 WASTE PACKAGE

The waste package is defined as the waste form and any containers,
shielding, packing, and other absorbent materials immediately surrounding an

individual waste canister. The waste form will be spent fuel or high-level
waste, which will be solidified into glass. Spent fuel in the form of intact
fuel rods with meta] cladding is considered to be an acceptable waste form for
the repository and will be the principal waste form accepted at the repository
(see also Chapter 8 in Part II).

Work under the waste-package task is directed toward the development of
Site-specific waste packages that can meet the performance requirements of the
NRC criteria and are cost effective. Work in this task addresses issues 1.3,
1.9, 2.4, 3.2, 4.1, 4.3, and 4.6 in Chapter 1 of Part II. The waste-package
design must be site specific because the geochemical conditions at each of the
potential repository sites are different. Because of these differences and
because of the sensitivity of materials to environmental conditions, it is
necessary first to establish the range of physical and chemical conditions
expected at each potential repository site; the plans for these investigations
are discussed in Section 2.5.1. This range of conditions is then used to
guide the selection of waste-package materials for the site. As briefly de-
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scribed in Section 2.5.2, reference and alternative materials will be selected
and tested for their behavior under the range of expected repository
conditions.

Reference and alternative waste-package conceptual designs will then be
developed for each site (see Section 2.5.3); the designs will be based on the
candidate materials identified during testing. These designs will be analyzed
and refined into the license-application design and the final procurement and
construction designs. As part of the design activities, prototype waste pack-
ages will be fabricated and tested for performance characteristics (see Sec-
tions 2.5.4 and 2.5.5).

During the design process, the performance of the waste package will be
assessed as discussed in Section 2.5.6. The results of these assessments will
be fed back into the design process along with the results of the materials
tests. These results and the results of economic analyses of alternative
designs will be used to optimize the design in terms of both performance and
cost effectiveness. After the completion of the design, prototype waste pack-
ages will be tested during repository-performance confirmation. The fabrica-
tion of packages for emplacement in the repository will start on a schedule
consistent with repository operation.

A simplified logic diagram illustrating these various activities is shown
in Figure 2-6.

2.5.1 WASTE-PACKAGE ENVIRONMENT

Ground-water samples have been obtained from drill holes and wells at the
basalt site and the tuff site. Samples of brine and of fresh ground water
have been obtained from several of the salt sites. The chemical properties of
these waters and brines have been evaluated to assess their potential for cor-

roding metals and dissolving waste forms. Water samples from the unsaturated
horizon in tuff will be obtained during the exploratory shaft program.

Preliminary results have been published from hydrothermal tests of basalt
with synthetic ground water and of tuff with ground-water samples obtained
from a well that penetrates the host rock to below the water table. The ob-
jective of these tests is to establish the effects of the heat emitted by the
waste on the chemical composition of the water and the mineral composition of
the host rock. These experiments will be completed in FY88 for basalt and

for tuff. Some of the hydrothermal tests for tuff will be repeated by
FY88 if the samples of unsaturated-zone water differ significantly in composi-
tion from the saturated-zone ground water used in the previous tests.

Two natural analogs of the waste-package environment are being investi-
gated for basalt. One of them involves the Icelandic basalt geothermal
systems. The results of this study, which is scheduled for completion in
FY85. will be used to evaluate the long-term stability of the alteration
phases formed during hydrothermal interactions between basalt and ground
water. The other study involves the Columbia Plateau basalt system, which is
being studied to evaluate the long-term stability of the basalt and the alter-
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ation products formed during hydrothermal reactions. The Columbia Plateau

study is part of the ongoing research effort and will be completed concur-

rently with site characterization.

An experimental program is examining the effects of temperature and

ionizing radiation on the composition of brines in contact with rock salt and
the effects of radiation on rock salt. This work is scheduled for completion
in FY86. A geochemical study at the Salton Sea Geothermal Field is evaluating
a natural analog of the waste-package environment. The objective is to ex-

amine the effects of heated brines on the corrosion of metals and the mobility
of the radionuclides in the natural setting. This study will be completed in
FY86. The effects of ionizing radiation on the rock-water systems will be

investigated during FY84-90 for basalt and FY85-86 for tuff.

Also scheduled for completion in PY86 is a study of the stability of
borehole openings in welded tuff. The results will be used to determine
whether it will be necessary to line the boreholes for safe emplacement and
retrieval and the conditions of stress to which the waste packages will be

subjected after emplacement.

Another study for tuff involves investigating the response of the water

contained in unsaturated tuff to the heat emitted by the waste. The objective
is to determine the rates and mechanisms for the dehydration of unsaturated
tuff, with and without fractures. The rates and mechanisms of resaturation
after the peak in the thermal pulse are also being studied to determine the
time at which water (in the liquid phase) can first come into contact with the

waste packages. The results of these studies will define the fluid phase
available for corroding the waste container and the flow mechanisms by which

liquid water will come into contact with the waste packages. This work will

be completed by FY86.

2.5.2 WASTE-FORM TESTING

Tests with spent fuel and borosilicate glass have been started under

site-specific conditions for basalt, salt, and tuff. Preliminary waste-

acceptance documents have been developed for tuff, basalt, and salt for boro-
Silicate glass from the Defense Waste Processing Facility (DWPF) and from the
West Valley Demonstration Project. These documents identify the specifica-
tions and requirements that must be met by the producer of the glassified
waste for acceptance at the repository.

Basalt

The waste-form testing program for basalt is directed at predicting long-
term rates of radionuclide releases from the waste package. Hydrothermal
tests with simulated spent fuel, borosilicate glass, and synthetic ground
water were started in FY83. These tests were expanded in FY84 to include
borosilicate glass doped with tracers and glass fully loaded with radioactive
waste. Preliminary results of experiments with simulated and tracer-doped
waste forms have been published: preliminary results for fully radioactive
waste forms will be available by September 1985. Static and flow-through
hydrothermal tests of tracer and fully radioactive borosilicate glass and
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spent fuel will continue through FY90, with experiments increasing in complex-
ity from simple systems consisting of the waste form and water to testing of
full assemblages (waste form, container, packing, basalt, and water).

Testing with single and simple multiple waste-package components will be
completed by FY&7 to provide input for formulating the requirements for the
preliminary waste-package design. Flow-through tests designed to simulate
actual waste-package configurations (laboratory scale) will be started in
FY85. Full-assemblage static-interaction tests and flow-through tests of the
waste-package configuration, with sufficient replicate testing for reliability
analyses, will be completed by FY89 to provide data for the license applica-
tion and the development of final design requirements for the waste package.
This testing program includes both long- and short-term tests.

All testing is conducted over the range of conditions expected for a

repository in basalt. Waste forms other than borosilicate glass or spent fuel
will be added to the test program as they are identified. A small number of
long-term laboratory tests may continue beyond FY89 to enhance the confidence
in the predictions of long-term performance. Summaries of test results to
date will be provided in the initial site-characterization plan (SCP) and in
the SCP reports. Detailed documentation of test results will be provided in
periodic topical reports.

Salt

Tests with unirradiated fuel pellets (i.e., uranium dioxide), oxidized
fuel cladding (Zircaloy), and ductile iron in site-specific brines were
started in testing with clad spent fuel will be conducted in FY85.
Tests of the interactions between spent fuel and other package components will
begin in FY85. Performance testing of simulated-waste borosilicate glasses in
site-specific brines began in Studies are emphasizing actinide leaching
and the potential for colloid formation. Preliminary results will be avail-
able in FY85, and final data will be published in FY86.

Tuff

Test methods are being developed to allow waste-form testing under condi-
tions that simulate those of the unsaturated zone. A laboratory-verified test
method will be available by FY85. Both simulated and actinide-doped borosil-
icate glasses are being tested to obtain information on the sensitivity of
radionuclide-release rates to the waste-package environment in a repository.
Tests with reaction vessels fabricated from tuff are also in progress. These
tests are being conducted under conditions of full saturation (waste form
immersed in water) and as such are not representative of the conditions
expected at the repository; however, their results will provide an upper bound
on radionuclide release rates under conditions expected at the repository and
will address the potential case of temporary saturation.- A summary of all
test results will be provided in late FY85. Long-term testing of glass waste
forms under both saturated and unsaturated conditions will begin in FY86. The
results will be documented in FY&8 and used as input to the final design of
the waste package and its performance analyses. Long-term confirmation tests
of radionuclide release rates will begin in FY88 and will continue until suf-
ficient data have been obtained to substantiate the predictions of long-term
performance.
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Spent fuel testing began in FY83 and continued through with site-

specific ground water. Later tests will use both site-specific ground water

and tuff. A summary of cesults will be provided in FY85. Corrosion testing
of irradiated cladding (Zircaloy) was started in FY84 to aid in determining
the service lifetime of intact cladding as a containment barrier for spent
fuel. Long-term testing of spent fuel will begin in FY86 and will follow a

schedule parallel to that given for tests with the glass waste form.

2.5.3 TESTING OF CONTAINERS

As explained in Chapter 8 of Part II, it is currently assumed for reposi-
tory planning purposes that spent fuel and other high-level wastes will be en-

capsulated for disposal at the repository. The waste received at the reposi-
tory (spent-fuel assemblies, commercial high-level waste. and defense high-
level waste) will be encapsulated in a metal container to provide the contain-
ment performance required by the NRC regulations.

The testing of candidate materials for containers will concentrate on

corrosion rates. Corrosion testing has been initiated for all rock types with

site-specific waters. These test results have been evaluated to allow the
list of candidate materials to be shortened to a reference material and sever-

al alternative materials for each site.

Basalt

The current reference container material for basalt is carbon steel.
Alternative materials are an iron-chromium-molybdenum alloy. copper. and a

copper-nicke) alloy. Testing centers around two major areas: mechanical

properties and corrosion. Data from the corrosion tests will be used to

develop waste package design requirements and performance models, to provide
the data base for design analyses, and to verify the selection of the refer-
ence materia) for the container. Testing in includes a continuation of

short-term corrosion tests, testing to evaluate the kinetics of pitting. the

initiation of long-term static and dynamic interaction tests with container
and packing materials, the continuation of tests related to crack growth,
slow-strain-rate tests of materials and weldments, and an evaluation of the

effect of radiation on corrosion.

A status report will be issued at the end of FY85 on the progress of the

evaluation of copper (and selected alloys) as a container material. The eval-

uation is currently planned to be completed by the end of FY86. Slow-strain-
rate tests with and without irradiation will be completed in FY86; static and

cyclic crack-growth tests with and without irradiation will be completed in

FY88. The data from these tests will be used to develop license-application
designs for the waste package and to verify the selection of the reference or

alternative materials for the container.
‘

Short-term corrosion tests of container materials. including static and

flow-through saturated-system tests with and without irradiation, air and
steam corrosion tests with and without irradiation, and studies of pitting
kinetics will continue through FY90. Long-term laboratory corrosion tests

similar in scope to the short-term tests will also continue through FY90.
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Long-term engineering-scale containment-materials testing in the presence of
packing material will start in and end in FY94. Long-term tests will
allow an assessment of the effects of sequential changes in the environment
with time on container corrosion.

Salt

On the basis of preliminary corrosion-test results, carbon steel has been
selected as the reference container material for salt. A container con-

structed of a thin layer of a titanium alloy, Ticode-12, over carbon stee! has
been designated as an alternative design. Corrosion testing during FY85 will
develop the data base necessary to verify the selection of the reference or

the alternative material. Long-term corrosion testing will begin in FY85 and
will be based on site-specific brine by FY86. Product specifications for the
container will be issued in FY8?.

Tuff

Survey corrosion testing for tuff has identified type 304L stainless
steel as the reference container material and other austenitic stainless
steels (such as type 316) and Inconel as alternatives. Copper and selected
copper alloys will also be evaluated as alternatives. Survey testing of the
reference and alternative materials will continue in FY85 under repository-
relevant conditions, with and without irradiation, and under stressed condi-
tions to determine the service-limiting conditions. Corrosion work in FY85
will include failure-mode analyses, studies of stress-assisted corrosion mech-
anisms, and tests of weldments. At the end of FY8S, the DOE will issue a

status report on the progress of the evaluation of copper (and selected al-
loys) as an overpack material. The evaluation is currently planned to be com-

pleted by the end of FY86. Long-term corrosion testing with the reference and
alternative materials will begin in FY86. The container material will be
selected in FY87, and long-term corrosion testing will continue with that ma-

terial in order to add confidence to the long-term-performance predictions
based on the results of earlier tests.

2.5.4 PACKING-MATERIAL TESTING

Basalt

Packing material is included in the reference waste package for basalt.
The reference packing material is a mixture of crushed basalt and sodiun-
bentonite clay. The functions of packing materials are described in Chapter 8
of Part II. Studies are under way to determine the long-term stability of the
packing material in the repository environment, its oxygen buffering capacity,
permeability, hydraulic conductivity. swelling pressure, thermal conductivity,
and resaturation rate. Other tests will determine the nature of diffusion-
limited water flow around waste packages, radionuclide solubility and sorption
characteristics, and diffusion coefficients in the presence of altered and
unaltered packing material. The effects of the packing material on the waste
form and on the container materials are also being investigated.
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All experiments will be conducted with unaltered and hydrothermally
altered packing material and under the range of conditions expected for a

repository in basalt. Ongoing physical-property testing of reference packing
material, including resaturation rates and hydraulic conductivities, will be

completed in FY87 to provide input to the development of preliminary require-
ments for the waste-package design and to the modeling of waste-package per-
formance. Ongoing radionuclide sorption, solubility. and diffusion testing in
the presence of packing material will be completed during FY90 to provide in-

put to the final procurement and construction design waste package and the
license application. The data also will be used in analyses of waste-package
performance to evaluate radionuclide releases. A summary of all test results
to date will be provided in the site-characterization plan and in the sub-

sequent SCP reports. Detailed documentation of test results will be completed
in FY85, FY87, and FY89 to support the site-characterization plan. the ad-
vanced conceptual design, the license application design. and the license ap-
plication, respectively.

Salt

The present waste-package design for salt uses crushed salt as a packing
material. Alternatives include tailoring the crushed-salt packing with addi-
tives to control brine composition in order to reduce container corrosion.

Tuff

Packing material is included in the alternative waste-package design for

spent fuel in a tuff repository. The packing consists of either crushed and

recompressed tuff or of crushed tuff mixed with clay and then recompressed. A
decision on whether to continue consideration of this alternative design will
be made in late FY85. If it is decided to include packing material in the

preliminary design for spent-fuel packages, work will start to develop the

capability to fabricate large samples of the packing material. A program of
materials testing will also be started to determine the effectiveness of the

packing material in controlling the rate of radionuclide releases from spent
fuel. The stability of the packing material under repository-relevant condi-
tions will also be investigated.

2.5.5 DESIGN, FABRICATION, AND PROTOTYPE TESTING

Waste-package conceptual designs have been developed for basalt. salt,
and tuff.

In-situ testing of simulated waste packages may be performed during the

exploratory shaft test program at each of the sites recommended for character-
ization. Any such testing will be confirmatory state-of-the-art testing to

verify the results of laboratory, engineering, and field tests conducted
before and during site characterfzation. Test descriptions will be developed
as part of the exploratory-shaft test plan and will give the objectives and
schedules for the in-situ testing. Present schedules call for in-situ test

procedures to be completed in FY87 and testing to start in These sched-
ules depend on the schedules for the exploratory shaft. A limited amount of

preliminary data may be available to support the license-application design
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of the waste package, and the license application. Most of the data from
in-situ testing will be obtained over a longer period of time and will provide
data for the validation of postclosure performance-assessment analyses for the
license application update. The nature, scope. and schedule for in-situ
testing will depend on assessments by each site of its specific requirements.
Basalt

Three design phases remain for the waste packages to be used in basalt:
advanced conceptual, license application, and final procurement and construc-
tion. The advanced conceptual design. scheduled for completion in FY86, will
provide a reference design and one or more alternative designs to accommodate
alternative waste emplacement configurations. The requirements for the
license-application design will be developed in FY87, and the license-applica-
tion design will be completed in early FY91.

Engineering development testing of the waste package is being conducted
in parallel with the design effort. Tests of packing-material emplacement
started in FY83 and will be completed in for the preliminary design.
Current testing is focused on evaluating the feasibility of fabricating pre-
compressed annular rings for emplacing the packing material in boreholes.
Container fabrication, closure welding by remote control, and inspection-
process development will be initiated in FY8S and completed in FY89 to provide
the data necessary for the license-application design.
Salt

Design efforts for the waste packages to be used in salt concentrated on

the refinement of existing conceptual designs during FY84. Requirements for
an advanced conceptual design will be developed, along with requirements for
development testing. A program of package-fabrication technology began in

The advanced conceptual design will begin after the recommendation of
sites for detailed characterization. The license-application design to be
started in FY87, will provide input to the license-application design of the
repository. This design process will emphasize package fabrication and
assembly, along with cost analysis and issues related to emplacement and
retrieval.

Tuff

A conceptual design report for a waste package for the unsaturated zone

was produced in FY84; it will be followed by the development and analysis of
advanced conceptual (prototype) designs during FY85 and FY86. The resulting
design report will be issued in FY86. After a design review, prototype waste
packages will be fabricated from these designs. The prototype packages will
be tested in FY87. During FY87, requirements for the license~application
design will be developed.

2.5.6 ASSESSMENT OF WASTE-PACKAGE PERFORMANCE

The assessment of waste-package performance requires the development of
theoretical and empirical models to describe the corrosion of metal barriers
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and the dissolution of waste forms. Geochemical models of solutions contain-
ing elements that can be leached from the waste and the interaction of these
solutions with other components of the waste package must also be developed.
In addition, it is necessary to calculate and model the thermal and mechanical
conditions expected after waste emplacement, the fluid-flow conditions, and
radionuclide transport from the waste package. The code-development effort at
each repository project will be described in the performance-assessment plans
(see Section 2.6.2).

2.6 SYSTEMS

The systems task consists of two major activities: systems engineering
and performance assessment. Systems engineering is an orderly process of
defining the nature, relationship, and interfaces within and between the mined

geologic disposal system, its major subsystems (i.e., the natural system at
the site, the waste package, and repository), and the rest of the nuclear fuel

cycle. It develops the framework for a systematic and orderly control of re-

pository development activities.

Performance assessments analyze the combined effects of the many phenom-
ena that might affect the mined geologic disposal system. Preclosure perform-
ance assessments will address the safety aspects of the operating repository.
Postclosure performance assessments will use mathematical models to predict
the degree of containment and isolation provided by the system and to deter-
mine compliance with applicable performance standards, objectives. and re-

quirements. Emphasis on the very long term (postclosure) distinguishes the
performance assessment of the repository system from those of more commonly
analyzed systems, such as nuclear power plants.

Figure 2-7? presents a logic diagram for systems engineering and perform-
ance assessment. Sections 2.6.1 and 2.6.2 describe some of the more-important
activities in systems engineering and performance assessment, respectively.

2.6.1 SYSTEMS ENGINEERING

A document describing generic requirements for a mined geologic disposal
system has been developed by the Office of Civilian Radioactive Waste Manage-
ment. This document provides an integrated and uniform set of top-level
requirements for that system, its subsystems, and major components (see
DOE/NE/44301-1, "Generic Requirements for a Mined Geologic Disposal System,"
U.S. Department of Energy, Office of Civilian Radioactive Waste Management,
Washington, D.C., September 1984). These requirements reflect and interpret
applicable regulatory performance objectives, standards, and criteria on a

generic basis. This document has been accepted by both headquarters and the

repository projects as the official basis for system descriptions and design
activities. To this generic document the projects will add site-specific
objectives, standards, and criteria to define project-specific requirements,
which will be the basis for site-specific design criteria and performance
specifications for subsystems and components. The site-specific requirements
will be published as separate documents.
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Each project is also developing a site-specific systems engineering man-

agement plan. This document will govern the scope of the technical work at
the project.

Baselined management plans and technical-requirements documents must be
reviewed and updated as a part of an ongoing iterative activity that maintains
the “correctness” of the key elements that control project activities. This
mandatory review of baseline documents and requirements will be able to accom-

modate changes in regulatory objectives and standards, management strategies,
technical plans, data needs, or other elements that may affect the conduct of
data acquisition and interpretation. The objective is to maintain effective
control of, and efficiency in, site-characterization, design, and performance-
confirmation activities.

The site-characterization plans will more fully describe the status of
these site-specific requirements documents and the plans for their comple-
tion. Site-specific technical plans and requirements will be reported in the
SCP reports that will be issued twice a year.

2.6.2 SYSTEM PERFORMANCE ASSESSMENT

Performance assessment is a set of activities that will allow the DOE to
predict the abilities of the repository system, its subsystems. and its com-

ponents to meet the requirements set through the systems-engineering process.
It is an iterative process of comparing the site-specific performance goals of
repository systems, subsystems. and components with calculated performance
predictions, using increasingly more detailed site-specific data and design
information. Generic system and subsystem performance goals, as given in the
Generic Requirements for a Mined Geologic Disposal System, include the regula-
tory standards and objectives of 40 CFR Part 191, 10 CFR Part 60. and 10 CFR
Part 960.

The site-characterization plans will describe how site-specific perform-
ance goals for the various components of the repository system will be identi-
fied and controlled. The site-specific performance goals for the repository
system fall into two major categories: goals for the engineered-barrier sys-
tem and goals for the natural-barrier system. The goals for the engineered-
barrier system can be achieved through a variety of designs, while the goals
for the natural-barrier system must be achieved through the characteristics of
the selected site.

Determining whether the performance goals for the engineered-barrier sys-
tem will be met is a process of iteration between design and performance as-

sessment. The process involves setting tentative design goals and then col-
lecting data. developing models, identifying failure scenarios, and assessing
whether the preliminary design will achieve the specified performance goals.
This iterative process will ultimately result in the final allocations of per-
formance to the individual components of the engineered-barrier system.

The process of determining site suitability requires that extensive site-
characterization investigations be conducted to ascertain that the individual
siting criteria in the DOE siting guidelines (10 CFR Part 960) and in the NRC

-238-

HQ0005515

OCR DB-105525
Holtec_PAL-001032



.

technical criteria (10 CFR 60) will be met. The determination of the contri-
butions of individual characteristics of the natural barrier system to overall
repository performance also involves iteration between performance-assessment
and site-characterization activities. The process involves a determination of
baseline conditions and conditions since the Quaternary Period, the develop-
ment of scenarios, the development of conceptual and numerical models. sensi-
tivity analyses, assessment of results through expert judgment, and. if justi-
fied, a finding of site suitability.

As site-specific requirements are developed and performance goals for the
system, subsystems, and components are established. the data requirements for
site characterization will be further refined. The performance goals and data
needs will be identified in terms of the anticipated and unanticipated proces-
ses defined in 10 CFR Part 60 and event scenarios that address potential
licensing issues in the site-characterization plans. This entire iterative
process will be updated continuously. with formal compilations and presenta-
tions of results at key program milestones, such as selected SCP reports, the
site recommendation report, the draft environmental impact statement, and the
license-application.

In order to provide assurance of compliance with regulatory objectives
and numerical criteria through performance assessment, specific conceptual
models and numerical codes are being developed to assess the performance of
the repository system, its subsystems, and, in some instances. key components
determined to be important to safety or waste isolation. In addition, exer-

cising these codes in uncertainty and sensitivity analyses will serve to de-
fine uncertainties and result in further guidance for data acquisition. the
refinement of performance goals, design changes, and testing.

Preliminary models and codes have been developed. and preliminary per-
formance assessments have been reported in the draft environmental assessments
for each of the potentially acceptable sites for the first repository.

The initial models and codes are being adapted, as needed. to allow un-

certainty and sensitivity analyses to be performed. The results of these
analyses are now beginning to be used to help establish and refine data needs
and priorities for site characterization. As more site and design information
becomes available during site characterization, the models of system and sub-
system behavior will be modified to reflect the most current understandings of
conditions and processes.

The use of modeling results to refine data needs and priorities, and the
use of new data to refine models represents the iterative linkages that exist
at the interfaces between the performance assessment, waste package, site. and
repository tasks. The conceptual models needed of each of these systems, sub-
systems, and key components is the working interface between these various
tasks and the performance-assessment task.

Sensitivity and uncertainty analyses will be performed periodically with
the revised codes to reassess data needs and priorities in light of the evolv-
ing data base provided by site characterization and by the design activities.
System, subsystem, or special purpose codes will be used. as appropriate, to
guide decisions on the types of tests that will best provide the data needed
to reduce uncertainty in the assessments of compliance with performance goals
for the system, subsystems, and components.
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In addition, the ongoing process of code documentation and verification,
including benchmarking, will be a major activity during site characterization
to ensure that the mathematics and the programming of computer codes are cor-

rect. Simultaneously, outputs from models and codes will be compared wath
measured physical conditions. These conditions may include test results from
the sites or reasonably well-known natural analogs of site conditions or bar-
rier components. These comparisons will begin the process of building confi-
dence in the ability of the models to reflect the physical behavior of real
systems.

Peer review will also be used to provide an overview by the technical
community. Such expert reviews will help build confidence that the models and
the codes are as reliable as is reasonably achievable.

As the time of the license application approaches. the process of verifi-
cation will be completed. Comparisons of code predictions against test re-

sults and natural-analog behavior will have established the degree of validity
of the codes by the time of the license-application update.

Models and codes will be baselined in a document that supports the level
of confidence of the predictive results shown in the license application.
This level of confidence will be established by the results of testing. aug-
mented by consensus among technical experts. The reason for baselining this
document is to ensure complete control over any changes in models and codes
that may be made before a license-application update or a license amendment is
prepared.

A performance-assessment plan will be prepared for each of the three
sites selected for site characterization. These plans will describe detailed
performance-assessment plans and activities. They will be updated to support
the site-characterization plans and the SCP reports.

2.7 OTHER TASKS

2.7.1 REGULATORY AND INSTITUTIONAL ACTIVITIES

The regulatory and institutional task monitors the development of regula-
tions that affect the licensing of a geologic repository; coordinates the pre-
paration of statutory and licensing documentation; and interfaces with regula-
tory agencies, States, affected Indian tribes, the public, and other program
participants.

Two major documents required by the Act of 1982 are to be prepared in
FY85-87: the environmental assessments (EAs) that are to accompany the nomi-
nation and recommendation of sites for characterization and the site-charac-
terization plans (SCPs). The draft EAs were released for public comment in
December 1984; final versions are to be available in November 1985. The SCPs
will be issued between March 1986 and October 1986. Semiannual SCP reports
will provide the results of site-characterization studies, identify the deci-
sion points that are reached, and indicate modifications to schedules.
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The anstitutional and regulatory task will also provide input needed for
the environmental impact statement that will be prepared to accompany the
recommendation of one site for development as a repository.

Among the principal licensing documents will be the preliminary safetyanalysis report, which will include the results of the performance assessment
for the total repository system. This document wil) conform with the require-
ments of the Act.

2.7.2 LAND ACQUISITION

The DOE plans to purchase or lease most of the land needed for site
characterization. Land acquisition or access procedures will only occur at
those sites that are recommended for characterization or selected for reposi-tory development. No land will be acquired or leased at sites nominated, but
not recommended, for characterization.

Land at sites that are characterized. but not selected for a repository,will be returned to its original use as soon as the site is no longer under
consideration for the first or the second repository.
Basalt

For the basalt site, no action on the land-acquisition task is needed
because the title to all land needed for the exploratory shafts and the
repository is held by the U.S. Government.

Salt

If a salt site is on private land, access for the exploratory shafts will
be achieved either through long-term leases or fee-simple purchase. For a
repository, the land for construction and operations will be purchased. Addi-
tional land to protect the site will be purchased or leased.

If a salt site is on public land (e.g., in Utah). land access for site
characterization will be obtained through a cooperative agreement with the
appropriate agency (in Utah, the Bureau of Land Management). If a repositoryis to be built on public land. the land required for construction and opera-tion will be obtained through permanent land withdrawal.

Tuff

The tuf£ site is located in an area where lands under the jurisdictionand control of three Federal agencies adjoin. The eastern portion of the site
is on the southwestern reaches of the Nevada Test Site (NTS), on land that has
been withdrawn from the public domain for nuclear testing and related research
by the DOE. The northwestern portion of the site is on an extreme corner of
the Nellis Bombing Range, on land that has been withdrawn as an aerial bombingand gunnery range for the Air Force. All preexisting rights on the DOE and
Air Force lands have been extinguished. The remaining southwestern portion is
on land in the public domain under the jurisdiction and control of the Bureau
of Land Management; this land is currently free and clear of encumbrances of
record.
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Ultimately, the portions of the envisioned site not on the NTS must be
withdrawn and reserved for use by the DOE. It is currently intended not to

seek withdrawal until such time as the tuff site is recommended by the Presi-

dent for a repository and that recommendation is supported by Congress. In

the meantime, the DOE has secured permits and agreements with the Air Force

and Bureau of Land Management to allow access, exploration, and investigation.

2.7.3 PROGRAM-MANAGEMENT TASK

The program management task is concerned with all of the tasks discussed
in the preceding sections. Its objective is to provide the necessary project
management, project control, quality assurance, and data management.

2.7.4 TEST FACILITIES

The DOE operates facilities for the purpose of conducting tests to better
understand the behavior of materials, waste, and rock when exposed to poten-
tial or actual repository conditions and to develop equipment and instrumenta-
tion for the repository.

1. Near-Surface Test Facility. Located on the Hanford Site. this

facility was constructed in basalt to conduct electrical heater
tests, jointed block tests, and other experiments in order to gain a

better understanding of the thermomechanical properties of basalt.
Other tests are now being conducted or are planned to support the

exploratory-shaft test program.

2. G-Tunnel Facility. Located on the Nevada Test Site, this test facil-

ity in tuff provides for tests to determine the thermomechanical be-
havior of tuff.

3. Climax Spent Fuel Test Facility. Located on the Nevada Test Site,
this facility was constructed in granite to demonstrate the receipt,
handling, emplacement, and retrieval of spent fuel; to determine the
effects on granite from spent fuel; and to evaluate differences be-
tween the thermomechanical effects produced by radioactivity decay
heat and electric heaters.

4. Colorado School of Mines Facility. Located near Idaho Springs.
Colorado, this facility was constructed in an existing granite gneiss
experimental mine to assess the effects of blasting on the rock mass,

to evaluate the heated flat-jack test as a thermomechanical test
method, and to determine functional relationships for crystalline
rock-masses.

5. Avery Island Facility. Located near New Iberia, Louisiana, this test

facility is located in a salt dome. Tests were conducted to examine
the thermomechanical response of, and brine migration in, dome salt,
to evaluate experimental equipment and instrumentation, to determine

permeability of heated and unheated salt. etc.
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In addition to these test facilities. a field test known as Project Salt
Vault was conducted in bedded salt in the 1960s near Lyons, Kansas to demon-
strate waste-handling techniques. to determine gross effects of radiation, and
observe salt-creep behavior. Technical information from the Waste Isolation
Pilot Plant (WIPP) Project, an R&D facility located in bedded salt outside
Carlsbad, New Mexico to demonstrate safe disposal of defense-generated radio-
active wastes, will be used in the program. Test facilities outside the
United States. including the Asse facility (salt) in the Federal Republic ofGermany, the Stripa facility (granite) in Sweden, and the Underground ResearchLaboratory (granite) to be constructed in Canada, will provide additional in-
formation on potential repository behavior.

2.7.5 FINANCIAL ASSISTANCE

The DOE will make financial assistance available to the affected Statesand Indian tribes as required by the Act. These funds will ensure that the
States, affected Indian tribes, and others can fully and meaningfully partici-pate in the plans and activities of the geologic repository program. The
funds would be used by the States and affected Indian tribes to allow them tostudy, determine. comment on, and make recommendations on the possible health,safety, environmental, social, and economic impacts of a repository.

2.8 SECOND REPOSITORY

The DOE is actively pursuing the siting and development of the second
repository. The primary focus of planning for the second repository discussed
herein will be related to siting. Detailed planning to ensure collection of
the information necessary to address the issues identified in Chapter 1] will
occur during the development of the area-characterization plan and the sub-
sequent site-characterization plans. Preliminary plans for research and tech-nology development will also be discussed below. The plans described below
have been specifically developed for the second repository. As discussed in
Part I, potentially acceptable sites identified but not nominated for charac-
terization for the first repository and sites characterized, but not selected,for the first repository can also be considered for the second repository.

2.8.1 SITE INVESTIGATIONS

The national survey identified nearly 250 crystalline rock bodies withinthe northcentral, northeastern, and southeastern regions of the United Statesfor further investigation to evaluate their suitability for repository devel-opment. The investigations are currently in the regional site-screeningphase. The regional phase involves the evaluation of crystalline rock forma-tions with respect to the siting guidelines, using open-literature information
on the geologic and environmental characteristics of the region.

Draft regional geologic- and environmental-characterization reports have
been published to document the information the DOE intends to use in evaluat-
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ing the crystalline rock bodies identified for further investigation. To
assist in the evaluation, State participation in the development of a region-
to-area screening methodology has been sought. The region-to-area screening
methodology will be used to evaluate the more than 200 crystalline-rock bodies
previously identified. After this evaluation, the DOE will prepare the draft
area recommendation report, which will identify areas within the 17 States

currently under study where the DOE plans to conduct more detailed studies,

including field investigations. The field investigations that the DOE will

undertake during the area characterization to evaluate site suitability will

be described in an area-characterization plan. Both the draft area-recommen-

dation report and area-characterization plan will be issued for State review
and comment.

Activities to be conducted during the area phase include geologic, hydro-
logic, engineering, environmental, and socioeconomic studies. Preliminary
performance assessments will be used to evaluate areas under consideration and
to identify key site performance parameters for investigation during the area

phase. Geologic studies to be undertaken may include resistivity. shallow
seismic, aeromagnetic, and gravity surveys as well as the mapping of rock
bodies, outcrops, overburden, fracture density, and faults. Data will be col-

lected on the in-situ state of stress and the geochemistry of ground water.

Other studies to be undertaken may include aquatic/terrestrial ecology
(including threatened and endangered species), water rights. terrain charac-
teristics, offsite hazards, meteorology and climatology. and socioeconomic

impacts.

After the completion of the area phase, the DOE will proceed with the

nomination and recommendation process for site characterization. The activ-
ities to be conducted during site characterization will address the issues

identified in Chapter 1 and wil] be described in the site-characterization
Plan for each site recommended. It is expected that many of the site-
characterization activities conducted for the second repository will] be

similar to those discussed here for the sites being considered for the first

repository.

2.8.2 SUPPORTING RESEARCH AND DEVELOPMENT

Potential supporting research- and development-activities may be sub-

divided into five distinct categories, each of which may provide information

covering a broad spectrum of concerns.

2.8.2.1 Information from First-Repository Studies

Although the host rocks for the first repository are different from the

crystalline-rock bodies being investigated for the second repository, it is

expected that data on the following elements from the, first-repository studies

may provide a substantial base for guiding the design or test efforts in crys-
talline rock:

e Waste-package-design concepts.
e Materials testing for thermomechanical responses.

Design of surface and subsurface facilities.
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It is not possible at present to confidently predict the precise extent
to which first repository data can be applied to technical issues in crystal-line rock, though the applicability of the theoretical models, at least, is
expected to be considerable.

2.8.2.2 International Cooperation and Data Exchange
In addition to benefiting from the research and development activities

conducted for the first repository, the second-repository program will also be
able to draw on information from the geologic, hydrologic, and engineeringinvestigations that are being conducted in the crystalline rocks of Canada,
Sweden, France, and Switzerland. The exchange of data and possibly of staff
should result in the acquisition of information on the following:

Methodologies in field geologic, hydrologic, and geophysical testing
and characterization, and field data from these technologies.
Methodologies for, and data from, laboratory hydrologic testing.
Field and laboratory engineering testing. including thermomechanical
and rock-mechanics testing of rock. thermomechanical responses of
materials, and hydrochemistry.
Field and laboratory studies of fracture flow, including modeling.
Analog studies to investigate potential geochemical effects on rock,
materials, and radionuclide migration.
Radionuclide migration testing in the field and in the laboratory.
Computer-model code development, verification, and validation.

2.8.2.3 Geologic and Hydrologic Field and Laboratory Investigations

Programmatic research and development activities for characterizing crys-talline rocks may include the following elements:

e Methodologies for field and laboratory testing for hydrologic charac-
terization and fracture-flow analyses.
Model studies for fracture flow.

Analysis of geophysical investigative methods.

Analysis of surface-to-subsurface extrapolation for geologic, hydro-logic, and geophysical characteristics.
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e Analog studies in fossil and active geothermal systems for analyzing
potential geochemical effects on rock materials and radionuclide
migration.

¢ Field and laboratory tests on radionuclide migration.

2.8.2.4 Engineering-Related Field and Laboratory Investigations

Programmatic research and development activities for analyzing engineer-
ing related elements will include the following:

e Analyses of the mechanical and thermomechanical responses of rock and

materials.

e Waste-package-materials testing and design studies.

e Design studies for surface facilities.

Design studies for subsurface facilities, including shafts, and waste

emplacement configurations.
e Sealing.

Design and construction of and in-situ testing in exploratory shafts.

2.8.2.5 Model-—Code Development, Verification, and Validation

Programmatic research in performance-assessment code development and

modeling will include analyses to support the following:
e Fracture-flow models.

e Total-system models that address geologic, hydrologic. environmental,
and regulatory factors.

e Licensing.

2.9 ESTIMATED TOTAL COSTS

The estimated annual costs of research and development activities for the

entire waste-management program are given in Chapter 10. These costs are con-

sistent with the program strategy underlying the January 1985 budget submis-

sion. Work is under way to develop costs based on the reference repository
schedule shown in Part I.

The cumulative costs (undiscounted) associated with siting, designing,
and licensing the first and second repositories are summarized in Table 2-1.

These cost estimates are based on financial data developed as part of the
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Office of Civilian Radioactive Waste Management Pund budgetary process for theperiod 1983 through 1990, plus projected spending levels for the activitiesscheduled to take place beyond 1990, as discussed in preceding sections ofthis chapter. The costs are detailed by work-breakdown-structure category andare estimated separately for the first and the second repository.
For the first repository, costs for site investigations, the systemstask, regulatory and institutional activities, test facilities, and projectmanagement are assumed to occur from 1983 through 1998, the year in whichrepository operations are expected to begin. Waste-package design will con-tinue through 1995, while the license application repository design will becompleted in 1990. In-situ testing will continue through 1994.

Table 2-1. Summary of the Total Costs of Repository Research and Development(Millions of 1984 dollars)

Category in the
work-breakdown First repository . Second repositorystructure (1983-1998) (1983-2005)
Site investigations 767 653Exploratory shafts 676 441Repository §35 175Waste package 266 103Systems 190 125Regulatory and institutional 396 289Land acquisition 28 118Program management 275 194Test facilities

_ 46
_ 42

Total 3179 2138

For the second repository. costs for site investigations, the systemstask, regulatory and institutional activities, test facilities, and projectmanagement are assumed to continue through the year 2006, or up to the startof operations.

2.10 INDEX OF INFORMATION NEEDS AND PLANS

Table 2-2 is an index of the information needs identified in Chapter 1and the plans described in this chapter for acquiring that information.
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Table 2-2. Cross Reference of Information Needs and Plans (continued)

Issue and information need* Pertinent section of Chapter 2

Issue 1.5: Paleoclimatology

1.5.1 2.2.1
1.5.2 2.2.1
1.5.3 2.2.1
1.5.4 2.2.1
1.5.5 2.2.1
1.5.6 2.2.1
1.5.7 2.2.1
1.5.8 2.2.1

Issue 1.6: Rock dissolution

1.6.1 2.2.1, 2.2.3
1.6.2 2.2.1, 2.2.3
1.6.3 2.2.1, 2.2.2
1.6.4 2.2.1
1.6.5 2.2.1, 2.2.5
1.6.6 2.2.1

Issue 1.7: Tectonics

1.7.1 2.2.1, 2.2.3
1.7.2 2.2.1

1.7.3 Available”
1.7.4 2.2.1
1.7.5 2.2.1
1.7.6 2.2.1
1.7.7 2.2.1, 2.2.3, 2.2.5

Issue 1.8: Human interference

1.8.1 Available”
1.8.2 2.2.1
1.8.3 2.2.1
1.8.4 Available”
1.8.5 2.2.1. 2.2.3, 2.2.4

Issue 1.9: Waste package and other engineered barriers

1.9.1 2.2.3, 2.3.6
2.5.1

1.9.2 2.2.2, 2.3.6

1.9.3 2.5.2, 2.5.6
1.9.4 2.5.1, 2.5.6
1.9.5 2.5.3, 2.5.6
1.9.6 2.2.2, 2.5.4
1.9.7 2.5.4
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Table 2-2. Cross Reference of Information Needs and Plans (continued)

Issue and information need* Pertinent section of Chapter 2

Issue 2.1: Preclosure radiological protection of the public
2.2.1 Available”
2.1.2 2.4.2, 2.4.3
2.1.3 2.4.2, 2.4.3
2.1.4 2.4.5
2.1.5 2.7.2
2.1.6 2.7.1

Issue 2.2: Meteorology
2.2.1 Available”
2.2.2 2.2.4
2.2.3 2.4.2
2.2.4 Available”
2.2.5 Available”

Issue 2.3: Offsite installations and operations
2.3.1 2.2.4
2.3.2 2.4.2
2.3.3 Available”
2.3.4 2.6.2, 2.4.2

Issue 2.4: Preclosure radiological safety of workers

2.4.1 2.4.2, 2.5.3,
2.5.5

2.4.2 2.4.2, 2.4.3
2.4.3 2.4.2, 2.4.3
2.4.4 2.4.2, 2.4.3
2.4.5 2.4.2

Issue 3.1: Environmental impacts
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Table 2-2. Cross Reference of Information Needs and Plans (continued)

Issue and information need’ Pertinent section of Chapter 2

Issue 3.2:

w
w

w
w

Issue 3.3:

Local transportation

Socioeconomic impacts

Waste package and costs

Surface characteristics

Flexibility of repository horizon

Hydrology and ease of construction
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Table 2-2. Cross Reference of Information Needs and Plans (continued)

Issue and information need? Pertinent section of Chapter 2

Issue 4.5: Tectonics and construction

4.5.1 2.2.1
4.5.2 2.2.1
4.5.3 Available”
4.5.4 Avarlable°®
4.5.5 Available’

Issue 4.6: Cost effectiveness, safety, and repository construction

49.6.1 2.4.2, 2.6.1, 2.7.1
4.6.2 2.5.2
4.6.3 See issue 1.9
4.6.4 See issue 1.3
49.6.5 See issue 2.1
4.6.6 See issue 2.3
4.6.7 See issue 2.4
4.6.8 See issue 4.1
4.6.9 See issue 4.2
4.6.10 See issue 4.3
4.6.11 See issue 4.4
4.6.12 See issue 4.5

Issue 4.7: Permanent sealing and cost

4.7.1 2.2.1, 2.2.2, 2.2.3,
2.3.6, 2.4.1,
2.4.2, 2.4.4

4.7.2 2.3.3, 2.3.4, 2.3.5,
2.4.1, 2.4.2

4.7.3 2.4.4, 2.4.5
4.7.4 2.3.3, 2.3.4, 2.3.5,

2.4.3, 2.4.4
4.7.5 2.4.2
4.7.6 2.4.2, 2.4.4, 2.7.1

*See Chapter 1 of Part II for definitions of the issues and information
needs.

"In this context, “available” means from readily available sources of
geologic and related data useful in the siting. design, and construction of
engineering projects. Examples of these data sources would be libraries;
local, State, and regional agencies; the U.S. Geological Survey; and State
Geological Surveys. (See Bulletin of the Association of Engineering
Geologists. Vol. XX, No. 4, 1983, pp. 439-454.)
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Chapter 3

POTENTIAL FINANCIAL, POLITICAL, LEGAL.
AND INSTITUTIONAL PROBLEMS

An evaluation of financial, political. legal, or institu-
tional problems that may impede the implementation of this
Act, the plans of the Secretary to resolve such problems,
and recommendations for any necessary legislation to resolve
such problems

--Nuclear Waste Policy Act, Section 301(a)(3)

This chapter discusses the financial, political, legal, and institutional
problems the DOE has identified as having the potential to impede the imple-
mentation of the Act. These problems include the following:

1. Failure to reach or implement a consultation-and-cooperation
agreement.

2. Time needed for Federal agencies, States, or affected Indian tribes
to develop full participation capabilities.

3. Difficulty in acquiring access to, or control of, land.

4. Difficulty in obtaining State and local permits.

5. State or local laws that are in conflict with Federal laws or

otherwise incompatible with the DOE's responsibilities.

6. Litigation by States, affected Indian tribes. or other parties.

7. Conflict over State representation of local interests.

8. Conflict between the executive and the legislative branches of the
State governments.

9. State or tribal notice of disapproval of a site selected for a

repository.
10. Timing of grants for the mitigation of repository impacts.
11. Impediments to the transportation of waste.

12. Financial uncertainty and inadequacy of funds.

As the DOE addresses these problems and formulates plans for their reso-

lution, it will continue to do all that is required to meet its primary res-

ponsibility for the safe and timely isolation of radioactive waste. The sec-
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tions that follow discuss each of these potential problems and review the
DOE's plans for resolving them. The DOE does not recommend legislative
changes at this time.

3.1 FAILURE TO REACH OR IMPLEMENT
CONSULTATION-AND-COOPERATION AGREEMENTS

3.1.1 POTENTIAL ISSUES AND PROBLEMS

Written consultation-and-cooperation agreements form one foundation for
the DOE’s interactions with States and affected Indian tribes on the waste-
management program. The DOE believes that failure to achieve a strong agree-
ment would limit the effectiveness of these interactions even though, in the
absence of a formal agreement, the DOE will provide information on program
activities, financial assistance to support the participation of States and
affected Indian tribes in program activities, and opportunities for frequent
informal interaction. An agreement might not be reached for any of the
several reasons discussed below.

° A State or an affected Indian tribe may not consider negotiating a
written agreement with the DOE to be in its interest. Accordingly,
@ State or an affected Indian tribe may decline at the outset to
negotiate an agreement.

The DOE and the State or tribal representatives may negotiate in
good faith, but may reach an impasse on one or more issues. If the
impasse cannot be resolved, negotiations may terminate without
reaching final agreement.

The agreements reached by the negotiators could be rejected in sub-
sequent legislative or executive review.

Even if a formal agreement is signed by a State or an affected Indian
tribe and the DOE. a number of problems could occur in the implementation of
the agreement. The potential causes of such problems may include the
following:

Once the written agreement is in place, one of the parties could
fail to fulfill its obligations. A failure to comply with the terms
of the agreement could be either intentional or unintentional.

The DOE, the State or affected Indian tribe. or a third party may
seek to have the validity of one or more provisions of the agreement
tested in court. This could result in the modification of
provisions or voiding of the agreement.

3.1.2 PLANS FOR RESOLUTION

The DOE has begun consultation-and-cooperation negotiations with the
State of Washington and with the Yakima Indian Nation. as provided for under
Section 117(c) of the Act. In addition, preliminary discussions of
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consultation-and-cooperation procedures are under way with several States in
which site screening is being conducted for the second repository.

The DOE will make every effort to ensure the successful negotiation and
implementation of consultation-and-cooperation agreements and will take ac-

tions that should reduce the chances of failure. For example, the DOE will
express its continued willingness to negotiate a formal agreement, consistent
with the provisions of Section 117(c), at any time a State or affected Indian
tribe determines that it is advantageous to have one.

To minimize barriers to negotiations, the DOE will work with States and
affected Indian tribes to identify mutually acceptable negotiating proce-
dures. The DOE will encourage States and affected Indian tribes to adopt
specific review and ratification procedures early in the negotiation process.

To minimize implementation problems once agreements are negotiated. the
DOE will seek to establish agreements with specific procedures and clear
guidelines, including conflict-resolution provisions that avoid confusion or

ambiguity. Such specific procedures and guidelines should prevent one party
from unintentionally violating the agreement as perceived by the other party.
The DOE will attempt to work with States and affected Indian tribes to resolve
problems in implementing the agreements.

If an agreement is modified or voided as a result of judicial review, the
DOE will consider appealing or renegotiating the agreement to satisfy the con-

ditions set by the court.

If the DOE and a State or affected Indian tribe cannot negotiate or im-
plement a written agreement in spite of its best efforts, the DOE will con-

tinue to fulf211l its responsibilities, as specified in the Act. to develop a

repository on schedule, and to encourage an effective program of consultation
and cooperation with all affected parties.

3.2 TIME NEEDED FOR STATES OR AFFECTED INDIAN TRIBES
TO DEVELOP FULL PARTICIPATION CAPABILITIES

3.2.1 POTENTIAL ISSUES AND PROBLEMS

For States and affected Indian tribes, as well as Federal agencies other
than the DOE, to be full participants in developing and implementing the
repository program, they must enlist or train the necessary personnel.
States, affected Indian tribes, and other Federal agencies are developing the
capabilities needed to monitor the waste-management program and to interact
with the DOE. New organizations composed of legislative-committee staffs and
policy and technical staffs from State agencies will assume significant roles
in State programs. Affected Indian tribes will also need to develop policy
and technical staffs that can assume a major role in the monitoring of the
DOE's waste-management programs and in interactions with the DOE. States,
tribes, and Federal agencies will need to review and comment on large guanti-
ties of information. New tasks associated with the waste-management program
may be added to the responsibilities of staff members whose primary duties and
experience lie in other fields. Problems may arise because of the time
required to develop this capacity to participate in the program at the level
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they and the DOE desire. Conflict between these needs and the schedule re-

quirements of the Act may result.

3.2.2 PLANS FOR RESOLUTION

To address the "startup time" problem faced by State agencies and the
governments of affected Indian tribes, the DOE will provide as much time as

possible within mandated schedules for the review of program documents and
will inform States and affected Indian tribes of program plans as early as

possible. To ensure smooth transfers of information, the DOE will encourage
the creation of State coordinating organizations that interact with the DOE
and other agencies involved in the waste-management program. In addition, the
DOE is improving its capability to provide technical information. To help
States improve the ability of their staffs to participate in the program, the
DOE holds periodic meetings with States and affected Indian tribes to explain
how the DOE 1s implementing the Act and to provide a status report on program
activities. Furthermore, the DOE has provided funds to national organiza-
tions--such as the National Governors’ Association, the National Conference of
State Legislatures. the Council of Energy Resource Tribes, the Western Inter-
state Energy Board. and the National Congress of American Indians--to conduct
seminars and help provide information to the States and tribes. Plans to
strengthen the coordination between the DOE and other Federal agencies are
discussed in Chapter 4 of Part I.

3.3. DIFFICULTY IN ACQUIRING ACCESS TO, OR CONTROL OF. LAND

3.3.1 POTENTIAL ISSUES AND PROBLEMS

The DOE is required by NRC regulations (10 CFR Part 60) to obtain owner-

ship, surface and subsurface rights. and control of access to land at the site
of the repository. Before site characterization begins. the DOE must acquire
land for exploratory shafts at the three sites recommended for characteriza-
tion and must control additional land in the event the site is selected for a

repository. The entire site area may be acquired from public land under the
control of Federal agencies, State or tribal land, and/or privately owned
land.

Regardless how control of the land is achieved. the DOE intends to allow
the existing land uses (e.g., farming) to continue to the maximum extent
practicable. Furthermore, the DOE intends to acquire only the property that
is essential to the mission.

Several potential problems are associated with the DOE's obtaining the
necessary access to, and control of, land. If the needed land is under the
jurisdiction of another Federal agency, such as the Bureau of Land Management,
that land must be withdrawn from public use, which may require Congressional
action. The withdrawal will require the other agency to comply with its own

procedural and substantive requirements, which could prolong the transfer of
land.
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If State land is involved, the DOE must negotiate with the affected State
for title to the land and obtain applicable permits for drilling and field
testing. If the affected State opposes the DOE’s efforts, it may require a

period of time to transfer land to the Federal Government.

Private land will be acquired under the Uniform Relocation Assistance and
Real Property Acquisition Policies Act of 1970. the owners are not willing
to sell, the DOE may exercise the power of eminent domain.

3.3.2 PLANS FOR RESOLUTION

To avoid delays that may result from the efforts of other Federal agen-
cies to meet their statutory responsibilities, the DOE will work with those
agencies to expedite the issuance of required authorizations, as provided for
in Section 120 of the Act. The DOE will seek memoranda of understanding
(MOUs) with Federal agencies to clarify their respective roles in obtaining
needed permits and authorizations.

The DOE will maintain up-to-date informationon State and local land-use
regulations and permit requirements. As part of its consultation and
cooperation with States and affected Indian tribes, the DOE will seek to
establish procedures for obtaining applicable permits required to gain access
to land. Until the consultation-and-cooperation agreements are signed, the
DOE will work with States and affected Indian tribes to reach agreements on

land-use and permit issues (see also Section 3.4). Because of the unique
relationship between Indian tribes and the Federal Government, the DOE will
work closely with the Department of the Interior on issues concerning
reservation lands or lands to which the tribes have possessory or usage
rights. In addition, the DOE will be mindful of the American Indian Religious
Freedom Act of 1978, the 1975 Indian Self-Determination and Education
Assistance Act, the Tribal Government Tax Status Act, and other pertinent
mandates.

The DOE will attempt to obviate legal problems with private landowners by
starting negotiations to obtain title to land as early as possible and by
offering fair market prices for the land in question as required by the Uni-
form Relocation Assistance and Real Property Policies Act of 1970. The DOE
will use its power of eminent domain to acquire needed land only as a last
resort. The Uniform Relocation Assistance and Real Property Acquisition
Policies Act of 1970 provides the DOE with the ability to make comprehensive
payments to private landowners. tenants, and businesses that must be dis-
placed. To facilitate the land-acquisition process, the DOE may work in close
cooperation with the U.S. Army Corps of Engineers, which has considerable
experience in this area.

3.4 DIFFICULTY IN OBTAINING STATE AND LOCAL PERMITS

3.4.1 POTENTIAL ISSUES AND PROBLEMS

Repository siting and development activities may require the DOE to ob-
tain a variety of permits from States and local governments. Although most or
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all of these activities will be identical with those carried out at other
large-scale projects. public concerns about the repository may cause the
permit-issuing authorities to subject the DOE’s applications to especially
intensive and lengthy reviews. It is also possible that other parties may use

permit-issuing procedures as a means of delaying the program.

3.4.2 PLANS FOR RESOLUTION

The DOE will attempt to facilitate the permit process by consulting with
State and local authorities as early as possible. Means for resolving dis-
putes over permit requirements with State authorities will be specified in the
consultation~-and-cooperation agreements, specifically in the sections that
discuss the facilitation of the permit process (required by Section 117(¢)(9)
of the Act) and conflict resolution (required by Section 117(c)(11)). Where
such agreements have not been signed, the DOE will work with State or local
authorities in an effort to identify and resolve issues informally.

3.5 STATE OR LOCAL LAWS THAT ARE IN CONFLICT WITH FEDERAL LAWS OR
OTHERWISE INCOMPATIBLE WITH THE DOE'S RESPONSIBILITIES

3.5.1 POTENTIAL ISSUES AND PROBLEMS

Many State and local governments and Indian tribes have or may enact
legislation that affects the repository program. Conflicts may occur if the
State imposes extensive substantive or procedural requirements that prevent
the DOE from fulfilling its responsibilities under the Act in a timely
manner. Several States have enacted legislation that attempts to directly
regulate the repository program. In some of these instances. such State and
local regulatory controls may be impermissible under the U.S. Constitution.

3.5.2 PLANS FOR RESOLUTION

The DOE intends to comply with all State and local regulations consistent
with its responsibilities under the Act.

The DOE will identify State and local laws and regulations that may con-
flict with the DOE's responsibilities under the Act. In conjunction with this
effort, the DOE will attempt to define the issues of concern that prompted the
State or the local government to enact the law or regulation in question and
will work with the appropriate officials to address these issues in a manner

compatible with the Act. In the case of State laws, such steps might be
incorporated into the formal consultation-and-cooperation agreements.
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3.6 LITIGATION BY STATES, AFFECTED INDIAN TRIBES, OR OTHER PARTIES

3.6.1 POTENTIAL ISSUES AND PROBLEMS

States. affected Indian tribes, local governments, and a variety of other
parties may oppose the DOE's activities at any time during the siting pro-
cess. If they resort to court action, the program may be delayed. Section
119 of the Act allows a party to seek in the U.S. Courts of Appeals judicial
review of certain actions taken by the Secretary of Energy in the repository-
siting progcam within 180 days after the action in question. The 180-day
period for seeking judicial review is significantly longer than the 60-day
period usually allowed for seeking the review of agency actions in a Court of
Appeals. This increases the opportunity for States, affected Indian tribes,
or other parties to resort to court action. The subsequent litigation could
prevent the DOE from meeting the schedule set forth in the Act.

3.6.2 PLANS FOR RESOLUTION

The DOE hopes to minimize the likelihood of litigation by seeking the
views of all interested parties and implementing a comprehensive consultation-
and-cooperation process with States and affected Indian tribes. To achieve
these goals, the DOE will work with States and affected Indian tribes to es-

tablish formal and informal procedures for resolving their concerns and objec-
tions. The Act specifies that consultation-and-cooperation agreements shall
include procedures “for resolving objections of a State and affected Indian
tribes at any stage of the planning, siting, development, construction, opera-
tion, or closure of such facility within such State through negotiation, arbi-
tration, or other appropriate mechanisms" (Section These formal
agreements offer the opportunity to minimize litigation. In addition, the DOE
will establish program-wide procedures to ensure that all parties have timely
access to information about the program. The DOE will also endeavor to
resolve potential conflicts through the use of informal interactions, thus
obviating the need to pursue lengthy legal remedies.

The DOE also intends to document key decisions and program actions in
such a manner as to to insure that, if challenged, the decisions can be fully
explained and justified. This will minimize the possibility that the program
could be stopped or delayed for a significant period.

3.7 CONFLICT OVER STATE REPRESENTATION OF LOCAL INTERESTS

3.7.1 POTENTIAL ISSUES AND PROBLEMS

Differences between the interests of local communities and State govern-
ments may arise in States affected by repository development. These differ-
ences may arise from the historical divergence between urban and rural inter-
ests in State government or because the attitudes about a repository may dif-
fer between host communities and the State or for many other reasons. These
differences could lead to conflicting expectations or demands being placed on

the DOE or to delays in program implementation while the State and local
governments resolve their disagreements.
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Specific issues that may lead to such differences are the degree of State
cooperation in siting activities and how grants are allocated. Experience
with the intrastate allocation of other Federal grants suggests that conflict
may arise between State and local governments over the allocation of grants
provided to the States under the Act, especially the grants provided for
impact-mitigation assistance under Section

3.7.2 PLANS FOR RESOLUTION

The DOE is prepared to work with both State and local governments during
the development of a repository. The DOE intends to continue public meetings
and outreach programs for local leaders and the general public in the vicinity
of potential sites and to keep State officials informed of such activities.
Procedures for local-government representation could be included in the
consultation-and~cooperation agreement as per Section of the Act.
The DOE plans to encourage States to involve local representatives in impact-
assessment efforts leading to the preparation of State impact reports.

3.8 CONFLICT BETWEEN THE EXECUTIVE AND THE
LEGISLATIVE BRANCHES OF STATE GOVERNMENTS

3.8.1 POTENTIAL ISSUES AND PROBLEMS

The Act provides opportunities for the executive and the legislative
branches of State governments to participate in the waste-management program.
However, the Act does not in every instance codify their respective responsi-
bilities. For example. Section 117 requires the DOE to consult and cooperate
with both the Governor and the legislature. Section 115 provides that the
selection of a site will become final unless the Governor and the legislature
submit a notice of disapproval, but Section 116 provides that the Governor or
the legislature may submit a notice of disapproval] unless prohibited by State
law. The Act makes clear that the DOE must work with both the executive and
the legislative branches of State governments, but makes no provision to
ensure that conflicts will not arise between these two branches during their
interactions with the DOE. Conflicts within State government could create
obstacles to implementing the Act. For example, the DOE may have difficulty
keeping al! concerned parties in the State government informed of programmatic
activities if the division of responsibility is unclear.

3.8.2 PLANS FOR RESOLUTION

The DOE will maintain contact with both the executive and the legislative
branches of State governments. The DOE recognizes that elections and changing
interests of State officials or agencies may change the way in which they
interact with the DOE. In order to allow such changes to be accommodated by
the consultation-and-cooperation process without disrupting that process, the
DOE will encourage States to assign responsibilities to specific agencies or
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officials. A clear assignment of responsibilities will permit institutional
continuity in a changing political climate.

The DOE will encourage each State to establish one focal point. such as a

State coordinating council, for all interactions with the DOE in order to
minimize the possibility of misunderstandings in the consultation-and-
cooperation process. While remaining neutral in intrastate disputes. the DOE
will provide information and assistance on request to all parties.

3.9 STATE OR TRIBAL NOTICE OF DISAPPROVAL
OF A SITE SELECTED FOR A REPOSITORY

3.9.1 POTENTIAL ISSUES AND PROBLEMS

The Act provides an opportunity for the Governor or the legislature of a
State and the governing body of an affected Indian tribe with a proposed site
on its reservation to submit to Congress a notice of disapproval if a site is
recommended for repository development (Sections 116(b) and Such a
notice of disapproval would eliminate that site from further consideration for
a repository unless both Houses of Congress override the notice by passing a

joint resolution that approves the selection of the site.

Because of the public concern and apprehension about radioactive waste,
State and tribal leaders may be under considerable pressure from many groups
to issue a notice of disapproval. Members of Congress, in turn, will be sen-
Sitive to the prerogatives of States under the Federal system of government
and to the concerns of their own constituents. It is possible, therefore,
that a site recommended for a repository could be rejected, which would cause
considerable program delay and additional cost.

3.9.2 PLANS FOR RESOLUTION

The DOE will make every effort to evaluate and select a site so as to
give no valid cause for States or affected Indian tribes to issue a notice of
disapproval. Part of this effort is to evaluate sites in a manner that will
provide technically sound and defensible reasons for the site-selection deci-
sion.

Another part of the effort is to support regular and careful reviews of
the DOE's siting activities by giving full attention to the process of inter-
acting with States and affected Indian tribes. This will be accomplished
through formal and informal consultation-and-cooperation activities with
States and affected Indian tribes, including the sharing of preliminary ver-
sions of siting documents and the financing of program reviews by States and
affected Indian tribes, as provided for by the Act.

In addition, the DOE will attempt to identify concerns and potential dis-
agreements as early as possible and to resolve such disagreements through
informal consultation or through the formal conflict-resolution procedures
specified in written consultation-and-cooperation agreements.

-261-

HQ0005538

OCR DB-105548
Holtec_PAL-001055



.

3.10 TIMING OF GRANTS FOR THE MITIGATION OF REPOSITORY IMPACTS

3.10.1 POTENTIAL ISSUES AND PROBLEMS

If the repository is sited in a rural area, it may be necessary to im-
prove roads, sewer and water services. utilities, housing, and other parts of
the local infrastructure before large numbers of construction workers move
into the area. However, the DOE's ability to provide impact-mitigation assis-
tance to States or tribes before construction begins may be legally con-
strained by Sections 116(c)(2)(A) and 118(b)(3)(A) of the Act. which are ex-

plicit in providing for mitigation grants "following the initiation of con-
struction activities.”

3.10.2 PLANS FOR RESOLUTION

The DOE will work closely with States, affected Indian tribes, and local
governments to ensure that impact-mitigation needs are met in a timely fash-
ion. This may be achieved, in part, by creating work groups composed of
representatives from the DOE, State. affected Indian tribes, and local govern-
ments; these groups would work together to develop impact avoidance and miti-
gation strategies that would reduce requirements for financing before con-
struction begins.

The DOE may want to establish a task force that would coordinate requests
for impact-mitigation assistance from the States and affected Indian tribes.
It may be possible to make preconstruction assistance available from other
Federal agencies through interagency agreements with the DOE.

The DOE may also provide some types of technical or other assistance
directly rather than through grant assistance.

The amount of financial assistance that the DOE will provide for miti-
gating public health and safety, environmental, and socioeconomic impacts will
be negotiated with the States or affected Indian tribes and will be based pri-Marily on the impact-assessment report submitted by the State or the tribe.
Provision may be made for adjustments in funding levels as more is learned
about the impacts that actually occur.

The DOE is also examining the Act's provisions on grants equal to taxes
(GETT). These grants will be provided to the host States, units of local
government, and affected Indian tribes: they will be equal to the amount these
parties would receive if they were authorized to tax site-characterization and
repository-development activities as they would tax other real property and
industrial projects. As such, these funds will be provided before the con-
struction of the repository begins and may be used to ease problems related to
the timing of impact-mitigation assistance.
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3.11 IMPEDIMENTS TO THE TRANSPORTATION OF WASTE

3.11.1 POTENTIAL ISSUES AND PROBLEMS

Regardless of where facilities for the storage or permanent isolation of
waste might eventually be sited, spent fuel from reactors will be transported
through several States. As a result, the number of States, Indian tribes, and
local communities with which the DOE will interact will increase substantially.

The large number of States and Indian tribes that may be affected by
transportation activities may create additional financial demands if there are
specific transportation-related costs that the DOE must offset. When deci-
sions are made concerning the mode of transportation and specific routes,
their financial implications will be considered accordingly. Concerns about
transportation may attract the political involvement of elected officials ina
large number of States. Among the issues that the DOE expects to arise are
routing, travel times, prenotification of States. escorts, emergency-responsecapability and preparedness, liability, and financial aesistance to allow the
States to study transportation issues. Legal problems may also arise over
continuing efforts by States, Indian tribes, or local units of government to
regulate the transportation of radioactive wastes through their
jurisdictions. Recent court decisions supporting Federal preemption of
certain local restrictions are not likely to discourage efforts to regulate
the transportation of waste at the local or State level. Institutional
problems may arise from the need to coordinate all of the Federal. State, and
local agencies that are concerned with issues related to the transportation of
radioactive waste.

3.11.2 PLANS FOR RESOLUTION

The DOE recognizes the need for States and Indian tribes affected by
waste transportation to participate in the repository program, and it will
provide opportunities for the States to identify issues of concern. Since the
Act does not establish specific requirements for interacting with the States
affected by the transportation of waste, this process will be less formal than
the consultation-and-cooperation process with States that contain potential
repository sites. The DOE will work with existing interstate organizations
and Federal and State coordinating bodies.

The DOE will continue to hold public information meetings to inform
interested parties of the DOE's transportation program and to identify their
concerns.

The DOE will coordinate with the Department of Transportation and with
other Federal agencies concerned with issues related to radioactive-waste
transportation. Such coordination is discussed in greater detail in Chapter 4
of Part I and in the DOE’s Project Decision Schedule (DOE/RW-0018, January
1985).
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3.12 FINANCIAL UNCERTAINTY AND ADEQUACY OF FUNDS

3.12.1 POTENTIAL ISSUES AND PROBLEMS

The Nuclear Waste Fund established by the Act (Section 302(c)) consists
of all revenues collected by the DOE in accordance with the provisions of
Section 302(a) of the Act. any appropriations made by Congress for the fund,
and unexpended monies available on the date of the Act's enactment for the

repository program.

Section 302(a) of the Act specifies that the fee charged by the DOE for
the disposal of spent fuel or high-level waste is to be 1 mill per kilowatt-
hour (or the equivalent to an average charge of 1 mill per kilowatt-hour for

existing spent fuel or high-level waste). The Act also specifies procedures
for administering the fund and authorizing expenditures from the fund. In
addition to establishing a source of revenue for the program, the Act requires
the DOE to make payments to affected States and affected Indian tribes
(Sections 116(c), 118(b), 141(£), and 219).

However, there are uncertainties about the potential revenues and the
life-cycle costs of the program. The uncertainties related to revenues depend
largely on the amount of electricity that will be generated by commercial
nuclear power plants. The amount of electricity generated by nuclear power is
affected by the state of the economy, the total demand for electricity, the
financial condition of electric power companies, relative construction and
operating costs for alternative power plants, nuclear-plant capacity factors,
and fuel-burnup rates.

Program costs are also uncertain at this time because many program
assumptions have not yet been agreed on: the site for the repository has not
been selected; the amount of waste to be disposed is uncertain; and there is
no firm engineering design for any of the system's components. The costs for

Siting, designing. and licensing the repository are uncertain because it is
unclear how extensive site-characterization activities must be in order to

support the selection of a site and also meet the requirements of the NRC and
the EPA. Transportation costs are uncertain because transportation-cask
designs are being further developed and transportation routes have not been
selected. Repository construction and operation costs are uncertain because

they are currently based on "preconceptual" designs only and the various
cost-related variables for the various host rocks have not been sufficiently
analyzed. The construction and operation of a facility for monitored retriev-
able storage will also affect the cost of the entire system.

The DOE must also provide funds for addressing safety, environmental, and
socioeconomic issues; funds for the mitigation of socioeconomic impacts where

applicable; and funds for program administration. At this stage of the pro-
gram, it is difficult for the DOE to estimate how much funding will be needed
to ensure the continued full participation of States andaffected Indian
tribes in the development and implementation of the program. Financial assis-~-
tance will be essential to provide States and affected Indian tribes with the
technical capability needed for participation in the program. Program-admin-
istration costs depend largely on the success of the DOE's efforts to resolve
the technical and institutional problems of repository siting. Delays will
contribute to higher program costs.

-264-

HQ0005541

OCR DB-105551
Holtec_PAL-001058



.

OCR

3.12.2 PLANS FOR RESOLUTION

To monitor the adequacy of the Nuclear Waste Fund, the DOE is using thebest available financial techniques to identify and monitor key variables thatwill affect revenues and to access revenues against projected program costs.Costs are discussed in Chapter 10 of Part II.

Several options to remedy inadequacies are available if needed: the DOE
may issue obligations to the Treasury under Section 302(e)(5) of the Act or
adjust the fee of 1 mill per kilowatt-hour in accordance with Section
302(a)(4). The DOE's revenue projections will be regularly and routinelydisseminated to Congress, States and affected Indian tribes, and the public.

While committed to meeting program goals and addressing the concerns ofStates, affected Indian tribes, and the public. the DOE intends to control
program costs. The DOE will work with States and affected Indian tribes toidentify appropriate funding levels for each program phase with adequate leadtime, possibly in parallel with the triennia) budget cycle of the Nuclear
Waste Fund.
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Chapter 4

THE TEST AND EVALUATION FACILITY

Any comments of the Secretary with respect to the purposeand program of the test and evaluation facility
--Nuclear Waste Policy Act, Section 301(a)(4)

Before the passage of the Act, the DOE's strategy for repository develop-ment included the construction of an underground test facility to demonstratethe technology needed for routine repository operations. This facility,called a "test and evaluation facility (TEF),"” was to be constructed at one ofthe three candidate sites for the first repository. It was to be used forexperiments designed to confirm the performance of waste-handling systems, thecontrol of radiological exposure, the performance of repository ventilationand instrumentation systems, and similar issues. Since the passage of theAct, however, the term "test and evaluation facility” has taken on a broadermeaning. The Act expanded the term to mean a facility in which all types of
research and development, including at-depth testing, can be conducted. TheDOE is authorized to construct such a facility, but the construction is notmandatory. The Act gives the DOE the option of constructing the TEF either at
a repository site (colocate) or at some other site. -

After the passage of the Act, the DOE evaluated the purpose and the loca-tion of the TEF in terms of Congressional intent (Section 217(a) of the Act)
as well as in relation to engineering development and licensing requirementsfor the repository. This evaluation led to the conclusion that many of theTEF objectives stated in Section 217(a) can be satisfied with non-site-specific data acquired in existing facilities or in planned test programs.These generic data can be used to resolve many of the design, engineering, andoperational issues associated with successful repository development. Other
objectives in Section 217(a) can be addressed most efficiently by a TEF colo-
cated with the repository. The activities at such a facility would be
directed at verifying the final design of the repository, confirming theexpected performance of the site, and developing and demonstrating technologyfor repository operations. If necessary, a colocated TEF would also provide a
means for resolving site-specific repository licensing issues. Accordingly,in March 1984 the DOE notified Congress that the TEF will be colocated withthe repository if the need for such a facility is established.

The need for a colocated TEF will depend on the data needs of the reposi-tory program after site characterization and on the projected ability of theTEF to provide the needed data on time and cost effectively. At this time,the role that these data will Play in the program and the degree of theirimportance are uncertain. To a large extent, this uncertainty will diminish
as the site-characterization plans for the three candidate repository sites
are issued and as they mature through interactions with the NRC. The DOEplans to decide on the need for a colocated TEF in late 1987.
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Section 217(f£) of the Act requires that the DOE and the NRC reach a writ-
ten understanding on the TEF. Because of the current uncertainty regarding
the need for the TEF, the DOE has decided not to complete the written under-
standing with the NRC. The written understanding will be completed when and
if the DOE decides to proceed with a colocated TEF.

-268-

HQ0005544

OCR DB-105554
Holtec_PAL-001061



.

Chapter 5

SIGNIFICANT RESULTS AND IMPLICATIONS OF RESEARCH AND DEVELOPMENT PROGRAMS

A discussion of the significant results of research anddevelopment programs conducted and the implications for eachof the different geologic media under consideration for thesiting of repositories. and, on the basis of such informa-
tion, a comparison of the advantages and disadvantages asso-ciated with the use of such media for repository sites

~-Nuclear Waste Policy Act, Section 301(a)(5)

5.1 INTRODUCTION

This chapter discusses the significant results of research and develop-ment in four disciplines: geology, hydrology. geochemistry, and geomechan-ics. These results are significant because they contribute heavily to theresolution of key issues 1 and 4 (see Chapter 1 in Part II) which pertain tolong-term waste isolation and the constructibility of the repository. Theyare presented for each of the host rocks that are being considered for thefirst repository: basalt lavas, rock salt (bedded and dome varieties), andvolcanic tuff.* Nine potentially acceptable sites underlain by these rockshave been identified: a basalt site in the Pasco Basin of Washington, threesalt domes in the Gulf Interior region, two bedded-salt sites in the ParadoxBasin of Utah, two bedded-salt sites in the Palo Duro Basin of Texas, and asite in tuff in the southern Great Basin in southern Nevada. Genera) descrip-tions of these sites and maps are given in Chapter 7 of Part II.

It is not always possible to translate certain results by themselves intospecific implications for repository siting, because the performance of therepository will depend on many factors acting in concert as a system. How-ever, the implications of the collective results are given where possible, andsummary of the advantages and disadvantages of the host rocks is presentedin the last section of this chapter. A brief summary of tests conducted invarious underground facilities is also given (see Section 5.6).

To aid the reader in understanding the technical discussions that follow,Appendix C has been prepared. It describes the origin and nature of thepotential host rocks, which in turn have influenced the direction of the DOE'sresearch and development programs (e.g., the hydraulic properties of fracturesin basalt and tuff must be investigated). As noted in Chapter 2 of Part II,the discussion of results for the three potential host rocks should not beconstrued as indicating that any site-recommendation decisions have been made.

*The program for the second repository is less advanced, and “significant”results, generally obtainable only through extensive field studies, are notyet available.
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5.2 SIGNIFICANT RESULTS OF GEOLOGIC RESEARCH

The principal focus of research and development in geology has been to

understand the spatial distribution of the host rocks and surrounding units,
the tectonic setting. and the structural history. This information is needed

to assess the probable future stability of the site and region.

In each site region, research has been conducted to--

1. Provide the regional and local geologic framework.

2. Define three-dimensional geometry, properties. and behavior of the
host rock and the surrounding units.

3. Characterize the geologic history, particularly during the last 2
million years (the Quaternary Period), and assess the future stabil-

ity of the site and the region.

4. Identify processes and conditions that could affect the expected per-
formance of the repository (e.g., earthquakes, faulting, volcanism,
Jandslides, and the occurrence and likely development of natural
resources).

The results of these studies are used to evaluate the potential of the

natural setting at a site for waste isolation and to provide engineering
design parameters for surface and underground facilities, stationary equip-
ment, and access routes.

5.2.1 BASALT

The host rocks at the site in basalt are the lavas of the vast Columbia
Plateau, which occupies parts of Washington, Idaho, and Oregon. The site, or

reference repository location, is in the central Pasco Basin, at the DOE's
Hanford Site (see Figure 7-2). The origin of the basalt is described in

Appendix C.

The geologic literature of the Columbia Plateau dates back to the early
1900s, and detailed investigations commensurate with nuclear facility
licensing date back to 1970. As a result, -the stratigraphy and structure
within the setting. down to the depth of the candidate horizon, have been
defined in a preliminary fashion.

Volcanic activity between 17 and 6 million years ago resulted in the

deposition of a 2-mile thick sequence of basalt flows beneath the Hanford
Site. The sequence consists of more than 50 basalt flows that are interbedded
with fluvial sediments in the upper part of the sequence.. Individual flows

consist of a dense flow interior capped by a flow top. The flow top is a

vesicular or brecciated crust that grades into the dense flow interior. The

dense interior is subdivided into a central entablature, which is comprised of

irregularly or regularly jointed rock with relatively small columns, and a

basal colonnade. which consists of relatively well-formed columns typically
with fewer primary fractures than in the entablature. These primary internal
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features may vary in thickness. be absent from any given flow, or occur re-peatedly within a single flow. Primary fractures and other fractures ubiqui-tous to basalt flows are largely filled with secondary minerals of high sorp-tion capacity.

Deformation of the basalt flows has resulted in series of folded asym-metrical ridges, called anticlines, separated by broad troughs, called syn-clines. Although exposure is limited. borehole and other data suggest thatstrata in the Cold Creek and other synclines dip very gently. Ina study ofstructures on eastern Umtanum Ridge. Price (1981) determined that strain wasdirectly correlated with dip of the layers (i.e., the most steeply dippinglayers exhibited the most strain while gently dipping layers exhibited littleStrain). Because strata in the Cold Creek syncline dip more gently than inthe sharply folded anticlinal ridges, strain is therefore believed to be mini-mal in the reference repository location (RRL). Although the basalt strata inthe synclines dip very gently, in-situ stresses determined by hydraulic frac-turing of several intervals in a few boreholes indicated relatively highvalues of horizontal stress. Detailed studies are under way to assess therelationship of tectonic strains to the measured high stresses and the pos-sible effects of high horizontal-to-vertical stress ratios on the design, con-stcuction, and operation of a repository.
The reference repository location is in a minimally deformed part of theCold Creek syncline near the eastern extent of the Yakima Fold Belt. Presentat the site are four flows that are laterally continuous and have sufficientlythick, dense interiors for a repository (Figures 5-1 and 5-2): the RockyCoulee, the Cohassett, the McCoy Canyon, and the Umtanum flows. At present,the Cohassett flow is the preferred horizon.

A preliminary assessment of the tectonic stability of the site indicatesthat the deformation of the basalt in the Pasco Basin area has been under wayfor at least 15 million years under a regime of approximately north-south,nearly horizontal compression that has produced a system of nearly east-westand northwest-trending first-order asymmetrical anticlines and synclines known
as the Yakima Fold Belt. Thrust and reverse faults are developed in thesefolds, especially on the steeper (north) sides. Deformation appears to havebeen essentially continuous under a regime of long-term, low-average rates ofstrain. This suggests that the same pattern of deformation is likely to con-tinue over the next 10,000 to 100,000 years (Caggiano and Duncan, 1983).

The historical record of felt earthquakes and the instrumental record ofearthquakes recorded over 14 years in the central plateau indicate that the
area of the site is of moderate seismicity. The largest instrumentallyrecorded earthquake in the Pasco Basin had a magnitude of 3.8 and occurred
about 9 miles north of the site. Events of magnitude 4.5 have been instru-mentally recorded to the north and south of the Pasco Basin. Swarms of shal-Jow (2.5 miles or less), low-magnitude (magnitude 3.5 or less) earthquakeshave been recorded in and along the margins of the basin, but none have been
recorded at the site. These swarms are temporally and spatially restricted.They may range from a few events to 100 or so (above magnitude 1) and occur in
a small volume of rock (10-50 Ian? would be representative). A network of
surface and borehole seismometers has been installed to gather data on the
mechanism, recurrence, and ground motion of earthquakes (Rohay and Davis,
1983).
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Figure 5-1. Generalized stratigraphy of the proposed location for a repository in basalt.
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An assessment of tectonic stability is ongoing. but has not been com-

pleted, for the Hanford Site. It is therefore premature to give specific
values of zero-period horizontal and vertical ground acceleration for use in
the seismic design of surface facilities. However, the WNP-2 nuclear power
plant. which is at the Hanford Site about 15.5 miles southeast of the refer-
ence repository location, has been licensed by the NRC and is designed for a

free-field ground-surface acceleration of 0.25g. This acceleration is repre-
sentative of values that have been used for locations at the Hanford Site.

The economic potential of mineral resources and ground water in the ba-
salt and overlying sediments for the Pasco Basin has been assessed (Rockwell
Hanford Operations. 1981). No unique economic mineral resources have been
identified. Ground water is available from an unconfined aquifer in surficial
sediments overlying the basalt, as well as from within interbeds and basalt
flow tops where it is under confining pressure. Ground water is developed
from shallow confined aquifers in the Saddle Mountains and Wanapum Basalts
outside the Hanford Site. where it is used principally for irrigation. Water
in aquifers in the Grande Ronde Basalt in the Pasco Basin is deeper and of
significantly lower quality (it contains high levels of chloride and fluoride)
and would be uneconomical to develop at present. The potential for hydro-
carbons in rocks beneath the basalt is being explored by private energy com-

panies by deep drilling in the Saddle Mountains and in other wells beyond the
Pasco Basin.

5.2.2 SALT

5.2.2.1 Salt Domes

Three salt domes have been identified as potentially acceptable sites:
the Richton and Cypress Creek Domes in Mississippi and the Vacherie Dome in
Louisiana. Their locations are shown in Figures 7-5, 7-6, and 7-7.

The salt for all three domes was. deposited more than 200 million years
ago, in early Jurassic time. Most of the upward growth of the domes occurred
approximately 100 to 35 million years ago from late Cretaceous through early
Oligocene time, with the vertical movement ceasing before early Pliocene,
about 5 million years ago. Some faults near the Richton dome have been hy-
pothesized to have had movements during the last 2 million years (the Quater-
nary Period). Faults with similarly questionable activity are likely to be
identified at the other two domes.

At the Richton site, the dome is about 2 miles wide and 4.5 miles long at
the potential repository level (2000 feet below mean sea level (MSL)). Shal-
low penetration of the dome by drilling shows high-purity halite (90 percent
or more) and typical associated minerals. Seismic lines and gravity surveys
indicate the shape of the dome (Figure 5-3). but studies are continuing.
Caprock 20 to 213 feet thick covers the top of the dome. Geologic formations
around the dome are virtually horizontal except near the flanks of the dome,
where the beds are bent upward (see Figure C-1).

The Cypress Creek Dome lies about 12 miles south of Richton Dome and is
in a similar geologic environment (Pigure 5-3). The dome is roughly circular

HQ0005550

OCR DB-105560
Holtec_PAL-001067



.

DB-105561

wa
ve

re
e

t
w

ar
en

s

~275-

FO
RM

AT
ION

BO
UND

ARY
INF

ER
RE

DW
HE

RE
NO

TCL
EA

RLY
DE

FIN
ED

—

GAR
EO

FFR
ESH

WAT
ERI

ITE
RPR

ETE
D(O

ISS
OLV

ED
SOL

IDE
OF

100
0m

e/U
TER

)

Fig
ur

e5
-3

.
Ge

oh
yd

rol
og

ic
c

ro
s

s
se

ct
io

n
o

f
th

e
Cy

pr
es

s
C

re
e

me
s.

01
19

4-
00

06

Holtec_PAL-001068



.

and about 2.5 miles in diameter at the potential repository horizon (2000 feet
below MSL). One boring penetrated caprock at Cypress Creek and encountered
about 200 feet of caprock. Near-surface ground water is present, and parts of
the sucface are swampy.

The Vacherie Dome is roughly elliptical, about 0.8 by 3.7 miles at the
potential repository horizon (2500 feet below MSL). A deep core hole has sam-

pled salt to 5043-foot depth. The host rock is 90 percent halite and 10 per-
cent anhydrite, salt layers are steep, and no shear zones were encountered.
Seismic lines and gravity data have been used to interpret the shape of the
dome (Figure 5-4). High-resolution seismic lines show sharply upturned forma-
tions around the flanks and suggest the need for further work to fully charac-
terize the near-dome geologic structure. The caprock is 80 to 270 feet thick
and may drape the sides of the dome.

Published results of first-order geodetic surveys show that a large part
of east-central Mississippi is being uplifted at about 2 to 4 mm/yr, whereas
Louisiana near the Vacherie Dome is subsiding at about 1 mm/yr. However, the

interpretations may very well be influenced by subtle systematic errors that

exaggerate the true movements. A careful reanalysis is necessary.

Historically, earthquakes have been infrequent and of small magnitude in
the Gulf Coast States. However, several small shocks have occurred during the

past few years near a fault about 40 miles northeast of the Richton Dome. The

region around the dome has experienced mild shaking (intensity VI on the modi-
fied Mercalli scale). Estimated maximum earthquakes would produce free-field
ground-surface accelerations no greater than about 0.15g or 0.20g at the site.

The production of hydrocarbons in the vicinity of the Richton Dome is
confined to the Glazier Field to the south and the Tiger Field to the north-
west. Both fields are about 4 miles from the dome. Several oil-exploration
wells have been drilled at the dome and abandoned. The potential for hydro-
carbons is rated as speculative (LETCo, 1982a). Mineral exploration directly
ovec the dome has included a sulfur-exploration program, which involved dril-

ling boreholes into the caprock and salt stock (LETCo, 1982a). No deposits of
any economic potential were reported. Other available resources are sand,
gravel, and salt, each of which exists in abundance in many areas. The like-
lihood of human intrusion in pursuit of minerals has been rated as low (ONWI,
1982).

There is a small producing 0i1 field on the edge of the Cypress Creek
Dome. There are indications of previous sand and gravel production over the
dome, though none exists at present. The potential for the production of

hydrocarbons is rated as poor to fair. The potential for other resources,

such as gravel, asphalt, and lignite, appears to be poor.

There is no production of hydrocarbons from the Vacherie Dome, although
the flanks have been drilled (LETCo, 1982b), and the hydrocarbon potential
appears to be poor (Ertec, 1983a). There currently is no mining over or near

the dome. No appreciable lignite deposits are known to exist nearby. The

projections of mineral availability indicate that the mining of salt or any
other commodity in or near the Vacherie Dome will not be economic (Ertec,
1983b), partly because the salt is so far below the surface (about 800 feet).
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OCR

Salt domes have greater than average value for underground mined-storage
facilities for oil, gas, and geothermal energy systems (ONWI, 1983) since a

similar facility could not be drilled or mined in the sediments that make up
the bulk of the geologic setting.

5.2.2.2 Bedded Salt

Bedded Salt in the Paradox Basin

As shown in Figure 7-3, the two bedded-salt sites in the Paradox Basin,
Davis Canyon and Lavender Canyon, are only a few kilometers apart. The rocks
beneath both sites consist of a sequence of bedded strata, dipping gently 1 to

2 degrees to the northeast. At the Davis Canyon site. several potentially
acceptable salt beds are present within the Paradox Formation evaporite se-

quence. The Salt Cycle 6 salt seems optimum in terms of depth. thickness, and

purity. Seismic lines and drilling, including a deep borehole (GD-1) about

2.5 miles from the site, indicate that the Salt Cycle 6 salt will be about

2800 feet deep and 200 feet thick at the site. This salt is interbedded with

undulatory anhydrite laminae, whose frequency and distinctness range widely.

The near-site stratigraphic and hydrostratigraphic units. are shown in

Figure 5-5. Only gentle structures are expected to be found in the Salt Cycle
6 salt near the site. The Paradox Formation has experienced dissolution at

certain locations within the Paradox Basin. The closest known dissolution is

at Lockhart Basin (about 12 miles from the Davis Canyon site), and the closest

suspected, but not proved, potential dissolution feature is the Grabens: the

closest graben is about 11 miles from the Davis Canyon site.

The Lavender Canyon site is about 4 miles south of the Davis Canyon site.
in similae geologic conditions. The GO-1 borehole is about 5 miles from the

Lavender Canyon site. The nearest borehole (an oil-and-gas exploration bore-
hole) is 1.6 miles away. At Lavender Canyon the Salt Cycle 6 salt is expected
to be about 60 meters thick and at a depth of about 2900 feet. There is no

apparent geologic stcucture near the site, only gentle, or 2-degree dips to

the northeast.

The Paradox evaporite section was deposited during Pennsylvanian time
(330 to 290 million years ago) and has experienced little deformation near the

sites except for regional uplift. Tectonic activity is mild; there is little
or no recent uplift and no young volcanism. Moderate earthquakes occur in the

region. The Shay Graben faults, about 5 miles south of the Lavender Canyon
site, are potential sources of earthquakes. Free-field ground-surface accel-

erations of 0.35g at Lavender Canyon and at Davis Canyon are probable upper
bounds for estimates to be developed from detailed analyses.

Hydrocarbons, potash, uranium, and vanadium are the major resources pre-
sent in the area surrounding both sites. Potash mining is not likely to be

feasible because the potash-rich zones occur at depths greater than 4300 feet

and the shallower zones are not thick enough for mining to be economical. No

0il or gas has been produced in the vicinity of either site, although some

potential for oil and gas exists, and the subject will be studied
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Figure 5-5. Composite Stratigraphic section of the Paradox Basin.

-279-

HQ0005555

DB-105565
Holtec_PAL-001072



.

further during site characterization. Coal-bearing units are not present.
Limited uranium resources have been identified near the sites, but these

resources are restricted to near the surface (less than 80 feet deep), and

little uranium has been produced within the area since 1973. Sand, gravel.
and dimension-stone resources are present, but the distance to any market

makes their value minimal. Iron and manganese are present but are not eco-

nomic resources. These data suggest that the potential for human interference
is low.

Bedded Salt in the Palo Duro Basin

Two potentially acceptable sites have been identified in the Palo Duro

Basin, which is a part of the Permian Basin (see Figure 7-4): one in Deaf

Smith County and one in Swisher County. The stratigraphic and hydrostrati-
graphic units are shown in Figure 5-6. The salt formation of interest 1s the

Lower San Andres Unit 4. Because the salt is interbedded, a desirable bed has

been defined as one in which the interbeds (of nonsalt and poor-quality salt)

are less than 10 feet thick and the cumulative thickness of interbeds is less

than 15 percent of the total bed thickness. In the area of the Deaf Smith

County site, the potential repository bed is about 2550 feet deep and 150 feet

thick, with a halite content of approximately 90 volume percent. The Lower

San Andres contains numerous discrete argillaceous and carbonaceous interbeds
as well as many lesser halite beds containing a high percentage of impuri-
ties. The interbeds are 0.3 to 2.0 inches in thickness. The spacing of the

interbeds ranges from 1 inch to 11 feet. In addition, the lateral lithologic
continuity of halite beds is sometimes interrupted by zones of chaotic mixing
of salt and nonsalt interbeds. The structure of the Upper San Andres horizon

in the vicinity of the site is nearly horizontal; dips appear to be on the

order of 0.5 degree to the southwest.

The Ogallala Formation and the Dockum Group (Figure 5-6) are highly pro-
ductive aquifers that are important water resources in the region. These

aquifers have significant lateral variations and must be penetrated by all

shafts and boreholes. The Wolfcamp, an aquifer that lies about 2500 feet

below the host salt bed, is of lesser importance because it is separated from

the host salt by a considerable thickness of interbedded salt units.

The geologic conditions of the Swisher County site are similar to those

of Deaf Smith County. The potential repository horizon is in the Lower San

Andres Unit 4, which is about 2700 feet deep and about 130 feet thick. The

bed is nearly horizontal--it dips about 0.5 degree to the south-southwest. In

three boreholes drilled near the site. one potential repository salt bed has a

halite content ranging from 77 to 87 percent. The Lower San Andreas 4 con-

tains numerous discrete argillaceous and carbonaceous interbeds as well as

many lesser halite beds containing a high percentage of impurities. The

interbeds range in thickness from 0.3 to 3.4 inches. The spacing of the

interbeds ranges from 1 inch to 7 feet. In addition. the lateral lithologic
continuity of halite beds is sometimes interrupted by zones of chaotic mixing
of salt and nonsalt materials. The Ogallala-Dockum and the Wolfcamp are also

the important aquifers in and near the Swisher County site.
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The Lower San Andres evaporites were deposited at the beginning of late

Permian time (about 250 million years ago). Except for regional uplift. the

beds have experienced practically no deformation at the Palo Duro sites since

deposition. There is no conclusive evidence that Quaternary tectonism af-

fected the sites. Infrequent earthquakes with magnitudes of less than V have

occurred in the region, but estimates of maximum earthquakes imply upper
bounds for free-field ground-surface accelerations of about 0.2g at the

sites. A seismograph network has been installed to monitor any microseisms,

and very low levels of activity are being detected. No uplift or subsidence

has been detected.

Potential salt dissolution is an important consideration because active

dissolution occurs about 33.5 miles from the Swisher County site and 19 miles

from the Deaf Smith County site. Also, dissolution has been proposed for cer-

tain areas that are similar to the sites. The geologic studies to date do not

disclose any active dissolution near the sites, nor is site encroachment like-

ly from the known active dissolution areas.

Hydrocarbon production in the Palo Duro Basin is minor and generally
occurs along the margins of the Basin. Local occurrences of favorable geo-

logic conditions for hydrocarbon generation and accumulation may exist in the

interior of the Palo Duro Basin. However, the potential for extensive undis-

covered hydrocarbon deposits is low. Furthermore, the potential for the de-

velopment of localized hydrocarbon occurrences is low in light of the poten-
tial economic returns versus development costs. The only well to date that

has produced oil (Marathon/Mayfield No. 1 in Briscoe County) in the interior

of the basin yielded less than 20,000 barrels and has been plugged and

abandoned.

Caliche, crushed stone, sand, and gravel are produced in the Palo Duro

Basin. Potential mineral resources in the region include uranium. copper.

potash, gypsum, and salt. Small quantities of uranium have been produced from

the Dockum Group in areas outside the basin. Salt resources are known to be

substantial in the region, but the only producing well in the basin was aban-

doned in 1981. Thus, the Palo Duro Basin does not appear to contain unique
mineral cesources or concentrations greater than those of the surrounding
areas.

5.2.3 TUFF

Tuff is the dominant component of the voluminous and widespread volcanic

strata in the Basin and Range province of the western United States. The rock

being considered for a repository at Yucca Mountain, Nevada (see Figure 7-8)

is welded tuff: the mode of its formation is described in Appendix C.

The geology of the region that includes Yucca Mountain has been studied
in detail during the last 30 years. As a result, the regional stratigraphy.
structure, and volcanology are quite well known.

Volcanic activity about 15 to 7 million years ago resulted in the deposi-
tion of more than 1 mile of chyolitic tuff, lava, and associated sedimentary
rocks: it also produced numerous volcanotectonic collapse features called
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calderas. Calderas--some buried by volcanic rocks--lie north and west ofYucca Mountain (Christiansen et al., 1977)

Volcanism was accompanied by large-scale block faulting, which producedthe characteristic Basin and Range terrain (Carr, 1984). These faults re-sulted from extensional stresses that persist to the present. Yucca Mountainis a fault block (tilted 3 to 6 degrees eastward) that was produced by thisfaulting.
The volcanic section (Figure 5-7) is thick. The volcanics are at least 2

miles thick throughout much of Yucca Mountain and thin to about 0.6 or 0.7
miles southward along the southeastern edge of the mountain.

The exposed part of Yucca Mountain consists of variously welded ash-flowtuff and minor airfall and water-laid tuff materials that have been divided
into more than a dozen units on the basis of such factors as the degree ofcompaction and welding, devitrification, and the presence of lithophysae. Thelatter are cavities, as much as ? inches long. produced by gases trapped dur-ing the cooling of the ash flow. Careful mapping of the tuff units has made
it possible to delineate the structure of the mountain block in great detail
(Scott and Bonk, 1984).

The candidate repository horizon is a zone of densely welded rhyolitictuff of the Topopah Spring Member of the Paintbrush Tuff. This zone lies
about 1000 to 1200 feet below the surface, in the unsaturated zone--more than
500 feet above the water table.

The detailed structural knowledge acquired to date indicates that thepotential repository block is bounded by a major steep fault on the west, by a
series of faults on the east. by a zone of closely spaced faults on the south,
and by a fault zone on the north. The area within those boundaries is about2000 acres, more than sufficient for the tepository (Mansure and Ortiz, 1984,
Nimick and Williams, 1984). subsurface studies determine that the area to
the north of the fault zone has a sufficient area of suitable rock, the sizeand capacity of the site could be somewhat larger. Mining through the fault
zone itself is not believed to be a serious obstacle in the unsaturated zone
(Dravo, 1984).

Three measurements of the depth of stream incision in dated alluvial de-posits in the vicinity of Yucca Mountain have been made; from these, a mean
rate of incision of 5 x 10°* m/yr was calculated (USGS, 1984). The time
spans represented by the measurements suggest that the average incision ratehas been less than m/yrc during the past 300.000 years and certainly so
during the past 10 million years.

Continued erosion at Yucca Mountain could affect radionuclide releases to
the accessible environment by uncovering the repository itself or by changingthe hydrologic conditions in the vicinity of the site. At an erosion rate of10°* m/yr, the expected time for uncovering the repository at its minimum
depth would be 2.3 million years. To view this from another perspective, un-
covering of the repository (or the water table downgradient from the reposi-tory) in 10,000 years would require an erosion rate greater than any known to
have occurred anywhere on earth for periods of 10,000 years.

~283-

HQ0005559

OCR DB-105569
Holtec_PAL-001076



.

DB-105570

S
O

L
IT

A
R

IO
C

A
N

Y
O

N
U

S
W

H
-5

pi
Fau

tT
<

=
Y

U
C

C
A

M
O

U
N

T
A

IN

(SY3L3WOTIN) NOILVASI3

-284-

°

[Te
e]

T
IV

A
C

A
N

Y
O

N
M

E
M

B
E

R

B
E

D
D

E
D

TU
FF

[o
e|

T
O

P
O

P
A

H
S

P
R

IN
G

M
E

M
B

E
R

]
TU

FF
A

C
E

O
U

S
B

E
D

S
O

F
C

A
L

IC
O

H
IL

L
S

°

|tc
p |

P
R

O
W

P
A

S
S

M
E

M
B

E
R

T
et
|

T
R

A
M

M
E

M
B

E
R

Tl
e
|

L
IT

H
IC

R
IO

G
E

M
E

M
B

E
R

|tt
e |

F
L

O
W

B
R

E
C

C
IA

HQ0005560

Fi
gu

re
5
-7

.
N

o
rt

h
w

es
t-

so
u

th
ea

st
ge

olo
gic

c
ro

s
s

se
ct

io
n

th
ro

ug
h

d
ri

ll
ho

le
s

U
S

W
H

-5
an

d
U

S
a

t
th

e
Y

uc
ca

m
o

u
ta

in
si

te
.

W
H

-4

01
14

-0
00

6

Holtec_PAL-001077



.

There are no known mineral resources at Yucca Mountain, and its mineral-resource potential appears to be low (Bell and Larson, 1982). Within a tadiusof several tens of miles, there are several small mining districts. only oneof which is active. Relative to other localities in the area, the geologicsetting does not offer an attractive target for the mining of precious or basemetals or for industrial minerals. Ground water of good quality that might besubject to development and use in the future is present in aquifers near thesite; however, good water is also accessible at shallower depths or in lessrugged terrain away from the site, thus reducing the possibility of humanintrusion.

The potential for repository disruption by basaltic volcanism within 15miles has been carefully studied (Crowe et al., 1982). The results of theseStudies include a calculated annual probability of 10°* to for avolcanic extrusion, which would be of small volume and would have limited sur-face dispersal of lava. The effects of thyolitic volcanism would be moreserious because it tends to be more voluminous, widespread, and violent, butthere has been no such volcanic activity in the vicinity of the site (withinapproximately 62 miles) for the past 5 million years. The probability ofrepository disruption by this mechanism is judged to be negligible (Croweet al., 1982).

Many faults in the region are active: others could have renewed activityin the future. Under the assumption that Yucca Mountain faults are not ac-tive, the most likely peak deterministic acceleration at Yucca Mountain isresulting from a full-length fault rupture on the Bare Mountain Fault(10 miles, magnitude 6.8), which is 8 miles west of the site (usGS, 1984).Studies of the effects of nuclear weapons testing nearby indicate that theyare of less consequence than the probable natural earthquakes (Vortman, 1982).

The proposed repository site and adjacent areas have been free of earth-quakes of moderate or larger size during the 6 years of monitoring; however,during 3 years of high-resolution monitoring, seven very small (magnitude lessthan 2) earthquakes have been detected within 6 miles of Yucca Mountain.

Investigations to date covering 425 square miles around the site havefound no unequivocal evidence of surface faulting in the last 40.000 years.Thirty-two faults have been identified that offset or fracture Quaternarydeposits. The Quaternary faults are divided into three broad age groups: 5faults moved between about 270,000 and 40,000 years ago: 4 faults moved about1 million years ago: and 23 faults moved probably between 2 million years andmore than 1.2 million years ago (Swadley and Hoover, 1983).

In-situ measurements of the state of stress in the rocks, though toosparse to be representative of the entire area, are in agreement with analysesof structural data, the deformation of boreholes, and seismicity. They allsuggest that existing northerly trending faults--which are common in the
area--could experience slippage under certain conditions. Hydrofracture testresults indicate that the least principal stress is horizontal. oriented aboutN 65° W: it is about one-third of the vertical stress. The greatest horizon-tal stress is on the order of one-half to two-thirds of the vertical stress,which indicates a northwesterly extensional stress field (Healy et al.. 1984;Stock, et al., 1984). The limited data available so far do not suggest the
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imminence of fault movement, but they do indicate that the ratio of vertical
stress to the minimum horizontal stress may be high enough to require consid-
eration in designing the underground openings of the repository.

The known fractured condition of the tuffs in the unsaturated zone makes
it unlikely that sophisticated techniques would be required for sealing the
shafts since there is no point in making the seal tighter than the rock pene-
trated by the shafts. The fracturing is a disadvantage in terms of repository
construction; however, limited mining experience in similar materials in near-

by mesas indicates that this problem can be handled with conventional

techniques.

5.3 SIGNIFICANT RESULTS OF HYDROLOGIC RESEARCH

Hydrologic research is directed at understanding the present flow dynam-
ics of the geohydrologic system, including the three-dimensional distribution
of hydraulic heads, ground-water hydrochemistry, and the hydraulic properties
in the principal flow units. Studies are also being planned to evaluate po-
tential short- and long-term changes in the geohydrologic system resulting
from variations in climate or the tectonic setting. These data are used in

modeling to derive the average velocity of ground-water flow, likely flow

paths, and the geochemical conditions existing between the repository and the
accessible environment.

Knowledge of present hydrologic conditions and estimates of future hydro-
legic conditions and processes are needed to qualify the site relative to its

ability to isolate waste, to plan the construction and operation of the repos-
itory. to design shafts and seals and to evaluate whether they will function

properly. to identify the conditions of ground-water flow to which the waste

package will be subjected, to design other components of the engineered-
barrier system, and to test materials. This knowledge will improve materially
as a consequence of the site characterizations. It will be gained by analyz-
ing present conditions; past changes in such attributes as climate, tectonism,
and igneous activity: and the likelihood of comparable changes in the future.

BASALT

Reconnaissance hydrologic studies have been conducted in the Cold Creek

syncline of the Hanford Site and adjoining areas. These studies have identi-

fied specific basalt intervals of high-to-low hydraulic conductivity. prelim-
inary hydraulic-head distributions and hydrochemical trends, plus the hy-
draulic influence of local geologic structures.

Geohydrologic Setting
Ground water beneath the Hanford Site occurs in both a shallow unconfined

aquifer that consists of stream and lake sediments that lie atop the basalts

and in confined aquifers within basalt flow tops and interbeds. The uncon-

fined aquifer is 0 to 250 feet thick across the Hanford Site. It lies in the

Hanford and Ringold Formations (Figure 5-1) and is thickest along the eastern
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edge of the reference repository location, where 40 years of local water dis-posal to surface ponds has raised the water table by approximately 80 feet(ERDA, 1975). The base of the aquifer is defined either by silt and claysediment of the lower Ringold Formation or the upper surface of the underlyingColumbia River basalt. The water table marks the uppec boundary of the uncon-fined aquifer. The hydraulic conductivity of the unconfined aquifer generallyis 10°* to 10°? m/sec for coarse sand and gravels and as low as 10°’m/sec for fine-grained, indurated sediments (Gephart et al., 1979). Stora-tivity values typically range from 10°? to 10°'.

The wide range of hydraulic conductivities for formations within the un-confined aquifer reflect the heterogeneity of the geologic formations. Zonesof higher conductivity are attributable to paleostream deposits within theHanford Formation, while lower values commonly occur within the finer, moreindurated sediments of the Ringold Formation. Two features are noteworthy.The first is an area of lower hydraulic conductivity beneath and in the vicin-ity of the reference repository location. This region consists of saturatedRingold sediments of relatively low hydraulic conductivity. The second fea-ture is an area of high hydraulic conductivity (more than approximately 10°?m/sec) occurring east and southeast of the reference repository location.This area consists of coarser-grained sediments deposited during Pleistoceneglacial flooding.
The unconfined ground-water system is recharged by precipitation and run-off in nearby hills and waste-water disposal in surface ponds. The generaldirection of ground-water flow is from recharge areas toward and into theColumbia River. The hydraulic-head gradient along this flow path is about
The general pattern of flow is locally interrupted by two ground-watermounds (rises in the water table) at the Hanford Site. These mounds resultfrom the disposal of process water from existing facilities at the Hanfordsite. Piezometers located near water-disposal ponds at the Hanford Site showhigher hydraulic heads at the top of the unconfined aquifer than at the bot-tom. This head distribution is characteristic of ground-water rechargeareas. Piezometers near the Columbia River show increasing heads with depthduring low river stages. This upward gradient identifies an area of ground-water discharge.

Existing hydrologic data do not support a single interpretation of theground-water-flow system in the Columbia River Basalts. However. the impor-tant features of the overall basalt flow system as they appear to exist in and
around the Hanford Site are summarized below.

Within basalt flows, ground water occurs and moves Mainly in flow topsand interbeds. Basalt flow interiors appear to act as semiconfining bedsthrough which some (as yet, unquantified) vertical leakage occurs alongcooling fractures and structural features. The concept of lateral ground-water movement along flow tops and interbeds and low leakage across basalt
interiors has been suggested by many investigators (e.g., La Sala et al.,
1973; Luzier and Burt, 1974; Newcomb, 1965).

Local ground-water recharge to shallow basalts beneath the Hanford Site
results from precipitation and runoff on basalt outcrops surrounding the Pasco
Basin (La Sala and Doty, 1971; Gephart et al.. 1979) and in places within the
Basin by percolation from the overlying sedimentary aquifer. The regional
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recharge of deep basalts is thought to result from a combination of factors,
including (1) interbasin ground-water movement (Tanaka et al.. 1979). (2)
leakage along structural and stratigraphic discontinuities, and (3) leakage
across nondeformed basalt flow interiors.

Ground-water discharge from the shallow basalts probably is to the over-

lying unconfined aquifer and the Columbia River. The discharge area or areas

for deep ground waters remain unknown. However, it is speculated that the
discharge is south of the Hanford Site (La Sala and Doty, 1971; La Sala et
al., 1973; DOE, 1982). Along these flow paths, water is under artesian pres-
sures. Natural flowing artesian wells exist in the shallow basalts beneath
the Cold Creek Valley, west of the reference repository location, and along
the Columbia River where the land elevations are low.

On the basis of limited available data, hydraulic-head changes monitored
in the deep basalts of the Cold Creek syncline appear to be slow and small.
Head variations are comparable or slightly larger in shallower basalts, de-
pending on location (Swanson and Levanthal,. 1984).

When available piezometric data are combined with hydraulic-head informa-
tion collected in progressive drilling and testing, a preliminary understand-
ing emerges of the broad patterns of hydraulic heads that might exist across

the Hanford Site. The western Hanford Site--the region closest to the Rattle-
snake Hills, Yakima, and Umtanum Ridges--appears to be a recharge area for the
shallow basalts. There. hydraulic heads decrease with depth. Eastward across

the Hanford Site, heads become more uniform with depth in the central Cold
Creek syncline. This suggests lateral ground-water movement. Close to the
Columbia River, shallow hydraulic heads either increase with depth or have a

variable pattern that suggests potential discharge.
In deep basalts, available data suggest either generally uniform heads or

a slight increase with depth. The dominant head changes, characteristic of
the shallower basalts, do not appear to exist in the deeper basalts. Overall,
the ground water appears to flow southeast, toward the Columbia River, along a

hydraulic gradient of about m/m. The above head patterns have been

reported or suggested by several investigators (e.g., La Sala and Doty. 1971;
La Sala et al., 1973; DOE, 1982) and appear to be supported by hydrochemical
data.

The above summary of hydraulic-head patterns is a conceptualization based
on available information collected from piezometers and on a progressive
drill-and-test basis. Because of the apparently low hydraulic gradients
(vertically and horizontally) in the deep basalts beneath the Hanford Site and
the uncertainty associated with the representativeness of heads collected

during reconnaissance drilling and testing in the late 1970s and early 1980s,
additional shallow and deep piezometers were installed in and around the pro-
posed site. Preliminary data from these new piezometers appear to support
earlier concepts of generally low hydraulic gradients existing in the deep
basalts in and near the reference repository location.

The principal basalt aquifers exist within select sedimentary interbeds
and basalt flow tops of the upper two basalt formations. Within the Saddle
Mountains Basalt, the Rattlesnake Ridge, Cold Creek, and Mabton interbeds are

frequently considered aquifers in addition to flow tops of the Elephant
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Mountain and Umatilla Members. Some flow tops within the Priest Rapids, Roza,and Frenchman Springs Members of the Wanapum Basalt are also known to be aqui-‘

fers. Comparatively few aquifers appear to exist within the Grande Ronde
| Basalt beneath the Hanford Site. As described by Gephart et al. (1983) anddepicted in a report by Long and Woodward-Clyde Consultants (1983), £low-tophydraulic conductivity values are commonly heterogeneous, and therefore a zoneidentified as an aquifer in one location may not qualify as such at a second: location. However, the aforementioned aquifers in the Saddle Mountains and
1 Wanapum Basalts appear to be rather common features.

Areal and stratigraphic changes in ground-water chemistry, as detectedfrom about 150 water samples, characterize basalt ground waters beneath theHanford Site (Graham, 1983). These changes are believed to delineate filow-system boundaries (e.g., local versus regional flow systems) and identifychemical evolution taking place along ground-water flow paths. Some locationsof potential mixing of deep and shallow ground waters have also been identi-fied from these data. Overall, shallow and deep basalts are of the sodium
bicarbonate and the sodium chloride chemical types. respectively. The strati-graphic boundaries separating these chemical types vary with the location.
Studies are under way to understand the basalt and ground-water interactionscontrolling these chemical types and to interpret the role of hydrochemistryin developing a ground-water conceptual model.

Physical Properties and Potential Ground-Water Pathways
Ground-water movement in basalt may occur in (1) flow tops and interbeds,(2) cooling fractures within flow interiors, and (3) bedrock structural dis-

continuities (Gephart et al., 1983).

Flow Tops and Interbeds. A basalt flow top forms a more or less contin-
uous layer atop the flow interior. The flow top of an areally extensive ba-
salt flow may cover a few thousand square miles while its thickness, internal

i characteristics, and hydrologic properties spatially vary. Associated with
some flow tops are sedimentary interbeds. Most interbeds ace located in the
Saddle Mountains Basalt, approximately 1300 feet above the shallowest basalt
flow presently considered for repository construction. Flow tops and inter-
beds represent the zones of higher hydraulic conductivity.

To date, about 200 single-hole hydrologic tests have been conducted in
flow tops and interbeds in some 35 separate boreholes across the Hanford
Site. These data indicate that within both the Saddle Mountains and the
Wanapum Basalts, the hydraulic conductivities of most individual flow tops and
interbeds range between and 10°’ m/sec, with a geometric mean of
approximately m/sec. Most hydraulic conductivity values within Grande
Ronde Basalt flow tops range between and 10°° m/sec, with a geometric
mean of approximately 10°’ m/sec (Long and Woodward-Clyde Consultants, 1983).

Two tracer tests have been conducted in the flow top of the McCoy Canyonflow (Bakr et al., 1980; Gelhar, 1982; Leonhart et al., 1982). Dispersivityvalues reported were 1.5 to 2.8 feet with an effective thickness of 6 x 10°
to 10 x 10°* foot.

Flow Interiors. Ten hydrologic tests (using pulse and constant-head
injection test methods as described by Strait et al., 1982) have been con~
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ducted across the dense entablature and colonnade portions of individual flow
interiors at depths of about 1150 to 3900 feet. Horizontal hydraulic
conductivities measured were less than or equal to 10°'' m/sec. Low hy-
draulic conductivities for flow interiors have been reported or suggested by
othec investigators (e.g., La Sala and Doty, 1971; Newcomb. 1982). The first
field test (a ratio test) attempting to quantify the vertical hydraulic con-

ductivity and to evaluate test methods within flow interiors has been com-

pleted (Spane et al., 1983). The results suggest a vertical hydraulic con-

ductivity of approximately 10°'° m/sec for a test zone in the Rocky Coulee
flow interior. However, the results indicate that in basalt the ratio method
for determining vertical hydraulic conductivity may be of limited application
in available boreholes. Other test methods are under evaluation.

In lieu of direct measurements, estimates of the anisotropic ratio for
vertical-to-horizontal permeability in flow interiors have been derived by
considering a hexagonal cooling-joint configuration and applying a flow
balance (DOE, 1982). The ratio obtained was approximately 2:1. Statistical
modeling of fracture sets indicates a maximum anisotropic ratio of approxi-
mately 3.5:1 (Sagar and Runchal, 1982). Thus, once several field measurements
become available, it is believed that the vertical hydraulic conductivity of
undeformed basalt flow interiors will probably be shown to be similar to the
horizontal-conductivity values currently reported.

Some vesicular zones within basalt flow interiors have been hydro-
logically tested. Hydraulic-conductivity values ranged between 10°* and
10°'* m/sec (Long and Woodward-Clyde Consultants, 1983). Whether such
conductivities are typical of vesicular zones is not known at present.

Bedrock Structural Discontinuities. Bedrock structural discontinuities
represent zones of potentially significant fracture anisotropy that may verti-
cally connect flow systems or represent low-hydraulic-conductivity barriers to

ground-water movement.

Synclinal troughs, where exposed in the Columbia Plateau outside the
Pasco Basin, appear to exhibit less strain than do other portions of the
Yakima fold structure (Price. 1981). However, the difficulty with directly
extrapolating this regional characteristic to the Cold Creek syncline is that
the latter is filled with sediment, which precludes direct observation. Geo-

physical surveys and borehole core samples are enabling geologists to map the

geologic structure within the Cold Creek syncline. Because the trough of the
Cold Creek syncline in which the proposed repository site lies is a broad,
open structure, it is interpreted to contain fewer bedrock structures relative
to anticlinal areas. Inferred or known bedrock structures in the Cold Creek

syncline have been reported (Myers, 1981) and are under investigation.

The gently dipping limbs of anticlines and synclines within the proposed
site contain small zones of tectonic breccia. These zones are typically about
3 feet thick in drill cores and are of unknown lateral extent (Moak, 1981).

One tectonic breccia in the Frenchman Springs Member of the Wanapum Ba-
salt was tested and found to have a hydraulic conductivity of 10°'' m/sec.
Future testing will determine whether this low value is characteristic of
other tectonic breccias.
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The Cold Creek hydrologic “barrier” is an example of what is interpreted
as a bedrock structural discontinuity that represents a lateral impediment toground-water flow. This feature runs north-south and is approximately 1 mile
west of the reference repository location. From west to east across this fea-
ture, hydraulic heads abruptly drop as much as 500 feet. In addition, hydro-chemical data suggest that mineralized deep waters may be mixing verticallywith more dilute, shallower ground waters along or near this feature. The
lateral extent and rate of possible ground-water mixing are as yet undefined.

Alternative Concepts of Ground-Water Flow

Because existing geohydrologic data are too preliminary to conclusivelysupport a single quantified ground-water-flow model, four alternativeworkinghypotheses were developed (Figure 5-8).

Concept A illustrates ground water moving mainly within heterogeneous,permeable flow tops that separate flow interiors of relatively low vertical
and horizontal hydraulic conductivity. Ground-water movement across basalts
can occur (1) along basalt flow tops, or (2) as leakage across flow interiors
of low hydraulic conductivity. Basically, this concept depicts an aniso-
tropic, heterogeneous flow system undisturbed by major folds and faults.

Concept B is similar to concept A except basalt flows are crossed by bed-
rock structural discontinuities with potentially larger vertical hydraulicconductivities than the confining aquitards. Ona local scale, such discon-
tinuities might represent individual tectonic fractures or shear zones. Re-
gionally, these features could depict major faults or folds. Such structuresare heterogeneities with the potential for vertically connecting shallow and
deep flow systems. Depending on the extent of fracture mineral infilling or
fine-particulate materials present, these discontinuities could act as con-
duits of high hydraulic conductivity or ground-water barriers. Overall, con-
cept B depicts rock volumes of relatively low vertical leakage bounded by
structures of potentially higher leakage.

Concept C represents a flow system characterized by latera) ground-watermovement in flow tops bounded by basalt interiors of relatively high leakage.The anisotropy of flow-top and interior hydraulic conductivity is considerablyless than in concept A. In concept C, ground-water movement between deep and
shallow systems occurs as a result of the stratigraphic position and inter-
section of flow tops and vertical leakage through unfilled or partially filled
cooling fractures or other possible primary features.

Concept D superimposes bedrock structural discontinuities on concept C.
As described under concept B, such discontinuities might act as vertical con-
duits or barriers of low hydraulic conductivity. Overall, concept D depicts
basalt flow interiors of relatively high vertical leakage bounded bystructures.

The concept currently interpreted as most supported by available data isconcept B. Bedrock structural discontinuities in this concept are considered
less frequent and more widely spaced in the gently dipping limbs of the
reference repository location in the Cold Creek syncline than in the hinge
areas and steeply dipping limbs of the accompanying anticlines.
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Quantification of the hydrologic system so as to develop a technical consensusof ground-water movement in and around the reference repository location mustawait the completion of site characterization.

5.3.2 SALT

To date. hydrologic analyses of the five potentially acceptable saltsites have been made mainly from regional data. A limited amount of site-specific data has been gathered from exploration wells drilled at or very nearthe potential sites.

Studies of the aquifers that contain usable water have been limited toavailable data onwater levels, aquifer characteristics, aquifer yields, andwater quality. The properties of the deep brine aquifers have been obtainedfrom preexisting data and from wells drilled by the DOE. From these prelim-inary data, potentiometric maps have been prepared, hydraulic pressure gra-dients determined, and conceptual models of the geohydrologic system con-~structed. These data serve as input to numerical modeling. Preliminary as-sessments of ground-water travel times, as required by the DOE siting guide-lines (10 CFR Part 960), are provided in the draft environmental assessmentsfor the salt sites (DOE, 1984c, e. £. g). .

5.3.2.1 Bedded-Salt Sites in the Palo Duro Basin

Geohydrologic Setting
The geohydrologic setting at both sites can be divided into three hydro-stratigraphic units (Figure 5-9). The upper unit consists of the shallowfresh-water flow system. With a total thickness of about 1150 feet, this unitconsists of the Ogallala Formation and the Dockum Group (SWEC, 1983a, b). Itis recharged by precipitation falling on the High Plains of Texas and easternNew Mexico. On a regional scale, flow in the upper unit is west to east, butlocal variations are common because of the pumping wells located throughoutthe Texas High Plains. Discharge from the upper unit occurs through extensivepumping for irrigation, municipal, and industrial water uses. Discharge also

occurs along the escarpments and river valleys that bound the High Plainsaquifer (Figure 5-9).

The middle unit is a section of carbonate rocks, shale, and evaporites.It is considered a regional aquitard and contains the Lower San Andres saltformation. This unit is 3200 to 3800 feet thick (SWEC, 1983a, c). Because ofthe low vertical hydraulic conductivity of the evaporites (10°'? m/sec orless), it is assumed that there is virtually no vertical flow in this unit:however, some interbedded carbonate units have higher hydraulic conductiv-
ities. and ground-water flow is primarily horizontal within them.

The lower unit of deep-basin flow consists of carbonate rocks, shales,and an arkosic sandstone, locally known as the "granite wash." Rechargeoccurs from precipitation at the outcrop areas in New Mexico and possiblythrough leakage along local discontinuities in the middle unit. Flow in thedeep-basin aquifers of the lower unit is generally to the northeast throughout
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the study area. Oil and gas production along the margins of the basin hasdistorted the regional flow patterns. The discharge areas of the deep-basinaquifers are not known yet but are thought to be to the east. in Oklahoma,where stratigraphically equivalent units crop out.

Pathways

Comparison of potentiometric maps of the upper unit (the Ogallala aqui-fer) and the lower unit (the Wolfcamp series) indicates a downward verticalgradient across the potential host rock. Thus, initial hydrologic modelingassumed that any release from the repository would tend to move downwardthrough the middle-unit aquitard to the deep-basin lower unit. However,interbedded shale and carbonate strata in the aquitard also represent possiblepathways for release.

Intera (1984) modeled the hydrology of the Palo Duro Basin. Simulationsof the deep aquifer's potentiometric surface indicate that the average verti-cal hydraulic conductivity of salt is very low (10°'? m/sec or less). Other
researchers also indicated similar low values (Aufricht and Howard, 1961:Gloyna and Reynolds, 1961). However, no in-situ testing of salt has been doneto date in the basin. Nonsalt interbeds in the middle unit have been tested(SWEC, 1983a, b, c). The Lower San Andres Cycle 4 dolomite, which lies belowthe host rock, is considered the most permeable interbed. Drill-stem testsyielded a maximum hydraulic conductivity of 2.4 x 10°* m/sec.

The upper part of the Wolfcamp is permeable and is the topmost deep-basinbrine aquifer. Hydraulic conductivity generally ranges from 10°* to 107?
m/sec (Gustavson et al., 1982), though higher values were found in placesalong the margins of the basin and in producing oil and gas fields.

The “granite wash" is an arkosic sandstone that is likely to have a highpermeability, especially along Precambrian uplifts. which were the source ofthe sediments. The granite wash lies approximately 7800 feet below the sur-face at the sites (1500 feet below the proposed repository depth), but itsdistance from the repository makes it a less-likely flow path.
Oxygen-isotope data show two gcoupings of deep-basin brines. One groupof brines show the isotopic signatures expected for isotopic equilibrium with

carbonates at the measured subsurface temperatures; these ground waters arepresent in the eastern part of the Palo Duro Basin. The second group of
brines show the isotopic signatures expected for variable mixtures of rain-
water (which are now brine) with carbonate-equilibrated brines; the mixed
waters are present to the west of the carbonate-equilibrated brines. Thesimplest present working hypothesis is that the mixing of rainwater and brines
occurs somewhere west of Deaf Smith County. Presumably, the rainwater ac-quired its salinity by dissolving salt along the western edge of the Permianevaporite sequence in the Palo Duro Basin.

Oxygen-isotope data have also been used to identify the origin of salinesprings along and eastward of the caprock escarpment. It was found that rain-
water was percolating downward, dissolving salt, and issuing as saline springs(Kreitler and Bassett, 1983). The alternative hypothesis, that the salineSprings were discharging deep-basin brines, is refuted by the isotope data.
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Seismic-reflection surveys of the study areas do not indicate any major
structural discontinuities in the vicinity of the sites. Several faults are

inferred to exist as high in the section as the Lower Wolfcamp, but do not
offset any of the overlying units in the middle-unit aquitacd.

As noted, the data base is regional, and local small-scale variations un-

doubtedly exist. However, the conceptualization presented here is felt to be
an accurate representation of the geohydrologic setting of the Palo Duro Basin.

5.3.2.2 Bedded-Salt Sites in the Paradox Basin

Geohydrologic Setting
Three hydrostratigraphic units have been tentatively defined in the study

area (Figure 5-10). The upper unit consists mainly of Permian sedimentary
rocks and is approximately 2000 feet thick at the candidate sites. Its rocks
are generally fine-grained sandstones and interbedded siltstone. The middle
unit consists of shales, carbonate rocks, and evaporites. The host rock (Salt

Cycle 6) lies within the middle unit. The middle unit is considered an aqui-
tard on a regional scale and is more than 50 percent halite. The lower unit

consists mainly of limestone interbedded with mudstone, siltstone, and sand-
stone in the upper parts. The Leadville Limestone is considered to be the

major deep-basin aquifer.
The sandstone formations of the upper unit can be considered local aqui-

fers, though yields seldom exceed several gallons per minute. Water quality
deteriorates with depth, and only the upper parts of this unit may contain

potable water. In the area of the sites the upper unit is recharged by pre-
cipitation and influent streams. Because the data necessary to quantify the
various components of recharge are not sufficient at present. these topics are

addressed only qualitatively here.

Precipitation over most of the study area ranges from 8 to 12 inches per
year (Butler and Marsell, 1972). The Abajo Mountain area, which is the point
of origin for the perennial stream that flows through the area, has more than

32 inches of precipitation in an average year. Only a small portion of this

precipitation is thought to recharge the ground-water system.

Perennial] and ephemeral streams recharge the upper unit. Indian Creek,
the perennial stream that flows from the Abajo Mountains across the area to

the Colorado River, recharges the upper unit along at least part of its
reach. Ephemeral streams like those in Lavender, Davis, and Rustler Canyons
and Harts Draw may also act as sources of recharge. No data are available

regarding the recharge contributed by these surface drainages. but Indian
Creek may be the most significant contributor.

The major components of ground-water discharge from the upper unit in the

site areas are springs, subriver seeps to the Colorado River and associated

drainages, and evapotranspiration. The Colorado River has incised through
most of the upper unit in the western part of the area and forms the major
line sink or discharge zone (Figure 5-10). Extremely minor amounts of ground
water are pumped from the shallow parts of the upper unit for domestic and

-296-

HQ0005572

OCR DB-105582
Holtec_PAL-001089



.

DB-105583

HQ0005573

WINGS 261 SLE

20 INES 900 SHOE

WS WSO 361

09800105 ous
10 WOAVED 1300005

wee,

w
w

e
a

c
c

e

-

-
-
-

w
e
e
u

w
e
w

o
e =

U
TA

M
G

EO
LO

G
IC

A
L

AN
DM

IN
E

R
A

LO
G

IC
A

:
w

ee

SU
A

VE
Y.

19
86

a
y

PE
TR

OL
EU

RW
EFO

RM
AT

ION
CO

RP
OR

AT
c
e

US
GS

GE
OL

OG
IC

ea
rs

,
SA

LO
N

A
QU

AD
RA

NG
LE

19
71

O
A

S
QU

AD
RA

NG
LE

.
10

80
C

O
R

TE
Z

QU
AD

RA
NG

LE
.

re
r?

o
o

t
A

l
e
le

MA
P

Fig
ur

e5
-1

0
.

Hy
dro

log
ic

c
ro

s
s

se
ct

io
n

of
th

e
G

ib
so

n
D

om
e

ar

4AQOD doug

sebrg

ORO) HES asi

V8QED

WSEt Sot

mre ANG UZ SOE

AN INO 300 SOL

NONLWADTS

ei GEE TER ES@

UN
DI

FF
ER

EN
TIA

TE
D

B
IN

A
S

H
IC

A
N

D
C

A
S

E
S

FO
RM

AT
IO

NS

©
=U

ND
IE

FE
RE

NT
IA

TE
O P

ER
A

M
A

N
FO

R
M

A
TE

A
A

R
FO

R
M

A
TI

O
N

PA
R

A
D

O
X

AN
DP

UE
KE

RT
ON

T
R

A
N

O
ne

s,

A
S

FO
RM

AT
IO

NS

KL
EL

OM
ES

TO
NE

IG
NE

O
US

N
TR

U
S

IO
N

ILA
CK

OLI
TH

,$T
O

L:

P
O

T
E

N
T

O
O

M
E

TIC
SU

REA
CE

OF
TH

E

R
IE

D
W

HE
RE

UN
EE

RT
AI

D
PO

TE
RT

IOM
ET

AC
SU

RE
AC

E
O

F
TH

E
UV

OR
OS

TR
AT

IG
AA

PI
NG

LE
N

T
EN

TE
R

FO
TE

D
FR

OM
M

RE
G

IO
NA

L
O

ST
A

M
D

B
re

e

(D
A

SH
ED

W
HE

RE
IN

FE
RR

ED
,Q

U
ER

IE
D

Un
CE

AT
AN

N

10
th

ie
o

m

NC
AR

SC
AL

E
EX

AG
G

ER
AT

IO
N

A
T

E
L

Y
tO

01
94

-0
00

6
5/

29
/8

5

Holtec_PAL-001090



.

agricultural uses. Some discharge to the underlying units may occur in areas

like the Lockhart Basin or, perhaps, Shay Graben, where structural features or

salt dissolution may have created permeable pathways. Mineralization of frac-
tures and alteration within Shay Graben are indicative of past ground-water
movement. Similar pathways may be actively conveying fluids at depths.

Evapotranspiration is another significant component of discharge in the

study area. Certain types of plants consume large quantities of water and
account for a significant part of the discharge. The occurrences of these

plants have not been comprehensively mapped. but field surveys indicate that
most of them grow along surface drainages and the Colorado River.

Ground-water withdrawals from the upper unit in the area are limited to
scattered small-capacity stock wells and domestic wells, including four wells
that supply the Canyonlands National Pack (Sumsion and Bolke, 1972). Such
shallow wells can yield approximately 4 to 60 gallons per minute. The esti-
mated total per capita ground-water use by visitors to the park is 15 gallons
per day.

Springs associated with the outcrop of the Indian Limestone suggest that
this thin but resistant limestone may impede downward flow where it is present
in the western part of the site area. The springs may represent the discharge
of cegional ground water or, in some cases, perched-aquifer zones or rises of
alluvial water beneath the stream channels. In either case. the discharge is
not large (Sumsion and Bolke, 1972).

Significant recharge to, or discharge from, the middle unit does not

appear to occur in the site area, except possibly where the normal strati-

graphic sequence has been disrupted (e.g.. Lockhart Basin and Shay Graben).
Data on potentiometric levels, permeability. and regional water chemistry
support this statement.

Lateral recharge and discharge at the boundaries of the area are hindered

by low permeability. Potentiometric and permeability data for the middle unit
in the area are from borehole GD-1 and several wells along the southeast part
of the Gibson Dome study area. Horizontal flow and areas of recharge and dis-

charge are not known. The low permeabilities measured in both interbeds and
salt beds imply that significant horizontal flow is not likely in the middle
unit.

Available data suggest that significant vertical flow cross-

formational flow) does not occur through the middle unit where the normal

stratigraphic sequence has not been disrupted. The potentiometric surface in

the lower unit at GD-1 is generally lower than that measured in the upper
unit. which indicates that the middle unit is acting as an aquitard. This

finding is supported by the difference in water quality above and below the
middle unit.

Lateral inflow is the principal component of recharge for the lower unit
in the site area. The regional potentiometric contours in the lower unit and

the low permeability of the middle unit indicate that flow is principally
horizontal. The ground-water recharge to the lower unit apparently occurs

beyond the eastern boundary of the area and possibly in the vicinity of the

Abajo Mountains. Lateral flow without surface discharge occurs through the
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southwestern and western boundaries of the area. Cross~formational flow to orfrom the middle unit probably does not occur within the area because of thelow permeability of the middle unit. A drill core from GD-1 does not indicateany salt dissolution and thus provides evidence that little, if any. ground-water flow has occurred through the salt beds there. However, cross~forma-tional flow may occur in Lockhart Basin and Shay Graben, where permeable con-duits may exist through the middle unit. The potentiometric and geochemicaldata are too sparse to establish whether cross-formational flow is occurringat those locations.

Pathways
A Comparison of maps of the potentiometric surfaces of the upper unit andthe lower unit indicates a downward vertical geadient across the host rock.This is supported by the results of long-term testing (Woodward Clyde Consult-ants, 1983) at borehole GD-1. Preliminary modeling assumed that this downwardgradient would cause any release from a repository to move downward. In-situand laboratory tests of the salt section in the GD-1 borehole indicate a hy-draulic conductivity of less than 1 x m/sec. Preliminary modelingalso assumed that the likely pathway for released radionuclides is downwardthrough the evaporite section and horizontally through the Leadville Lime-stone. The computed travel time through the low-permeability evaporite sec-tion (2000 feet thick below Salt Cycle 6) is 120,000 years. Long-term testsyielded a hydraulic conductivity of about 3 x 10°'® m/sec or less for theinterbed below Salt Cycle 6.

The hydraulic conductivity of the deep-basin Leadville Limestone was cal-culated to be approximately 2 x 10°’ m/sec in the GD-1 borehole. However,interbeds within the middle unit, consisting of interrelated shale and carbon-ate strata, also represent possible pathways. The data base used to date isregional; it consists of data from water wells, springs, oil and gas wells,and DOE-~funded exploration wells. The available data are too sparse to estab-{ lish the effects of nearby structural features on the geohydrologic regime.Figure 5-10 shows geohydrologic cross sections based on currently availabledata.

5.3.2.3 Salt Domes

Geohydrologic Setting
Fresh ground water in the area of the Cypress Creek and Richton Domes

occurs in discontinuous, lenticular sand deposits that are interbedded withclay, marl, and limestone Primarily of Miocene age. Saline water occurs indeeper aquifers and in the caprock of the domes. Estimates of the transmis-Sivity of the saline and fresh-water aquifers range from 38 to 2600 m*/day,and estimates of the horizontal ground-water velocity range from 0.1 to 100
The presence of saline water at relatively high elevations in wells

near the domes suggests either salt dissolution at or near the tops of thedomes or upward movement of saline water around the flanks of the domes(Bentley, 1983).
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The major source of fresh ground water (i.e., water with less than 1000

mg/l of dissolved solids) in the study area is the Miocene aquifer system,
which consists of the Catahoula Sandstone and the Pascagoula and Hattiesburg
Formations (see Figure 5-3). The Catronelle Formation also is an important
aquifer locally. The base of fresh water generally ranges from 400 to 1400
feet below sea level in the southeastern part of the basin. The depth to the
base of fresh water, and the quality of water, may be altered locally by with-

drawals, oil-field injection wells, salt dome dissolution, or the upward move-

ment of water from saline aquifers. The general movement of water in the

Miocene aquifers is southward, toward the Gulf.

The Miocene aquifers are highly permeable. Hydraulic conductivities of

about 30 m/day have been estimated from about 200 tests in southern Missis-

sippi. Hydraulic conductivities may be as much as 37,000 m/day if based on

the maximum cumulative thickness of sand in the aquifer system (Spiers and

Gand], 1980; LETCo, 1982a).

Sedimentary strata in the region of the Vacherie Dome generally dip to

the south and east as a result of postdepositional subsidence. which continues

at present. Ground-water flow in the identified units typically is in the

downdip direction, except in areas where flow patterns are affected by ground-
water withdrawal or local variations due to recharge and discharge to streams.

Flow in the deeper aquifers tends to be toward the southeast. from recharge
and outcrop areas northwest of the dome toward the Gulf Coast, though local

variations do occur.

The natural downdip movement of ground water in the shallow units. mainly
the Sparta aquifer (Figure 5-4), is affected by ground-water withdrawals at

three pumping centers to the north and east of the dome (Ryals, 1982).
Ground-water withdrawals from the Sparta have been extensive, and water levels

are reported to have declined a total of 40 to 60 feet at Minden between 1965

and 1980 (Ryals, 1980a). Ground-water withdrawals from the Sparta aquifer
average about 10 million gallons per day in the vicinity of the Vacherie Dome

(Urban Systems Associates, Inc., 1982).

The salt-dome emplacement resulted in a topographic high above the salt

body that constitutes a recharge area. Local recharge effects in the Carrizo

Sand-Wilcox aquifer result in local ground-water flow to the northwest and to

the south. Recharge over the dome produces significant effects on the local

ground-water flow but only minor effects on the regional flow system (Ryals,
1980b).

Pathways
In the area of the Richton and the Cypress Creek Domes. extensive areal

recharge occurs in the upper unconfined aquifer from the infiltration of pre-
cipitation in excess of direct runoff and evapotranspiration. A large propor-
tion of this recharge either returns to the surface as discharge from the

upper aquifer to the five major rivers in the region or is withdrawn for mu-

nicipal or domestic use. Significant recharge from infiltration also occurs

to the deeper aquifers of the upper Claiborne and the Wilcox, in the northern

part of the regional system where they crop out. This recharge flows to the

south and is discharged principally to the upper aquifer via leakage.
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The flow system of the upper aquifer in the vicinity of the Richton Domediverges slightly around the relatively impermeable dome and continues down-gradient in a southerly direction until it intercepts the Leaf and thePascagoula Rivers. There, the flow changes direction and moves upward, dis-charging into these rivers. The ground-water flow in the Wilcox unit remainsgenerally to the south-southeast, but, in the upper Claiborne and alluvialaquifers, it flows toward the rivers downstream of the dome. Flow through thelower Claiborne unit, a confining layer, is upward downstream of the dome.Flow in the upper confining layer, the Vicksburg and Jackson units, is upwardtoward the shallow aquifer in most of the regional system.
Pigure 5-11 is a simplification of the possible paths of release from theRichton Dome to the various aquifer units. Travel paths are primarily hori-zontal in aquifer layers and vertical in confining layers. Figure 5-11 showshow far a particle would travel from its release point outside the dome beforeentering the sucface-water system. The paths would be similar for the CypressCreek Dome.

Because of the location of the repository level. it is likely that anyrelease would occur into the Wilcox unit (travel path 1) at the Richton Dome.The proposed repository level at Cypress Creek is adjacent to the upperClaiborne unit, and any release would most likely follow a path similar totravel path 3. Releases into the upper units at Cypress Creek become progres-sively less likely as the depth of the unit decreases. A possible releasedirectly into the upper aquifer unit (travel path 5) is considered extremelyunlikely, but was included for completeness.
The pathways at the Vacherie Dome are similar to those for the other twodomes. The major difference is that at Vacherie the transmitting geohydro-logic units are lower in the stratigraphic column. In northern Louisiana, theSparta Formation and the Wilcox Group are the major upper aquifers and theAustin Group is the major lower aquifer. It is currently thought that themost likely pathway is laterally to the side of the dome and from there to thesoutheast at great depth in the Austin Group.
This discussion of pathways assumes that releases occur at depth and thattransport to the surface-water system is controlled by the regional ground-water-flow system. Knowledge of local ground-water flow in the vicinity ofthe domes is currently quite limited. Additional near-dome pathways such asalong the dome sheath or along faults may exist, but data needed to definethese potential paths are not available.

5.3.3 TUFF

The geohydrologic system at Yucca Mountain is composed of a thick unsatu-rated zone and a deep saturated-flow zone. Hydrologic investigations of thesaturated zone have estimated the standard parameters of hydraulic conductiv-ity, hydraulic gradient, effective porosity, and water flux. For the unsatu-rated zone, the same parameters are needed, but must be augmented with infor-mation on moisture content, its effects on moisture tension, hydraulicconductivity, and infiltration rates. These parameters have been used toidentify the directions of ground-water flow and to estimate ground-water
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velocities and travel times. In addition, studies of paleohydrology have beenconducted to evaluate the potential hydrologic effects of future climaticchanges.

Unsaturated Zone

Hydrologic testing in drill holes revealed that the water table is gener-ally 1600 to 2500 feet below the mountainous land surface of the Yucca Moun-tain site and 1000 feet or more below the surface in areas surrounding thesite. Thus, the water table is sufficiently deep to permit Siting a reposi-tory in the unsaturated zone. Current hydrologic knowledge is based princi-pally on results obtained from geologic mapping, from laboratory analyses ofcores and cuttings. and from the drilling and instrumentation of test holes inthe unsaturated zone.

The hydrologic properties of the rocks in the unsaturated zone and theamount of water infiltration control the moisture content and the manner andrates of flow. Only a few results of studies of the unsaturated zone areavailable, but these have allowed the definition of geohydrologic units andthe development of preliminary conceptual flow models. The definition of dif-ferent units is based principally on the degree of welding in the tuff, whichstrongly affects the hydrologic properties. In order of increasing depth, theunits are the Tiva Canyon welded unit, the Paintbrush nonwelded unit, theTopopah Spring welded unit (which includes the repository horizon), and thelower part of Calico Hills nonwelded unit. The water table is generallybeneath or within the Calico Hills nonwelded unit.

The welded tuffs generally have low matrix permeabilities (saturated hy-draulic conductivities of m/sec or less), low water contents (about 6percent by weight), high tensions (as much as 40 bars), and high fracture den-sities (10 to 40 fractures per cubic meter). In contrast. the nonwelded unitshave higher hydraulic conductivities, high effective porosities (20 to 30 per-cent), and lower fracture densities (a few fractures per cubic meter).

Concepts of the unsaturated-zone flow system have been developed on thebasis of preliminary data. These concepts will be tested in future studies,but indications are that the ground-water flux is very low. The Paintbrushnonwelded unit may serve as a natural Capillary barrier to divert pulses ofrecharge flux beyond the boundaries of the tepository. The welded unit of theTopopah Spring Member probably has a very low flux, both in fractures and therock matrix.

The low volumetric downward rate of water movement coupled with possiblepreferential flow through fractures will minimize contact between the wasteand water, thus providing the first hydrologic barrier to waste migration.This expected condition of the rock also mitigates concerns about such factors
as induced fracturing, dehydration of clays or zeolites, and heat-induced highwater pressures.

Saturated Zone

Extensive hydrologic testing of the saturated zone has been performed intest wells in the immediate vicinity of Yucca Mountain. These tests haveincluded pumping tests of all or part of the saturated zone penetrated by the
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well and packer-injection tests of isolated intervals within the boreholes.
In addition to identifying zones of water inflow during pumping, the data col-
lected include the distribution of hydraulic heads and hydraulic conductivity.
Chemical analyses have been made of water samples from 10 water wells and test

wells. In addition, 14 other test wells have been drilled to provide data on

the elevations of the water table.

Most test wells were drilled to depths ranging from 4000 to 6000 feet.
These wells penetrated volcanic rocks (mostly tuff) of Tertiacy age. The

hydraulic conductivities of the tuffs range from approximately 10°* to

10°'? m/sec. Productive intervals in test wells are controlled mostly by
the distribution of permeable fractures intercepted, rather than by strati-

graphic position. As a result, no hydrostratigraphic units have been defined
for the saturated zone.

Ground-water flow in the saturated zone is mainly through fractures in

the moderately to densely welded tuffs. As a result, the effective porosity
is probably low: it is assumed to be about 0.005, but it may be as low as

0.002. Multiple- and single-well tracer tests are planned to evaluate this

parameter.

Preliminary water-table maps have been constructed on the basis of water-

level measurements in test wells; however, the influence of geologic struc-

tures on the configuration of this surface has not been fully evaluated.
Between Yucca Mountain and the accessible environment to the east and south-

east, the hydraulic gradient is very low (3.4 x

One test well was drilled through the tuffs into prevolcanic carbonate

rocks. These rocks are permeable, but the hydraulic head in this section is

about 70 feet higher than the water table in the tuffs. Thus, the radio-

nuclides in the repository would not be transported downward to an underlying
permeable carbonate aquifer but, rather, laterally in the tuffs.

Pathways
Paths of likely radionuclide transport in the unsaturated zone at Yucca

Mountain are downward to the water table, passing through the lower part of

the welded unit of the Topopah Spring Member and the nonwelded unit of the

Calico Hills tuff. Preliminary data indicate that the Calico Hills unit has a

high effective porosity and that the matrix has a high enough conductivity to

pass the probable prevailing flux of 1 mm/yr or less. The measured or esti-

mated properties of the nonwelded unit of the Calico Hills tuff indicate that

the probable travel time of ground water through this unit to the water table

exceeds 20,000 years, and the ground water travels through highly sorptive
minerals that will retard most radionuclides.

Between Yucca Mountain and the accessible environment, ground water in

the saturated zone moves through the welded Crater Flat Tuff, the nonwelded

tuffaceous beds of Calico Hills, and the welded Topopah Spring Member.

Although the gradient is low, the relatively low effective porosity and the

high hydraulic conductivity (about 1.8 x to 1.6 x 10°* m/sec) along
the possible flow paths result in relatively short preemplacement ground-water
travel times in the saturated zone. Thus, the qualification of the site on

the basis of preemplacement ground-water travel times is dependent largely on

travel times in the unsaturated, rather than the saturated, zone.
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Future Hydrologic Conditions

Estimates of hydrologic changes that might result from future climatic
changes have been based principally on an assessment of climatic extremes and
the resulting hydrologic conditions during the Quaternary Period. The cli-
mates of the last 45,000 years have been reconstructed largely on the evidence
of plant materials preserved in the middens of packrats. Interpretations of
the positions of late Pleistocene water levels and discharge points have been
made for the nearby Ash Meadows ground-water basin from the distribution of
calcite veins in alluvium and lakebeds and of fossil-spring deposits of tufa.

The results of these studies indicate that even during pluvial periods
the climate in the region was not substantially different from the modern cli-
mate. For example, the studies of packrat middens indicate that at the time
of the global glacial maximum during Late Wisconsinan time (about 18,000 years
before the present), the average annual temperature in the region was 6 to 7°C
cooler and average annual precipitation was 30 to 40 percent above present
values (Spaulding et al., 1984).

The climatic changes that resulted in pluvial conditions during the
Quaternary Period probably had the following effects on the hydrologic system:
increased recharge. increased elevations and gradients of the water table, up-
gradient shifts in discharge loci, and changes in surface-water drainage sys-
tems. Although there is little evidence in the immediate vicinity of Yucca
Mountain to indicate the magnitude of these effects in that area, regional
evidence indicates that, within the framework of the geologic setting and the
arid-semiarid climate, the effects were minor (Winograd and Doty, 1980).
Furthermore, the climatic changes expected during the next 10,000 years are
not likely to adversely affect the performance of the repository.

5.3.4 GENERIC RESEARCH

The DOE is also conducting generic research that is related to hydro-
geology and could be applicable in predicting repository performance. For
example, at the Argonne National Laboratory, the Lawrence Berkeley National
Laboratory. the Los Alamos National Laboratory, and the Lamont-~Doherty Geo-
physical Laboratory. the DOE is supporting generic research in the following
areas: solute migration in the earth’s crust, with emphasis on the migration
of heavy elements; fluid flow in fractured rock masses; fluid, heat and solute
transport in underground formations; element fixation in crustal rocks: and
the effects that organic compounds in ground water have on the mobility of
trace metals and radionuclides.

5.4 SIGNIFICANT RESULTS OF RESEARCH IN GEOCHEMISTRY

The geochemical conditions in the ground water, the host rock, and in the
vicinity of the waste package the near field) will affect the contain-
ment of the waste by promoting or inhibiting the corrosion of waste con-

tainers. After the containment of the waste package is breached, they will
also affect the long-term isolation of the waste through various processes
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that promote or inhibit the solubility. sorption, and mobility of
radionuclides.

Research in geochemistry is therefore directed at understanding the chem-
ical chacacteristics of the potential repository site, their effects on the
containment of the waste, and their effects on waste isolation when the con-tainment is breached. Specifically. the goal is to determine the following:

1. Ranges of expected geochemical conditions. over the repository life-
time and the geographical area, that directly affect radionuclide
behavior.

2. Maximum steady-state concentrations of radionuclides in solution
under representative geochemical conditions.

3. Characterization of important radionuclide-transport parameters to
support hydrologic flow and transport models.

§.4.1 BASALT

Geochemistry of the Ground Water

At the Hanford Site, hydrochemical studies have been in progress since
1979. During that time over 30 boreholes have been drilled and sampled. Re-
cent work has focused on the reference repository location.

An evaluation of the hydrochemical data has led to several preliminaryconclusions about the ground water:

1. The ground waters can be divided into (a) relatively dilute waters in
the upper basalt flows and (b) waters in the lower basalt flows that
have higher chloride and fluoride concentrations. The source of
chloride and fluoride in the deeper ground waters is uncertain.

2. Estimates of the oxidation-reduction potential (Eh) of the ground
waters suggest that it is reducing. The low Eh* may be attributable
to iron-containing minerals or to glasses that line fractures or are

part of the basalt.

3. The ground waters are slightly alkaline, low in ionic strength. and
very low in total organic carbon.

4. Analyses based principally on stable-isotope ratios suggest that
there is vertical mixing between the lower and the upper aquifers,
but the rate of mixing is still undefined.

*In discussing Eh, the Basalt Waste Isolation Project (BWIP) uses the
sign convention adopted by the International Union of Pure and Applied Chem-
istry and presented by Stumm and Morgan (1981. pp. 436-438). Thus. low Eh
values represent reducing conditions and high Eh values correspond to oxidiz-
ing conditions.
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The net effect of the low oxidation-reduction potential and the alkaline
pH is to contribute positively to radionuclide retardation. The oxidation-
reduction potential is the dominant factor. since most of the multivalent
radionuclides should be reduced to their less-mobile valence states. This
appears to result in a net decrease in the steady-state concentrations of
multivalent cations like uranium and plutonium in a reducing aqueous environ-
ment. Under the expected reducing conditions, technetium. uranium. and nep-
tunium are well sorbed, while iodine and carbon are poorly sorbed (Ames and
McGarrah, 1980a, b; Ames et al. 1981; Barney, 1982, 1984: Barney et al. 1983:
Salter et al.. 1981).

Other simple cations such as cesium and strontium are also strongly
sorbed. Although the current studies indicate that most of the radionuclides
will be strongly sorbed, it must be emphasized that these experiments were
conducted with crushed basalt in a batch system. Dynamic experiments with
basalt core samples or field tests and evaluations of the effects produced by
the speciation of the principal radionuclides will be required to confirm
these results.

Geochemistry of the Host Rock

The basalt flow being considered for a repository is characterized by
dense flow interiors consisting of calcic plagioclase feldspar and clino-
pyroxene in a matrix of volcanic glass, fractured flow tops of the same gen-
eral composition, and vesicular zones that contain zeolites, cristobolite,
iron smectite, and sometimes pyrite as secondary minerals inside the vesicles
{Long et al., 1923). The entire flow is fractured from cooling. Current data
suggest that the fractures are typically tight and filled with secondary
minerals.

Geochemistry of the Near Pield

Because the basalt repository horizon is located in the saturated zone,
the host rock surrounding the waste package will resaturate after repository
closure. Because the basalt-bentonite packing material has a finite permea-
bility, it is not possible to preclude contact between the ground water and
the overpack, and between the ground water and the emplaced waste after over-

pack failure.

An active program has been carried out to determine what reactions could
be expected near the emplaced waste. The systems studied to date have been
various combinations of ground water, basalt, sodium bentonite, and simulated
waste (Apted and Myers, 1982: Wood et al., 1984; Myers et al., 1983; Lane et
al., 1983). The major observations from these studies are as follows:

1. Ground-water solution chemistry approaches steady-state conditions in
a geologically short time under hydrothermal conditions.

2. Major ground-water constituents are relatively unchanged by hydro-
thermal reactions. The Eh is reduced and the pH remains alkaline.

3. The main reaction products of the basalt-water system under hydro-
thermal conditions are smectites, zeolites, and a silica-rich phase
(e.g., eristobolite) similar to those secondary minerals found natu-
rally in basalts.
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These data indicate that the basalt-bentonite packing material around an
emplaced container (see Section 2.5) will produce an alkaline reducing envi-
ronment. This will provide a highly reactive medium for radionuclide-
precipitation reactions, which should reduce solution concentrations. The
reducing environment will most likely maintain the multivalent radionuclides
in theic lower valency less mobile states and therefore control the maximum
radionuclide-release rate from the waste package. Such a reducing environment
also serves to inhibit the corrosion of the metal barriers. In addition, an
iron silicate protective layer appears to form in container systems containingpacking, which may further reduce container corrosion and increase waste-pack-
age lifetimes. Data are not yet available on the effects of gamma radiation
on near-field geochemistry. Plans for collecting these data will be described
in the site-characterization plan.

§.4.2 SALT

5.4.2.1 Salt Domes

Geochemistry of Ground Water

The uppermost aquifers in the Gulf Interior region contain potable
water. The waters vary from the calcium bicarbonate type to the sodium bicar-
bonate type, which is typical of the entire Gulf Coast. The waters in the
deeper aquifers and along the flanks of the domes are saline brines (10,000 to
100.000 mg/l of total dissolved solids (TDS)) and sodium chloride brines (over
100,000 TDS).

The uppermost potable aquifers are oxidizing and contain appreciable
amounts of dissolved oxygen. The deeper saline and brine ground waters appear
to be slightly reducing, as evidenced by the presence of methane. This reduc-
ing environment could be important in maintaining several radionuclides in
less mobile valence states.

The important constituents in the ground waters that could mobilize
radionuclides are bicarbonate and humic and fulvic acids. These anionic
species tend to form strong complexes with many of the actinides, and these
complexes tend to be very mobile.

Geochemistry of the Host Rock

The salt domes typically contain more than 90 percent halite, with no
mineral impurity except anhydrite exceeding 1 percent by volume. Typical
impurities include anhydrite and smectite (Drumheller et al., 1981; and
Martinez et al.. 1978). Because dome salt is typically low in brine inclu-
sions (0.15 volume percent (Roedder and Chou, 1982)), little brine migration
is expected, which in turn will minimize the corrosion of canister materials.
These brines are typically low in magnesium.

Geochemistry of the Near Field

To simulate the conditions that would be expected around the emplaced
waste, a series of studies have been conducted to determine the leach rates of
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spent fuel and borosilicate glass. the effects of radiolysis, and corrosion
t rates of the overpack material (low-carbon steel). These studies have been

mainly conducted with sodium chloride brine (dissolved Permian salt). The| results of these experiments are applicable to both the Gulf Coast domes and
Permian Basin. The following conclusions can be drawn from these studies:

1. Borosilicate glass appears to react more slowly in sodium chloride
brine than in deionized water, and the presence of iron increases the
leach rate of the glass (McVay and Buckwalter. 1983: Gray et al.,
1984).

2. Gamma irradiation increases the leach rate of the glass. However,
because of the strong temperature dependence of leaching, at temper-
atures above 90°C the contribution of elevated temperature to in-
creased leaching is much greater than the contribution of gamma ir-
radiation (Pederson and McVay, 1984).

3. Gamma irradiation of solutions does not tend to affect their oxida-
tion-reduction potential. However, alpha radiolysis can cause highlyoxidizing conditions (Pederson and McVay, 1984).

4. Iron-canister corrosion is accelerated by factors of 3 to 20 at 150°C
in the presence of gamma-irradiation fields of 10° rads/hr. At
lower dose rates, such as 10° rads/hr, the enhancement over the
unicradiated case is not statistically significant (Westerman et al:,
1984). These dose rates are well above those expected at the waste-
package surface.

5. The predominant corrosion products from iron canister corrosion are
iron oxides, which act as an effective sorbent for some radio-
nuclides, indicating that radionuclide release from the waste form

: may be retarded significantly by the presence of iron corrosion pro-
ducts (Gray et al., 1984; Mendel, 1984).

6. Brine migration in dome salt could result in 0.2 of brine mi-
grating to the waste package, which is significantly less than that
expected for the bedded-salt sites.

7. Because of the limited amount of brine that could migrate to the
package, the lifetime of the waste package is predicted to be on the
order of several thousand years, assuming uniform corrosion.

The draft environmental assessments (DOE, 1984c, e. f, g) provide
details about the analyses leading to conclusions 6 and 7.

5.4.2.2 Bedded-Salt Sites in the Palo Duro Basin

Geochemistry of the Ground Water

The Palo Duro Basin has a major potable aquifer. the Ogallala, which is
extensively used for irrigation. The water in the Ogallala is typically of
the calcium bicarbonate type and is nearly saturated with calcite. The aqui-
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fers that are below the proposed repository horizons contain sodium chloride
brines with a total-dissolved-solids content of more than 100,000 mg/1 (Bas-
sett and Bently, 1983).

The upper aquifers are all oxidizing, but the lower aquifers, the Wolf-
camp and the Pennsylvanian (Sewell, 1984), appear to be reducing, as evidenced
by the presence of methane. This reducing environment could be important in
retarding radionuclides by maintaining them in lower valence states. The
lower aquifers are saturated with barium sulfate, which will strongly affect
the solubilities of strontium and radium. Carbonate and organic acids will
dominate the speciation of radionuclides in the Ogallala and could mobilize
some radionuclides. The brines in the lower aquifers have recently been dated
radiometrically and appear to be at least 130 million years old in the eastern
part of the Palo Duro Basin.

Geochemistry of the Host Rock

The salt in the Palo Duro Basin is typically halite (90 percent), with
mineral impurities that include anhydrite, dolomite, clays. and quartz (Fukui,
1984; Hubbard et al., 1984). The occurrence of brine inclusions in the salt
is estimated at about 1 percent, with the clays being able to raise this to
about 1.8 percent. The brines contain fairly high concentrations of magnesium
(50,000 mg/l (Hubbard et al., 1984)), which tend to increase the corrosion of
canister materials.

Geochemistry of the Near Field

The geochemistry of the near field at the Palo Duro Basin will be similar
to that discussed for the Gulf Coast except that the potential amount of brine
that could migrate to the waste package would be in the range of 1.0 m’
rather than the 0.2 predicted for dome salt.

5.4.2.3 Bedded-Salt Sites in the Paradox Basin

Geochemistry of the Ground Water

At the Paradox Basin salt sites, the uppermost aquifer, the Cutler, car-
ries potable water of the calcium bicarbonate type. Below the Cutler is the
Honaker Trail Formation in which the ground water varies from a calcium bicar-
bonate type in the upper part to sodium chloride brine in the lower part. The
water in the Honaker Trail Formation is generally nonpotable. The Leadville
brine aquifer is located well below the salt beds and contains a sodium chlo-
ride brine with approximately 80,000 mg/l of total dissolved solids.

The uppermost aquifers are oxidizing, while the lower aquifers contain
sulfides, which strongly indicates a reducing environment.

Bicarbonate and organic acids in the upper aquifers are expected to domi-
nate the speciation of radionuclides, which could mobilize radionuclides.
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Geochemistry of the Host Rock

The salt in the Paradox Basin is similar to other sites in that it con-
tains halite as the principal mineral (about 90 percent, Hite, 1983). It has,however, two significant impurities not seen at the other sites--carnallite
and kieserite (Hite, 1983). These minerals are significant because they are
sources of magnesium and water. Carnallite dewaters at approximately 100°C,

(Jockwer, 1980) and could act as a significant source of water.

The Paradox Basin salt typically contains less than 0.5 percent brine,
with carnallite and kieserite being able to raise this to less than 5.0 per-cent in the upper half of the Cycle 6 salt (Hite, 1983). These brines are
expected to be high in magnesium because of the mineral assemblages present
and thus could increase the corrosion rates of canister materials.

Geochemistry of the Near Field

The geochemistry of the near field at the Paradox Basin differs in two
respects from that described for dome salt. The first is that brine migrationcould cause about 1.0 to migrate to the waste package. The second is
that the corrosion rate of iron canisters will be approximately 10 times
faster because of the presence of magnesium in the brines.

TUFF

Geochemistry of the Ground Water

The repository horizon at Yucca Mountain is located in the unsaturated
zone with no overlying aquifers. Water (more precisely, moisture) from the
unsaturated zone has not been sampled yet: thus, little is known about its
geochemistry. In contrast, a great deal of data are available on the aquiferunderlying the proposed repository horizon. A well designated J-13, which
produces water from the Topopah Spring Member, has been used as source for the
the reference ground water. The composition of its water can be described as
a sodium bicarbonate type nearly saturated with silica.

Fcom the ground-water composition, several preliminary conclusions can be
drawn:

1. The ground water at the water table is oxidizing: however, some of
the deeper ground waters appear to be reducing.

2. The ground water is quite dilute (TDS of 90 ppm or less), with so-
dium, silicon, calcium, and magnesium being the only cations with
concentrations exceeding 0.2 ppm (Heiken, 1982).

3. Bicarbonate and hydroxy] anions are the major actinide-complexingligands present (Heiken, 1982).

4. Many of the important radionuclides exhibit minimal solubilities at
the nominal pH of the ground water (pH 7) (Wolfsberg et al., 1982:
Allard, 1982; Duffy and Ogard., 1982).
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5. No detectable organic complexing agents are present (Means et al.,
1983).

Geochemistry of the Host Rock

Within the Topopah Spring Member and beneath the proposed repository
horizon, there are significant variations in the mineral composition of the
host rocks (Bish et al., 1982), including localized occurrences of cristobo-
lite. tridymite, smectite, and volcanic glass. The important sorptive min-
erals clinoptilolite and mordenite also occur in discrete horizons, their dis-
tribution changing horizontally and vertically (Bish et al., 1984).

Figure 5-12 is a cross section through Yucca Mountain showing geologic
units at and beneath the proposed repository horizon. The major intervals of
sorptive zeolites beneath the horizon are identified with Roman numerals. At
all points, the zeolitized tuff is at least 80 feet thick beneath the reposi-
tory horizon. In addition, large amounts of zeolitized tuff will be encoun-

tered by any water traveling through the saturated zone (Vaniman et al., 1984).

Sorption studies, both static and dynamic, have been conducted for most
of the radionuclides of interest for the types of tuff to be expected at Yucca
Mountain (Ogard et al., 1983a. b: Wolfsberg et al., 1983; Bryant and Vaniman,
19864). Simple cations (e.g., strontium and cesium) are strongly sorbed, and
the reactions are rapid. There is good agreement between static and dynamic
measurements. In batch experiments, actinides like plutonium and americium
show strong sorption. These measurements, however, must be confirmed by
dynamic measurements coupled with thermodynamic speciation calculations. An
extensive data base for sorption ratios from batch experiments is available
for the tuffs at Yucca Mountain (Daniels et al., 1983; Heiken, 1982).

In addition to retardation by sorption, radionuclide retardation is ex-

pected to occur by the diffusion of radionuclides from the more mobile water
in fractures into the relatively immobile water in the interstices of the tuff
matrix. Experiments are under way to try to quantify the contribution of this
matrix-diffusion mechanism to the retardation properties of the site.

Geochemistry of the Near Field

The characteristics of the proposed repository horizon. located in the
unsaturated zone, will be the overriding factor in limiting container corro-

gion and waste-form dissolution. Preliminary results of corrosion tests con-

ducted on 304L stainless steel indicate that a 0.3 inch thickness of this
material will be adequate to contain the waste for several thousand years,
even under saturated conditions. In addition, results to date indicate that
stress-corrosion cracking of spent-fuel containers fabricated from 304L stain-
less steel will not be a problem, even in a radiation field. Investigations
of the stress-corrosion cracking of high-level waste containers are under
way. It must be pointed out that these studies have not been conducted in a

radiation field.
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5.5 SIGNIFICANT RESULTS OF RESEARCH IN GEOMECHANICS

Research in geomechanics includes studies to determine the impact of the
thermal and mechanical properties of the host rock and in-situ stress on the
location, size. shape. orientation. and stability of the underground
openings. Also included are studies of the stress and temperature fields in
the vicinity of a site, the excavation characteristics of the rock mass, ther-
mal and thermomechanical modeling techniques, and the effects of radiation on

the mechanical properties.

Predictions of cock temperature are required for establishing the spatial
extent of the repository horizon acceptable for waste emplacement, for estab-

lishing the acceptable thermal loading within the horizon, and for evaluating
the ability of repository and waste-package designs to meet constraints on the
maximum allowable rock temperature. In addition, temperature predictions are

an important prerequisite to the evaluation of pillac. waste emplacement hole,
and intersection stability: to a determination of the waste-package environ-
ment, to the establishment of ventilation requirements, and to design tradeoff
studies (e.g., horizontal versus vertical emplacement, waste-package sizing,
canister spacing, and drift spacing).

Stress, strain, and displacement predictions are required for developing
detailed design plans for room sizes, shapes. spacings, and support require-
ments; for evaluating emplacement-hole stability (including liner require-
ments, if any, for stability): for determining the spatial extent of accept-
able host rock in the repository horizon; for evaluating shaft designs with

respect to structural stability and liner loading; and for evaluating the mag-
nitudes and consequences of far-field expansion and subsidence.

Excavation characteristics of the rock mass and observations made in
other similar rocks with comparable stress conditions and hydrologic charac-
teristics are required to determine the dimensions of mined openings, support
requirements for these openings, efficient mining techniques, rock damage due
to excavation, and dewatering requirements.

5.5.1 BASALT

Testing in basalt has now progressed from the laboratory testing of rock
cores to field tests at the Near-Surface Test Facility (NSTF). In addition, a

series of hydraulic fracturing tests have been conducted in five surface-based
boreholes to estimate the in-situ stress at the four candidate repository
horizons. The data obtained from the laboratory studies have been used for

developing a preliminary constitutive relationship for incorporation into
numerical models. Preliminary measurements of in-situ stress have been used
to derive opening configurations and waste-emplacement techniques for concep-
tual designs of the repository and waste package.

Laboratory Testing
A series of laboratory tests has been conducted on the cores from three

boreholes at the site for the purpose of characterizing the physical, mechan-
ical, and thermal properties of four candidate horizons in the basalt. An
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abbreviated summary of the results of this laboratory testing of intact rockis presented in Table 5-1 for the Cohassett flow, which is currently the pre-ferred horizon.

Each flow consists of similar intraflow structures (flow-top breccia.vesicular zones, entablatures. and colonnades). Currently, the dense interiorportion of the Cohassett flow (entablature and colonnade) has been chosen asthe most suitable portion for a repository. From Table 5-1 it is apparentthat the dense interior provides relatively high intact-rock strengths andYoung's moduli with a corresponding low porosity. Joints and fractures withinthe basalt will produce rock-mass strengths and deformation moduli that willbe less than the corresponding values for intact rock.

Table 5-1. The Physical, Mechanical, and Thermal Propertiesof Intact Basalt from the Cohassett Flow

Property Entablature* Colonnade”

Bulk density (g/cm?) 2.84 + 0.02 2.81 + 0.05

Porosity (%) 2.85 + 0.79 4.37 + 1.47

Uniaxial compressive strength
(MPa) 291.6 + 18.90 286.3 + 38.31

Young's modulus (GPa) 75.60 + 5.83 72.76 + 7.23

Poisson's ratio 0.25 + 0.02 0.25 + 0.02

Tensile strength (MPa) 14.54 + 3.32 15.8 + 2.36

Thermal conductivity (W/m-K) 1.51 + 0.15”

Coefficient of thermal
expansion 6.02 + 0.42°

*Dense interior intraflow structures.
“Entablature and colonnade test results were averaged to determine thethermal-property values given in the table.

The thermal and mechanical properties of basalt are important engineeringparameters that are used in repository modeling and design. The effects of
heat transfer through the rock mass from heat-generating waste containers aresufficiently well understood to predict temperature distributions. The be-
havior of the rock mass under thermally induced stresses is not yet fullyunderstood. Until it is, the waste emplacement areal densities. emplacement-
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room spacing, container-hole spacing, and the estimated additional support
requirements due to thermal loading are preliminary. The thermal properties
of the rock mass experiencing stresses sufficient to close joints and frac-
tures are not expected to be significantly different from those of intact rock.

The mechanical properties and behavior of the rock mass are not as well
understood. Preliminary assessments of the effects of confinement stress,

temperature, and loading time have been performed on intact rock and joints.
Work is continuing in this field.

Field Tests at the Near-Surface Test Facility

Many types of field tests have been conducted at the Near-Surface Test

Facility since its construction in 1979 at Gable Mountain. The location of
the facility was chosen primarily because of the easy access to the Pomona
flow, which possesses characteristics similar to the candidate horizons. The
tests conducted at the facility can be grouped into four categories:

1. Geologic characterization studies.
2. Full-seale heater tests.
3. Jointed block tests.
4. Test method and instrument development tests.

These tests have yielded valuable information which has led to (1) an

understanding of the generic behavior of Columbia River basalt; (2) the ad-
vancement of measurement methods and instrument technology: (3) the improve-
ment of data-analysis methods; and (4) the development of predictive numerical
models. The NSTF geologic studies, jointed block tests. and full-scale heater
tests have been completed, and a variety of instrument development tests are

continuing. The results of these tests are summarized below.

Mechanical Properties. Results from the triaxial block test indicate an

anisotropic deformability behavior of the rock mass. The deformation-modulus
values perpendicular to the basalt columns are only about 60 percent of those

parallel to the columns at low confining stress levels (Cramer et al., 1983).
This degree of anisotropy was also reflected in the values of dynamic defor-
mation moduli calculated from compressional and shear wave velocities obtained
in crosshole seismic tests. The rock-mass density and sonic velocities in-
crease with increasing confining stress levels. These results indicate the
need foc a complex mechanical model.

Thermal Properties. Results from large-scale heater tests (Gregory and
Kim, 1981) were used to determine a best-fit rock mass thermal conductivity
value of 1.7 W/m-K. This value is close to the 1.51 W/m-K laboratory value

presented in Table 5-1 and within the range of values measured in the

laboratory (1.32-1.74 W/m-K), which tends to support the conclusion by other
researchers that in-situ thermal performance can be adequately modeled with

laboratory values.

Performance Characteristics. Examination of the walls of the 16-inch-
diameter boreholes used for emplacement of the heaters in the large-scale
heater tests at the Near-Surface Test Facility showed some new crack formation
and joint opening, but no spalling or decrepitation as a result of heating to
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approximately 600°C. While this temperature level is about twice thatexpected in a repository. it should be noted that the in-situ stress conditionat the facility is much lower than that expected at the repository depth.

Measurements of In-Situ Stress

The basalt flows underlying the Hanford Site have been known to be underhigh horizontal compressive stress acting in a general nocth-south direction.Core-disking and borehole-spalling phenomena observed in exploratory boreholesare indicative of such in-situ stress. Hydraulic-fracturing tests have beenconducted to determine the magnitudes and the orientations of the principalstresses. Three boreholes at the reference repository location and two bore-holes at other locations at the Hanford Site have been used for the tests.The results obtained from these tests confirmed that the maximum principalstress is acting in a general north-south direction and the maximum
horizontal-to-vertical stress ratio ranges from 2.1 to 2.7 (Kim and Haimson,1982; Rundle and Kim, 1983). Although this technique has some uncertaintyassociated with the theoretical basis for the data interpretation, it is theonly currently accepted method for measuring in-situ stress in deep bore-holes. The measured high horizontal stresses suggest the need for increasedrock-support requirements and thus greater mining costs. In addition, theseresults suggest a currently undefined potential for rock bursts that could
pose hazards to miners or make waste retrieval difficult.

Requirements for Artificial Support
Several rock-mass classification systems have been developed for theprimary purpose of providing empirical methods for estimating rock-supportrequirements. In addition, the use of these classification methods has been

extended to estimate the strength and the deformability of the rock mass.

The two most commonly used classification systems are the "Q" system(Barton et al., 1974) and the "RMR" system (Bieniawski, 1974, 1976). Both of
these systems have been used to Classify the rock-mass quality of the Cohas-
sett dense interior and estimate the rock-support requirements. The "Q"system led to a classification of very poor to fair, whereas the "RMR" systemclassified the same basalt rock as fair to good. This discrepancy is due to
different definitions of what constitutes poor or fair quality in a rock
mass. Both methods, however, result in very comparable estimates of supportrequirements. Depending on rock conditions, these requirements appear to
range from a minimum of one layer (0.7 to 1.7 inches) of fiber-reinforced
shotcrete to a maximum of systematic tensioned rock bolts with wire-mesh-reinforced shotcrete (1.7 to 4.2 inches).

Laubscher and Taylor's (1976) method of estimating rock-support require-ments by modifying the "RMR" system was also used to evaluate support require-ments. This method resulted in a slightly greater rock-support recommendation
than did the “RMR" system, but was still within the maximum bounds of the pre-viously recommended range of rock support.

It should be noted that these are empirical methods based on case histo-
ries quite different from the rock type, temperature, and stress environment

-317-

OCR DB-105603
Holtec_PAL-001110



.

that would be encountered in a repository located in the Cohassett flow. To
confirm the empirical estimates, other methods of evaluating rock support will
be used, such as in-situ tests, numerical modeling, and observational meth-
ods. During the proposed explocatory shaft testing program, observational
methods will be used to better evaluate and confirm support requirements.

It should also be noted that preliminary estimates of excavation and

thermally induced stresses were considered in these empirical studies. Site-

specific experimental data on the effects of thermally induced stresses will
be extensively evaluated by in-situ testing during site characterization.

5.5.2 SALT

An initial data base of geomechanics properties is being established for
the seven salt sites under consideration. This data base is composed of the
results of thermophysical and thermomechnical laboratory tests of various rock
salt and nonsalt rock units and is enhanced by field tests at Avery Island.
Louisiana, and the Asse salt mine in the Federal Republic of Germany. Limited

site-specific data are also available from the geophysical monitoring of
selected boreholes and seismic surveys. In addition, field data from the
Waste Isolation Pilot Plant studies and previous experience gained in Project
Salt Vault serve as a supplement to the data base. At present the laboratory
data obtained encompass unconfined compressive strength, indirect tensile

strength, triaxial compression and extension, creep, thermal conductivity.
thermal expansion, and specific heat capacity, together with various density
measurements and rock-fabric studies. The average thermomechanical and ther-

mophysical properties of bedded and dome salt are given in Table 5-2.

Testing of the thermomechanical properties of various salt units indi-
cates that the strength of these units varies with the site and varies sub-

stantially with confining pressure and temperature. To describe the increase
in salt strength with increasing confining stresses, a nonlinear failure

envelope was used (Pfeifle et al., 1983). This envelope describes the brittle
tensile and compressive strength of the units at room temperature under rapid
loading conditions. In salt, the ability to withstand sustained differential
stress decreases with temperature, but "failure" at elevated temperatures is
no longer brittle and is purely plastic. Studies are under way to quantify
this behavior in rocks of different impurity content and volume.

Thermomechanical testing has established that a number of factors in the

ductile response of salt are advantageous to a repository. The time-dependent
creep of salt (which will tend to close and seal openings in the repository)
has been represented by an exponential creep equation (Pfeifle et al., 1983).

Laboratory studies are investigating the response of crushed salt, especially
the reduction of its permeability as backfill and its increase in strength due

to creep closure of the rooms. Testing has also indicated that fractures in

salt heal rapidly under applied stresses (Costin and Wawersik, 1980) and that

salt exhibits a rapidly decreasing permeability with flow (Gevantman, 1981).

From field and laboratory testing it is evident that the thermophysical
properties of salt are influenced by impurity content and grain size, and

hence. vary somewhat from site to site. In addition, the thermal conductivity
of salt is typically temperature dependent. On the basis of laboratory test-
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Table 5-2. The Average Thermomechanica] and ThermophysicalProperties of the Salt Sites

Palo Duro Paradox Gulf InteriorParameter Basin Basin Domes*

Bulk density (g/cm?) 2.15 2.20 2.20

Young's modulus (GPa) 26.6 26.9 31.5
Poisson's ratio 0.31 0.33 0.36

Thermal conductivity
coefficients” (W/m-K)

A 4.30 4.19 3.38
B 0.988 0.899 0.547

Specific heat
capacity (J/kg-K) 904 932 919

Thermal expansion
coefficient 39 42 36

“Data based primarily on results from the Richton Dome.

The equation for thermal conductivity is

L =A
T

where L is the thermal conductivity, T is the temperature in kelvins, and A
and B are material constants.

ing, a nonlinear representation of thermal conductivity has been establishedfor the basins (Lagedrost and Capps. 1983). The thermal expansion and
specific-heat-capacity coefficients for all basins are similar, but the
thermal conductivity values differ substantially between dome and bedded
salt. The conductivity of dome salt is less than that of the bedded units.
Also, the dependence of the thermal conductivity decreases as the anhydritecontent increases. However, in comparison with other rock types, the conduc-tivity of dome salt is still high. The presence of interbeds in a salt unit
will tend to reduce its thermal conductivity.

Research on in-situ stress and stress changes in the rock mass is under
way. Preliminary data indicate that, because salt is plastic, the measurement
of stress by standard techniques based on the theory of elasticity is not
appropriate. Development of stress-change and displacement transducers isfocusing on the longevity and reliability of such devices under the tempera-ture and pressure conditions of a tepository.
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Because of the relative ease of excavation in rock salt, studies of the
excavation characteristics of the galt have concentrated on definition of the
zone of rock salt disturbed by mining. Initial estimates of this zone suggest
a disturbed zone ranging in depth from 3 to 7 feet, based on various field
permeability studies, to an order of tens of meters for a highly anisotropic
evaporite unit. Further details of these estimates are given in the draft
environmental assessments.

Radiation Effects on Salt

Limited studies of the effects of ionizing radiation on the physical
properties of salt indicate that the effects vary with temperature, duration,
the intensity of radiation, as well as the type and dimensions of the salt

sample.

Uniaxial compression and creep tests were carried out on bedded salt from
a mine in Kansas and dome salt from Texas. The tests were performed on speci-
mens 2 inches in diameter. Stress-strain curves were obtained for three sam-

ples each of dome and bedded salt. The radiation effects on salt strength are

summarized as follows:

1. The compressive strength of rock salt exposed to 5 x 10° roentgens
at room temperature is, without exception, somewhat less than the
compressive strength of unirradiated rock salt.

2. Without exception, the modulus of elasticity is greater for exposures
of 5 x 10° roentgens than for unirradiated specimens.

The magnitude of these changes in strength and modulus does not appear to be

significant to rock stability and the design of artificial support systems
because significant irradiation of salt only takes place within a few centi-
meters of the waste package.

TUFF

The development of the geomechanics data base for a potential repository
at Yucca Mountain is well under way. At present the data base consists pri-
marily of the results of laboratory tests on core samples, but is enhanced by
initial results from field observations and tests being made on a different
welded tuff in G-tunnel at the Nevada Test Site. The selection of the Topopah
Spring tuff as the target horizon for the repository was based in part on the

average thermal and mechanical properties defined for each of the four hori-
zons considered from tests of thermal conductivity, thermal expansion, and
unconfined and pressure-dependent mechanical properties: mechanical tests on

jointed rock samples; and mineralogical and petrological analyses. Definition
of the properties to be expected in the candidate repository horizons has
relied on combining the measured thermal and mechanical data with the corres-

ponding bulk properties (porosity and degree of fracturing). Downhole geo-
physical logs were combined with mineralogical analyses of cores to produce
stratigraphic descriptions of the thermal, mechanical, and chemical properties
of candidate horizons. The more important data are summarized in Table 5-3.
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Table 5-3. Average Thermomechanical Properties of Tuff in the
Topopah Spring, Calico Hills, Tram, and Bullfrog Members

Topopah Calico
Parameter Spring* Hills Bullfrog Tram

Porosity (%) 0.17 + 0.09 0.32 + 0.02 0.23 + 0.03 0.19 + 0.03

Grain density 2.55 + 0.03 2.40 + 0.02 2.59 2.64 + 0.04

Thermal conductivity
(W/m-K), isotropic

Saturated 1.8 + 0.4 1.4 2.0 + 0.1 2.2

Dry 1.6 + 0.4 1.0+0.05 1.4 + 0.2 1.6 + 0.2

Linear thermal expansion
coefficient (10°*

Predehydration 6.7 + 3.7 8.3 + 1.4 8.3 + 1.4

Transdehydration 31.8 -56.0 -12.0 -12.0
(to 300°C) (to 150°C) {to 125°C) (to 125°C)

Postdehydration 15.5 -4.5 44.0 10.9 + 0.8 10.9 + 0.8
(to 400°C) (to 300°C) (>125°C)

Young's modulus (GPa) 26.7 8.1 + 2.3 15.5 + 4.5 21.8 + 0.3

Poisson's ratio 0.14 + 0.05 0.16 + 0.06 0.19 + 0.08 0.19 + 0.07

Unconfined compressive
strength (MPa) 95.9 + 35.0 30.6 + 11.1 56.9 + 20.8 79.2 + 28.9

*Preferred repository horizon.

Mechanical Properties
Studies of the mechanical properties of intact samples

tain indicate that the observed variations in material from
depend mainly on porosity.
trolling the compressive strength.

from Yucca Moun-
the four horizons

Rock fabric also plays a significant role in con-

Preliminary assessments of the effects of
water, temperature, confining and fluid pressure, loading time, voids, and
anisotropy have been performed. Additional testing is concentrating on the
Topopah Spring tuff to assess both the lateral and vertical variability of the
properties. Studies of the mechanical properties of discontinuities and con-
tacts (e.g., joints. bedding planes, and faults) have focused in earlier years
on simulated joints precut in samples of tuffs from the Grouse Canyon and Prow

-321-

HQ0005597

OCR DB-105607
Holtec_PAL-001114



.

Pass Members. These results are important because of the physical and mechan-
ical similarities of these units to the Topopah Spring tuff. More recent
testing has focused on cores from a Topopah Spring outcrop to determine shear
and normal compliance of the joints and conditions for the onset of joint
Slip. These data are used as input to numerical models that assess the sta-
bility of the mined openings and the effects of waste emplacement. Variations
in the mechanical properties of simulated joints due to the effects of dis-
placement rate, water saturation, and time-dependent behavior have been quan-
tified for use in predicting the mechanical response of the rock mass. Fur-
thermore, preliminary results from the heated-block experiment indicate that
the modulus of deformation for fractured welded tuff is about 50 to 60 percent
of the modulus measured on intact laboratory-scale samples.

Thermal Properties
Saturated and dehydrated thermal conductivities are variable and show

dependence on variations in porosity and grain density (mineralogy). Studies
indicate that the effects of layering (fabric anisotropy) on the thermal con-

ductivity of welded and nonwelded tuffs are negligible. It appears that the
effects on the conductivity of air-filled voids (lithophysae) that occur
within the Topopah Spring tuff can be modeled as additional air-filled por-
osity: however, the distribution of these voids remains poorly defined, and
the above assertion requires further confirmation. The presence of fractures
is expected to have a negligible effect on the in-situ rock mass conductivity
below the water table. Within the target horizon and at other locations above
the static water level, fractures may locally decrease thermal conductivity by
as much as 10 percent. However, the results of the small-diameter heater
tests in G-tunnel indicate that heat transfer calculations based on properties
measured in the laboratory effectively reproduce the measured temperature
fields.

Laboratory measurements on Topopah Spring tuff indicate that the thermal
expansion is approximately linear at temperatures between 25 and 200°C. Above
200°C, transformation of the cristobolite within the tuffs increases the ther-
mal expansion coefficient. Studies indicate that the effects of bedding and
textural anisotropy on the matrix thermal expansion behavior of densely welded
tuffs are negligible. The presence of thermally induced or preexisting frac-
tures is expected to reduce rock-mass stresses to below those predicted by
laboratory tests, primarily because of the lower effective deformation modulus
in the field.

For a repository in the Topopah Spring tuff, analysis has shown that the
pactial] saturation and prevalent fractures preclude significant thermally in-
duced decrepitation of the tuff. Measurements of thermally induced water mi-
gration are continuing in order to quantify its effect on ventilation require-
ments and on the effective thermal conductivity of the tuff.

In-Situ Stress

The stress field at Yucca Mountain appears to reflect the superposition
of regional tensional tectonic stress onto gravitational loading. It is
assumed that measurements in nearby mesas can be extrapolated to provide first
estimates of the state of stress at depths in the unsaturated zone in Yucca
Mountain, where measurements have not yet been feasible. Under mesas, gravity

-322-

HQ0005598

OCR DB-105608
Holtec_PAL-001115



.

loads and contrasts in material properties for densely welded and nonwelded
tuffs appear to result in layering effects and differential stresses between
stiffer and softer layers. This complicating effect is expected to be sub-
stantially smaller in a repository in Yucca Mountain because of the thickness
and depth of the Topopah Spring tuff.

Excavation Characteristics and Artificial Support Requirements
Experience gained in welded tuff in G-tunne) and evaluation of cores from

Yucca Mountain indicate that controlled blasting can be used to excavate the
welded tuff. In addition, repository-size openings can be stabilized with
rock bolts and wire mesh. The excavation characteristics of Yucca Mountain
tuffs have been evaluated using several empirical approaches and information
obtained from boreholes and cores as well as through the use of more sophis-ticated numerical analyses. These empirical correlations and numerical stud-
ies suggest that no unusual support systems will be required for the explora-
tory shafts or tunnels excavated in the Topopah Spring tuff. Confidence in
the predictions by empirical methods and the numerical studies was increased
by applying them to the tuffs of Rainier Mesa, where there is substantial
mining experience.

5.6 RESULTS OF RESEARCH IN OTHER ROCK TYPES

Field and laboratory testing in granitic rocks provides a source of geo-
mechanical, hydrologic, and instrumentation data generically applicable to
hard, brittle rocks like basalt and welded tuff, which are under consideration
for the first repository. The extent to which data are directly transferable
is, of course, limited by mechanical and hydrologic differences among the
rocks and is hence site specific. Clearly. the results will be more directlytransferable to the second repository program, which currently is exploringfor sites in granite or other so-called crystalline rocks.

Current information on the geohydrologic setting of crystalline rocks in
the regions being investigated by the Crystalline Rock Project (CRP) is based
on published literature and on data available from various agencies and organ-
izations. Field investigations by the CRP will commence after the selection
of candidate areas.

Thus, very little specific ground-water flow information is available at
expected repository depths (approximately 3300 feet) in crystalline rocks.
However, a considerable amount of general understanding of flow systems has
been gained over the past two decades through computer modeling (Toth, 1962,
1963; Freeze and Witherspoon, 1966, 1967, Stokes, 1977; and Gale,
1982). These analyses are based on the fact that the ground-water table in
crystalline terrain is a subdued replica of topography. Under these water-
table conditions, the ground-water flow system is governed by elevation-head
differences between topographic highs (ridges) and topographic lows (val-
leys). The amount of recharge is also governed by topography. with greater
amounts of precipitation occurring at higher elevations providing more oppor-
tunity for recharge. Under steady-state conditions (e.g., at equilibrium) it
is possible to envision a system with uniform topography and homogeneous
tocks, where recharge occurs on the ridges and discharge occurs in adjacent
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valleys. However, because the elevation of ridge tops is not uniform and
crystalline rocks are not hydraulically homogeneous, the ground-water flow
system is more complex than described by that system.

The complex nature of these systems was first modeled by Toth (1962,
1963), who defined local, intermediate, and regional ground-water flow
systems. Local flow systems are characterized by shallow ground-water circu-
lation, generally extend over an area of several square miles, and discharge
areas are immediately adjacent to recharge areas. Regional flow systems are
characterized by deep circulation, extended over many miles, and contain sev-
eral local systems. Intermediate flow systems have characteristics between
those of the local and regional flow systems and contain more than one local
Elow system.

In general, the movement of ground water in fractured and low-permeabil-
ity rocks is not yet well understood. As a consequence, mathematical models
that can reliably predict ground-water movement in these rocks do not present-
ly exist. Although the parameters potentially influencing ground-water move-
ment in these rocks are known, their relative importance is not yet known,
and, consequently, the required degree of detail for field measurements cannot
be defined at this time. Most current field-measurement techniques are de-
signed for high-permeability rocks and sediments that are of interest for
water-resource development. Reliable techniques that may be necessary for
fractured and low-permeability rocks must be developed.

A significant amount of research and development is being conducted world
wide to improve the understanding of hydraulic and other physical and chemical
processes in fractured and low-permeability rocks and to develop the field
measurement techniques and mathematical models required for characterizing and
evaluating these processes. The relevant state of the art as of 1978 is docu-
mented in the Proceedings of the 1978 Symposium on Geotechnical Assessment and
Instrumentation Needs (GAIN--Lawrence Berkeley Laboratory, 1979). An update
is being prepared on the the basis of the GAIN 1984 Symposium.

Research on the mathematical modeling of ground-water flow in crystalline
rocks directly sponsored by the Crystalline Rock Project has been conducted at
the Lawrence Berkeley Laboratory (LBL). Mathematical representations of dis-
crete fracture patterns and mathematical models of ground-water flow in net-
works of discrete fractures have been developed (Long. 1983: Long et al.,
1983; Endo, 1984). The current LBL models consider the rock matrix between
the modeled fractures to be impervious and assume the fractures to be circular
parallel plates. Work is in progress to test the models on actual data and to
develop criteria for determining whether a particular fractured rock can be
modeled as an equivalent porous medium. Considerable research remains to be
accomplished, however, to relate the models to field data that can reasonably
be expected to be measured and eventually to validate the models with actual
field measurements.

5.6.1 CLIMAX STOCK, NEVADA TEST SITE

A test of the engineering feasibility of the packaging, transport, deep
geologic emplacement, and retrieval of spent reactor fuel was conducted in
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underground workings in the Climax granitic stock. These workings are about1400 feet below the surface and about 500 feet above the water table (Murray,1981). Although the test facility is thought to be in the unsaturated zone,ground water is present in fractures and faults at this test level. Monitor-ing indicates that about 20 tons of water are removed in the ventilation airstream each year.

The specific objectives of the test include the following:
Simulation of the thermal environment of a panel of a full-scale
repository.

e Evaluation of the effects of heat in combination with intense
ionizing radiation on the canister environment.

Measurement of the thermal and thermomechanica) response of the
facility and comparisons with model calculations.

In addition, this test provided important engineering data on handlingsystems, operational controls, and radiation safety (Patrick et al., 1982;Raschke et al., 1983).

A large data base has been developed during the 3-year testing phase and
6-month post-retrieval cooling phase of the test to address these objectives.Some of the significant cesults and their implications are summarized here.

A series of calculations of thermal and thermomechanical response were
conducted to help design the test and associated instrumentation and later to
predict the transport of heat, the generation of stresses, and the displace-ments throughout the test facility. During the 3-year heated phase of the
test, measured temperatures agreed with calculated temperatures generallywithin 2°C (Patrick et al., 1982). This relatively good agreement between
modeling and experimental results was seen throughout the instru-
mented volume of the test. This finding is significant in two ways: it
builds confidence in the ability to calculate heat flow in the unsaturated
zone. and it implies that geologic structure plays a minor role in affectingheat flow.

Comparisons of calculated and measured displacements indicate that dif-
ferences of approximately 20 percent occurred during the heated phase of test-
ing (Yow and Butkovich, 1982). Since the calculated and measured displacement
curves are nearly parallel in time, it appears that the basic thermomechanica)
phenomena are being properly modeled.

Monitoring of displacements and stresses also took place during the
excavation of the facility, before heat sources were installed. In this case,
calculations did not agree with measurements. Analysis of these data indi-
cates that the geologic structure had a significant effect on the response of
the rock mass (Heuze et al., 1981). Models based on the theory of elasticity
were therefore inadequate.

Implicit in the comparisons of calculations and measurements is the
availability of high-quality data. The data acquisition system recorded and
archived nearly 9-million data records. The overall reliability was 96 per-

-325-

HQ0005601

OCR DB-105611
Holtec_PAL-001118



.

cent. This degree of reliability was achieved through the use of redundant
components and the application of stringent calibrations of key measurement-
system components, such as digital voltmeters. Although the use of redundant
components is not unique to this test, the need for redundancy was found to be
much greater than expected because of the remoteness of the site and the need
to locate part of the system underground.

Two notable classes of instrumentation failures occurred, which highlight
the need for further development of instrumentation for long-term monitoring.
First, borehole cod extensometers were found to fail in two modes: malfunc-
tioning of transducers because of corrosive vapors, and breakage of connecting
rods by stress corrosion (Patrick et al., 1981). Both problems are prevent-
able. Second. stress gauges were found to fail because of internal corro-
sion. Cooperative work with the gauge manufacturer has already produced a
solution to this problem.

The results of in-situ stress measurements at Climax, though not directly
applicable to basalt and tuff, provide important insights into the behavior of
fractured hard rocks. In addition to confirming the highly anisotropic nature
of the in-situ stress reported by previous researchers, preliminary results
indicate the apparent existence of stress "domains" (Creveling et al... 1984).
A possible implication is that such domains may need to be identified. charac-
terized, and appropriately treated in performance assessments.

Stability of emplacement holes under the influence of a combined thermal
and radiation field was investigated in the Climax tests in a fundamental way
by hammer-drilling 17 holes 2 feet in diameter and 16 feet deep. No macro-

scopic degradation of any emplacement hole was observed. Microscopic studies
are under way to examine possible thermal, radiation, and geochemical effects
on the rock. These studies will augment earlier investigations that revealed
an unexpected 10 percent decrease in Young's modulus and a 20 percent decrease
in unconfined compressive strength of this rock after it was subjected to an
intense radiation dose from a cobalt-60 source (Durham, 1982). Studies at
Climax have also provided limited, though important, data on the corrosion of
stainless and carbon steels in a geologic environment. Observations of mate-
rials recovered from the test indicate the potential importance of augmenta-
tion of normal corrosion processes by the radiolytic formation of nitric acid.

5.6.2 STRIPA MINE, SWEDEN

As part of an international cooperative program, numerous tests have been
conducted in underground workings in granite at Stripa, in central Sweden.
The main test workings are about 1150 feet below the surface and below the
water table. This site provides a contrast to that of the Climax test, which
is above the water table.

The types of tests and analyses performed include the following:

Comparison of predictions made with computer codes against tempera-
ture profiles measured in a wet, jointed hard rock.
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@ Measurement of the rock-mass permeability as a function of tempera-ture and pressure.

¢ Determination of the magnitudes and Principal directions of in-situ
stresses in the rock mass.

Determination of thermally induced stresses and deformations in the
tock mass around electrical heater emplacements and of any relatedphenomena due to heating of the rock.

Testing of a macroscopic method to define the combined bulk and frac-
tuce permeability of the rock.

The significant results to date of this set of experiments ‘can be summa-
rized as follows:

¢ Two different experiments with heaters have demonstrated that exist-ing computer models can accurately calculate the temperature profilesin the rock. The experiments demonstrate that the predictions are
accurate over a period of 20 years (this prediction results from the
ability of one of the tests to compress 20 years of heat flow into 2
years).

¢ Work at Stripa has demonstrated that a large-scale method of measur-
ing the in-situ permeability of a low-permeability (107° darcy)rock mass is feasible. The method can be adapted to rock masses
whose permeabilities are far less than this. The measurements of the
permeability of the rock mass indicated that the permeability de-
creased with increasing rock temperature. Other measurements showed
that the permeability was independent of pressure.

© The measurement of in-situ stress in the hard rock showed that there
was substantial scatter in the magnitude and direction of the stress.

The calculated deformation resulting from heating of the rock mass
was greater by a factor of 3 than that measured in the experiments.
Three potential causes for the discrepancies currently being investi-
gated are: the validity of the input data, the factors considered in
the thermomechanical model, and the adequacy of the measurement
instrumentation.

¢ The calculation of the change in stress resulting from heating of the
rock mass agreed closely with the measurements.

Laboratory tests by transient methods (pressure pulses) consistently
gave lower permeability values than did steady-state tests on the
same samples of fractured granite. The disparity increased with
decreasing permeability. The transient tests are very sensitive to
minor leaks in the test assembly and to temperature variations as
small as 0.05°C in the cavity fluid (Forster and Gale, 1980).

® Collectively, the in-situ tests identified the importance of the
coupled effects that control the migration of aqueous solutions of
radionuclides away from a site. The mechanical, thermal, hydraulic,
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and chemical behavior of a repository in any rock mass involves
coupling of these processes, as influenced by the in-situ state of
stress, the properties of the rock, and, more important, by discon-
tinuities in the rock mass.

5.6.3 COLORADO SCHOOL OF MINES EXPERIMENTAL MINE

The Colorado School of Mines (CSM) has driven a tunnel in its Experi-
mental Mine for use in the DOE program. The CSM Experimental Mine is located
near Idaho Springs, Colorado, and is situated in granite gneiss. The room for
the test facility lies above the water table and approximately 300 feet below
the surface. The objectives of the test are to

e §6Assess the effects of blasting on the rock mass.

e Determine constitutive relationships for crystalline rocks.

@ Evaluate the heated flat-jack test as a method for obtaining the
mechanical properties of jointed rock masses for input to thermo-
mechanical models.

Extensometers and leveling pins were installed during construction to
monitor the rock-mass behavior. Permeability measurements were made in bore-
holes parallel to the tunnel as the excavation proceeded. Additional work
will include measurements of in-situ stress and a statistical evaluation of
fracture parameters and permeability measurements.

This ongoing program has demonstrated that the nature and extent of blast
damage done to surrounding rock during excavation procedures is predictable
and can be used in the design of repositories in hard rock. In-situ measure-

ments of the thermal expansion of a heated jointed block of rock (about 1
were not reproducible and lower than predicted because of the inability

to predict the behavior of the joints.

5.6.4 UNDERGROUND RESEARCH LABORATORY. CANADA

Atomic Energy of Canada Ltd. (AECL) is constructing an underground
research laboratory (URL) for the exclusive purpose of developing and proving
radioactive waste disposal technologies. The URL is located in Precambrian

granitic rocks of the Lac du Bonnet batholith approximately 60 miles east of
Winnepeg, Manitoba. The geologic setting is similar to that of Precambrian

crystalline rock bodies in the north-central United States.

As of January 1985 the URL shaft had been sunk to a depth of 720 feet.
The planned depth for the underground test chambers is 775 feet.

The URL site was chosen on the basis of having repository-quality rock
conditions. This criterion contrasts with other test facilities, which were

located in existing mines that had been sited for other purposes such as min-

ing (Stripa, CSM) or nuclear testing (Climax). Prior to shaft sinking, an
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extensive program of surface mapping and borehole drilling was carried out.
The data base from this work will be used to determine how well underground‘

conditions can be predicted prior to excavation. Instruments installed in
boreholes drilled from the surface and in advance of the shaft are being used
to monitor the hydrologic and mechanical effects of construction.

Among the tests planned for the URL are the following: (1) tests oflarge scale mechanical response to excavation (mine-by test), (2) a pressurechamber test to check coupled hydro-thermal-mechanical effects, (3) radio-
nuclide migration experiments, (4) hydrologic testing and monitoring, (5)
moisture balance to determine total water inflow, (6) container-buffer inter-
action tests, (7) borehole and shaft sealing tests. (8) instrumentation devel-
opment (9) heated rock block experiments, and (10) shaft construction monitor-ing experiments. The DOE has participated in the URL program by providingfunds for U.S. researchers to participate in the design, execution, and
analysis of the experiments. Specifically, U.S. groups are working in (1)
design of the mine-by experiment, (2) instrumentation development. (3) deter-
mination of porous media equivalence for ground-water flow in the URL fracture
system, (4) geophysical borehole logging methods to determine the opening of
fractures, and (5) microseismic monitoring to improve measurement of rock
stresses.

5.7 IMPLICATIONS OF CURRENT RESEARCH ON THE POTENTIAL
HOST ROCKS FOR THE PIRST REPOSITORY

On the basis of research described above each potential host rock has
been found to have certain intrinsic advantages and disadvantages. The pur-
poses of this section are to provide a summary and some perspectives on poten-tial host rocks under consideration for siting of the first repository. The
limited discussion that follows should not obscure the fact that (1) varia-

i tions exist in the properties of any geologic formation and between separateformations of the same rock; (2) repository sites will be chosen on the basis
of isolation capabilities, potential environmental impacts, land-use consider-
ations, and other social and economic considerations (see Appendix B); and (3)
detailed site-specific investigations will be required to establish the ulti-
mate suitability of any potential site for the location of a repository. Fur-
thermore, being generic, the discussion is not conclusive. The results of
preliminary evaluations of each potentially acceptable site against the guide-
lines are reported in the draft environmental assessments (DOE, 1984c-k).
More-detailed information will be presented in the site-characterization plans.

Two different approaches were used in site exploration. In the host-rock
approach, a potentially suitable rock--salt--was selected on the basis of its
favorable intrinsic properties. Then regions that contain that rock (e.g.,the Gulf Interior) were delineated as starting points for site screening.This approach was recommended by the National Research Council (1957). The
stacting point for the site investigations being conducted in basalt at the
Hanford Site and in tuff at the Nevada Test Site was current land use.
Investigations of these government lands dedicated to defense activities were
initiated in the mid-1970's to determine whether geologic and hydrologic con-
ditions would allow the use of these lands for repositories. Subsequently, in
1979, the General Accounting Office and the Congress recommended that existing
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Federal “nuclear reservations” be considered for siting repositories before
other areas were selected. This land-use approach to finding sites should not
obscure the fact that the isolation capabilities of the host rock are con-
sidered primary and that the evaluation of all candidate host rocks will be
performed on the same basis--that is, compliance with the siting guidelines.

The discussion that follows is based on information contained in a recent
report by the National Research Council (1983). This reference (NRC, 1983) is
intended to describe the source from which the information was obtained and
not to imply endorsement by the National Research Council. Table 5-4 summa-
rizes the more important advantages and disadvantages of the potential reposi-
tory rocks. For simplicity, bedded and dome salts have been combined. The
draft environmental assessments for the various sites discuss the favorable
and potentially adverse conditions of the different media relative to their
suitability as a host rock for a geologic repository. Chapter 7 of the draft
environmental assessments compares the merits of the various media and sites
relative to design, operation, and waste isolation of a repository. The
interested reader is referred to this more detailed discussion of the
characteristics of the different host rock types.

5.7.1 BASALT (HANFORD SITE)

Basalts of the Columbia Plateau comprise a very thick sequence of lava
flows (see Appendix C). Initially, the deposited flows had permeable tops and
bottoms. Many flows are separated by interflow sediments of high permeabil-
ity. With time and exposure to ground water, basalt flows and their interbeds
generally become less permeable because of the deposition of secondary min-
erals, especially silica, clays, and zeolites. This system of alternating
aquifers and relatively impermeable zones is complex, will be difficult to
characterize and model, and will require specially designed aquifer tests.

Basalt is among the strongest of common rock types; however, this makes
excavation of the rock expensive, and pervasive fracturing necessitates the
use of supports, such as rock bolts. Because it has a moderate thermal con-

ductivity and a high melting temperature, basalt can withstand a high thermal
load. Thick accumulations of basalt are unlikely sources for mineral and
energy resources, but resources may exist in underlying rocks.

A chemical characteristic of these basalts is that secondary clay min-
erals and zeolites commonly line joints and fractures. These minerals have
high sorption capabilities and hence a potential for inhibiting the migration
of many radionuclides. Another chemical characteristic of most basalts is the
strong reducing capacity (i.e., low oxidation-reduction potential) of deep
ground water, buffered by ferrous minerals, which are more abundant than in
other candidate host rocks. Most radionuclides are least soluble in reducing
environments, as indicated in Section 5.4.
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5.7.2 SALT

Bedded and domal deposits of rock salt have long been considered as} potential host rock for geologic repositories. Favorable properties of saltinclude high thermal conductivity (which minimizes temperature gradients for agiven waste loading); very low permeability (in the absence of discont inu-ities); no moving ground water for the transport of radionuclides: abundantavailability in thick and widespread masses that have uniform properties:plasticity that permits tight closure and self-sealing at repository depths:and low cost of mining. Furthermore. because of their high salinities, thewaters associated with salt deposits are not Normally attcactive for domesticand industrial uses. However, salt deposits may be overlain, underlain. orbounded by aquifers that contain potable water.

The sorptive capacity of salt is the lowest of all the candidate hostrocks, but interbeds higher in silicate minerals have higher capacities.Being highly soluble in water, salt is always associated with saline waters(saturated or nearly saturated chloride brines), which are highly corrosive tometals, especially at high temperatures. Many metals that have low solubil-ities in dilute waters (less than 0.1 percent dissolved matter) are highlysoluble in hot brines as metal-chloride complexes.
Some salt and associated brines are attractive sources.of common salt,potassium, bromine. and other minerals. Most sedimentary basins that containsalt deposits are also attractive targets for oil and gas exploration.
The plasticity of salt, which is greater at higher temperatures andhigher lithostatic pressures, can be an advantage in tending to heal fracturesand seal excavated openings. However, it may create some problems in main-taining underground openings over time intervals required to emplace waste and

to backfill emplacement rooms. It might also create some problems in keeping
. emplacement rooms open for decades if direct access for waste retrieval forthat long is required. The thermal expansion of salt is nearly three times

that of other potential host rocks. Thus, with therma] loading, the possibil-~ity of vertical uplift and induced stresses in more-brittle surrounding rocks
may become important.

Little site-specific research has been conducted on salt. Therefore, R&Dfor salt has treated salt largely in a generic sense.

Bedded Salt

Bedded-salt deposits are never pure sodium chloride. They contain vari-
able proportions of other evaporite and silicate minerals, which tend to main-
tain roughly uniform proportions parallel to original layers of deposition but
differ greatly in earlier and later deposited layers. Water content is verylow in massive salt (ca. one percent or less) but is generally higher in
intecbeds containing other minerals and in cross-cutting breccia pipes and
other discontinuities.

Issues of concern for bedded salt include the effects of solution fea-
tures, such as sinkholes, on anisotropic permeability in overlying aquifers;
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identification, genesis, and significance of breccia pipes: potential for dis-
solution: brine migration; potential occurrence. origin, and significance of
pressurized brine reservoirs: and the potential for human intrusion.

5.7.2.2 Salt Domes

Dome-salt deposits are similar in many respects to bedded salts. but they
are discrete pluglike bodies whose internal structures are highly complex and
essentially vertical. The margins of salt domes also tend to be structurally
complex. This makes the prediction of radionuclide transport less certain.
Another potential disadvantage of domes is that their tops and borders may be

regions where extensive dissolution has occurred. Also. adjacent strata pene-
trated by domes tend to be faulted and folded in a complex manner. and hence,
their physical continuity and effects on water flow are difficult to charac-
tecize and model. Fluid inclusions in dome salt tend to be smaller and of
lesser total volume than those in bedded salt that has not been subjected to
as much pressure. Upwarped and faulted sedimentary strata on the margins and

tops of salt domes are especially attractive for oi] and gas exploration.
Domes are also attractive as sources of nearly pure rock salt, as sites of
deposits of elemental sulfur (in the caprock rather than in the salt itself),
and as sites for storing oil, gas, and other fluids.

Domes are limited in number and easy to locate, making them targets for
_

future human intrusion. Because they penetrate various water-yielding sedi-
mentary rocks to great depths, they are subject to dissolution near their mar-

gins and may be surrounded by both potable water at shallow depths and saline

ground water at greater depths. The buffer zone of relatively pure halite (90

percent +) surrounding the repository and its associated low permeability and

porosity (NBS, 1981) will result in a very low ground-water flux and only a

small potential for long-term radionuclide release. Additional studies must
be carried out, however, to define flow paths and rates outside of the dome.
Various lines of evidence attest to the structural stability of salt domes.

Long-term future changes in sea level may alter ground-water-flow systems in
coastal plain aquifers by increasing or decreasing path lengths and water
velocities, but the consequences of such possible changes can be adequately
bounded.

5.7.3 TUFF (YUCCA MOUNTAIN SITE)

Tuffs, which are explosively erupted volcanic rocks rich in silica, have
some favorable characteristics for repositories. Some ash-flow tuffs were so

thick and hot when erupted (600 to 1000°C) that their siliceous glass frag-
ments deformed plastically and formed dense “welded” tuff (see Appendix B).
Other ash flows and air-fall tuffs retained their initial high porosity, but
their glass commonly has altered to zeolites and clays which have high sorp-
tion capacities. Such minerals usually are absent in welded tuffs of nearly
identical chemical composition, which devitrified from natural glass at high
temperatures to more-stable silica and silicate minerals.
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The potential for siting a repository in the unsaturated zone in an aridregion is considered an advantage. The very low flux and moisture content to
. be expected in the repository horizon would allow the construction and opera-| tion of a repository under nearly dry conditions, would allow the design ofengineered-barrier systems that could keep canisters virtually dry. and would

minimize concerns about the design and functioning of shafts and seals. How-
ever, concepts of hydrologic flow and radionuclide transport in unsaturated,fractured rocks are not well developed. The testing of these concepts willrequire specially designed field tests. Thus, the flow system will be diffi-
cult to characterize in detail.

Silicie tuffs generally are low in iron, most of which has been oxidizedto ferric iron. Ground water is likely to be dilute in dissolved matter,oxidizing, and unfavorable for the long-term retention of uranium and other
tadionuclides of low solubility in reducing environments. However, silicic
tuffs have offsetting advantages in the high sorption capacities of associated
manganese and iron oxides, clays, and zeolites and diffusion into pores.

Tuffs are relatively homogeneous in their Original horizontal dimensions
but are generally very heterogeneous vertically, each layer differing in
porosity, permeability. strength, and extent of devitrification and sorptioncapacities. Also, permeable sedimentary rocks commonly form interbeds above
or below uniform tuffs, and individual units have been faulted and fractured
in response to tectonic activity. Thermal conductivities of tuffs are mode
ate but variable, depending chiefly on porosity. Most silicic tuffs are suf-ficiently strong after welding, devitrification, and cementation to maintainstable mined openings. Oil and gas seldom occur in the tuffs but may be pre-sent in underlying sedimentary rocks.

5.7.4 PERSPECTIVES

As illustrated in Table 5-4 and discussed in the preceding text, there
are intrinsic advantages and disadvantages associated with each of the poten-tial host rocks for the first repository. Table 5-4 lists advantages and dis-
advantages that are generic to domal and bedded salts, but specific to the
Hanford site basalts and Yucca Mountain tuffs. It is evident that no cock
type is clearly superior. The suitability of any of these rocks for hosting a
repository cannot be judged by such a simple table. Suitability can only be
judged by analyzing all of the intrinsic advantages and disadvantages--asinfluenced by the conditions prevalent at a specific site--and by analyzingthe performance of the total isolation system. Ultimately. site-specific per-formance assessments will be used for detailed comparisons of sites. The data
to be used in these performance assessments will not be available until after
site characterization.
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Table 5-4. General Comparison of the Potential Host Rocks for the First Repository*

Advantages Disadvantages

BASALT (HANFORD SITE)

Very strong rock

Low permeability at depth due to secondary
minerals in fractures

Minerals that fractures “and minerals
that will form by chemical reactions during
thermal pulse are commonly highly sorptive

Characterized by geochemical conditions
that generally inhibit radionuclide
transport

No resource potential of the rock

Complex hydrology very difficult to
characterize and model

Variations in lateral and vertical extent
and properties make it difficult to
charactertze and model

Reduced mechanical stability due to
fracturing

Relatively expensive to excavate

Some layers have high permeability at
shallow depth where they constitute aquifers

Unknown resource potential in deep
underlying rocks

BEODEO SALT AND SALT DOMES

Very low water content

Very low permeability

High thermal conductivity
Oeforms by plastic flow rather than
fracture; fractures tend to self-heal

Low cost of excavation

Bedded salt is relatively easy to
characterize and model

Extensive mining experience

Natural resources (other than salt) are
commonly associated with salt deposits;
these include potash in bedded salt and
sulfur, of1, and gas near salt domes

Wighly soluble in water; extent and rate of
dissolution difficult to characterize

Creep closure of mined openings complicates
modeling
tLikelthood of pockets of gas or brine

Low sorptive capacity

Salt domes are relatively difficult to
characterize and mode?

Highly corrosive to metal

TUFFS (YUCCA MOUNTAIN SITE)

Virtually no mineral or energy resource
potential

Highly sorptive minerals constitute Jarge
proportion of many beds

Very low flux of water in arid regions
Present in significant thicknesses above
the water table

Because composition and physical properties
are highly variable, strata ere relatively
difficult to charactertze and model

Reduced mechanical stability because of
fracturing

Aquifers in arid regtons any be attractive
to future generations
Unsaturated zone hydrology not well
understood and difficult to characterize
and model

Seismic activity tends to be high in
regions where tuffs occur

AThe information contained in this table is a summary based on Section &. See
also Section 5.7.4 for a brief discussion of the perspectives from which these advantages
and disadvantages are to be viewed.
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Chapter 6

GUIDELINES FOR RECOMMENDING SITES FOR REPOSITORIES

The guidelines issued under Section 112(a)

--Nuclear Waste Policy Act, Section 301(a)(6)

In response to the above stated requirement of Section 301(a)(6) of the
Nuclear Waste Policy Act of 1962 (the Act), the DOE is including in the Mis-

‘sion Plan (see Appendix B) its final rule 10 CFR Part 960, "General Guidelines
for the Recommendation of Sites for the Nuclear Waste Repositories." Preparedin response to the requirement of Section 112(a) of the Act, these guidelines
were developed through a lengthy process that involved extensive public com-
ment; consultation with the States, affected Indian tribes: and Federal agen-cies; and the concurrence of the Nuclear Regulatory Commission. After re-
ceiving the Commission's concurrence by unanimous vote, the guidelines were
approved for issuance in final form on November 30, 1984, and published in the
Federal Register on December 6, 1984. They became effective 30 days after
issuance.

Preceding the guidelines in Appendix B is the supplementary information,
also referred to as the “preamble” or the “statement of basis and purpose."It provides background information on the process by which the guidelines were
developed, including details about the consultation process, and the organi-
zation and format of the guidelines. The supplementary information also dis-
cusses the comments received on the draft guidelines and explains the dispo-sition of the comments. In addition to general comments on such topics as
specificity, relationship to NRC and EPA regulations, and implementation, it
summarizes and discusses specific comments on every guideline.
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Chapter 7

SITE CHARACTERIZATION

A description of known sites at which site characterization
activities should be undertaken, a description of such site
characterization activities, including the extent of planned
excavations, plans for onsite testing with radioactive or
nonradioactive material, plans for any investigation activi-
ties which may affect the capability of any such site to
isolate high-level radioactive waste or spent nuclear fuel,
plans to control any adverse, safety-related impacts from
such site characterization activities, and plans for the
decontamination and decommissioning of such site if it is
determined unsuitable for licensing as a repository

~-Nuclear Waste Policy Act, Section

7.1 DESCRIPTIONS OF SITES

The sites at which site characterization will be undertaken have not yet
been selected (the Secretary of Energy is to recommend three sites to the
President in November 1985). Therefore, in response to the first requirementin Section 301(a)(7) of the Act, this chapter presents brief descriptions of
the nine sites identified as potentially acceptable for the first repository.More information about the geologic, hydrologic. geochemical, and geome-
chanical characteristics of the host rocks at these sites can be found in
Chapter 5 of Part II. Detailed discussions about the characteristics of the
nine sites are presented in the draft environmental assessments (see the
bibliography at the end of this volume), which also contain preliminaryevaluations of the.sites against the siting guidelines. The interested reader
is referred to these more detailed descriptions of sites. The locations of
the nine sites are shown in Pigure 7-1.

7.1.1 THE BASALT SITE

The basalt site is located on the DOE's Hanford Site in the State of
Washington. The site lies within the central portion of the Cold Creek
syncline (see Figure 7-2). The syncline is part of the Pasco Basin, one of
several structural and topographic basins located within the Yakima Fold Belt
of the Columbia Plateau.

The Hanford Site is a $70-square-mile tract of land selected in 1942 bythe U.S. Army Corps of Engineers as a site for the production and purificationof nuclear materials for defense purposes. It lies in Benton. Franklin, and
Grant Counties.
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Figure 7-2. Extent of the Columbia River Basalt Group, the Pasco Basin,
and the proposed site for a repository in basalt.
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The Pasco Basin is underlain by basalt lava flows that erupted 17 to 6
million years ago, with most of the basalt having been extruded early in these
eruptions. The volcanic vents from which the basalt flowed are mostly in the
eastern and southeastern portions of the Columbia Plateau, but, because of
their low viscosity and large volume, the basalt lavas spread over consider-
able distances. The origin and nature of the eruptions are described in

Appendix C.

The region of the potential repository site is underlain by at least 50
basalt flows with a cumulative thickness of more than 9800 feet. The flows
identified as candidate horizons for the repository are between 2850 and 3460
feet below the surface.

The climate in the region of the site is arid, with an average annual

precipitation of 6.3 inches. The land of the Pasco Basin is used for agricul-
tural purposes and for Federal Government installations. The agricultural
land is mostly north and east of the Columbia River and south of the Yakima
River: most of it is used for growing irrigated crops. The Government instal-
lations consist of the DOE's Hanford Site and the U.S. Army Yakima Firing
Center.

The closest Indian reservation is owned by the Yakima Indian Nation. It
is approximately 16 miles west of the Hanford Site and 31 miles from the pro-
posed site.

7.1.2 THE BEDDED-SALT SITES

Four of the potentially acceptable sites for the first repository are

bedded-salt sites in two different geohydrologic settings--the Paradox Basin
of Utah and the Palo Duro Basin of Texas.

Paradox Basin

The Paradox Basin sites are located in Davis and Lavender Canyons in San
Juan County (see Figure 7-3). The nearest towns are Moab (approximately 35
miles north in Grand County), Blanding (approximately 35 miles south in San
Juan County), and Monticello (approximately 25 miles southeast in San Juan

County).

The Paradox Basin was formed some 300 million years ago, coincident with
the main deformation along the ancestral Rocky Mountains. The Paradox Forma-
tion was formed in a northwest-trending asymmetrical trough: it is a lens-

shaped mass with a cyclical repetition of thick salt beds and thin marker beds
of carbonates and clastics.

Located in the Colorado Plateau, the basin is characterized by rugged
terrain and classic desert landforms. Because the Colorado Plateau has been

slowly and steadily uplifted, erosional features are intensely developed.
Drainages are deeply incised into the surfaces of the plateau, and benchlike

canyon sides are common.
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Land in the area of the Lavender and the Davis Canyon sites is used

principally for recreation. There is also some agriculture, primarily cattle

grazing in winter and limited alfalfa production. The important recreational

resources within and adjacent to the area consist of the Needles District of

the Canyonlands National Park; the Manti-La Sal National Forest; the Newspaper
Rock State Historical Monument; and three areas managed by the U.S. Bureau of

Land Management: the Canyon Rims Recreation Area, the Beef Basin, and the

Dark Canyon Primitive Area.

Palo Duro Basin

The Palo Duro Basin, which is part of the much larger Permian bedded-salt
basin, is in the Southern High Plains of the Texas Panhandle; it is part of

the Great Plains physiographic province.

Two potentially acceptable sites have been identified in this basin--one

in Swisher County, and the other in Deaf Smith County. Both sites are shown

in Figure 7-4.

The rock strata of the basin include a thick sequence of limestone,

shale, dolomite, and thick evaporate deposits, the thickest salt portion of

which was selected as the proposed repository horizon.

The Deaf Smith site is in the north-central portion of Deaf Smith

County. Its setting is rural, with an average population density of about

30 persons per square mile. The nearest cites and towns are Hereford in Deaf

Smith County; Vega, Adrian, and Wildorado in Oldham County; and Canyon and

Amarillo in Randall County.

The Swisher site is in the north-central portion of Swisher County,
rural setting with an average population density of five persons per square
mile. The nearest cities and towns are Tulia and Happy in Swisher County and

Canyon and Amarillo in Randall County.

Most of the land in Deaf Smith County and in Swisher County is used for

growing crops. Most of the farmland is generally classified as “prime,” with

fertile soils, flat to gentle slopes, and sufficient precipitation or irriga-
tion water. The climate is semiarid, with warm summers, cold winters, and

relatively high average winds.

7.1.3  SALT-DOME SITES

The three potentially acceptable sites in salt domes are in the Gulf

Interior salt basins of Mississippi (the Richton and the Cypress Creek Domes)

and Louisiana (the Vacherie Dome). The locations of these sites are shown in

Figure 7-5.

Both the Mississippi and the Louisiana salt basins have a similar geo-
logic history; both contain a sequence of poorly to moderately consolidated
sands, silts, clays, and evaporites.
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The Cypress Creek Dome site (see Figure 7-6) is located on the headwaters
of Cypress Creek, in Perry County, Mississippi. It is about 4 miles southwest
of Beaumont and 3 miles southeast of New Augusta. All of the site is within
the boundaries of the DeSoto National Forest and the Camp Shelby MilitaryReservation. The local terrain is characterized as gently rolling to hilly,
with moderate topographic relief. There are no residential, commercial, or
institutional structures in the area. Much of the land on, and adjacent to,
the dome has been cleared by logging and military operations.

The Richton Dome, also shown in Pigure 7-6, is also in Perry County,Mississippi, about 20 miles east of Hattiesburg and 10 miles north-northeast
of New Augusta. The nearest town is Richton, which lies adjacent to the
boundary of the controlled area and has about 1200 residents. The terrain
here is characterized as rolling. Away from the site, the terrain is classi-
fied as gently rolling. Most of the land in the area of the site is used for
forestry and agriculture.

The Vacherie Dome site is in Webster and Bienville Parishes (see Figure7-7). The nearest town is Heflin, about 2 miles west, and Shreveport is about
35 miles away to the northwest. The terrain is gently rolling to flat. Most
of the land on the dome is in a commercial forest, but the site also contains
humerous residences, many with small adjacent agricultural uses. Immediately
north of the site are several oil- and gas-producing wells and gravel pits.

7.1.4 THE TUFF SITE

The potentially acceptable site in tuff is at Yucca Mountain in southern
Nevada (see Figure 7-8). Yucca Mountain is a prominent group of north-
trending fault-block ridges located in the southern part of the Basin and
Range physiographic province, a broad region of generally linear mountain
ranges and intervening valleys. At an elevation of 4950 feet above the mean
sea level, northern Yucca Mountain rises more than 1200 feet above Jackass
Flat to the east and over 990 feet above Crater Flat to the west.

Yucca Mountain is composed of a thick sequence of mostly silicic volcanic
rocks (tuff) deposited between 16 and 8 million years ago. The origin and
nature of these volcanics is described in Appendix C. Subsequent normal
faulting and tilting of the rocks produced the present rugged terrain.

The climate in the region of the site is arid, with an average annual
rainfall of less than 6 inches. most of which is returned to the atmosphereby evaporation and plant transpiration. Consequently, the ground-water flux
through the candidate repository horizon (in the unsaturated zone) is quite
low, and the water table is deep, more than 650 feet below the repositoryhorizon.

The site is located exclusively within lands controlled by the Federal
Government. The land parcel under consideration, which includes both the
Proposed geologic repository, repository surface operations area and all of
the proposed controlled area, is divided as follows: (1) the U.S. Departmentof Energy controls the eastern portion through the withdrawn land of the
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Nevada Test Site: (2) the U.S. Air Force controls the northwestern portion
through the land-use permit for the Nellis Air Force Bombing Range; and (3)
the Bureau of Land Management (BLM) holds the southwestern portion in public
trust. There are no competing land-use activities in the area. The U.S. Air
Force land involved is used exclusively for overflight and contains no facili-
ties. The BLM-administered portion of the land has no grazing permits or min-
eral claims and is not used for recreational purposes.

7.2 SITE-CHARACTERIZATION ACTIVITIES AND FOLLOW-ON TESTS

To demonstrate that a candidate site is suitable for a repository and
meets the general siting guidelines (see Appendix B). the DOE will conduct a

program of site characterization. This program will consist of surface-based
investigations (e.g., geologic mapping and the collection of weather data),
investigations conducted by means of deep and shallow boreholes, laboratory
tests of the mechanical and thermal properties of the host rock, and, most
important, tests conducted in the host rock at the proposed depth of the
repository horizon. The latter can be performed only by constructing
exploratory shafts and mining the tunnels and rooms in which the tests will be
conducted.

The site-characterization program will vary somewhat with the host rock
and the site. Before proceeding to sink shafts at any candidate site, the
Secretary of Energy will submit a site-characterization plan (SCP) for the i
candidate site to the NRC and to either the Governor and legislature of the
State in which such candidate site is located or the governing body of the
affected Indian tribe on whose reservation such candidate site is located as
the case may be, for their review and comment. The sinking of the exploratory
shafts will commence after public hearings have been held in the vicinity of
candidate sites in order to receive comments on the SCPs. The comments that
are unrelated to the sinking of shafts will be addressed in semiannual SCP
reports.

The NRC's agreement on the SCP in its entirety is not required before the
sinking of the exploratory shafts is begun. The DOE has exchanged information
with the NRC concerning shaft-construction techniques and intends to reach
agreement on this particular issue before starting shaft construction. Other
issues, however, will be addressed when the NRC issues the site-characteriza-
tion analysis (SCA) required by 10 CFR Part 60. The SCA is not required
before the start of shaft construction.

The SCP will be issued after the site has been recommended by the Secre-
tary of Energy for characterization. The sections that follow discuss the
safety and programmatic considerations that influence the exploratory-shaft
program and the activities required for shaft construction and use. A more
detailed discussion of the activities to be conducted can be found in Section
2.3 of Part II and in Chapter 4 of the draft environmental assessments.
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7.2.1 SAFETY AND PROGRAMMATIC CONSIDERATIONS
FOR THE EXPLORATORY-SHAFT PROGRAM

The initial mission for the exploratory-shaft program was formulated in
1980. Since then, the scope and the duration of the in-situ test program have

expanded significantly. In considering the implications of these changes on

the exploratory-shaft facility (ESF), the DOE has taken into account
industrial and mining safety issues. The safety codes adopted by the DOE are

encompassed by DOE Order 5480.1A, which requires compliance with the Federal
Mine Safety and Health Act of 1977, together with California Mine and Tunnel
Codes. Where regulations overlap, the most stringent rule is to govern.

These rules have been interpreted to require that, where a hazard to

underground workers may result from having only one access to, or egress from,
the subsurface facilities, two shafts are required. In assessing the need for
two shafts, the DOE considered accepted practices in the mining industry as

well as the geologic conditions that are likely to exist at each of the candi-
date sites.

At the basalt site, the candidate horizon is overlain by highly produc-
tive aquifers, and hence the potential for flooding of excavated openings must
be considered. In-situ stress conditions indicate a potential for rock
bursts, and the possibility of roof falls in previously unexplored ground must
be considered (see Section 5.5.1). Possible dangers associated with the pre-
sence of methane will be evaluated, although a repository in the Cohassett
Flow is unlikely to be classified under Mine Safety and Health Administration
regulations as a gassy mine. Because of the small diameter of the exploratory
shaft and the depth of the candidate horizon, there is concern that. should an

emergency arise, underground workers would be isolated without a second means

of escape or could not be brought to the surface quickly. A second explora-
tory shaft will therefore be sunk if the basalt site is selected for charac-
terization.

At all the salt sites except those in the Paradox Basin, the reference
horizons are also overlain by aquifers, such that the potential for flooding
is present. At all the sites the possibility of encountering pockets of brine
or gas must be taken into account. In fact, it is possible that the under-

ground operations may be designated a “gassy mine” because of precedents set

by other underground construction projects in the same vicinity as the salt
sites and because of evidence that methane is present in the overlying forma-
tions. Again the DOE has determined that two exploratory shafts will be

necessary to ensure the safety of all underground workers.

At the tuff site in Nevada. it appears that some of the potential prob-
lems identified for the other two host rocks are not significant. The refer-
ence horizon is above the water table, which diminishes the danger of flood-

ing. Because of the shallower depth of the horizon and the expected geologic
conditions, there is little potential for rock bursts, roof falls, and the
like, nor is danger from explosive gases considered to be likely. In spite of
such favorable conditions, the DOE has come to the conclusion that it is
advisable to provide two exploratory shafts to enhance the safety of
personnel. In the design of the shafts, due consideration for seismic loads
from both earthquakes and nuclear explosions at the Nevada Test Site will be
included.
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The DOE has established and implemented a policy for the exploratory-
shaft configurations that requires them to--

1. Ensure compliance with the intent of Sections 113(a) and (c)(1) of
the Act.

2. Provide adequate margin for compliance with all established safety
criteria.

3. Provide adequate flexibility both in the construction and in the
operation of the ESF in terms of site-characterization and potential
follow-up in-situ work.

4. Be institutionally acceptable.
5. Be cost effective with emphasis on near-term expenditures of program

funds.

6. Meet site-characterization schedule requirements (e.g., start of
in-situ testing).

The policy noted above has led the DOE to select the following shaft
configurations at the proposed candidate sites:

Host Rock First Shaft Second Shaft

Basalt 6-foot finished 6-foot finished
diameter, drilled diameter, drilled

Salt 12-foot finished 12-foot finished
diameter, convention- diameter convention-
ally mined ally mined

Tuff 12-foot finished 6-foot finished
diameter, convention- diameter, drilled
ally mined

The DOE believes that this policy is consistent with the NRC regulations
restricting the commencement of construction until the construction authoriza-
tion has been issued and that the construction of these exploratory shafts
during site characterization will comply with the requirement that
construction be reasonably and functionally related to the objectives of site
characterization.

The DOE notes that if significant modifications are required to the
in-situ test programs currently envisioned, further modifications in the
exploratory-shaft configurations may be necessary, including enlargement of
one or both shafts.

Furthermore, the DOE currently intends to use the exploratory shafts, as

required, to ensure that the construction of the repository can be completed
in time to meet the Act-mandated repository operation date of January 31, i
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1998. It will also continue to evaluate the most cost-effective use of the
exploratory shafts in the operating repository.

The exploratory-shaft program is intended to demonstrate the suitability
of the site to perform as a geologic repository, and all information gained
will be integrated into the ongoing design of future repositories. The DOE
feels that this is fully consistent with the intent of the Act and the objec-
tives of the NRC. as stated in 10 CFR Part 60.

7.2.2 ACTIVITIES

The exploratory-shaft project at each candidate site will require site
preparation, shaft construction, outfitting (i.e., the installation of inter-
nal shaft equipment), and the mining of a few tunnels and rooms near the base
of the shaft for testing purposes. The preparation will consist of construct-
ing an access road, clearing and grading the site, and constructing founda-
tions and impoundments. The construction of each shaft will consist of sink-
ing and lining the shaft to the proposed depth of the repository. The con-

struction method will vary from site to site because of different geologic
conditions. The shafts will be large enough to allow workers and test equip-
ment to be transported and to provide adequate ventilation.

The shafts will be outfitted their full length to support the ventilation
system; the underground utility. safety, and communication needs; and the
conveyances, rock, men, and materials. Test tunnels will then be excavated in
preparation for the testing program. The geometric configuration and the
extent of the test tunnels will vary from site to site because of different
site-suitability issues.

Tests to be performed in the exploratory shafts are listed in Section
2.3. %In general, the in-situ tests will concentrate on characterizing the
rock mass; they will assess in-situ stress, permeability, thermomechanical
parameters. geochemical properties, thermal properties, heat dissipation, and,
in the case of salt, the tendency for brine migration.

PLANS FOR ONSITE TESTING WITH RADIOACTIVE
OR NONRADIOACTIVE MATERIAL

The current plans for site characterization do not include tests with
radioactive materials to simulate wastes. Sources of radiation will be used
in some geophysical investigations and hydrologic studies (e.g., radioactive
tracers). Such techniques are routinely used in and gas exploration and
in the evaluation of ground-water resources.

Radioactive materials may be used in a test and evaluation facility (see
Chapter 4 in Part II). However, the decision on proceeding with such a

facility will not be made until 1987, and therefore the test plans are
unavailable at this time.
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7.4 PLANS FOR INVESTIGATIONS THAT MAY AFFECT ISOLATION CAPABILITIES

Two site-characterization activities have the potential for affecting the
waste-isolation capabilities of a site:

1. The drilling of deep boreholes (more than 990 feet deep).
2. The drilling or mining of the exploratory shafts and excavation of

celated underground workings.
Drilling is necessary to confirm information obtafned by other aethods

(e.g.. geophysical surveys) and to directly observe rocks from selected sampi-ing points below the surface of the ground. Holes are drilled in locationsdeemed to have the greatest potential for resolving uncertainties.

To the extent possible, work requiring boreholes over the proposedrepository will use existing holes to minimize the total number required.Similarly, new boreholes will be used for as many purposes as possible and
will be located to coincide with the locations of shafts or pillars to the
extent practicable. Where possible, boreholes will be located outside the
immediate repository area.

As already mentioned, the exploratory shafts will be sunk to the depth of
the repository. The plans for these shafts are described in more detail in
Section 2.3 of Part II.

7.5 PLANS TO CONTROL ADVERSE SAFETY-RELATED IMPACTS

Detailed plans for controlling any adverse safety-related impacts from
site-characterization activities will be contained in the SCPs. These planswill be site specific.

The boreholes will be sealed permanently and the decision on sealing of
exploratory shafts will be made after repository construction is completed and
prior to waste emplacement. Fortunately, much relevant experience is avail-
able from the sealing of boreholes used in petroleum exploration and miningoperations. Site-specific sealing materials and techniques will be used to
limit the potential for compromising the integrity of sites (see also Section
7.6 in this Chapter). The ability of the seals to remain intact over the longperiods required for waste isolation will have to be demonstrated to the NRC
before a construction authorization is received. Moreover, permanent sealingis considered in the selection of shaft designs and excavation techniques.Included in this evaluation of excavation techniques is the extent of
fracturing in the surrounding rock or residual stresses in the rock. If
extensive fractures are created, it may be necessary to fill the fractures
with grout or similar material. Techniques that cause extensive fracturingwill be modified if necessary.
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7.6 PLANS FOR DECOMMISSIONING SITES UNSUITABLE FOR LICENSING

Plans for decommissioning a site determined unsuitable for licensing can

be discussed only in general terms; detailed, site-specific discussions will
he given in each SCP.

The general principle guiding the decommissioning strategy is that a site
will be returned, as nearly as practicable, to its original condition. This
principle has served as one of the bases for selecting the locations of drill-
ing and other activities. The screening process that led to the identifica-
tion of potentially acceptable sites included environmental considerations at

every stage. Using this approach in the selection of study locations serves

to reduce the requirements for restoration measures and enhances the success

of measures that might have to be implemented. In this way, restoration
planning begins before an area is disturbed. Another general principle is
that Federal, State, and local regulations for decommissioning and reclamation
will be applied.

7.6.1 ONSITE FACILITIES

The reclamation plan for onsite surface facilities includes the following
elements:

1. Buildings will be emptied of their contents, disassembled, and trans-
ported off the site and salvaged.

2. Most equipment (e.g., items required for mine ventilation, pumps,
electrical generators, storage tanks) will probably be removed from
the site and salvaged. Equipment not removed will be placed ina
condition that will ensure it will not compromise repository perfor-
mance.

3. The shaft collars and other foundations will be cut or broken into
manageable pieces and moved to acceptable disposal sites.

4. Septic tanks and similar facilities will be abandoned in place.
5. Fluid impoundments (e.g.. mud pits) will be backfilled after the

removal of contaminated materials.

6. Chemical wastes will be disposed of in accordance with acceptable
standards.

7. The site will be backfilled and graded to a final contour consistent
with existing land-use patterns or plans and revegetated.

8. Qualified soil scientists will monitor compliance with site-specific
reclamation plans.

The disposition of the exploratory shafts will depend on the shaft-
abandonment practices routinely followed in a State and, in the case of
Federal sites, on cooperative Federal-State agreements.
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Most likely. the shafts will be backfilled with material excavated duringits construction and sealed with a grout. Details of techniques will be
determined by the geologic conditions at the site, but might involve the
installation of concrete or chemical plugs and the replacement of excavated
muck with compacting additives under high pressure. After the shafts have
been sealed and the surface of the site has been restored, a marker explainingthe history of the shafts might be emplaced.

Details for the decommissioning of deep exploratory boreholes also varyfrom site to site. All boreholes will be sealed at or befdre decommission-
ing. In general, the boreholes wil) be sealed with a grout Formulation that
is compatible with the geologic conditions at the site (e.g. with a groutwhose density roughly matches that of the surrounding rock). The surfaces of
borehole drill sites will also be graded and stabilized to a condition consis-
tent with the surrounding terrain.

7.6.2 OFFSITE FACILITIES

The reclamation of the offsite surface facilities will be similar to
that of onsite facilities, though less extensive. Such facilities include the
sites of boreholes, the sites of environmental and geophysical surveys. access
roads, and utility corridors. Some of these (e.g., roadways) might not
require any restoration and will probably be left in their improved condi-
tion. Reclamation of specific equipment having monitoring functions (such as
meteorological towers) will be carried out after consultation with the State.

Boreholes and trenches are the two most important examples of offsite
subsurface work that will require some reclamation. Boreholes will be sealed
according to accepted practice with materials appropriate to the particularsite, and the surface of the drill site will be revegetated. Trenched areas
will be regraded to a final contour and revegetated in a manner consistent
with land-use patterns before the start of site characterization.
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Chapter 8

WASTE SOLIDIFICATION AND PACKAGING

An identification of the process for solidifying high-level
radioactive waste or packaging spent nuclear fuel, including

summary and analysis of the data to support the selection
of the solidification process and packaging techniques, an

analysis of the requirements for the number of solidifica-
tion (or) packaging facilities needed, a description of the
State of the art for the materials proposed to be used in
packaging such waste or spent fuel and the availability of
such materials including impacts on strategic supplies and
any requirements for new or reactivated facilities to
produce any such materials needed, and a description of a

pian, and the schedule for implementing such plan, for an

aggressive research and development program to provide when
needed a high-integrity disposal package at a reasonable
price

--Nuclear Waste Policy Act, Section 301(a)(8)

As explained in Part I, most of the commercial waste to be accepted for
disposal in the first repository is expected to be spent reactor fuel. The
first repository will, however, accept a small quantity of solidified com-
mercial high-level waste from the West Valley Demonstration Project. It will
also accept solidified defense high-level waste. This chapter therefore be-
gins with a brief discussion of current packaging concepts for spent fuel. It
then describes the solidification of high-level waste.

The rest of the chapter is concerned mainly with the materials to be used
for various components of the waste package, especially the metal containers
that will contain the waste. The waste package is defined as the waste form

spent fuel or solidified high-level waste) and any container, shield-
ing, packing. and other absorbent materials immediately surrounding an indi-
vidual waste container. Because detailed plans for research and development
are presented in Section 2.5 of Part II, their discussion here is limited to a
brief summary.

8.1 PACKAGING OF SPENT FUEL

The reference plan for the first repository calls for the packaging of
spent fuel at the repository. During the first years of repository operation
(i.e., phase 1--see Section 3.1 of Part I), the spent fuel will be received in
shipping casks and transferred into metal containers for underground
emplacement. When phase 2 of the repository begins operating. the spent fuel
will be disassembled and consolidated, as well as encapsulated in containers.
The spent-fuel assemblies will be taken apart and the fuel rods rearranged to
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accommodate the rods from two or more assemblies in the space of one

assembly. The non-fuel-bearing skeletons of the assembly will be disposed of
in accordance with applicable regulatory requirements. The DOE is currently
evaluating the need for, and the implication of, disposing of these wastes in
a repository.

The disassembly of spent-fuel assemblies has been demonstrated during the
past several years. It has been performed in conjunction with fuel inspec-
tions, research and development programs, and the recovery of damaged fuel
cods.

The consolidation and encapsulation operation may not be performed at the
repository. It could be performed at the nuclear power plant or at a facility
for monitored retrievable storage (MRS). The final decision on the location
of this operation has not yet been made, but evaluation is underway to allow
for this decision to be made in the near future. If rod consolidation occurs
at the repository, then encapsulation of the spent fuel occurs as described
above. If the consolidation is performed elsewhere, then these stainless-
steel canisters will be used for transport and handling, and the metal con-
tainer overpack will be added at the repository.

If a decision is made at a later date to emplace a universal cask (i.e.,
a cask that is storable, transportable, and disposable), no repackaging would
be required at the repository.

8.2 WASTE SOLIDIFICATION

When spent fuel from either commercial or defense reactors is repro-
cessed, it is separated into three major fractions, two of which are wastes
that would be disposed of in a geologic repository. The first fraction is a

liquid called “high-level waste" because it contains more than 99 percent of
the radioactivity. The second fraction consists of the metallic fuel-assembly
components and other solid materials used in the process: it is a special kind
of transuranic (TRU) waste. The third fraction consists of the uranium and
plutonium extracted from the spent fuel, which can be recycled through a fuel-
fabrication step to fuel other nuclear reactors. During fuel fabrication,
additional TRU waste is generated. Before disposal in a geologic repository.
high-level waste must be solidified. TRU waste may also require some treat-
ment, such as compaction.

Both reprocessing and plutonium-fuel fabrication, though not now used in
the U.S. commercial fuel cycle, have been conducted at commercial U.S. facil-
ities, and some wastes from these operations remain to be disposed of. partic-
ularly the high-level waste produced at West Valley, New York. The latter can
be solidified (converted to glass) by techniques that are currently available
and are being demonstrated in the West Valley Demonstration Project. The
spent fuel that is removed from defense reactors and naval reactors is rou-
tinely reprocessed.

*Present plans do not provide for repository disposal of TRU wastes from
reprocessing.
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Although much of the work on the conversion of high-level waste to solid
waste forms was based on defense waste, the results and technology will be
transferable, in large part, to commercial waste. Data developed in work with
defense waste indicate that borosilicate glass is the leading candidate waste
form for existing commercial high-level waste.

During solidification, high-level waste is mixed with glass frit and fed
into a melter, where heat causes the high-level waste to be incorporated chem-
ically into a borosilicate glass. The glass waste form is then cast into
canisters, where the molten glass solidifies into a chemically inert, highly
insoluble, nondispersible, nonvolatile solid with a very low potential for
leaching in water of the type likely to be found in geologic repositories.
The structural resistance of the glass form to heat and self-irradiation
effects should be sufficient to maintain the structural integrity of the waste
form for the containment period, although a container will still be required
to ensure compliance with the waste package containment performance objective
of 10 CFR 60.113. Moreover, the borosilicate glass has sufficient mechanical
strength and impact resistance to withstand the stresses of repository em-
placement and retrieval during a specified retrieval period. It is expected
to be compatible with a full range of the geologic conditions expected in a
repository and is undergoing performance test and analysis as described in
Section 2.5.

Several processes are available for the treatment of TRU metallic waste,
and each process offers several options. These include induction melting,
electric-air melting, hot pressing, and compaction. Also under consideration
or development are processes for removing TRU surface contamination to the
extent required for the disposal of the base material as low-level waste.

The DOE will continue the development and demonstration of high-level-
waste and TRU-waste treatment processes to ensure that acceptable waste forms
will be available when necessary. The DOE has selected borosilicate glass as
the waste form for Savannah River Plant defense high-level waste and for com-
mercial high-level waste from the West Valley Demonstration Project (WVDP).
Justification for the selection of borosilicate glass is contained in the
Environmental Assessment--Waste Form Selection for Savannah River Plan HLW
(DOE-EA-0179, July 1983) and in the Action Description Memorandum for the
Selection for the Waste Form for WVDP (March 1983). Future development will
focus on borosilicate glass and on second-generation (alternative) waste forms
that have a high potential for reducing treatment requirements or overall dis-
posal-system costs or on forms that will more easily accommodate higher in-
ternal temperatures at high waste loadings.

The number of waste-treatment facilities required cannot be determined at
this time. However, in addition to the waste-treatment facilities required
for defense waste and the West Valley Demonstration Project, at least one
waste-treatment facility would be required for each spent-fuel-reprocessing
plant. The number of reprocessing plants will be determined by the commercial
nuclear industry and will depend on the need for reprocessing and its econom-
ics. No difficult technical problems are expected for the construction and
operation of waste-treatment facilities.
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8.3 CHOICE OF MATERIALS

Each host rock under consideration for the first repository has different
requirements for the waste package. The paragraphs that follow discuss the
reference container for spent-fuel disposal in each of the three host rocks
and the packaging that will be used for solidified high-level waste. The
choice of materials depends on detailed evaluations of the geochemical envi-
ronment into which the package would be placed. Materials other than the
reference ones could be chosen for any of the sites.

For basalt, the reference container for the waste package is made of low-
carbon steel with an iron-chrome-molybdenum steel and cupronickel as alterna-
tives. The thickness of the reference material is approximately 5 to 6 centi-
meters. This material is readily available, has been used widely in engineer-
ing structures, and should present no great difficulties in fabrication. The
waste package for basalt also includes a packing material which is 15 centi-
meters thick, between the container and the host rock. It consists of a mix-
ture of crushed basalt (75 percent) and fine-grained sodium bentonite clay (25
percent). Pneumatic emplacement and the use of precompressed annular rings
are two methods being considered for the emplacement of this material. Both
the basalt and the clay are readily available. The pneumatic-emplacement
technology has been developed and demonstrated on the scale of full-size waste
packages.

For salt, the reference container is made of low-carbon steel. The
thickness of the material ranges up to 10 centimeters. Techniques for remote
welding and inspection of welds will be developed. beginning in FY85, as well
as procedures for weld acceptance and tests to identify corrosion effects.
The designs for salt use crushed salt as a packing material. No difficulties
are foreseen with the fabrication of the container. An alternative design
concept employs a thin layer of the alloy Ticode-12 over a carbon-steel con-
tainer.

For tuff, the reference container is made from austenitic stainless steel
that is about 1 centimeter thick. This material is readily available and has
a long history of use in engineering structures. No particular difficulties
are foreseen with respect to fabrication. No packing material is used in the
reference designs, although a tuff packing backfill is being considered in an

alternative design for spent-fuel packages.
All reprocessed high-level waste currently included in the repository

planning base will use a stainless-stee] production canister, in which the
waste is solidified. The production canister will be enclosed in an appro-
priate container of the material selected for repository disposal.

Evaluations of copper and selected copper alloys as potential container
materials for basalt and tuff are also under way. These evaluations are con-

sidering corrosion resistance, structural stability, cost, availability, and
fabrication requirements. In addition, the second-repository program (cur-
rently concentrating on crystalline host rocks) will initiate research during
FY86-87 on the potential use of copper and copper alloys in the waste
package. The evaluations will use data from completed and ongoing interna-
tional copper studies, such as the Swedish and Canadian work, to the extent
appropriate.
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8.4 AVAILABILITY OF MATERIALS

As work in the waste-package area is directed toward detailed design,planning for materials acquisition and fabrication facilities assumes impor-tance. As discussed in Section 2.5.2.2, the reference materials for waste
containers are low-carbon steel and stainless steel. Two alternative designsalso receiving attention consist of a carbon-steel container overpacked by a
thin outer shell of titanium alloy (Ticode 12) and a container made from steel
alloyed with 9 percent chromium and 1 percent molybdenum. The use of copperand copper alloys is also being considered for host rocks other than salt.

None of the aforementioned materials is presently considered strate-
gically critical or in short supply, though chromium, an essential element in
both the stainless and the alloy steel, is of limited availability in the
United States.

The reference salt and basalt container as presently conceived will be
made from a carbon-steel casting. Assuming carbon steel is shown to exhibit
acceptable corrosion resistance, a carbon-steel casting is ideally suited for
the waste package because of its reasonable cost, ease of manufacture, and
excellent characteristics for welding. The number of foundries capable of
producing the carbon-steel castings intended for containers is more than ade-
quate to satisfy the requirements of the geologic repository program.

The reference tuff stainless-steel containers as presently conceived will
be fabricated by welding rolled plate or possibly from extruded seamless pipe
or centrifugal castings. No problems with suppliers or fabricators are ex-
pected with regard to producing rolled and welded containers. Only two sup-pliers, however, are at present capable of producing extruded pipe for con-
tainers.

Neither the titanium alloy (the alternative salt container material) nor
the iron-chromium-molybdenum alloy (the alternative basalt container material)should be difficult to deliver or fabricate, although fabrication experiencewith the iron-molybdenum alloy steel is limited. Chromium, an essential ele-
ment in both the stainless steel and the chromium-molybdenum alloy. is im-
ported mainly from South Africa, although there are U.S. chromite mines that
could be reactivated at substantially higher chromium costs than those via
importation. The consumption of chromium in producing overpacks made of
either stainless steel (for tuff) or iron-chromium-molybdenum (for basalt)
would be insignificant compared to U.S. production of these alloys.

Data from the American Iron and Steel Institute and the U.S. Departmentof Commerce indicate that the annual U.S. production rates projected to the
year 2025 for carbon steel, stainless steel, and titanium mill products(plate, pipe. and castings) far exceed the estimated material requirements for
the packages needed through the year 2025. The supply of copper is also ex-
pected to exceed significantly the quantities needed for waste containers if
copper or an alloy is selected. The table on the next page illustrates the
domestic industrial output versus the first repository's needs for reference
container material over its operating lifetime.
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Industry output? Quantity needed for first
(thousands of tons) repository” (thousands of tons)

From 1985

Material Yearly to 2025 Salt Tuff Basalt

Carbon steel 4738 189,520 185 182
Stainless steel 240 3,600 75

and 1981 American Iron and Steel Institute and 1981 U.S. Department
of Commerce statistics.

"Weight of the total number of reference containers for the first
repository (emplacement to the year 2025).

This tabulation shows that. for the current reference waste-package
designs, the metal required for the first repository's containers will be less
than 1 percent of the projected total U.S. industrial output of the particular
metal. The use of these comparatively small amounts will not affect strategic
supplies nor require production from new or reactivated facilities.

8.5 RESEARCH AND DEVELOPMENT PLANS FOR WASTE PACKAGES

Research and development plans for the reference waste packages in each
of the repository host rocks under consideration are described in Chapter 2.
The plans are divided into four principal tasks: (1) the definition of the
waste package environment: (2) waste-form and materials testing. (3) design,
fabrication and prototype testing; and (4) assessment of waste-package per-
formance.

The definition of the waste-package environment requires the geologic,
hydrologic. and geochemical data that define the ambient conditions of the

underground repository and an evaluation of the effects resulting from the
construction of the repository and the emplacement of the waste.

The waste-form tests are directed at estimating the rates of radionuclide
release from the waste package over the long term. They are based on the
interactions among the waste form, other engineered barriers. ground water,
and the host rock. Covering the temperature range expected in the repository,
the tests vary from simple tests of interactions between the waste form and

ground water to multicomponent tests. The materials testing is concerned with

obtaining sufficient data on the behavior of reference and alternative mate-

rials in the expected environment of a repository in a particular host rock to
ensure that the performance of the waste package will be adequate.

The task of design, fabrication, and prototype testing is divided into
several steps: conceptual design, advanced conceptual design, license-appli-
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cation design, and final procurement and construction design. These designswill be based on increasingly sophisticated engineering analyses, test data,and design configuration evaluations. These designs will be developed in con-junction with the corresponding design phases of the repository.
The performance analysis will be made with predictive site-specificmodels based on data obtained from tests with waste-package materials, sitecharacterization, and waste-package and repository designs. They will predict(1) the time at which containment is lost and (2) the long-term release ofradionuclides froa the waste package.
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Chapter 9

WASTE-GENERATION RATES, REQUIREMENTS FOR
DISPOSAL CAPACITY, AND REPOSITORY SCHEDULES

An estimate of (A) the total repository capacity reguired to
sefely accommodate the disposal of all high-level radioactive
waste and spent nuclear fuel expected to be generated through
December 31, 2020, in the event that no commercial reproces-Sing of spent nuclear fuel occurs, as well as the repositorycapacity that will be required if such reprocessing does
occur: (B) the number and type of repositories required to be
constructed to provide such disposal capacity; (C) a schedule
for the construction of such repositories; and (D) an esti-
mate of the period during which each repository listed in
such schedule will be accepting high-level radioactive waste
or spent nuclear fuel for disposal

~-Nuclear Waste Policy Act, Section 301(a)(9)

This chapter presents forecasts of nuclear electricity-generating capa-city and the amounts of spent fuel requiring disposal as well as the factors
that might affect the number and the capacities of repositories. The latter
include (1) differences between the once-through fuel cycle (no reprocessingof spent fuel) and a fuel cycle that is based on reprocessing,(2) the disposal of defense waste, and (3) site limitations. Also presentedare the waste~acceptance schedules for the authorized plan and the improved-performance plan discussed in Chapter 2 of Part I.

9.1 FORECASTS OF NUCLEAR ELECTRICITY-GENERATING CAPACITY
AND SPENT-FUEL ACCUMULATION THROUGH THE YEAR 2020

The Energy Information Administration (EIA) of the DOE is responsible for
making forecasts of the installed capacity of nuclear power plants in the
future. Its forecasts are made for four different assumptions about the
growth of the nuclear electricity-generating capacity: no new orders, low,
middle, and high. For waste-disposal planning, the DOE is using the November
1984 EIA middle-case forecast.” According to this forecast, the installed
capacity will reach 123 gigawatts electrical by the year 2000 and 212 giga-
watts by, 2020, growing at a rate slightly below 3 percent per year between
these years.

“U.S. Department of Energy, Commercial Power 1984: Prospects for the
United States and the World, DOE/EIA-0438(84), Energy Information Administra-
tion, November 1984.
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The total quantity of spent fuel discharged from nuclear power reactors
is estimated to be about 130.000 metric tons of uranium (MTU) by 2020. The
actual spent-fuel discharges will probably decline somewhat because it is

expected that in the future the fuel will be kept in the reactors for longer
periods. The EIA annual middle-case forecast for nuclear capacity and spent-
fuel discharges from 1983 through 2020 are presented in Table 9-1.

To accommodate the total spent-fuel inventory of 130,000 MTU that will
have accumulated by the year 2020, it will be necessary to construct two

repositories. Two repositories will be needed because Section 114(d) of the
Act stipulates that the DOE may emplace no more than 70,000 MTU in the first

repository until such time as a second repository is in operation.

Spent fuel will, of course, continue to be discharged beyond 2020 if
reactors continue to operate. However, it is not necessary to plan for a

third repository at present. Under current plans, second-repository emplace-
ment will not reach 70,000 MTU until about 2030. If current estimates hold,
planning for a third repository can be done at the turn of the century.

Since long-range energy forecasts tend to change with time, it is neces-

sary to examine the assumptions on which they are based. Recent trends indi-
cate that a nuclear electricity-generating capacity exceeding 212 gigawatts
electrical by 2020 is unlikely. Indeed, the capacity could be less than 212

gigawatts. To establish the lower bound, the EIA no-new-orders case was

examined with respect to the need for two repositories. Under the assumptions
of this case, installed capacity grows to 109 gigawatts by 1993, but decreases
to 49 gigawatts by 2020. For the no-new-orders forecast, the total spent-fuel
inventory would reach approximately 98,000 MTU by 2020, which would require
two repositories to meet the requirements of the Act (i.e., the first reposi-
tory is limited to 70,000 MTU until the second repository begins operations).
Thus, even with a substantial reduction in the middle-case forecast for
nuclear generating capacity by 2020, two repositories remain necessary.

9.2 FACTORS AFFECTING THE NUMBER OR CAPACITY OF REPOSITORIES

9.2.1 REPOSITORY REQUIREMENTS FOR THE ONCE-THROUGH FUEL CYCLE AND THE
REPROCESSING FUEL CYCLE

In the once-through fuel cycle, which is currently used by the commercial
nuclear industry in the United States, spent fuel is discharged from a reac-

tor, cooled for some period of time in storage, and ultimately disposed of as

waste. The waste requiring disposal in a repository is in the form of pack-
ages of intact fuel assemblies or packages of fuel rods consolidated from
several assemblies. In the reprocessing fuel cycle, on the other hand, the
spent fuel would be discharged, cooled, and reprocessed to recover uranium
and/or plutonium. The high-level waste resulting from the reprocessing would
be solidified and disposed of in a repository. The transuranic waste produced
in reprocessing may also be disposed of in a repository: however, this deci-
sion has not been made at this time.
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Table 9-1. 1984 EIA Middle-Case Forecast
of Nuclear Electricity-Generating Capacity*

Spent-Fuel Generation (MTU)
Installed

Year Capacity (GWe) Annual Cumulative

1983 64 1400 9,9001984 74 1200 11,1001985 85 1300 12,400
1986 94 1400 13,8001987 104 1700 15,5001988 105 2000 17,500
1989 107 2100 19,6001990 111 2300 21,9001991 113 2300 24,200
1992 117 2500 26,700
1993 119 2600 29,300
1994 119 2600 31,9001995 119 2700 34,600
1996 122 2700 37,3001997 123 2800 40,100
1998 123 2900 43,0001999 123 3000 46,0002000 123 3000 49,0002001 127 3000 52,0002002 132 3000 55.000
2003 138 3100 58,100
2004 143 3300 61,4002005 148 3400 64,8002006 152 3800 68,6002007 155 4100 72,7002008 159 4700 77,4002009 162 4500 81,9002010 166 4500 86.4002012 171 4000 90,4002012 175 4100 94,5002013 180 4200 98,7002014 184 4200 102,9002015 189 4300 107,2002016 194 4300 111,5002017 198 4500 116,0002018 203 4700 120,7002013 207 4700 125,4002020 212 4900 130,300

“Source: U.S. Department of Energy, Commercial Power 1984: Prospectsfor the United States and the World, DOE/EIA-0438(84), Energy Information
Administration, November 1984.

-379-

HQ0005652

OCR DB-105662
Holtec_PAL-001169



.

Section 114(d) of the Act specifies that the DOE may emplace no more than
70.000 MTU of spent fuel (once-through fuel cycle) or the high-level waste

resulting from the reprocessing of 70,000 MIU in the first repository until
such time as a second repository is in operation. Therefore, even though the

waste-emplacement configuration for spent fuel and high-level waste may dif-
fer, the type of fuel cycle will not affect repository capacity as defined in

the Act. To be sure, transportation requirements, waste-handling equipment,
and repository layout would be somewhat different for a repository handling
high-level waste rather than spent fuel.

The extent of the repository underground area required to accommodate
spent fuel does not differ much from that required for high-level waste. (The
size of underground disposal areas may depend more on the host rock and site-

specific conditions.) Transuranic waste, because of its low heat output. can

be densely packed into a repository and would not greatly affect the require-
ments for the underground disposal area, if this waste is disposed of in a

repository. The waste-receiving and waste~-handling facilities and operations
of a repository would be different for spent fue] and high-level waste, but
these differences would not affect the waste-acceptance rate or the waste-

emplacement rate.

9.2.2 DEFENSE WASTE

Sections 8(b)(1) and (2) of the Act required the President to evaluate
the use of one or more civilian repositories for the disposal of defense high-
level waste. As explained in Chapter 2 of Part I, this evaluation concluded
that there is no compelling reason for a defense-waste-only repository, and
therefore the DOE is planning to emplace the defense waste in the civilian

repositories.
The defense waste that would be disposed of in a geologic repository is

solidified high-level waste from reprocessing. This waste has different ther-
mal characteristics than commercial spent fuel or commercial high-level
waste: it is a less concentrated source of radiation and heat. According to

current estimates, about 8000 MTU, on a curie-equivalent basis, of defense
high-level waste could be emplaced in a repository by the year 2020. When
such a quantity of defense waste is added to the quantity of spent fuel
estimated to require disposal, it appears that two 70,000-MTU repositories
will be able to accommo- date the combined total--even for the EIA middle-case
forecast (130,000 MTU of spent fuel).

Defense waste will be accepted on a schedule that will not adversely
affect the rate of receipt for civilian wastes.

9.2.3 SITE LIMITATIONS

As already mentioned, the Act requires the first repository to accept no

more than 70,000 MTU until the second repository is operational. However, the

70,000-MTU limit is not a minimum or maximum capacity requirement. A suitable
site for the first or the second repository may be able to accommodate less or
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more than 70,000 MTU of spent fuel or the high-level waste resulting from
reprocessing such an amount of spent fuel. From the information available forthe sites currently under review, it does not appear that more than tworepositories would be required to accommodate the projected volume of waste if
one of the repositories would be able to accept less than 70,000 MTU.

9.3 CONSTRUCTION SCHEDULE

The construction schedule for the first repository is discussed in detail
in Section 3.1.7 of Part I.

9.4 WASTE-ACCEPTANCE SCHEDULE AND THE NEED FOR INTERIM STORAGE

As described in Chapter 2 of Part I, two alternative waste-acceptanceschedules are presented. The first (shown in Table 9-2) is based on the DOE's
reference waste-management plan (i.e., the emplacement capability of two geo-logic repositories). In this case, waste acceptance at the first repositoryis scheduled to start in 1998.

The second schedule (shown in Table 9-3) is based on the improved-performance plan (i.e., the operating characteristics of the integrated waste-
management system); it reflects not only the repository emplacement capabilitybut also the acceptance capability of the monitored retrievable storage (MRS)facility. The primary functions of the MRS facility are to accept waste from
reactors, prepare it for disposal, and provide temporary storage, if neces-
sary. If Congress approves the DOE's proposal for the integrated waste-
management system, then the second waste-acceptance schedule will be applica-ble. In this case, waste acceptance at the MRS facility will begin in 1996.

The at-reactor storage capacity required by these waste-acceptance sched-
ules will have to be provided by the electric utilities that own the spentfuel. However, if the DOE fails to meet the schedule shown in Table 9-2 or
9-3, then the additional storage capacity needed to accommodate the delay in
schedule will be provided by the DOE, possibly at reactor sites.
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Chapter 10

COSTS OF MANAGING COMMERCIAL RADIOACTIVE WASTE

An estimate, on an annual basis, of the costs required
(A) to construct and operate the repositories antici-
pated to be needed under paragraph (9) based on each of
the assumptions referred to in such paragraph: (B) to
construct and operate a test and evaluation facility,
or any other facilities, other than repositories des-
eribed in subparagraph (A), determined to be necessary:
and (C) to carry out any other activities under this
Act

~--Nuclear Waste Policy Act, Section

This chapter presents cost estimates for a number of reference and
sensitivity cases. After briefly describing the framework for the analysis of
costs, it discusses key assumptions. explains the method of cost estimation
and presents the results for the major cost categories (development and
evaluation, transportation, repository, and storage), and summarizes the
principal findings.

10.1 INTRODUCTION

As part of its continuing evaluation of the adequacy of the revenues
raised by the Nuclear Waste Fund against the expenses of the waste-management
program, the DOE maintains a cost-estimating capability. The most recent cost
estimates for the entire program are contained in a January 1985 report.
Analysis of the Total System Life Cycle Cost for the Civilian Radioactive
Waste Management Program (Roy F. Weston, Inc., 1985). The costs presented in
this report were estimated for a set of reference cases that are consistent
with the DOE’s FY86 budget submittal to Congress in terms of program strategy
and schedule. The reference cases differ by repository location only; all
other assumptions are identical for all reference cases. In addition, this
report provides cost estimates for a limited number of sensitivity cases that
were analyzed to determine the effects of variations in a few major program
assumptions. This chapter summarizes the estimating methods and results from
the January 1985 study. It does not attempt to analyze the cost implications
of changes in the program occurring after January 1985.

Total-system costs for the reference cases were calculated by summing the
annual costs (expressed in constant 1984 dollars) estimated for each major
cost category: development and evaluation (D&E), transportation, and reposi-
tory construction, operation, and closure and decommissioning. For two of the
sensitivity cases, the costs of monitored retrievable storage (MRS) were a)so
included. In order to estimate the costs. an estimation method must be estab-
lished. The first step in this procedure was to define a reference case by
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determining the components of the waste-management system and the path of
waste material flows. The next step was to develop assumptions that
characterize the facilities and processes in the system in sufficient detail
for the derivation of engineering cost estimates. These assumptions also
establish the scope of the system by specifying the quantity and the schedule
of waste acceptance. The assumptions for the waste-generation rate, the mini-
mum “age” at which spent fuel will be accepted by the DOE. and the waste-
acceptance rate can be used to estimate the annual flows of waste that will
occur once the system is operational. The waste flows determine both trans-
portation and repository costs because they determine how much and when waste
has to be transported and how long the repository will operate before it is
filled to capacity. By using a series of estimating techniques, the total-
system cost for the reference cases is then calculated.

By changing the assumptions about any of the reference-case character-
istics, an endless number of additional cases could be analyzed. In light of
the many different assumptions that could be made, a substantial number of
cases would, in fact, be required to account for the entire spectrum of poten-
tial contingencies. However, this analysis is not intended to represent such
a broad effort. Instead, a few major characteristics were chosen to derive a
set of alternative cases for which total-system costs were estimated.

For the reference cases, seven combinations of host rocks were assumed
for the first and the second repositories:

First Repository Second Repository

Tuff Crystalline rock
Basalt Crystalline rock

Salt Crystalline rock
Tuff Salt
Basalt Salt

Salt Salt
Basalt Tuff

Three sets of sensitivity cases were developed. These cases differ from
the reference cases in (1) the waste-generation rate, which is assumed to be
lower; (2) transportation-cask technology, which is assumed to be improved;
and (3) the repository-startup dates, which are assumed to be delayed. Ten
such sensitivity cases were analyzed.

10.2 ASSUMPTIONS

10.2.1 REFERENCE CASES

The reference waste-management system for this analysis assumes that,
after spent fuel has cooled sufficiently for DOE acceptance at reactor sites
throughout the country, the fuel will be transported directly to the reposi-
tory for preparation (i.e., rod consolidation and loading into disposal con-

tainers) and disposal. Therefore, the only facilities in the reference system
are the repository and the required transportation network. The key assump-
tions for the reference cases are given in Table 10-1.
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Table 10-1. Key Assumptions for the Reference Cases

Parameter Assumptions

Waste type Spent fuel, commercial high-level waste

Waste quantity

Minimum waste age
for acceptance

Number of repositories

Design capacity for
each repository

Repository design
receipt rate*

Repository-startup
dates

Host-rock type

Transportation-cask
technology
Cost basis

from West Valley. New York, and
low-level waste generated at the
repository during spent-fuel consolida-
tion and handling (defense waste is not
included)

130,300 MTU, based on the November 1984
middle-case forecast (DOE, 1984a) by
the Energy Information Administration
(EIA) of the cumulative spent-fuel
generation through the year 2020

5 years

Two

70,000 MIU for the first repository and
60,300 MTU for the second repository
(the difference between the cumulative
spent fuel generation through the year
2020 and the first-repository capacity)
First repository: 400 MTU per year for
the first 3 years, 900 MTU for the
fourth year, 1800 MTU for the fifth
year, and 3000 MTU per year thereafter
to closure

Second repository: 1800 MTU per year
for the first 5 years and 3000 MTU per
year thereafter to closure

1998 for the first repository and 2006
for the second repository
Basalt, crystalline rock, salt, and tuff

Currently licensed transportation casks

All costs are expressed in terms of
constant 1984 dollars

*This repository-design receipt rate was used to develop the January
1985 program-cost estimates, which in turn were used for the February 1985
report on fee adequacy (DOE, 1985). It is not equivalent to the design
receipt rates used elsewhere in the Mission Plan.
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The host rock and the site of the repository are two related parameters
that must be defined before the estimates can be made. The nine potentially
acceptable sites for the first repository consist of one site in a tuff forma-
tion in Nevada, one site in basalt at the Hanford Site in the State of Wash-
ington, and seven sites in salt formations in Louisiana, Mississippi, Texas,
and Utah. Since only one site is being considered in both tuff and basalt,
the site is designated by the rock type. For the seven salt sites, a single
site was assumed in order to estimate the transportation costs for this host
rock. A site in the Permian Basin of Texas was selected because it represents
the middle range for the average distance traveled from most of the reactors
in the eastern half of the country. Also, the recently issued draft environ-
mental assessments (DOE, 1984b) concluded that the site in Deaf Smith County,
Texas, is one of the three preferred sites (together with the sites in basalt
and tuff) for recommendation to the President as candidates for characteriza-
tion. However, the choice of sites in this analysis does not represent the
DOE's final decision on the sites to be recommended for characterization or

development of a repository.

For the second repository, the DOE is evaluating crystalline-rock
(granite) formations in 17 States. These States are located in the mid-
western, northeastern, and southeastern regions of the country. The estimated
geographic centroid for these regions was assumed for the location of the
crystalline-rock repository. This centroid was used only as the basis for
estimating the average reactor-to-repository distance in calculating transpor-
tation costs; the assumption does not represent the DOE's policy for the
selection of crystalline-rock sites.

From the four alternative rock types and sites for repositories, combina-
tions of sites for the first and the second repository were developed for the
reference cases. The DOE's current budget~planning assumption is that two of
the three candidate sites for the second repository will be in crystalline
rock. Since crystalline rock is not under consideration for the first-
repository site, a second repository in crystalline rock was alternatively
combined with each of the other three rock types as first-repository sites.
Also, since multiple salt sites currently exist, a second repository in salt
was combined with first-repository sites in tuff, basalt, and also salt.
Finally, a basalt site for the first repository and a tuff site for the second
were combined because these two sites represent the longest distances from
most of the reactors and hence are expected to incur the maximum transporta-
tion costs. The shortest transportation distance is associated with the
combination of salt and crystalline rock.

As already mentioned, the seven reference cases differ only by the loca-
tion of the repository sites. Each of the cases is based on identical assump-
tions about the amount of fuel, the design of the repositories (two phases for
the first repository and one phase for the second repository), repository-
startup dates, and transportation casks.

10.2.2 SENSITIVITY CASES

Three categories of sensitivity cases were derived: (1) low waste
generation, (2) improved transportation-cask technology, and (3) repository
delay. Within each category, a few different cases were included. The com-
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plete case structure--7 reference cases and 10 sensitivity cases--is described
in Table 10-2 by its distinguishing features.

To represent a low-waste-generation case, the EIA "no-new-orders” fore-
cast of November 1984 was assumed (DOE, The cumulative amount of
spent fuel generated in this case is 97,700 MTU, or 25 percent less than the
amount projected in the reference cases. The repository waste-acceptance rate
and startup schedule remain the same as in the reference cases. Four combina-
tions of first- and second-repository locations were assumed for this case:
(1) basalt and tuff, the reference-case combination with the highest total-
system cost; (2) salt and crystalline rock, the reference-case combination
with the lowest total-system cost; (3) basalt and salt; and (4) tuff and crys-talline rock. These combinations provide a broad-band assessment of the cost
impacts associated with less waste in the system.

The currently licensed spent~fuel transportation casks assumed for the
reference case are relatively inefficient in comparison with the cask designsthat are expected to be developed. The new casks will be able to carry more
spent-fuel assemblies, thereby reducing the number of shipments necessary and,
in turn, the cost of transportation. Current casks are designed to transport
spent fuel that has a minimum age of only 120 days (i.e., the time of dis-
charge from the reactor). The fuel to be accepted by the reference waste-
management system is to be aged at least 5 years, and the greater capacity of
the new casks can be realized because less shielding will be required for this
fuel . An alternative. more efficient, set of transportation casks was there-
fore included in this analysis as a sensitivity case to determine the effect
on the total-system cost. The cost estimates were calculated for two
repository-site combinations that represent the greatest distance traveled
(basalt/tuff) and the smallest distance traveled (salt/crystalline rock ) from
among the seven reference-case combinations.

Although the DOE is committed to start accepting spent fuel from util-
ities by January 31, 1998, two sensitivity cases were developed to determine
the effect on total-system costs of delays in the startup of the reposi-tories. Two alternative cases were examined: a delay of 5 and 10 years in
the opening of both the first and the second repository.

Costs for each of the repository-delay cases were estimated for the
reference-case repository-site combinations that yield the highest (basalt/
tuff) and the lowest (salt/crystalline rock) total-system cost.

10.3 DEVELOPMENT AND EVALUATION COSTS

The development and evaluation (D&E) cost category covers all the siting,design development, testing, regulatory, and institutional activities asso-
ciated with the repositories and the required transportation network: it also
covers the D&E activities associated with monitored retrievable storage. Most
of the D&E activities will take place before the construction of waste-
receiving facilities and the fabrication of waste packages and transportationcasks, but some efforts, such as regulatory activities, will continue duringthe facility-construction period. Included in the D&E category is the mitiga-tion of socioeconomic impacts, which is assumed to occur throughout repository
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Table Case Structure for the Total-System Cost Analysis*

Cumulative Spent- Repository Startup Additional
Fuel Generation Storage

Case First Second (MTU) First Second Facilities

Reference cases
Sat Crystalline 130,300 1998 2006 None
Tuff Crystalline 130,300 1998 2006 None
Basalt Crystalline 130,300 1998 2006 None
Salt Salt 130.300 1998 2006 Wone
Tuff Salt 130,300 1998 2006 None
Basalt Salt 130,300 1998 2006 None
Basalt Tuff 430,300 1998 2006 None

Sensitivity cases

Low waste gener-
ation Basalt Salt 97,700 1998 2006 None

Basalt Tuff 97,700 1998 2006 Wone
Sait Crystalline 97,700 1998 2006 None
Tuff Crystalline 97,700 1998 2006 None

Improved cask
technology Basalt Tuff 130,300 1998 2006 Wone

Salt Crystalline 130,300 1998 2006 None

Repository delay
$-year Gasalt Tuff 130,300 2003 2011 MRS

Salt Crystalline 130,300 2003 2011 MRS

10-year? Basalt Tuff 130,300 2008 2016 MRS
Sait Crystalline 130,300 2008 2016 MRS

ATne waste-receipt rate for the two-phase first repository is 400 MTU/yr for the first 3 years of
operation, 900 MTU in the Fourth year, 1800 MTU in the fifth year, and 3000 MTU/yr thereafter. The rate
for the single-phase second repository ts 1800 MTU/yr for the first $ years of operation and 3000 MTU/yr
thereafter.

*the first repository is assumed to be a Single-phase facility.
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construction. Also included in this category is the cost of Federal Govern-ment administration of the entire waste-disposal program. As so defined, D&Eencompasses all program expenditures both at the present time and for the nextseveral years.

The starting point for estimating D&E costs is a schedule of overall pro-gram milestones. Having established a milestone schedule, the activities cur-rently under way to accomplish these milestones must be determined along withthe current costs for these activities. Next, activities in the future thatmust be either continued or initiated to accomplish the entire schedule ofmilestones are determined, and the time periods over which these future activ-ities must take place are estimated. Finally, the costs of performing each ofthese activities are estimated, drawing on the cost-activity relationships ofthe current and near-term activities and independent cost estimates of futureactivities, where available.

The schedule of milestones for the reference-case D&E cost estimates isbased on the program schedule as of January 1985, which is consistent with theFY86 budget submittal to Congress. Compared with the schedule in the April1984 draft Mission Plan. this schedule represents later dates for near-termfirst-repository milestones, but still retains the January 1998 date for thestart of repository operations. For the second repository, the start ofoperations has been delayed 17 months from the draft Mission Plan schedule.Table 10-3 presents the specific milestones that were used in developing theD&E costs.

The D&E cost estimates assume only the activities that are covered by theNuclear Waste Fund and are categorized into five major areas: first reposi-tory: second repository: monitored retrievable storage: transportation andsystems integration; and socioeconomic impact mitigation. Government adminis-tration is added as the sixth cost category.
The primary data source for the cost of current program activities is thebudget developed for the Nuclear Waste Fund. For all of the D&E cost cate-gories, the FY86 budget submitted to Congress in January 1985 served as thenumerical basis through the year 1990. The D&E estimates are expressed in

terms of constant 1984 dollars for consistency with the other cost categories.
This reference-case D&E cost estimate pertains to all the cases in whichthe repositories are assumed to start operating according to the programschedule and is essentially the same across all host rocks and spent-fuelgeneration scenarios. In addition to the reference-case estimates, there are

two sensitivity cases that require alternative D&E cost estimates: the S- and10-year repository delays. The DSE costs for the reference and the sensitiv-ity cases are summarized in Table 10-4.
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Table 10-3. Schedule of Program Milestones

Program Milestone First Repository* Second Repository

Identify potentially aeceptable sites
Complete draft environmental assessments
Complete Final environmental assessments
Nominate sites
Recommend candidate si
Presidential approval
Start preparation of e
Start exploratory-shaf
Start preliminary wast
Complete exploratory-s
Start Title I reposito
Complete exploratory-s

for OEIS and recomme
Issue draft environmental impact statement (OEIS)
Issue final environmen
Recommend to President
Complete exploratory-s

license application
Complete Title I repos
Site designation effec

license application
WRC grants license, st

tes
of candidate sites
xploratory-shaft site
t construction
e-package design
haft construction
ry design
haft testing
ndation

tal impact statement

haft testing for
to the NRC
itory design
tive, submit

art operations

Completed
12/64
6/85
6/85
7/88
9/85

6/87

2/88

12/89
6/90

12/90
1791

11790
$/90

1/98

12790
6/91
6/91
7/91
9/91
97/91
2/92
6/93
8/94
1/94

12/95
6/96

12/96
1/97

11/96
1/96

$/97
2/2006

AThe dates given here are the program-milestone
analysis of total-system costs (Roy Weston, Inc., 1985).
revised dates presented elsewhere in this plan.

dates used for the most recent
They are not the same as the

Searlier date is for basalt and tuff, and the later date is for salt.

Cearlier date is for basalt, and the later date is for salt.
between these two date

Searlier date ts for tuff, and the later date is for salt.
between these two date$.

Table 10-4. Summary of Total O&€ Costs
(Millions of 1984 Dollars)

The date for tuff is

The date for basalt is

Reference $-Year 10-Year
Cost Category Case Oelay Case Delay Case

First repository 3200 3400 3500

Second repository 2100 2200 2300

Monitored retrievable
storage 100 100 100

Transportation and
systems integration 200 300 400

Soctoeconomic impact
mitigation 600 700 1000

Government
administration” 16090 1200 1800

Total 7800 6400 9100

Aassumes crystalline rock or tuff for the second repository. If
the host rock salt, then the costs of Government administration and
therefore the total D&E costs will be $50 million less.
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10.4 TRANSPORTATION COSTS

The Act directed the DOE to develop the transportation Capability neces-
Sary to support the waste-management system. The Act requires the DOE to take
title to the spent fuel at the reactors and to arrange for transportation to
storage or disposal facilities. The Act also requires that private industrybe involved in developing and providing the necessary transportation services
to the fullest extent possible.

The method for estimating transportation costs derives a unit charge for
transportation-cask use, shipping. and security for each potential transpor-
tation pathway; this unit charge is applied to the annual waste material flows
to arrive at the total transportation cost. The pathways considered include
transportation from the reactors to each repository loca- tion, from reactors
to an MRS facility (which is assumed to be used only in the repository-delaycases), and from the MRS facility to each repository. The total unit
transportation cost is the sum of these three unit costs. Each of these
estimations is performed for two modes of transportation: rail and truck
transportation. A split between the two modes is assumed in order to
calculate the total cost.

Before any of these unit costs can be derived, the transportation dis-
tance for each pathway must be estimated. The distances were estimated in two
steps. First, average distances were estimated from reactors to each of the
four repository sites and to the MRS site and from the MRS site to each of the
repository sites. These distances are pertinent only when one repository is
in operation. Second, a reduction in these distances was calculated to
account for the potential savings of optimized routing for the years when two
repositories are in operation. Unit costs were estimated for each set of dis-
tances and are appropriately applied to the annual waste material flows,
depending on whether in a specific year one or two repositories are in
operation.

Table 10-5 presents a summary of the transportation costs estimated for
each reference and sensitivity case, detailed by individual pathway.

10.5 REPOSITORY COSTS

The construction, operation, and closure and decommissioning costs for the
two repositories represent the largest component of total-system costs. By
virtue of their relative importance, the repository costs have undergone
substantial review and reestimation since the previous set of costs was cal-
culated for the draft Mission Plan. The cornerstone of this process was a new
engineering feasibility study developed in response to a change in the program
strategy. The design concept for the first repository was changed from a one-
phase facility to a two-phase facility that allowed waste acceptance byJanuary 1998. This feasibility study included a cost analysis of the new
repository design. However, the estimates should be recognized to have sub-
stantial uncertainty because of possible future changes in the design of the
repositories. As designs become more advanced and the facility character-
istics become fixed, the cost estimates will become more meaningful.
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Table 10-5. Summary of Transportation-Cost Estimates
(Millions of 1984 Dollars)

Reactor Reactor
to to MRS to MRS to

Reactor First Second First Second
Case to MRS“ Repository Repository Repository” Repository” Total

Reference cases
Tuf f/erystalline 2500 1300 3800
Basalt/crystalline 2600 1300 3900
Salt/cerystalline 2000 1300 3300
Tuff/salt 2700 1800 4500
Basalt/satt 2700 1700 4400
Salt/sait 2100 1800 3900
Basalt/tuff 2800 2300 $100

Sensitivity cases
Low waste generation

Basalt/salt 2600 900 3500
Tuff /erystalline 2500 700 3200
Basalt/tuff 2600 1200 3800

Salt/erystal tine 1900 700 2600

Improved cask technology
Basalt/tuff 1400 1200 2600
Salt/erystalline 1000 600 1600

S-year delay
Basalt/tuff 700 2400 1800 400 900 $900
Salt/erystalline 700 1700 900 300 400 4000

10-year delay
Basalt/tuff 1300 2000 900 800 1800 6500
Salt/erystalline 1300 1§00 $00 600 800 4700

Aan MRS facility is assumed only for the repository-delay cases.
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The method used in estimating the repository costs was a three-step
procedure. First, costs were developed for standard-size facilities (70.000
MTU) for each of the alternative host rocks. Second, a scaling technique was
applied to the costs of a standard-size facility to derive costs for the
facility capacities that are required by the waste material flows for each
case in the analysis. Third, the total construction, operation, and closure
and decommissioning costs were annualized for inclusion with the other cost
components.

In developing the standard-size-facility costs for tuff, basalt. salt,
and crystalline-rock repositories, a parametric approach was used. It assumes
that many features of the surface facilities and underground layout are

generic for all rock types. In general, the surface and underground design of
the tuff repository was used for the other host rocks. However, certain
aspects of the tuff design have been adjusted for salt, basalt, and crystal-
line rock to allow for differences between these host rocks. The costs of a

two-phase repository for the three first-repository host rocks were first
developed according to the parametric analysis approach. Then these costs
were used to develop the costs of a one-phase repository for all four rock
types since each could potentially be used for the second repository, which is
a one-phase facility. The costs for the standard-size repositories are pre-
sented in Table 10-6.

Table 10-6. Summary of Cost Estimates for the Standard-Size Repository
by Host Rock

(Billions of 1984 Dollars)

First Repository (Two Phases)

Cost Category Tuff Basalt Salt

Construction 1.1 2.3 1.6
Operation 5.8 8.3 4.9
Closure and

decommissioning 0.1 0.1 0.3

Total 7.0 10.7 6.8

Second Repository (One Phase)

Cost Category Tuff Basalt Salt Crystalline

Construction 1.0 2.2 1.4 0.9
Operation 5.7 8.2 4.7 5.7
Closure and

decommissioning 0.1 0.1 0.2

Total 6.8 10.5 6.3 6.7
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In all cases but the low-waste-generation case, the first-repository
capacity is identical with that of the standard-size facility, or 70,000 MTU.
Therefore, no adjustment in the costs of the standard-size costs is required.
The second-repository capacity, though, is 63,300 MTU, so that the costs of
the standard-size facility must be scaled down to estimate the second-reposi-
tory costs. In the low-waste-generation case, both the first and the second
repositories are sized below design capacity, and the scaling technique is
applied to each. A summary of the repository-cost estimates for all cases is
shown in Table 10-7.

10.6 STORAGE COSTS

This section presents the cost estimates for the storage activities
required in the and 10-year repository-delay cases. It was assumed that
such delays would require an MRS facility. These assumptions were made for
the sole purpose of performing the cost estimation and may not represent the
final assumptions for the integrated waste-management system.

The costs for each of the delay cases were estimated by first determining
the amount of fuel that needs to be stored in each case. This was accom-

plished by assuming that even with a delay in the start of repository opera-
tion, the DOE would accept fuel at the reference-case rate. Therefore, the
storage requirements were determined by calculating the difference between the
reference-case acceptance schedule and the repository acceptance schedule in
each delay case. Having made this determination and after deciding on the
preferred engineered concept for providing the required storage at an MRS
facility, the cost estimates were then developed by using the best information
available on the costs of constructing and operating the required storage
facilities.

The Act identifies monitored retrievable storage as an option for the
long-term storage of waste. The Act directs the DOE to submit to Congress by
June 1, 1985, a proposal to construct one or more MRS facilities. The Act
further specifies that this proposal should include at least three alternative
sites and a minimum of five alternative combinations of sites and facility
designs. To develop these designs, at least two concepts must be selected for
further design. To do this, eight previously studied concepts were eval-
uated. From these alternative concepts, the concrete-cask design was selected
as the primary concept because of its demonstration experience. simple and
flexible design, and low estimated cost in comparison with the other con-

cepts. On the basis of this evaluation study, the concrete-cask concept was
assumed for estimating the MRS cost. Table 10-8 presents the MRS cost esti-
mates for both the 5- and the 10-year repository-delay cases. In the 5-year
case, a storage capacity of 30,000 MIU is required, while in the 10-year case
a capacity of nearly 55,000 MTU is needed. The total costs for each case are

$2.0 and $2.4 billion, respectively. It should be noted, how~- ever, that
these cost and storage capacities are based on the previous MRS mission of
providing backup storage for a repository. The costs and capa- cities for an

integral MRS facility would be different.
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Table 10-8. MRS Requirements, Operating Lifetime, and Costs*

5-Year 10-Year

Category Delay Delay

Storage requirements (MTU) 30,000 54,900

Operating lifetime (years) 36 41

Costs*

Construction 300 300

Operations 1,600 2,000
Closure and decommissioning 60 60

Total cost 1,960 2,360

*It should be noted that these costs and storage capacities are

based on the previous MRS mission of providing backup storage for the

repository. The numbers for the integral MRS facility included in the

improved-performance plan (see Chapter 2 of Part I) would be different.

10.7 SUMMARY OF TOTAL SYSTEM COSTS

The cost of the repository is the largest component of the total-system
costs for all cases. For the reference cases, the costs for both repositories
represent 51 to 59 percent of the total. The development and evaluation costs

are the next largest component, accounting for 26 to 33 percent of the total,
and transportation represents 14 to 18 percent. The relative importance of
each of these components is decreased in the repository-delay sensitivity
cases because of the inclusion of storage costs in the total-system costs.

Storage costs may be as high as 8 percent of the total in the 10-year-delay
case. The total-system costs are summarized in Table 10-9 for the 7 reference
cases and 10 sensitivity cases.

The principal findings of this analysis are as follows:

1. The total-system costs for the reference program, expressed in con-

stant 1964 dollars, range from $23.8 to $29.7 billion, depending on

the host rocks and sites of the two repositories. For the sensitiv-

ity cases analyzed in this report. the total-systen costs may be as

high as $35.3 billion (10-year repository delay) or as low as $20.9
billion (low waste generation), representing a range in potential
costs of 69 percent.
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2. The host rocks and sites of the two repositories have a significanteffect on total system costs: the total costs for the host~rock com-
bination with the highest reference-case cost (basalt/tuff) is 25
percent higher than the cost for the combination with the lowest
reference-case cost (salt/crystalline rock).

3. The waste-generation rate also has a significant effect on total-
system costs. The cost for the low-waste-generation case is $2.9 to
$3.6 billion less than that for the reference case, depending on the
repository site. However, on an average unit-cost basis, the low-
waste-generation case is 17 percent more expensive than the reference
case because of economies of scale.

4. The use of improved transportation-cask technology reduces transpor-tation costs by 50 percent and decreases the total-system costs for
the reference case by $1.7 to $2.5 billion, or 7 to 8 percent,depending on the site of the repository.

5. Delays of 5 or 10 years in the opening of the repositories increase
the total-system costs by $3.3 to $3.5 billion and $5.1 to $5.6
billion, respectively, depending on the host-rock combination. These
additional costs are due to extended development and evaluation
activities, to storage facilities that would otherwise not be
required, and increased transportation requirements for shipments to
and from an MRS facility. (In the 10-year delay, repository-
construction costs are also increased because, by definition, the
delay is partially due to problems experienced in construction.)
Both repositories receive 100 percent of the design receipt rate
throughout their operating period in the reference cases: thus
delaying the start of repository operation does not affect
repository-operation costs because in this delay case the system also
operates at maximum efficiency.

6. Because of the sizable cost impacts of repository sites, waste-
generation rate, transportation-cask technology, and repository-startup dates, the effects of one parameter may be partially or
wholly offset by the effects of another parameter. For example, the
total-system costs for the 5-year delay with repositories in salt and
crystalline rock are lower than those for repositories in basalt and
tuff.

Figure 10-1 shows the annual total-system costs for al) years in the life
cycle, detailed by major cost category, for the highest-cost reference case
(basalt/tuff). As the figure shows, total-system costs from 1983 through 1990
consist exclusively of development and evaluation costs. Construction costs
(advanced design work) for the first repository start in 1991. The total-
system costs peak in 1995, when both the costs of first-repository construc-
tion and the costs of development and evaluation for the second repository are
at their highest levels. A high plateau for total-system costs--only 14
percent lower than the 1995 peak value--starts in 2011, when both repositories
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Table 10-9. Summary of Total-System Life-Cycle Cost Estimates
(Billions of 1984 Dollars)

Transpor- Repository ss Grand
Case OSE tation First Second Tota) Storage Total’

Reference cases

Tuf /erystalline rock 7.8 3.8 7.0 6.1 13.1 - 24.7
Basalt/crystalline rock 7.8 3.9 10.7 6.1 16.9 - 28.5
Salt/erystalline 7.8 3.3 6.8 6.1 12.8 - 23.8
Tuff/salt 7.8 4.5 7.0 5.8 12.8 - 25.0
Basalt/satt 7.8 4.4 10.7 5.8 16.6 - 28.8
Salt/salt 7.8 3.9 6.8 $.8 12.5 - 24.2
Basalt/tuff 7.8 $.1 10.7 6.0 16.9 - 29.7

Sensitivity cases

Low waste generation

Basalt/salt 7.8 3.5 10.4 4.2 10.6 - 25.9
Tuff/erystalline rock 7.8 3.2 6.7 4.0 10.7 - 21.6
Basalt/tuff . 7.8 3.8 10.4 4.0 14.4 - 26.1
Salt/crystalline rock 7.8 2.6 6.6 4.0 10.$ - 20.9

Improved cask technology

Basalt/tuff 7.8 2.6 10.7 6.0 16.9 - 27.2
Salt/erystalline rock 7.8 1.6 6.8 6.1 12.8 - 22.2

Repository delay

$-year

Basalt/tuff 8.4 10.7 6.0 16.9 2.0 33.2
Salt/erystalline rock 8.4 4.0 6.8 6.1 12.8 2.0 27.1

10-year

Basalt/tuff 9.1 6.5 17.0 6.2 17.4 2.4 38.3 .

Salt/crystalline rock 9.) 4.7 6.7 6.3 13.0 2.4 28.9

“The costs in any particular category may not add to the total because of independent rounding.
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are operating at their maximum receipt rates and continues through 2024, the
last year of first-repository operation at a rate of 3000 MTU per year.
Total-system costs drop very rapidly after this year as both repositories
enter the caretaker period by the year 2029.

The adequacy of the waste-disposal fees for the costs for the disposal of
commercial spent nuclear fuel and high-level waste has been examined annually
since 1983. These fees, established by the Act, consist of a one-time fee
assessed on waste existing on April 7, 1983, and an ongoing fee assessed on

electricity generated in nuclear power plants after April 7, 1983.

The revenue projections used in the February 1985 analysis (DOE, 1985)
were derived from EIA forecasts of gross electricity generation prepared in
September 1984. Two forecasts of the growth of nuclear power were used. The
middle-case forecast assumes that there will be no net future cancellations of
present nuclear-plant construction projects (i.e., any cancellations will be
offset by the resumption of previously deferred plants) and that the number of
nuclear power plants will grow at a moderate rate between 1990 and 2020, with
an approximate doubling of installed nuclear capacity from 107 gigawatts
electrical (GWe) in 1990 to 212 GWe in 2020. The no-new-orders forecast
assumes that all reactors that are currently under construction but are less
than 30 percent complete, are indefinitely deferred, or have a current work
stoppage that will be cancelled and that no orders for new reactors will be
placed. The net effect is that, after the reactors that are now more than 30
percent complete begin operation by about 1990, the installed nuclear capacity
will be stable at 109 GWe for about 10 years, decline to 49 GWe in 2020, and
fall to zero soon after as plants are retired. The middle-case and the
no-new-orders forecasts are not intended to represent absolute bounding cases,
but to illustrate the potential effects of a reasonable range of forecasts for
nuclear electricity generation.
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Chapter 11

SOCIOBCONOMIC IMPACTS

An identification of the possible adverse economic and otherimpacts to the State or Indian tribe involved that may arise
from the development of a repository or test and evaluationfacility at a site.

--Nuclear Waste Policy Act, Section 301(a)(11)

This chapter identifies a range of generic socioeconomic impacts that maybe associated with the siting, development, and operation of a geologicrepository. The DOE does not expect that the full range of impacts discussedhere would occur at every potential site. In accordance with the Act, thesite-specific impacts of both site characterization and a repository areassessed in the socioeconomic-impact sections of the draft environmental
assessments and will be assessed in the environmental impact statement. Boththe States and the DOE will be conducting impact-assessment studies during thesite characterization phase of the program.

Experience with large energy-development projects in rural areas indi-cates that impact assessments will be more accurate if the residents ofaffected communities take part in the process. The DOE will work closely withStates, affected Indian tribes. and local communities to identify and avoid ormitigate significant adverse impacts caused by a repository. Furthermore, theAct provides States and affected Indian tribes with grant funds to conducttheir own independent assessments of socioeconomic impacts and to requestimpact-mitigation funds from the DOE if a site within their boundaries or ontheir reservation is selected for a repository.
An accurate assessment of all potential impacts may prove difficult be-

cause the schedule for constructing, operating, closure, decommissioning, and
covers 90 years. Socioeconomists find it more difficult to make forecasts asthe planning period increases and must revise and update their predictions toreflect changing conditions in a given study area.

The socioeconomic impacts of a repository can be grouped into two majorcategories:

1. Impacts that result from development-related growth.
2. Impacts that result from the unique features and public perceptionsof a repository.
Several types of impacts are discussed in this chapter: demographic,economic, community service, social, and fiscal. The discussion covers boththe impacts stemming from development-related growth and the impacts relatedto the characteristics and perceptions of a repository. These and other
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impacts have been being studied for the environmental assessments and will be
further studied, as needed, for the preparation of the environmental impact
statement.

11.1 DEMOGRAPHIC CHANGES

Demographic changes include population inmigration resulting from in-
creased employment opportunities and outmigration resulting from the termina-
tion of temporary jobs. Some residents might also leave the area if they are

reluctant to live near a repository.

The development of a repository will create demands for workers to con-

struct and operate the facility. Workers and their families will move into
the affected area if enough workers who have the needed job skills do not

already live in the area. The expanded population will demand more goods and
services, thereby creating new business opportunities that could encourage
others to move into the area. This secondary population increase may be

larger than the increase that can be attributed directly to the repository
(see Section 11.2).

Four major factors influence the extent to which these demographic
changes could affect surrounding communities: (1) the total number of inmi-

grants and outmigrants, (2) the rate of population growth, (3) where the

inmigrants choose to live, and (4) the demographic characteristics of the

inmigrants and the host population.
The total number of inmigrants will depend on the number of workers

needed to construct and operate the repository, the availability of local
labor, and the number of family members who accompany incoming workers.
Therefore, when estimating the number of inmigrants into an area, assumptions
must be made regarding the percentage of available jobs that can be filled by
local residents and the family size of incoming workers.

Some residents may move out of the affected area if they believe their
health or safety is threatened by a repository, but it is difficult to predict
how many people might leave for this reason. Other residents living along
roads designated as waste-transportation corridors may also move because they
are concerned about the hazards of waste transportation. If outmigration
occurs for these two reasons, it would probably oceur during the early phases
of repository development and operation and would cease if the repository
operates without incident.

The rate of population growth is important, as is the total number of

inmigrants. The schedule of repository construction and the availability of
workers in the affected area determine the rate at which workers move into an

area. Inmigration could begin before the final site selection decision is
announced. For example, unemployed construction workers may move into the
area in anticipation of future job opportunities.

Where the inmigrants choose to live makes a difference in the kinds of

impacts associated with population increases. Workers are more likely to
choose communities where housing and services are already available, although
some may choose to live in smaller communities with fewer services if they are

-406-

HQ0005677

OCR DB-105687
Holtec_PAL-001194



.

closer to the repository. The changes associated with the inmigration--changes in age distributions, the ratio of males to females, income and
educational levels, and the ethnic composition of a community--will affect the
types of services and housing that are needed and the way of life in the com-
munity. These impacts are discussed in Sections 11.3 and 11.4.

11.2 ECONOMIC IMPACTS

Economic impacts may be positive for some groups and negative for
others. Increased demand for goods and services can promote new business and
employment opportunities. On the other hand, higher wages may drive up the
cost of living, causing hardships to some businesses, people whose wages do
not increase, and people on fixed incomes. Moreover, some economic activi-
ties, such as agriculture or tourism, could be affected.

The development and operation of a repository will infuse money into the
economies of surrounding communities and provide new jobs, some of which will
be filled by local residents. Repository workers may receive higher wagesthan those paid in these communities. This difference in wages may encourageresidents to leave their jobs and seek employment at the repository. Estab-
lished local businesses may find it necessary to raise wages in order to re-
tain their employees. One result of this competition for workers could be a
rise in the average per capita income, which could lead to increased demandsfor a wider variety of goods and services.

The combination of a larger population, increased consumer demands, and
higher wages may drive up the general cost of living in affected communities.
Residents whose incomes do not grow at the same rate as the general cost of
living may find that their purchasing power is reduced. In particular. people
on fixed incomes, such as the elderly, may have difficulty paying for housingand other needed services.

Local purchases of materials used in constructing and operating the re-
pository and increased consumer spending will stimulate secondary economic
development in the area. New businesses will open and some existing ones will
expand, which will provide more choices to consumers. The extent of this
secondary economic development will largely depend on how much of the wages of
repository workers is spent within the community and what portion of the
materials needed for the repository is purchased locally. It is likely that
the secondary economic growth will exceed the primary economic growth.

Economic growth may affect the market shares of existing businesses,depending on their abilities to expand and to compete with new enterprises.For example, some businesses may have difficulty paying higher wages and
obtaining the financing to expand their operations.

The number of workers employed at the repository will fluctuate through-out the various phases of the repository. The number of construction workers
will reach a maximum between the third and the fifth year of construction and
then gradually decline. The number of jobs during the period of repositoryoperations will increase from the first year until reaching a peak between the
14th and the 18th years, after which the number of jobs will decline for the
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remainder of the operations phase. There will be a slight increase in employ-
ment opportunities during decommissioning and closure, after which very few
persons, if any, will be employed at the repository.

It is possible that affected communities may experience an economic down-
turn with repository closure, and they may want to develop strategies for
economic diversification in anticipation of the closing of the repository.

Several economic impacts may stem from public apprehension of a reposi-
tory. First, some economic activities, such as tourism and agriculture, could
be affected. Second, private-property values near the site of the repository
and along major transportation corridors could fluctuate. Third, it may be
difficult to attract major new industries into an area where a repository is
located.

Activities like tourism and agriculture could be affected by the
development of a repository if potential visitors to recreational, natural, or

historical places in the affected area, believing that these places are less
attractive because of their proximity to a repository, choose to stay away.
This would hurt businesses in affected areas that depend on tourism.
Similarly, if consumers believe that agricultural products grown near a

repository are contaminated or otherwise undesirable, it may be difficult to
sell those products. and farmers near the repository could conceivably
experience losses. At this time, however, there is no direct evidence that
either of these impacts would occur. The potential for these kinds of impacts
will be investigated during the investigations to be conducted concurrently
with site characterization.

Private-property values may fluctuate throughout the repository planning,
construction, and operation phases. These fluctuations could occur near the
site and along major transportation corridors in the vicinity of the reposi-
tory. The initial phases of repository development may be accompanied by a

decline in property values. However, it is likely that property values will
increase again at some time during the operations phase when the safety of
repository operations is accepted by the public.

It is possible that developers from outside the community will attempt to
purchase large tracts of land in anticipation of future housing needs. This
could result in a larger percentage of absentee landowners in affected commun-

ities and some loss of local property control.

Communities hosting a repository may initially have trouble attracting
new commercial or industrial enterprises to their area in an attempt to diver-
sify the local economy. However, any initial reluctance of businesses to
locate in the vicinity of a repository should also subside after the reposi-
tory has been operating for several years without incident.

11.3 COMMUNITY-SERVICES IMPACTS

As mentioned above, population increases will stem from the hiring of
repository workers from outside the area (primary growth) and the expansion of
business activity (secondary growth). This growth in population will place
additional demands on existing housing, public facilities, and public serv-

~408-

HQ0005679

OCR DB-105689
Holtec_PAL-001196



.

ices. One long-range effect of this increased demand could be more housingchoices for residents and improved community facilities and services. How-
ever, if sufficient funds are not available to pay for the needed improve-
ments. existing services would be strained, which would lower the overall
quality of services in the community.

11.3.1 IMPACTS ON HOUSING

If a large proportion of repository-construction jobs are filled byinmigrants, new workers will be competing for available housing in affected
communities. Demand for housing will accelerate quickly because peak employ-ment will occur between the third and the fifth years of repository construc-
tion. The extent to which this housing demand can be met will depend mainly
on the number of vacant housing units in affected communities and the extent
of planned real-estate development.

A sizable population influx will also reduce vacancy rates in affected
communities. It is possible that the repository-related population growthwill result in increases in the price of housing. Since repository workers
may receive higher wages. other members of the community could be at a
competitive disadvantage in the housing market. In particular, residents on
fixed incomes and those who rent housing may have difficulty adjusting to
increases in housing prices.

Demands for new housing should stabilize during repository operationbecause additional housing will have been built during the construction
phase. It is likely that repository-operations workers will also occupyhousing vacated by the construction workers who will leave when constructionis completed.

Experience with other large development projects in rural areas suggeststhat housing prices may remain at inflated levels even when the additionaldemand due to population growth subsides, especially if the wages of
project-construction workers inflate the general cost of living.

11.3.2 IMPACTS ON COMMUNITY FACILITIES AND SERVICES

The population increases associated with the repository may create a need
for additional facilities and services in surrounding communities, includingroads, water and sewer lines, schools, health-care services, fire and policeprotection, traffic-control and mass-transit systems, and cultural and recrea-
tional facilities. The expanded population may also create demands for serv-
ices not currently provided in the community, such as counseling centers and
an emergency-response capability.

The extent to which public facilities must be expanded will depend, in
part. on the number of additional housing units that are built. I€ a largenumber of housing units must be constructed, costly expansions of municipalfacilities may be required. For example, the construction of new housingdevelopments will require that access roads be improved and that utility runs
to existing electrical power, water, and sewer lines be lengthened.
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The effects of population growth on public services will vary. In some

cases, a larger population will allow the community to provide more services.
For example, a larger population will be able to support more specialized
medical personnel, resulting in improved health care-services. On the other
hand, if affected communities cannot fund specialized medical personnel, some

new community members with health problems different from those of long-time
residents may not get the health care they need.

A community's educational system will be immediately affected by a rapid
population growth because workers will enroll their children in school as soon

as they move into an area. Although communities may have to invest more money
in their schools to accommodate these increases, a long-range effect of this
investment could be an improved educational system. For example, more teach-
ers could be hired, and a wider range of courses could be offered. However,
if affected communities are not willing or able to pay for the needed improve-
ments, schools could become overcrowded, and the quality of education would
suffer.

The need for some services may increase beyond what would be expected
solely on the basis of population growth. For example, when the selection of
the repository site is announced, unemployed construction or mining workers

may be attracted to communities near the site. If many of these workers do
not find jobs but choose to remain in the area, local social service agencies
may be excessively burdened. The need for services not presently provided in
affected communities may also be created. For example, new residents may
desire day-care centers or family-planning clinics in their community.

11.4 SOCIAL IMPACTS

Social impacts are related mainly to a community's social organization
and with perceptions of group and personal well-being. These impacts can be

important to community residents, yet they are most difficult to identify and
measure. For example, there are no standard indicators of community char-
acteristics like the quality of life or community satisfaction. This section
lists some of the social changes that a repository may cause.

A large increase in the size of community may alter the age distribution
of its residents, its ethnic composition, and the ratio of males to females.
Furthermore, the values, lifestyles, cultural traditions, and political views
of the inmigrants may differ from those of long-time residents. These changes
will affect the way residents interact with one another and may influence the

quality of life in that area. In the case of a repository. whether these

changes are positive or negative will depend on individual preferences and the
extent of planning conducted jointly by the community, the State or Indian
tribe, and the DOE. Some residents might view inmigrants as good for the

community because they bring new ideas and more varied activities with them.
Others may view inmigrants as being responsible for a loss of traditional
values and ways of life. In these instances, newcomers may not be welcomed
into the community and tensions could develop between the two groups. Some
residents may view the increased levels of personal affluence and expanded
business opportunities that accompany repository development as a positive
effect. Others may believe that these changes threaten their traditional
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lifestyles. Some of the factors that may affect community attitudes toward
newcomers are the size of the existing community, previous experiences with
transient workers, and the ability of the community to provide services when
they are needed.

A rapid growth in population may be associated with increases in social
problems--crime, alcoholism, drug abuse, family conflicts, and divorce--and
mental illness. The ability of a community to absorb the additional popula-tion without greatly increasing the occurrences of these social disorders
depends largely on the rate of growth.

Leadership requirements in these growing communities may also change.Small, informal governments may have to add staff and become more formal as
demands for services increase. Communities that previously had few land-use
controls may enact new zoning ordinances for residential and commercial
development. If inmigrants become active in community affairs, new leaders
may emerge as candidates for elected office or advocates for various issues.

To develop a repository, the DOE may need to acquire privately owned
land. Any residences or businesses located at the site of the repository will
have to be moved to other locations, and those who have to be relocated mayexperience greater social impacts than the other residents of the areas.
Under the Uniform Relocation Assistance and Real Property Acquisition Policies
Act of 1970 (Public Law 91-646), relocated residents must be moved to compa
able dwelling units. If no such units are available in the immediate area,
residents may have to be moved out of their neighborhoods. Relocated busi-
nesses may lose some of their customers, particularly if they are moved a con-
siderable distance from their original location.

The degree of public concern over the safety of a repository wil} dependpartly on the extent to which local residents trust government institutions to
adequately protect the community. Studies have shown that the public's trust
of Federal Government officials diminished during the 1970s. The DOE recog-
nizes that the degree of trust community members have in public officials will
depend on the amount and the quality of information provided to the public,and the opportunities for public involvement during the siting and development
process.

Public opinion about a repository will vary. Some community members will
oppose it because of concern for their safety. potential changes to their com-
munity and lifestyles, or their political beliefs. Others may support the
repository because it will produce jobs and stimulate economic development or
alter their community in ways they view as positive. These differing opinions
could lead to the polarization of groups in affected communities. New com-
munity leaders representing the varying positions may emerge as a result of
this controversy. This polarization may be most severe during the period when
the selection of a site is still an open issue.

11.5 FISCAL IMPACTS

The fiscal impacts of repository construction and operation may include
increased revenues from an expanded property or other tax base and increased
expenditures resulting from requirements for additional services. At the
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local level, revenue sources could include ad valorem taxes, user fees,
special assessments, and intergovernmental transfers. Local expenditures may
be required to improve schools and hire teachers, build water and sewer

systems, and provide law enforcement, fire protection, and social services.
Fiscal burdens may also result from the need to develop emergency-response and
radiation monitoring capabilities.

The fiscal impacts on repository host States and local communities will

depend, in part. on the political jurisdictions affected by increased demands
for services, their respective authorities for raising revenues, and the
financial assistance available to them under the Act.

The primary sources of income for local governments are usually property
taxes. Property-tax revenues will fluctuate throughout the life of the pro-
ject. reflecting population changes that occur with construction, operation.
decommissioning, and closure. Revenues will also fluctuate slightly in res-

ponse to changes in property values.

Property-tax revenues will increase in communities where inmigrants
choose to live and businesses expand. It is possible that the residential
choices of inmigrants will lead to a distribution of revenues that is differ-
ent from the distribution of required expenditures among affected jurisdic-
tions. For example, a repository may be located in one jurisdiction while
most of its workers live in adjoining jurisdictions. This is more likely to
occur if there is an urban area near the repository, because inmigrants may
tend to settle in an urban area that offers more housing choices and ameni-
ties. If this settlement pattern does occur, communities in adjoining juris-
dictions may be disproportionately burdened with increased debts to pay for
improvements in services while receiving relatively minor revenue increases.

Even if inmigrants living in one jurisdiction do not demand services in
another, the tax structure of State and local governments may result in un-

equal geographic distribution of revenues and expenditures. For example, tax
structures may distribute most project-related revenues to State or county
governments, although most costs will be incurred at the municipal or school-
district level.

Large construction projects in rural areas frequently result in require-
ments for increased expenditures (because of the need to expand public ser-

vices) several years before revenues begin to increase. This gap between

expenditures and revenues may also occur early in the construction of a

repository. Local governments may find it difficult to provide financing for
these improvements.

Section 11.2 noted that certain economic activities, such as agriculture
and tourism, may decline as a result of public apprehension about a reposi-
tory. If this occurs, any associated sales taxes or user fees received by
State and local governments will also decrease.
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GLOSSARY

accessible environment - the atmosphere, the land surface, surface water,
oceans, and the portion of the lithosphere that is outside the controlled
area.

Act - the Nuclear Waste Policy Act of 1982 (Public Law 97-425).

actinides - radioactive elements with atomic numbers beginning at 89 and
continuing through 103.

affected area - either the area of socioeconomic impact or the area of
environmental impact.

affected Indian tribe - any Indian tribe (1) within whose reservation
boundaries a monitored retrievable storage facility, a test and
evaluation facility, or a repository for high-level radioactive waste or

spent fuel is proposed to be located or (2) whose federally defined
Ppossessory or usage rights to other lands outside the reservation's
boundaries arising out of congressionally ratified treaties may be
substantially and adversely affected by the locating of such a facility:
provided that the Secretary of the Interior finds. upon the petition of
the appropriate governmental officials of the tribe, that such effects
are both substantial and adverse to the tribe.

alluvium - clay, silt. sand, gravel. or similar material deposited in fairly
recent geologic time by streams or rivers.

alpha particle - a positively charged particle emitted in the radioactive
decay of certain nuclides. Made up of two protons and two neutrons bound
together, it is identical to the nucleus of a helium atom. It is the
least penetrating of the three common types of radiation--alpha. beta,
and gamma.

alternative sites - the sites referred to in Section 141(b)4 of the Act for a
monitored retrievable storage facility which are to be used in
development of designs and an environmental assessment for the proposal
required in that Section, and from among which the Secretary is directed
to recommend a preferred site/design combination.

anhydrite - a mineral, CaSO, consisting of anhydrous calcium sulfate,
that is usually massive and white or slightly colored.

anion - a negatively charged ion.

anisotropic - exhibiting properties with different values when measured along
different axes.

anticlines - ridges formed by the folding of strata; characteristic structures
of basalt flows.

aquifer - a formation, a group of formations, or a part of a formation that
contains sufficient saturated permeable material to yield significantquantities of water to wells and springs.
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aquitard - a confining bed that retards but does not prevent the flow of water
to or from an adjacent aquifer; a leaky confining bed. It does not
readily yield water to wells or springs, but may serve as a storage unit
for ground water.

argillaceous - applied to all rocks or substances composed of clay minerals or

having a notable proportion of clay in their composition such as shale,
slate, etc.

artesian wells - wells tapping ground water confined under hydrostatic
pressure. The water level in an artesian well is above the top of the
artesian water body it taps. If the water level in an artesian well
stands above the land surface, the well is a flowing artesian well.

atomic energy defense activity (or program) - any activity of the Secretary
of Energy performed in whole or in part in carrying out any of the
following functions: naval reactors development; weapons activities
including defense inertial confinement fusion: verification and control
technology: defense nuclear materials production; defense nuclear waste
and materials by-products management; defense nuclear materials security
and safeguards and security investigations; and defense research and
development.

backfilling - placement of originally removed or new materials into excavated
areas of a repository, including holes drilled for waste canisters,
tunnels, access ways, and shafts.

barrier - any material or structure that prevents or substantially delays
movement of ground water and, hence, dissolved radionuclides.

basal colonnade - a subdivision of the dense interior of a basalt flow
consisting of relatively well-formed columns typically with fewer primary
fractures than in the entablature.

basalt - a fine-grained solidified lava, rich in iron and magnesium minerals.
A dark- to medium-dark-colored, commonly extrusive, mafic igneous rock
composed chiefly of calcic plagioclase and clinopyroxene in a glassy or

fine-grained groundmass.

bentonite - a soft, plastic, light-colored clay formed by chemical alteration
of volcanic ash.

beta particle - a charged particle that is emitted by certain radioactive
materials and is physically identical with the electron.

biosphere - the part of the Earth in which life can exist, including the
lithosphere, the hydrosphere, and the atmosphere.

boiling-water reactor (BWR) - a nuclear reactor that uses boiling water to
generate electricity.

borehole - a hole drilled into the earth. often for exploratory purposes. A
borehole is generally of such a small diameter that workers cannot work
inside it. It is most often drilled into the ground vertically, or
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possibly on a small slant or horizontally. A borehole could be shallow
or it could penetrate the repository formation or even deeper strata.

borosilicate glass - a silicate glass that contains at least 5 percent boric
acid and is used to solidify commercial or defense high-level waste.

breccia rock that is not waterworn, consisting of sharp fragments cemented
together or embedded in a fine-grained matrix.

brine - water at or near saturation with salt.

brine migration - the movement of brine through interstices in rock.

burnup - a measure of reactor fuel consumption, expressed either as the
percentage of fuel atoms that have undergone fission, or the amount of
energy produced per unit weight of fuel in the reactor.

calcine - material heated to a temperature below the melting point to bring
about a more chemically stable form through oxidation, reduction, or the
loss of moisture.

caldera - a large, basin-shaped volcanic depression. more or less circular in
form.

caliche - gravel, sand, or desert debris cemented by calcium carbonate;
also the calcium carbonate itself.

canister - the first material envelope surrounding a waste form for handling
purposes.

caprock - a comparatively impervious layer of rock immediately overlying a

fluid-bearing reservoir.

cask - a container for shipping spent nuclear fuel or high-level
radioactive waste which meets all] applicable regulatory requirements.

cask-in-trench (or berm) - an adaptation of the basic above-ground silo design
where earth is used in addition to concrete to provide radiation
shielding and physical protection.

CASTOR cask - a prototype dry-storage cask designed to store 16 BWR fuel
assemblies.

cation - a positively charged ion.

Cenozoic - the latest of the eras into which geologic time, as recorded by the
stratified rocks of the earth's crust, is divided; it extends from the
end of the Mesozoic Era up to and including the present.

central entablature - a subdivision of the dense interior of a basalt flow,
composed of irregularly or regularly jointed rock with relatively small
columnar structures.
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characterization - the collecting of information necessary to evaluate
suitability of a region, location. or site.

chemical resynthesis - the process whereby thermodynamic equilibrium between
nuclear waste and its host rock is attempted in order to enhance waste
form stability.

cladding - the outer jacket of spent fuel elements which contains and
supports the fuel material, protects the fuel from interaction with the
coolant, and prevents the release of fission products into the coolant.

colloid - a suspension of finely divided particles in a liquid, gaseous, or
solid substance. Suspended particles are not easily filtered out.

commercial high-level radioactive waste - high-level radioactive waste
produced in atomic-energy activities other than for defense purposes.

commercial nuclear reactor - a civilian nuclear power plant operated to
produce heat for generating electricity. It is required to be licensed
under Section 103 and 104b of the Atomic Energy Act of 1954 (42 U.S.C.
2133, 2134b).

Commission - the U.S. Nuclear Regulatory Commission.

consolidation - the operation performed on spent fuel assemblies during which
the upper and lower fuel-assembly tie plates are removed, the assembly
spacer grids and any other assembly structural members are removed, and
the fuel tubes are collected and formed into a closely packed bundle for
insertion into a canister. The nonfuel structural members of the fuel
assemblies will be reduced in volume and placed in containers for
shipment and disposal.

consultation-and-cooperation (C&C) agreement - the agreement required by the
Nuclear Waste Policy Act. The Secretary of Energy is required to attempt
to enter into a C&C agreement with a State that hosts a site approved for
characterization or with an affected Indian tribe. Also, a State that
has a potentially acceptable site for a repository may enter into a C&C
agreement with the Department of Energy.

containment - the confinement of radioactive waste within a designated
boundary or vessel.

contract ~ the "Standard Contract for Disposal of Spent Nuclear Fuel and/or
High-Level Radioactive Waste” under which the Department of Energy will
make available radioactive waste disposal services to the owners and
generators of spent nuclear fuel and high-level radioactive waste.

cristobolite a mineral (SiOz) which is a high-temperature form of quartz
and tridymite and occurs as white octahedrons in acidic volcanic rocks.

crystalline rock - a general term for igneous and metamorphic rocks as opposed
to sedimentary rocks. Granite is one type of erystalline rock.
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curie (Ci) - a unit of measurement of radioactivity. One curie equals that
quantity of any nuclide which undergoes 3.7 x 10'° disintegrations per
second.

decay ~ the process whereby radioactive particles undergo a change from one
isotope or state to another at a geometric rate, releasing radioactive
particles and/or energy in the process.

decommission - the permanent removal from service of surface facilities and
components necessary for preclosure operations only, after repository
closure, in accordance with regulatory requirements and environmental
policies. Pertaining to an MRS facility, the permanent removal from
service of facilities and components in accordance with regulatoryrequirements and environmental policies.

defense high-level waste - waste derived from atomic energy defense
activities.

.

devitrification - the process by which glassy substances lose their vitreous
(amorphous) nature and become crystalline.

disposal - the emplacement in a repository of high-level radioactive waste,
spent nuclear fuel, or other highly radioactive waste with no foreseeable
intent of recovery, whether or not such emplacement permits the recovery
of such waste.

disposal package - the primary container that holds, and is in contact with,
solidified high-level radioactive waste, spent nuclear fuel, or other
radioactive materials, and any overpacks that are emplaced at a
repository.

dissolution - a process of chemical weathering by which minerals and rocks are
dissolved in water.

disturbed zone - that portion of the controlled area, excluding shafts, whose
physical or chemical properties are predicted to change as a result of
underground facility construction or heat generated by the emplaced
radioactive waste such that the resultant change of properties could have
a significant effect on the performance of the geologic repository.

DOE - the U.S. Department of Energy.
drift - a horizontal opening excavated underground.
dry storage - cask, drywell, silo, and vault systems that are passive,

modular, and low in maintenance and that provide an alternative for
additional spent fuel storage at nuclear power plants that cannot
accommodate reracking or rod compaction.

drywell - a cylindrical hole into which sealed metal canisters containingspent fuel or high-level waste are placed.

dual-purpose cask - a cask that could serve as a storage module as well as
@ transport cask.
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ecology - the study of the relationships between living things
and their environments.

ecosystem ~ an ecologic system composed of organisms and their environment.

effective porosity - the amount of interconnected pore space and fracture

openings available for the transmission of fluids, expressed as a ratio
of the volume of interconnected pores and openings to the volume of rock.

engineered barrier system - the manmade components of a disposal system
designed to prevent the release of radionuclides from the underground
facility into the geohydrologic setting. It includes the
radioactive-waste form, radioactive-waste canisters, materials placed
over and around such canisters, any other components of the waste
package, and barriers used to seal penetrations in and to the underground
facility.

environmental assessment (EA) - a concise public document for which a Federal
agency is responsible that 1) serves to briefly provide sufficient
evidence and analysis for determining whether to prepare an environmental
impact statement or a finding of no significant impact: 2) serves to aid
an agency's compliance with the National Environmental Policy Act of 1969
(NEPA) when an environmental impact statement is necessary; 3) serves to
facilitate preparation of an environmental impact statement when
necessary. The EA will include brief discussions of the need for the
proposal, of alternatives as required by the NEPA, of the environmental
impacts of the proposed action and alternatives and a listing of agencies
and persons consulted; 4) a comparative analysis of the potential
environmental and socioeconomic impacts of the six alternative
combinations of reference sites and designs that will be developed for
the MRS proposal.

environmental impact statement (EIS) - the document required by Section
102(2)(c) of the National Environmental Policy Act of 1969 (NEPA).

epicenter ~- the point on the earth's surface directly above the exact
subsurface location of an earthquake.

erosion - the wearing-away of soil and rock by weathering, mass wasting, and
the action of streams, glaciers, waves, wind, and ground water.

evaporation - conversion of a liquid to a vapor state by the addition of
latent heat.

evaporites - sedimentary rocks which are deposited from aqueous
solution as a result of extensive or total evaporation of the solvent.
Rock salt and gypsum are examples of evaporites.

evapotranspiration - a term embracing that portion of the precipitation
returned to the air through direct evaporation or by transpiration of
vegetation.

exploratory shaft - a subsurface excavation composed of tunnels and rooms in
the host rock in the immediate vicinity of the shafts and at the depth
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that a repository would be built. The shafts will be large enough to
allow people and test equipment to be transported from the surface to the
subsurface excavations and will allow detailed study of the host rock
including lateral exploratory drilling.

extensometer - an instrument used in measuring strain.

facility - any structure, system, or element of a system, includingengineered barriers, created by the DOE to meet performance or functional
objectives.

fault - a fracture or a zone of fractures along which there has been
displacement of the sides relative to one another, parallel to the
fracture or zone of fractures.

fault block - a crustal unit formed by block faulting: it is bounded byfaults, either completely or in part.
Federal interim storage (FIS) - see interim storage facility.
field drywell - an in-ground sealed metal enclosure for storing canisters of

waste. The drywells can be bored to different sizes as required to
accept different sizes of canisters.

fission - the splitting of a heavy nucleus into two or more radioactivenuclei, accompanied by emission of gamna rays, neutrons, and a
significant amount of energy. Fission is usually initiated by neutron
bombardment, but it can also occur spontaneously.

flow top - a vesicular or brecciated crust that grades into the dense flow
interior of a basalt flow.

fluvial ~ of or pertaining to rivers: growing or living in a stream or river:produced by the action of a stream or river.

fold - a bend or flexure in bedding, foliation, cleavage, or other planarfeatures in rock. A fold is usually a product of deformation.

fuel assembly ~ a grouping of fuel rods which is not taken apart during the
charging and discharging of a reactor core.

fuel cycle the processing steps that convert uranium ore to nuclear fuel andprovide for its disposal, including mining, milling, conversion,
enrichment, fuel element fabrication, irradiation in reactors,reprocessing (if desired), storage, and disposal.

full cost recovery the recoupment by the DOE through purchaser fees, and anyinterest earned, of all direct costs, indirect costs, and all allocableoverhead, consistent with generally accepted accounting principlesconsistently applied. of providing disposal services and conductingactivities authorized by the Nuclear Waste Policy Act of 1982 (Public Law
97-425).

-423-

HQ0005694

OCR DB-105704
Holtec_PAL-001211



.

gamma ray ~ short-wavelength electromagnetic radiation emitted during the
radioactive decay of certain nuclides. Gamma rays are highly penetrating.

geochemistry - the study of the distribution and amounts of the chemical
elements in minerals, ores, rocks, soils, water, and the atmosphere.

geodetic survey - survey in which account is taken of the shape and size of
the earth and corrections are made for earth curvature.

geohydrologic - pertaining to ground water and its movements through the
geologic environment.

geohydrologic setting - the system of geohydrologic units that is located
within a given geologic setting.

geohydrologic system - the units within a geologic setting, including any
recharge areas, discharge areas, interconnections between units, and any
natural or man-induced processes or events that could affect ground-water
flow within or among those units.

geohydrologic unit - an aquifer, a confining unit, or a combination of
aquifers and confining units composing a reasonably distinct
geohydrologic system.

geologic - in the Civilian Radioactive Waste Management Program, factors such
as the depth, thickness, and lateral extent of the host rock; ground
motion, faults, igneous activity, uplift and subsidence, and dissolution;
rock structure and characteristics, ground-water flow and travel times;
chemical interactions; resource potential; surface water bodies; and
terrain.

geologic disposal - placement of radioactive waste in deep stable geologic
formations.

geologic repository - a system which reguires licensing by the NRC, that is
intended to be used, or may be used, for the disposal of radioactive
wastes in excavated geologic media. A geologic repository includes 1)
the geologic repository-operations area and 2) the portion of the
geologic setting that provides isolation of the radioactive waste and is
located within the controlled area.

geomechanics - that branch of geology dealing with the response of earth
materials to the application of deformational forces and embracing the
fundamentals of structural geology.

geomorphic - of or relating to the form of the earth or its surface features.

geophysical - pertaining to the properties of the earth related to its
structure, composition, and development.

grants-equal-to-taxes (GETT) - as specified in the Act, an amount, each fiscal
year, equal to the amount a State and a unit of local government, would
receive were they authorized to tax site characterization activities at a
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potential repository site. and the development and operation of such a

repository, just as a State and a unit of general local government tax
other real property and industrial activities.

ground water - water that is below the ground surface in saturated soil and
rock that supplies wells and springs.

half-life - the time required for half the nuclei in a sample of a specific
isotope species to undergo radioactive decay.

high-level radioactive waste (HLW) - (1) the highly radioactive material
resulting from the reprocessing of spent nuclear fuel, including liquid
waste produced directly in reprocessing and any solid material derived
from such liquid waste that contains fission products in sufficient
concentrations; and (2) other highly radioactive material that the
Nuclear Regulatory Commission determines by rule, or the DOE determines
by order, consistent with existing law, to require permanent isolation.

host rock - the geologic medium in which the waste is emplaced, specifically
the geologic materials that directly encompass and are in close proximity
to the underground facility.

hot cell - a compartment enclosed with thick concrete walls and with highly
efficient filter systems that collect and capture any airborne
radioactive particles that may be released during operations involving
tadioactive materials; a heavily shielded enclosure in which radioactive
materials can be handled by persons using remote manipulators and viewed
through shielded windows or periscopes.

hydraulic conductivity - the volume of water that will move through a medium
in a unit time under a unit hydraulic gradient through a unit area
measured perpendicular to the direction of flow.

hydraulic gradient - a change in the static pressure of ground water,
expressed in terms of the height of water above a datum, per unit of
distance in a given direction.

hydraulics - an engineering discipline dealing with the statics and dynamicsof fluids.

hydrofracture - a process of producing underground openings by injection of
fluids (usually water) at pressures greater than the weight of the
overlying rock and soil.

hydrologic properties - those properties of a rock that govern the capacity
to hold, transmit, and deliver water, such as porosity, effective
porosity, specific retention, permeability. and the directions of maximum
and minimum permeabilities.

hydrology - the study of ground water and its properties, circulation, and
distribution. from the time it falls as rainwater until it is returned to
the atmosphere through evapotranspiration or flows into the ocean.
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igneous activity the emplacement (intrusion) of molton rock material (magma)
into material in the earth's crust or the expulsion (extrusion) of such
material onto the earth's surface or into its atmosphere or surface water.

igneous rock - a rock that solidified from molten or partly molten material,
i.e., from a magma.

immobilization ~ treatment or emplacement of nuclear wastes so as to
prevent the release of radioactive isotopes.

impact assessment report - a report submitted by the State of affected Indian
tribe: provides a basis for determining the amount of financial
assistance that the DOE will provide for mitigating public health and
safety, environmental, and socioeconomic impacts related to siting and
construction of a geologic repository.

improved-performance plan - a waste management system that includes the MRS
facility as an integral part. Most or all spent fuel could be shipped
directly from reactor sites to an MRS facility. Spent fuel from reactors
located close to a repository, but an appreciable distance from the MRS
facility. may be shipped directly to the repository. Solidified
high-level waste could be shipped directly to the repository or to the
MRS facility.

Indian tribe - any Indian tribe, band nation, or other organized group or

community of Indians recognized as eligible for the services provided to
Indians by the Secretary of the Interior because of their status as
Indians, including any Alaska native village, as defined in Section 3(c)
of the Alaska Native Claims Settlement Act (43 U.S.C. 1602(c)).

induration - the hardening of rock material by heat, pressure, or the
introduction of some cementing material.

in situ - in the natural or original position. The phrase is used in this
document to distinguish in-place experiments. rock properties, and so on
from those in the laboratory.

in-situ stress - the magnitude and state of ground stress in a rock mass. The
inherent stress in a rock mass at depth.

in-situ tests - tests that are conducted with subject material in its original
Place (i.e., at the repository site and depth).

integrated waste management system - a waste management system in which all
components and elements are optimized to work with the other components
and elements. This system is usually meant to include an integral
monitored retrievable storage facility.

interested Indian tribes - Indian tribes, who because of their proximity to
nuclear waste shipping routes maintain an interest in the waste
management program.
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interim storage facility - a Federally owned and operated system that would
provide storage for no more than 1,900 metric tons of spent nuclear fuel
from civilian reactors whose owners cannot reasonably provide adequate
storage capacity on site.

Interim Storage Fund ~ the fund provided for in the Act that ensures that
those using the interim storage facilities will pay the full costs.

interstitial - a term referring to the space between particles or grains.
intrinsic properties - strength. permeability, and sorption characteristics of

rocks.

irradiation - exposure to radiation (as from a nuclear reactor or particle
accelerator).

ions ~ an atom or group of atoms that is not electrically neutral, but instead
carries a positive or a negative electrical charge.

isolation - inhibiting the transport of radioactive material so that the
amounts and concentrations of this material entering the accessible
environment will be kept within prescribed limits.

isotope - one of two or more species of the same chemical elements, i.e.,
having the same number of protons in the nucleus, but differing from one
another by having a different number of neutrons.

lava - molten material (magma) that pours out on the earth's surface from
volcanoes or fissures in the earth.

licensing - the process whereby a permit is obtained from the Nuclear
Regulatory Commission to build and operate a nuclear facility.

lignad ~ a group, ion, or molecule coordinated to a central atom in a complex.
lithology - the study of rocks. Also the description of a rock on the basis

of such characteristics as structure. color, mineral composition, grain
size, and arrangement of its component parts.

lithophysae - hollow, bubblelike structures composed of concentric shells of
finely crystalline alkali feldspar, quartz, and other materials.

lithostatic pressure - the confining pressure at depth in the crust of the
earth caused by the weight of the overlying rocks.

low-level radioactive waste (LLW) radioactive material that (A) is
high-level radioactive waste, spent nuclear fuel, transuranic waste, or.

byproduct material as defined in Section 1le(2) of the Atomic Energy Act
of 1954 (42 U.S.C.2014(e)(2)); and (B) the Commission. consistent with
existing law, classifies as low-level radioactive waste.

magma - molten material that originates from the lower crust and upper mantle
from which igneous rocks are thought to have been derived through
solidification and related processes.
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memorandum of understanding (MOU) with the NRC - the MOU that establishes
procedures meeting the requirements of the Act for Nuclear Regulatory
Commission review of the test and evaluation facility.

Mercalli scale - a scale for measuring earthquake intensity in terms of the
effects perceived by people near the earthquake.

mesostasis - the last-formed interstitial materia] of an igneous rock.

Mesozoic - an era of geologic time from the end of the Palezoic to the
beginning of the Cenozoic.

metal storage cask - a cask constructed primarily of lead and steel or ductile
iron with water or other materials providing additional radiation
shielding. Cooling is provided by conduction of heat through the metal
walls and natural convection to the atmosphere.

metric tons uranium - that measure of weight equivalent to 2,204.6 pounds of
uranium and other fissile and fertile material that are loaded into a
reactor core as fresh fuel.

mineralogy - the study of minerals, including their formation, occurrence,
properties, composition, and classification.

Miocene - an epoch of geologic time within the upper Tertiary Period, after
the Oligocene and before the Pliocene.

mitigation - (1) avoiding an impact altogether by not taking a certain action
or parts of an action; (2) reducing impacts by limiting the degree or

magnitude of the action and its implementation; (3) rectifying the impact
by repairing, rehabilitating, or restoring the affected environment; (4)
reducing or eliminating the impact over time by preservation and
maintenance operations during the life of the action: or (5) compensating
for the impact by replacing or providing substitute resources or
environments.

modular storage system - a spent fuel element storage arrangement that offers
the economic advantage, to nuclear power plants in need of additional
storage, of adding storage in small increments, thereby avoiding large
initial capital outlays.

monitored retrievable storage (MRS) - a concept for storing waste or spent
fuel for long periods. The waste and spent fuel would be continuously
monitored and would be stored in such a way that it could be retrieved,
at a later date, and sent to a repository.

natural barrier - the physical, mechanical, chemical, and hydrological
characteristics of the geological environment that individually and
collectively act to minimize or preclude radionuclide transport.
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natural system - the geologic setting that consists of (1) a host rock
suitable for repository construction and waste emplacement and (2) the
surcounding rock formations. It will include natural barriers that
provide containment and isolation by limiting radionuclide transportthrough the geohydrologic environment to the biosphere, and providingconditions that will minimize the potential for human interference in the
future.

nuclear reactor - a device in which a fission chain reaction can be initiated,maintained, and controlled.

Nuclear Waste Fund (NWF) - the fund established by the Nuclear Waste PolicyAct to assure that the costs of high-level radioactive waste managementand disposal are borne by the owners and generators of the waste.

nuclear waste management - the planning. execution, and surveillance of
essential functions related to the control of radioactive and
nonradioactive waste, including treatment, solidification, temporary or
long-term storage, surveillance, and isolation.

once-through fuel cycle - a fuel cycle that involves no reprocessing of
spent fuel: spent fuel is discharged from a reactor. cooled for some
period of time in storage, and ultimately disposed of as waste.

open-cycle surface vault ~ canisters of spent fuel or reprocessed waste stored
in large, shielded warehouse-type structures through which cooling air
circulates by national convection.

overpack ~ any receptacle, wrapper, box, or other structure that becomes an
integral part of a radioactive waste package and is used to enclose a
waste container for purposes of providing additional protection or
meeting the requirements of an acceptance or isolation criterion for a
specific site.

oxidation - the process of chemically combining with oxygen.
package - pertaining to transportation, the actual package and its

radioactive contents as presented for transport.
packaging ~ pertaining to transportation, the assembly of components necessary

to assure compliance with DOT regulations. It may consist of one or more
receptacles, absorbent materials, spacing structures, thermal insulation,
radiation shielding, and devices for cooling or absorbing mechanical
shocks. The vehicle, tie-down system, and auxiliary equipment may
sometimes be designated as part of the packaging.

paleoclimate - a climate of the geologic past.

paleohydrology - the study of ancient hydrologic features preserved in rock.

permeability - in hydrology, the capacity of a medium (rock, sediment. or
soil) to transmit ground water. Permeability depends on the size and
shape of the pores in the medium and how they are interconnected.
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petrology that branch of geology dealing with the origin, occurrence,
structure, and history of rocks.

pH value - the negative logio of the hydrogen-ion activity in a solution: a

measure of the acidity or basicity of a solution.

piezometer - an instrument for measuring the change of pressure of a material
subjected to hydrostatic pressure.

plutonium - a radioactive element with an atomic number of 94. Its most
important isotope is fissionable plutonium-239, produced by neutron
irradiation, or uranium-238.

pluvial - pertaining to rain or precipitation. Also said of a climate
characterized by relatively high amounts of precipitation.

porosity - the ratio of the total volume of interstices in a rock or soil to
its total volume, usually expressed as a percentage.

potentiometric - said of, or relating to the hydrostatic pressure level of
ground water.

potentiometric surface - the level to which the water from a given aquifer
will rise by hydrostatic pressure. The potentiometric surface is usually
represented as a contour map in which each point tells how high the water
would rise in a well tapping that aquifer at that point.

pressurized water reactor (PWR) - a reactor system that uses a pressurized-
water primary cooling system: steam formed in a secondary cooling system
drives turbines to generate electricity.

Price-Anderson Act - the legal act referred to when dealing with liability
concerns; provides a comprehensive system of financial protection.

prime farmland - land that has the best combination of physical and chemical
characteristics for producing agricultural crops with minimum inputs of
fuel, fertilizer, pesticides, and labor and without intolerable soil
erosion as determined by the Secretary of Agriculture pursuant to the
Farmland Protection Policy Act of 1982 (Public Law 97-98). Prime
farmland includes land that possesses the above characteristics and is
being used currently to produce livestock and timber, but it excludes
land already in, or committed to, urban development or water storage.

"Q" system - the classification system for the rock-mass quality of the
Cohassett dense interior and estimate the rock-support requirements;
rocks are classified as very poor to fair.

Quality assurance (QA) - all the planned and systematic actions necessary to
provide adequate confidence that a structure, system, or component is
constructed according to plans and specifications and will perform
satisfactorily.
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Quaternary Period - the second period of the Cenozoic Era, following the
Tertiary, beginning 2 to 3 million years ago and extending to the
Present; the most recent geologic period, within the past 1.5 million
years.

radioactive - unstable in a manner shown by spontaneous nuclear disintegrationwith accompanying emission of radiation and particles consisting of
alpha, beta, and gamma radiation.

radioactive waste - high-level radioactive waste (HLW) and radioactive
materials other than HLW that are received for emplacement in a geologic
repository. Spent nuclear fuel is included in the term radioactive waste.

radioisotope - a radioactive isotope of an element.

radiolysis - the decomposition (splitting) of a molecule (often the water
molecule) due to effects of radiation.

radionuclide - an unstable radioactive isotope that decays toward a stable
state at a characteristic rate by the emission of ionizing radiation(s).

receiving and handling (R&H) building - one of the main components of the MRS
facility where the materials are prepared and packaged so that they can
be safely shipped to the repository or stored and retrieved for future
shipment.

repository ~ any system licensed by the Nuclear Regulatory Commission that is
intended to be used for, or may be used for, the permanent deep geologicdisposal of high-level radioactive waste and spent nuclear fuel, whether
or not such system is designed to permit the recovery. for a limited
period during initial operation, of any materials placed in such system.This term includes both surface and subsurface areas at which high-level ‘

radioactive waste and spent nuclear fuel handling activities are
conducted.

reprocessing - the mechanical and chemical process by which irradiated nuclear
fuel is separated into waste material to be disposed of and useful
materials, such as thorium, uranium, and plutonium, to be reused as
nuclear fuel.

reracking - a rearrangement of the water pool used for storage of spent fuel
which results in additional spent-fuel storage capactiy.

restricted area - any area to which access is controlled by the DOE for
purposes of protection of individuals from exposure to radiation and
radioactive materials, but not including any areas used as residential
quarters, although a separate room or rooms in a residential building may
be set apart as a restricted area.

retrieval - the act of intentionally removing radioactive waste from the
underground location at which the waste had been previously emplaced for
disposal.
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rhyolitic ~ characteristic of a group of extrusive igneous rocks, generally
porphyritic and exhibiting flow texture with phenocrysts of quartz and
alkali feldspar in a glassy to cryptocrystalline groundmass (rhyolite).

“RMR” system - the system used to classify the rock-mass quality of the
Cohassett dense interior and estimate the rock-support elements; rocks
are classified as fair to good.

rock salt - the best-known evaporite; forms by the precipitation of sodium
chloride from saturated evaporating bodies of water in shallow basins.

rod consolidation - (see consolidation)

rubble zones - rock regions located at the base and top of basalt lava flows
and most of the sedimentary interbeds: zones of relatively high
permeability that commonly act as aquifers.

salt dome - individual pillars of salt surrounded by sedimentary rock, formed
when deeply buried, bedded salt was forced upward by a release of
overlying pressure.

saturated zone - the part of the earth's crust beneath the deepest water
table in which all voids, large and small, are ideally filled with water
under pressure greater than atmospheric.

scouring ~ erosion, especially by moving water.

screening methodology document - the program document that describes how the
region-to-area screening will be conducted and reflects the consultation
process with the States over its development.

sealed storage cask - a large steel-lined reinforced-concrete cylinder that
holds welded stainless-steel] canisters of spent fuel and is closed with a
thick concrete shield plug and a welded steel lid.

Secretary - the Secretary of the U.S. Department of Energy.

sedimentary rock - rock formed of sediment, especially (1) clastic rocks
(e.g.. conglomerates, sandstone, and shales) formed of fragments of other
rock transported from their sources and deposited in water and (2) rocks
formed by precipitation from solution (e.g.. rock salt and gypsum) or

from the secretions of organisms (e.g.,. most limestones).

seismic - pertaining to. characteristic of, or produced by earthquakes or

earth vibrations.

shaft - an excavation of small cross-sectional area, compared with its
depth. made for locating or mining ore or coal; raising water, rock, or

coal; hoisting and lowering men and material; or ventilating underground
workings. Often specifically applied to approximately vertical shafts as

distinguished from an incline or inclined shaft. A shaft in a repository
will be large enough to permit access and allow workers to place seals.
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shear zone a tabular zone of rock that has been crushed and brecciated by
many parallel fractures caused by shear strain.

site - a potentially acceptable site or a candidate site, as appropriate,
until such time as the controlled area has been established, at which
time the site and the controlled area are the same.

site characterization - for a repository, activities, whether in the
laboratory or in the field, undertaken to establish the geologic
condition and the ranges of the parameters of a candidate site relevant
to the location of a repository, including borings, surface excavations,
excavations of exploratory shafts, limited subsurface lateral excavations
and borings, and in situ testing needed to evaluate the suitability of a
candidate site for the location of a repository; but not includingpreliminary borings and geophysical testing needed to assess whether site
characterization should be undertaken. With regard to a monitored
retrievable storage facility, the activities, whether in the laboratory
or an the field, undertaken to establish the geologic conditions and the
ranges of the parameters of a site relevant to the location of an MRS
facility, including borings, surface excavations, and in situ testing
needed to evaluate the suitability of a site.

site characterization plan - the program document that will reflect expectedsite conditions for each of the three sites recommended for site
characterization. This document will provide the basis to identify the
quantity and types of tests and analyses to be performed during site
characterization; will reflect the integration of the site
characterization (exploratory shaft) facilities with the repository in
terms of design, construction, and performance so that their impacts with
respect to suitability of the site can be assessed.

site-screening process - the search for sites with geologic, hydrologic,
and lithologic characteristics suitable for construction of a large
underground facility for long-term waste isolation.

siting - the collection of exploration, testing, evaluation, and
decisionmaking activities associated with the process of site screening,site nomination, site recommendation, and site approval for
characterization or repository development.

social impacts - those impacts that deal primarily with a community's social
organization and with perceptions of group and personal well-being.

solidification - the conversion of liquid high-level waste to glass.
sorption retardation of chemicals in solution by absorption; the term for

retention of one substance by another, by close-range chemical or

physical forces. Absorption occurs within the pores of a material;
adsorption occurs chiefly at the surface of a material.

specific yield - the ratio of the volume of water that a given mass of
saturated rock or soil will yield by gravity to the volume of that mass.
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spent fuel - (see spent nuclear fuel)

spent-fuel assemblies - the arrangement of fuel rods, support grids. tile
plates, and other structural members of the nuclear fuel removed from a
reactor after irradiation.

spent fuel rods - the irradiated metal tubes containing the uranium-bearing
fuel pellets removed from a reactor. Part of the spent fuel assembly.

Spent nuclear fuel - fuel that has been withdrawn from a nuclear reactor
following irradiation, the constituent elements of which have not been
separated by reprocessing. Spent fuel is thermally hot and highly
radioactive.

standard disposal contract - see contract.

storage - retention of high-level radioactive waste, spent nuclear fuel, or
transuranic waste with the intent to recover such waste or fuel for
subsequent use, processing, or disposal.

storage basin - a water-filled, stainless steel-lined pool for the interim
storage of spent fuel.

storage pool - a concrete chamber filled with water to provide shielding for
irradiated fuel elements.

storativity - the volume of water released from storage in a vertical column
of 1 square foot when the water table or other piezometric surface
declines 1 foot. In an undefined aquifer, it is approximately equal to
the specific yield.

strata beds or layers of rock regardless of thickness.

stratigraphy - the branch of geology that deals with the definition and
interpretation of the rock strata: the conditions of their formation,
character, arrangement, sequence, age, and distribution; and especially
their correlation by the use of fossils and other means of identification.

stress - in a solid, the force per unit area acting on any surface within it
and variously expressed as pounds or tons per square inch. or dynes, or

kilograms per square centimeter: also, by extension, the external
pressure which creates the internal force.

subseabed disposal - the concept of emplacing high-level waste in suitable
containers in relatively thick beds of sediments located in deep,
quiescent, remote, and biologically inactive regions of the oceans where
Slow sedimentation has taken place over tens of millions of years and
where continued sedimentation and stability are expected over millions of
years in the future.

subsidence - a local movement downward, as in settling or sinking of an area
of the earth's surface, with little or no horizontal motion.
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synclines - broad troughs caused by deformation, that separate anticlines:
characteristic of basalt flows.

systems - the sites, engineered components, and associated processes and
events, considered as an integrated entity. that affect expected waste
facilities performance.

system requirements and description (SRD) document - the program document that
will define the overall requirements of the waste management system and
describe the current design of the integrated waste system that meets
those requirements.

systems engineering - the engineering activities that provide a disciplined,systematic approach to planning and analysis.
systems engineering management plan - the program document that will identifyand document the procedures and responsibilities necessary for the

engineering of a major, complex waste management system.
systems integration - a comprehensive attempt to consider all of the elements

of any waste management program as part of a single system, optimized as
unit to best meet the program requirements.

tectonics - the branch of geology dealing with the broad architecture of the
outer part of the earth; that is, the regional assembling of structural
or deformational features, and the study of their mutual relation, their
origin, and their historical evolution.

test and evaluation facility - an at-depth, prototypic. underground cavity
with subsurface lateral excavations extending from a central shaft that
is used for research and development purposes, including the development
of data and experience for the safety handling and disposal of solidified
high-level radioactive waste, transuranic waste, or spent nuclear fuel.

thermal conductivity - a measure of the ability of a material to conduct heat.

thermal expansion - the increase in linear dimensions that occurs when
materials are heated.

thermomechanical - the transformation of heat energy into mechanical work.

topography - the general configuration of a land surface or any part of the
Earth's surface, including its relief and the position of its natural and
manmade features.

transmutation - conversion of one element or isotope into another by
bombarding it with nuclear particles.

transpiration - the process by which water absorbed by plants, usually through
the roots. is evaporated into the atmosphere from the plant surface.

transportable metal casks - large metal casks currently being considered by a
number of utilities for the dry storage of spent fuel at reactor sites.

HQ0005706

OCR DB-105716
Holtec_PAL-001223



.

transportation business plan - the program document that will provide
information on contracting procedures, equipment requirements, funding
availability, and other areas of interest to conducting the business of
developing the transportation capability.

transportation institutional plan - the program document that will identify
those institutions affected by development of a transportation system;
provide guidance in establishing an interactive communications network;
and suggest plans, including schedules, for the final resolution of
transportation-related issues.

transporter cask - a cask to provide shielding for the canister as it is taken
from the building loadout area to the underground emplacement hole.

transshipment - shipping spent fuel from one reactor of a utility company to
the site of another reactor of the same type owned by the same company
for the purpose of storage at the second reactor site.

transuranic (TRU) waste - material produced primarily from the reprocessing of
defense spent-reactor fuels. the fabrication of plutonium to produce
nuclear weapons, and, if it should occur, plutonium fuel fabrication for
use in nuclear power reactors that contains more than a specific
concentration of alpha-emitting radionuclides (including urnaium-233 and
its daughter products)of long half-life and high specific radiotoxicity.

tuff ~ a medium-grained rock formed of compacted volcanic ash and dust: it is
usually porous, stratified, and soft.

tunnel drywells - mined tunnels into which sealed metal canisters containing
spent fuel or high-level waste are placed.

tunnel rack - an underground open-cycle vault. Large, open racks of spent
fuel or reprocessed waste canisters are stored in tunnels using remotely
controlled emplacement equipment. Cooling is by natural convection, and
radiation shielding is provided by the surrounding media.

undue risk - risk that is unnecessary and could be prevented. or risk that is
excessive.

universal cask a cask that could be used for spent-fuel storage and
transportation and emplacement in the repository without further
repackaging or overpacks.

unsaturated zone - the zone between the land surface and the water table.
Generally, water in this zone is under less than atmospheric pressure,
and some of the voids may contain air or other gases at atmospheric
pressure. Beneath flooded areas or in perched water bodies, the water
pressure locally may be greater than atmospheric.

uplift - (1) the process that results in evaluation of a portion of the
earth's crust relative to an adjacent portion. (2) a structurally high
area in the crust produced by movements that have raised or upthrust the
rocks, as in a dome or arch.
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uranium - a naturally radioactive element with the atomic number 92 and anatomic weight of approximately 238. The two principal naturallyoccurring isotopes are the fissionable U-235 (0.7% of natural uranium)and the fertile U-238 (99.3% of natural uranium).

vaults - large structures or caverns where spent-fuel packages are stored.

waste cannister - metallic or nonmetallic container enclosing the waste form.

waste form - the radioactive waste materials and any encapsulating orstabilizing matrix.

waste management system - the collection of facilities. equipment, personnel,and sites to be developed and deployed under the control of the U.S.Department of Energy's Office of Civilian Radioactive Waste Management toaccomplish the permanent disposal of spent fuel and high-levelradioactive waste.

waste package - the system of engineered components immediately surrounding anindividual waste container that may include waste form, stabilizer,cannister, overpack, sleeve, and emplacement hole backfill designed to
contain nuclear waste for an extended period of time. It must preservethe ability to retrieve the wastes through the required retrieval periodsand must act as a barrier to waste migration and release into thegeologic system.

water flux - a stream of flowing water: flood or outflow of water.

water table - the water surface in a body of ground water at which the waterpressure is atmospheric.
welded tuff - indurated volcanic ash in which the constituent glassy shards

and other fragments have become welded together, apparently while still
hot and plastic after deposition.

zeolites - any of the various silicates analogous in composition to thefeldspars which occur as secondary minerals on cavities, along fractures,and on joint planes in basaltic lavas. Occur also as authigenic minerals
in sedimentary rocks.
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LIST OF ACRONYMS AND ABBREVIATIONS

Advanced conceptual design
Area-characterization plan
Architect and engineer
Atomic Energy of Canada Ltd.

Alternative Means of Financing and Managing
(radioactive-waste facilities)

Area-recoamendation report
Bureau of Land Management
Basalt Waste Isolation Project

Boiling-water reactor

Construction authorization

Consultation and cooperation
Code of Federal Regulations
Chemical Transportation Emergency Center

Commercial high-level waste

Carolina Power & Light Company
Crystalline Rock Project

Civilian Radioactive WasteManagement
Colorado School of Mines

Development and evaluation

Draft environmental impact statement

Defense high-level waste

Department of Energy
Department of Energy Headquarters
Department of Transportation

~439-
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DWPF

EDBH

EIA

EIS

EPA

ERDA

ES

ESF

FEIS

FEMA

FIS

FPC

HQ

INEL

IRG

OCR

Defense Waste Processing Facility

Environmental assessment

Engineered design borehole

Energy Information Administration

Environmental impact statement

Environmental Protection Agency

Energy Research and Development Administration

Exploratory shaft

Exploratory-shaft facility

Final environmental impact statement

Federal Emergency Management Agency

Federal interim storage

Final procurement and construction

Federal Register
Fiscal year

Grants equal to taxes

Gigawatts electrical

High-level waste

Headquarters

Idaho National Engineering Laboratory

Interagency Review Group

License application
Memorandum of understanding

Monitored retrievable storage

Mean sea level

Metric tons of uranium

Nuclear Energy Agency

-440-
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NEPA

NSTF

NTS

NUSCO

PA

PAP

P.L.

ER
g°

R
EE

R
E

OCR

National Environmental Policy Act

Nuclear Fuel Services

Nuclear Regulatory Commission

Near-Surface Test Pacility
Nevada Test Site

Northeast Utilities Service Company
Nuclear Waste Policy Act .

Office of Civilian Radioactive Waste Management
Office of Geologic Repositories
Office of Management and Budget
Office of Policy. Integration and Outreach

Office of Storage and Transportation Systems
Office of Resource Management
Performance assessment

Performance~assessment plan

Program Cost and Control Board

Project Decision Schedule

Public Law

Program Management Information System

Program Management System

Program Research and Development Announcement

Preliminary safety analysis report

Pressurized-water reactor

Quality assurance

Quality Management Policies and Requirements

Regional characterization report
Research and development

HQ00057 11
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RFP

R&H

ROD

SAR

SCP

SF

SNF

SRD

SSR

TEF

TDS

TRU

TVA

USGS

VEPCO

WIPP

WPAS

WVDP

OCR

Request for proposal

Receiving and handling
Record of decision

Radioactive waste

Reference repository location

Safety analysis report

Site-characterization plan

Spent fuel

Spent nuclear fuel

System requirements and description
Site-selection report
Test and evaluation facility
Total dissolved solids

Transuranic

Tennessee Valley Authority

Underground Research Laboratory
U.S. Geological Survey

Virginia Electric & Power Company
Work-breakdown structure

Waste Isolation Pilot Plant

Waste package
Work Package Authorization System
West Valley Demonstration Project

~442-
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eReS co

INDEX
ANSI/ASME standards 49, 156
Ability to meet schedules 18
Acceptance of waste--see Waste acceptance
Access States, informal cooperative

agreements with 105
Accountability for consideration of

comments 136
Acquisition strategy 158-156
Act-mandated date for waste acceptance 15,

18, 58, 68, 69, 120, 207, 223, 363
Adequacy of funds 264-265
Administrative support services 161
Adrian, Texas 384
Advance notices to interested parties of

Significant decisions 136
Advanced conceptual designs

repository 220, 222
waste package 118

Advanced-concept transportation cask 110
Advisory Council on Historic Preservation

140
Affected Indtan tribes 3 ,7, 13, 19, 41,

130, 131, 132, 134, 135, 136, 137,
138, 139, 140, 141, 146, 146,
254-255; see also Indian tribes;
Interested and affected Indian
tribes

Act's provisions for 6
concerns about transportation 98, 99,

263
consultation and cooperation with 46,

6S, 105, 195, 134-138, 254-255
consultation on key documents 7
consultation on reference schedule 68
consultation on siting guidelines 347
Federal accountability to 7
financtal assistance to 7, 46, 134,

243, 265
involvement in repository program 36,

129, 130
litigation by 259
notice of disapproval

261-262
personnel training 255, 256
review of site-characterization plans

38, 361
role in shaping policy 7
socioeconomic impact identification

and mitigation 56, 262
Agreements on repository operating

principles 141
Agreements, negotiation of with States and

affected Indian tribes ?
Air Force lands at the Yucca Mountain site

241, 242
Albuquerque Operations Office 149
Allocation of costs for defense and

civilian waste 10
Allocationof grants to local governments

26
Alpha-emitting radionuclides 12
Alternative host rocks for repositories

43, $$
Alternative schedules for repositories 13,

68-69
Amaritlo, Texas 354, 355
American Indian Religious Freedom Act of

1978 287
American National Standards Institute 49,

186
American Society of Mechanical Engineers

49, 186

19, 36, 65,

Analysis of socioeconomic impacts 137-140
financial and technical assistance

for 137
role of States, Indtan tribes, and

local communities 137
Amhydrite 43
Annwal capacity report 29
Aquifer protection tn shaft sinking 211
Area field investigations, second

reposttory $4
Area site surveys 39, 40
Argillaceous rocks 43
Argonne National Laboratory 305
Arizona $5
Asse mine, Federal Republic of Germany

162, 220, 243, 318
Assistant Secretary for Management and

Administration 145

At-reactor storage 4, 7, 73, 74, 89, 91,
20

Atomic Energy Act of 1954 35
Atomic Energy of Canada Ltd. 328
Atomic-energy defense programs 10, 12, 23
Audits by the General Accounting Office 154
Authorized plan 15, 16-17, 25, 28, 34
Authorized system 120-122, 123, 127
Avery Island Facility, Louisiana 242, 318
BLM--see Bureau of Land Management
Backfi11 of repository tunnels and rooms 33
Barge transportation 1134, 120, 121, 122
Basalt site 40, 45, 47, 54, 61, 62, 64,

149, 190, 195-196, 210, 211, 212,
213, 208, 219, 222, 269, 270-274,
286-293, 306-308, 314-318, 329,
330, 334. See also Hanford site

advantages and disadvantages of 330,
334

general description of 349-352
geochemical characteristics 306-306
geologic characteristics 270-271
geomechanical characteristics 314-318
hydrologic characteristics 266-293

Beaumont, Mississippi 356, 357
Bedded-salt sites 40,269, 278-262,

293-299, 309-311, 318, 319, 320,
330, 331-332, 334. See also
Bedded-salt sites in Pato Ouro
Basin; Bedded-salt sites in
Paradox basin; Davis Canyon; Oeaf
Smith County; Lavender Canyon;

+ Swisher County
advantages and disadvantages of

331-332, 333, 334
Bedded-sait sites in Palo Ouro Basin,

Texas 280-282, 293-296, 309-310,
319

geologic characteristics 2860-282
geochemical characteristics 309-310
geomechanical characteristics 319
hydrologic characteristics 293-296

Bedded-salt sites in Paradox Basin, Utah
276-280, 296-299, 310-311, 399

geochemical characteristics 310-311
geologic characteristics 276-280
geomechanical characteristics 319
hydrologic characteristics 296-299

Belgium 44, 162
Benton County. Washington 349
Bentonite clays. use in waste package 47
Blenville Parish, Louisiana 357, 359
Blanding, Utah 3582
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224-226
Yo, 371

Borehole seals
Borosilicate glass
Brazil 162
Briefings for States, Indian tribes, and

the public 32
Brine migration in salt, studies of

200-201, 219-220, 242
Browns ferry nuclear plant 94, 96
Bureau of Indian Affairs 140. See also

Department of the Interior
Bureau of Land Management 140, 141, 241,

242, 256, 354, 361
Burnup of nuclear Fuel 23, 116, 120
CRP--see Crystalline Rock Project
CSmM--see Colorado School of Mines
Catcine 12
Calico Hills unit 214
California Mine and Tunnel Codes 362
California $5
Camp Shelby Military Reservation 356, 357
Canada 44, 162, 243, 245, 328-329
Candidate sites for MRS facilities 82, 83

environmental characteristics 64
identification 83-85
selection of 83-85
transportation characteristics 84

Candidate sites for first repository 19
Canisters 76
Canyon Rims Recreational Area 354
Canyon, Texas 354
Canyonlands National Park 353, 354
Carlsbad, New Mexico 243
Carolina Power & Light Company 94
Carrier negotiations 111
Cask interface characteristics 108
Cask-fleet procurement 111
Castor cask 94
Centralized management control 143, 150
Certification of cask design 110
Certification testing for transportation

casks 110
Chemical Transportation Emergency Center

102
Chemical resynthesis 4
Chicago Operations Office 149
Civilian Radioactive Waste Management

Program 15-29, 143, 148, 150,
Civilian repositories--see Repositories
Climatic changes, studies of potential for

195, 197, 199
Climax Spent Fuel Test Facility 242,

324-326
Clinch River Breeder Reactor site 83
Closure of repositories 121
Cohassett Flow 211, 362
Cold Creek Syncline 202, 349
Colocated test and evaluation facility

267-268
Colorado Plateau 352
Colorado River 196
Colorado School of Mines experimental mine

242, 328
Columbia Plateau 270, 330, 349, 352
Columbia River 352
Combined repository 10
Commercial high-level waste 121.

High-level waste
Commission of the European Communities 44,

162
Commitment to build and operate disposal

facilities 6
Communication resources on transportation

108

See also

~444-

Community information offices 131
Compliance with Federal statutes and

regulations 140
Compliance with State or local laws and

regulations 52, 153, 258
Comptroller General of the United States 39
Computer codes for performance assessment

239-240
Conceptual design for SCP 45-46, 118, 220,

22)
Conceptual design phase 221
Conceptual waste-package designs 47
Confirmatory testing for license

application 51, 64
Conflict between executive and legislative

branches of State governments
260-261

Conflict over State representation of local
interests 259-260

Conflict resolution 19, 135, 136
Conflict resolution 255
Conflict resolution 258
Conflicting State or local laws 258-259
Congress 7, 17, 16, 19, 21, 29, 48, 55,

65, 68, 69, 71, 104, 129, 130,
132, 147, 148, 184, 242, 267

override of notice of disapproval 36,
6S, 261

annual report by the Secretary of the
Treasury to 154

authorization and appropriation of
expenditures 154

notification about test and evaluation
facility 267

proposal for MRS facilities 82, 85,
66, 87, 88, 127, 147

Congressional action for land withdrawal

Congressional authorization
MRS facility 7), 87, 88, 127
requests for 15, 16
second repository 38, 69

Connecticut 42
Consolidation--see Spent-fuel consolidation
Construction authorization 38, 52, 66, 363
Construction delays 67
Construction-phase testing 214, 218-216,

Construction schedule 221
Consultation and cooperation 55, 56, 65,

8S, 101, 129, 134-135, 257, 261,
263

Consultation-and-cooperation agreements 6,
7, $6, 105, 138-136, 137, 254-255,
257, 2588, 259, 260, 262

Consultation and cooperation with governors
and legislatures 260

Consultation with other Federal agencies
140-141

Container materials 232-233, 372, 373-374
Container testing 232-233
Contingency plans 15, 19-21
Contract management 145
Contracts with waste owners and

generators--see Disposal contracts
Contractual commitments to utilities 72
Control of access to land 256-257
Control of adverse safety-related impacts

of site characterization 365
Control of costs 144, 184, 155, 265
Cooperation with the private sector 16,

91-95
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Coordinating councils for State
interactions with 261

Coordination of storage methods and
equipment 114

Coordination of waste-package design 114
Copper and copper alloys 47
Corridor States, informal cooperative

agreements with 105
Corrosion, studies of 200-201, 232, 233
Cost control 144, 184. 155, 265
Cost effectiveness 6, 17, 23, 29, 73
Costs

estimates 86, 144, 246-247, 383-403
of monitored retrievable storage

87
of repository research and

development 246
of waste disposal $, 17
Provisions of the Act for
sharing 21
uncertainty 143

Counc? of Energy Resource Tribes 256
Council on Environmental Quality 65
Crater Flat, Nevada 357, 360
Crystalline Rock Project 137, 149,

323-329. See also Second
repository

Crystalline rocks 42, 47, 323-329
geohydrologic setting 323-324
tests 324-329

Climax stock, Nevada 324-326
Colorado Schoo! of Mines
experimental mine 328
Stripa mine, Sweden 162, 326-328
Underground Research Laboratory,
Canada 328-329

Cypress Creek Dome 354, 356, 357
Cypress Creek Dome site 40, 196, 205,

274-276, 299-300, 301
OKLW--see Defense high-level waste
OOE Contractors 118, 151, 159
OOE Headquarters 145, 151, 159
OOE Operations Offices $2, 145, 147,

148-149, 151, 183, 155
DOE Orders 115, 180, 155, 221, 362
DOE facilities 120
OOE’s siting guidelines --see Siting

guidelines
OOT regulations 98, 100
Oamaged waste containers, repair of 126
Oark Canyon Primitive Area 354
Davis Canyon, Utah 352-353, 354
Davis Canyon site 40, 41, 196, 205, 278,

279, 296-299, 310-311, 319
OeSoto National Forest 356, 357
Deaf Smith County, Texas 354, 355
Oeaf Smith County site 40, 41, 42, 196,

205, 280, 282, 293, 295, 296
Decision analysis, techniques of 116
Oecommissioning of repositories 31, 121
Oecommissioning of sites unsuitable for

licensing 366-367
Decontamination of repositories 121
Defective spent-fuel assemblies, handling

of 76
Defense high-level waste 10. See also

defense waste
Defense waste 10, 21, 23, $2, 104, 106,

120, 123, 371
acceptance at first repository 52
timely emplacement of 29

acceptance schedule for 10, 21, 23,
26,

assumptions about 23
canisters for 11
cost sharing 10, 21
disposal options for 10, 21
quantities of 23, 26
transportation of 97-96, 100

Defense-waste-only repository 10, 21
Delays in transfer of State land 257
Department of Justice 147
Department of Transportation 98, 99, 101,

105, 140, 264
Oepartment of the Interior 65, 257
Descriptions of potentially acceptable

sites for the first repository
349-361

Design and specification reviews 222
Design basis for MRS Facilities 80
Design of repositories--see Repository

design
Design of underground openings 46
Design requirements documents 206
Design, fabrication, and prototype testing

of waste packages 234-235
Development and evaluation cests 246,

388-389
Oifficulty in acquiring access to, or

control of, land 286
Difficulty in obtaining State and local

permits 257-256
Direct technical assistance to States and

affected Indian tribes 26
Oisassembly of spent-fuel assemblies 114
Discussions with affected parties 131
Disposal alternatives 4
Disposal canisters 126
Oi\sposa? capacity, requirements for 378, 380
Oisposal containers 76, 126
Disposal contracts 7, 25, 29, 106, 143,

146, 154
Disposal in outer space 4
Dissemination of revenue projections to

interested parties 265
Dissolution potential of salt, studies of

197
Orilling studies 193
Ory storage 16, 20, 73, 93

costs of 73
casks 120
demonstrations 94, 120
licensing 93
technologies, development of 91, 93

Oual-purpose casks 110
E0GH--see Engineering design boreholes
EIA--see Energy Information Administration
EIS implementation plan 164. See also
Environmental impact statement
EPA standards 12, 34, 36, 37, 47, 51,

347. See also Environmental
Protection Agency

ESF test program --see Exploratory-shaft
testing program
Earthquake monitoring 195, 196, 198
Edison Electric Institute 197
Educational programs for the public 133
Egypt 162
Electric Power Research Institute 117
Emergency egress, use of second exploratory

shaft for 207
Emergency response

capability in transportation 101
preparedness 263
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Te cee

funding 102
workshops 102

Eminent domain, exercise of 257
Emissions from MRS facilities 60
Emplacement-hole packing 47
Energy Information Administration S, 26,

29, 61, 147, 148
Energy Reorganization Act of 1974 35
Energy Research and Oevelopment
Administration 39
Engineered-barrier system 33, 34, 37, 47
Engineering design boreholes 197, 212
Engineering feastbtlity studies 45
Engineering tradeoff studies, repository

design 223
Environment, protection of 5, 8, 15, 37,

39, 52
Envtronmental Protection Agency ...34, 36,

39, 46, 47, 65, 79, 07, 140, 264
Environmental acceptability 3, 6, 7, 16, 80
Environmental assessments

repository sites
draft 3S, 41, 42, 58, 61, 99,

136, 205, 227, 239, 240, 269, 349
final 586, 61
Public hearings on scope of 35, 42

MRS Facilities 82, 65
Environmental impact statements

repository sites ..35, 38, 51, 64, 65,
99, 136, 205, 218, 241

MRS facilities 85
Environmental studies 51, 164, °193, 205-206
Equipment and technology development 51,

223-224, 242
equipment for waste transport,

emplacement, and retrieval 223-224
Erosion potential, studies of 195, 197, 198
Executive and legislative branches of State

governments, conflicts between
260-261

Existing land use, continuation of 256
Existing storage Facilities, effective use

of 17
Exploratory-shaft facility 207, 230
Exploratory-shaft program

safety and programmatic
considerations 362-364

schedules 207
tests 224

Exploratory shafts 35, 46, 62, 63, 197,
207, 256, 361, 363, 365

at first-repository sites
basalt 210, 213, 212, 213, 295,

219, 362
salt 210, 211, 213, 298, 362
tuff 210, 219, 212, 283, 214,

216, 219, 362
cost-effective use of 207
costs of 247
delays in construction of .....63
design and construction of shafts and

Viners 207
underground excavations 213-214

Extended fuel burnup 23. See also Burnup
of fuel

FEMA--see Federal Emergency Management
Agency

Fabrication of waste packages 234-235
Facilitation of permit process 258
Facility-specific

outreach-and-participation plans
¥31, 138

Failure to reach or implement a

consultat ton-and-cooperation
agreement 254-255

Federal Emergency Management Agency 102,

Federal Government agencies--see Federa)
agencies

Federal Radiological Emergency Response
Plan 102

Federal Radiological Preparedness
Coordinating Committee 102
Federal Republic of Germany

bilateral agreements with 162
brine-migration data from 220, 243
information on at-reactor storage 92
subseabed disposal 44

Federal agencies
personnel training 255
communication and interactions with

13, 41, 48, 68, 105, 130, 140-141,
258, 287

consultation with
on Project Decision Schedule

140-141
on reference schedule
on siting guidelines 347

coordination with 256
review of environmental impact

statement 65
Federal interim storage 112, 114, 14

eligibility for 7, 147
funding for 97, 154
need for 7, 16, 17, 73, 69, 91, 93,

96, 97, 104
schedule of fees for 97
transportation costs for 97

Federal lands 39
Federal regulations for the transportation

of hazardous materials 99
Fee-adequacy reviews 145
Fee collections 145, 184
Fee for waste disposal 264, 265
Field Work Package Proposal and
Authorization System 151
Field drywells 62

artist’s conception of 78
description of 76, 78-79

Field studies in repository siting 40
Filter systems at MRS facilities 74, 60
Final procurement and construction design

$2, 220, 222, 227
Financial assistance 7, 48, 134, 136, 137,

160, 243, 262
Financial management 144, 145, 154. 155
Financial uncertainty 264-265
Financing basis 143
Financing of program reviews 262
First exploratory shaft 211-212.

Exploratory-shaft program;
Exploratory shafts

First repository 22, 28, 40, 120. See
also Repository

capactty of 22
costs of 246, 247, 383-402
information needs 163-187
phase 1 operations 120
phases of 28
plans for obtaining needed data

169-252
potentially acceptable sites for 40
start of operations 120
waste-acceptance rate of 120

See also
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Fission products 10, 12
Flow ofwaste. diagrammatic illustration

of 122
Flow of waste, regulation of 17
Forced shutdowns of nuclear power plants 90
Forecasts of nuclear power growth 5, 26,

29, 147, 148
France 44, 162, 245
Franklin County, Washington 349
Fuel-assembly scrap, or skeletons 76
Full cost recovery 6, 15, 17, 143, 150, 154
Full-scale operations in first repository

66, 69
Fund Management Plan 155
Fund management 7, 154-155
Funding plan for MRS facilities 86
G-Twnne? Facility, Nevada 242
General Accounting Office 154, 329
General siting guidelines--see Siting

guidelines
Generators of spent fuel--see also Owners;

Utilities 120, 121, 123
Generic environmental impact statement

(GEIS) 4, 39, 217
Generic licensing of dry-storage

technologies 91
Generic requirements for geologic

repositories 45, 53, 236
Geochemical studies 193, 199-201
Geohydrologic settings

first-repository program 40, 196
variety of 37

Geologic repositories. See repositories
Geologic disposal--see Repositories
Geologic mapping 197
Geologic studies 190, 195-199, 270-262

basalt 195-196, 270-274
salt 196-198, 274-282
tuff 198-199, 282-285

Geophysical surveys 40
Georgia 42
Glass waste form 8
Governors and legislatures, consultation

and cooperation with 260
Granég County, Utah 352
Granite--see Crystalline rocks
Grant County, Washington 349
Grants 262
Grants equal to taxes 7, 139, 263
Grants to States and affected Indian tribes

7, 48, 134, 137
Grants, allocation of to local governments

260
Great Plains physiographic province 354
Ground freezing, in exploratory-shaft

construction 211
Ground water. See also Geochemical

studies; Hydrologic studies
trave) times, regulatory

requirements for 37
chemistry, studies of 199, 201
flow paths, retardation

characteristics of 201
Gulf Coastal Plain 197
Gulf interior region 40, 354
H. Robinson plant 94
Hanford Site 10, 40, 195, 205, 349, 352
Hanford site 40, 41, 42, 270-274, 286-293,

306-308, 314-318, 329, 330, 333,
334. See also Basalt site

Hartstsville nuclear plant site 83
Hattiesburg, Mississippi 357, 358

~447-

Hazardous Materials Transportation Act 99
Heflin, Louisiana 357, 359
Hereford, Texas 48, 354, 355
Hierarchy of information needs for

repository development 64-187, 189
High-level liquid waste--see Liquid

high-level waste
High-level waste 4, 120, 121, 123, 326,

127, 132, 369, 370-371
solidification of 10, 12, 120, 122,

127, 370-371
canisters, overpacking of 121, 126

Host State, disputes with 19
Host-rock options for repositories 25
Human intrusion into a repository 33. See

also Geologic studies; Basalt
site; Natural resources: Salt
sites; Tuff site

Hydrologic studies 193, 202-208, 286-305
basalt 286-293
salt 293-301
tuff 301-305

Ice-sheet disposal 4
Idaho 10, $5, 270
Idaho Falls, Idaho 121
Idaho National Engineering Laboratory 10
Idaho Springs, Colorado 328
Immobilization plants 10, 12. See also

High-level-waste solidification;
Waste solidification

Immobilized waste 10
Impact mitigation 3, 137-140, 407-409.

See also Socioeconomic impacts
Impact-assessment report 262
Impact-mitigation assistance 260
Impediments to transportation 263
Improved-performance ptan 18, 17-18, 25,

27, 28, 33, 72
Improved-performance system 122-127
In-situ testing during site

characterization 51, 63, 207,
204-217

Inadequacies in program revenues--options
for remedy 265
Indemnity agreements 103
Independent financial audits 155
Index of: information needs and plans

247-252
Indian Self-Determination and Education

Assistance Act of 1975 257
Indian tribes 130. See also Affected

Indian tribes
concerns about transportation 98, 99
consultation on route selection 100,

coordination with 115
enactment of conflicting legislation

258
Indonesia 162
Informal consultation and cooperation

activities with States and
affected Indian tribes 262

Informal consultation to resolve
disagreements 262

Informal cooperative
agreements 105

Informal meetings with States 134
Information

briefings on MRS facilities 65
dissemination 15, 48, 65, 85, 130,

131, 132, 133, 134, 138, 136,
256
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OCR

alte od ete

dissemination through State libraries

exchange with foreign countries
161

exchange with States and other
interested parties 48, 134, 141

needs for repository siting
and development 163-187, 189

needs of States, Indian tribes, and
the public 131

offices for dissemination of 48
Institutional challenges 3, 6
Institutional plans and activities

129-141, 240-241
communications network 105
relations 48-49
requirements 143
strategy 55-56

Institutional management plan 153
Instrumentation development 46, 51, 223
Integral MRS facility--see MRS facility
Integrated waste-management system

71, 72,80, 83,112, 114, 345. See
also Waste-management system

functions and facilities in 102, 114
integration of essential operational

functions 73
Interagency Review Group 42
Interim Storage Fund 6, 97, 145, 184
Interim storage, responsibility for. 71,

89. See also Federal interim
International Atomic Energy Agency 162
International Seabed Working Group 44, 55,

162
International activities 147, 161-162
International cooperation on storage

technologies and data 92
International repository 44
Issues hierarchy 164-187. See also
Information needs for repository siting and

development
Italy 44
Jackass Flat, Nevada 357, 360
Japan 44, 162
Key issues in repository siting and

development 165, 166, 176, 180,
182

Korea, Republic of 162
Lamont-Ooherty Geophysical Laboratory 305
Land acquisition

costs 247
Federal land 256
for a repository 241-242
for site characterization St, 241, 256

Land use, continuation of 256
Land withdrawal 256
Land-use and permit issues 257
Lavender Canyon, Utah 352-353, 354
Lavender Canyon site 40, 196, 198, 205,

278, 279, 296-299, 310-311,
Lawrence Berkeley National Laboratory 305
Legislation in conflict with Federal laws

or DOE responsibilities 256
Legislative requirements for

repositories 35-36
Liability for transportation

accidents 103, 263
License-application design 51, 52, 118,

220, 221-222, 223, 226, 227, 247
License application

repository 36, 52, 63, 64, 66,
67, 218, 219, 223

-448-

MRS Facilities 66
dry-storage cask 94

License
phase operations 67
phase 2 operations 67
to receive and possess radioactive

material 38, $3, 67, 227
Licensing

issues 66
MRS facilities 79
repository 16

Life cycle of program 143
Life-cycle cost estimates 155, 221, 264,

385-398
Limestone 43
Liquid high-level waste 8, 12, 121
Litigation by States, affected Indian
tribes, or other parties 259
Lecal communities 259

concerns about transportation 99
financial and technical support for

138, 339
role in socioeconomic impact

mitigation 56, 137, 136, 139, 140
Local goverrmments 38, 8S, 258, 259

allocation of grants to 260
need to obtain permits from 257
Location surveys 39, 40
Lockhart Basin 196
Long-range alternatives 43, 55
Long-term isolation 34

Long-term isolation capability of the site

Los Alamos National Laboratory 305
Louistana 40, 42, 48, 196, 242, 274, 318

384, 356, 357, 359
Low-carbon steel. use in waste package 47,

372-373
Lyons, Kansas 243
Low-level waste 8
MRS (monitored retrievable storage)

facility 6, 7, 17-18, 20, 33,
71-88, 106, 112, B14, 118,
122, 123, 126, 127

advantages of 72-74
artist’s conception of 75
backup-storage concept 72
candidate host State 82
candidate sites 82
Congressional authorization of 29,

61, 65, 87
cost effectiveness of 73
decomuissioning of 122
costs of 87
description of 74, 126
design basis for 80-81
design of 83, 88
disposal of high-level waste in 74
funding plan 86
interface with second repository 126
lifetime of 122, 126
major milestones 87
monitoring at 60
need for a second MRS facility 126
operations 124-125, 126
program assumptions about 22, 24
proposal to Congress 17, 16, 71, 81,

85, 86, 88, 1186, 147
role of 72
socioeconomic impacts and their

mitigation 139-140
start of operation 18, 24, 87, 88

HQ0005718

DB-105728
Holtec_PAL-001235



.

storage Capacity 24, 81, 126
storage methods 76-79, 126
temporary storage at 74, 122, 123
waste preparation at 18, 72, 74, 81
waste-receipt rate 24, 28, 80-81

Maine 42
Management control 143
Manti-ta Sal National Forest 353, 354
Maryland 42
Massachusetts 42
Mathematical models

for rock mechanics 219
for performance assessment 239-240

Meetings and workshops 256
for interested and affected parties

132, 137
with other Federal agencies 141

Mexico 162
Michigan 42
Minden, Louisiana 48
Mine Safety and Health Act 362
Mine Safety and Health Administration 53,

362
Mined-rock

Stabilization 53
storage 33

Mineralogic studies 199, 201
Mining and drilling equipment, development

of 223-224
Minnesota 42
Mission Plan

future revisions of 13
organization of 12-13
draft, comments on 13

Mississippi 40, 42, 48, 196, 354, 356,
357, 358

Mitigation of socioeconomic impacts 3,
137-140

Moab, Utah 48
Models for performance assessment 239-240
Monitoring at MRS facilities 80
Monitoring of dry-storage casks 76-77, 78
Monticello, Utah 48, 352
Multiple barriers, use of 33, 34
Multipurpose cask 109, 116, 370. See also

universal cask
NRC Certification of need for interim
storage.89, 96
NRC--see Nuclear Regulatory Commission
National Academy of Sciences 160
National Conference of State Legislatures

132, 134, 256
National Congress of American Indians 132,

134, 286
National Environmental Policy Act 85, 164
National Governors’ Association 132, 134,

256
National Research Council 329
National Waste Terminal Storage Program 35
National surveys for sites 39
Natural barrier system of the repository

site ., 33, 206
reliance on 34

Natural resources, evaluations of 196,
197-198, 199

Need-and-feasibility study for MRS
facilities 82, 86

Needles District, Utah 354
Needles Fault Zone 196
Nellis Air Force Bombing Range 361
Wetherlands 44, 162

Nevada 40, 41, 46, 55, 94, 199, 362
Nevada Operations Office 149
Wevada Test Site 198, 206, 329, 361, 362
New Augusta, Mississippi 156, 357
New Hampshire 42
New Iberia, Louisiana 242
New Jersey 42
New Mexico 12, 55, 243
New York 42
New transportation casks 108-109
Newspaper Rock State Historical Monument

354
Nomination of sites for characterization

5,
Worth Atlantic Ocean 44
Worth Carolina 42
Worth Pacific Ocean 44
Notice of disapproval 19, 36, 6S, 85, 86,

260
Nuclear Energy Agency 44, 162
Nuclear Fuel Services Plant 8
Nuclear Regulatory Commission 7, 8, 13,

21, 36, 38, 39, 48, $0, 65,
66, 67, 69, 79, 84, 87, 88, 92,
103, 105, 106, 121, 126, 139, 140,

161, 162, 220, 264, 36)
agreement on SCP 361
concurrence on siting guidelines 347
construction authorization 38, $2,

66, 363
consultation with

on license-application
design

on testing requirements 63
generic rulemaking on dry storage 93
interaction with on SCP 361
interactions with 48, $2, 141
license

amendments for closure and
decomissioning 38, 53

for MRS facilities 79
termination of 53
to receive and possess radioactive

material 38, $3, 67
Vicensing

of storage technologies 91
process for repositories $2
requirements 36, 215

onsite representatives 52
packaging standards 98
Price-Anderson system ............103,

404
procedural agreement on packaging

certification 105
procedural agreement 221
procedures for licensing

repositories 37
Quality requirements 156
regulations 12, 36, 37, 47, 49, 121,

347, 363
10 CFR Part 1 92, 96
10 CFR Part SO 93, 96, 156, 221
10 CFR Part 53 92, 96
10 CFR Part 60 256
10 CFR Part 60 361
10 CFR Part 60 12, 34, 45, 47,

$0, S51, 53, 62, 160, 214, 220,
221, 222, 239

10 CFR Part 71 106
10 CFR Part 72 84, 93, 95

review of Jicense application for
repositories 36, 65, 66, 223
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review of site-charactertzation
plans 35

role in interim storage 7, 17
rulemaking actions 52
shipment-protection requirements 103
site-characterization analysis 361
site-specific technical position 66
technical criteria 36, 37, 51. See

also 10 CFR Part 60
key provisions of 37
objectives of 37

technical meetings with 66
written understanding about need for

test and evaluation facility 268
Wuclear Waste 54, 65, 66, 68, 71, 82, 8S,

86, 86, 89, 90, 91, 93, 96, 82, 84
Nuclear Waste 88, 93, 97, 98, 102, 105,

193, 198, 127, 129, 130, 222
Nuclear Waste Act 133, 134, 135, 137, 139,

140, 141, 143, 144, 145, 154, 161,
Wuclear Waste Act 162, 240, 243, 253, 267,

268, 269
Nuclear Waste Fund 6, 73, 74, 86, 105,

145, 154, 155
Nuclear Waste Fund 264, 265
Wuclear Waste Fund, adequacy of 265
Wuclear Waste Policy Act of 1982

3, 5, 6, 7, 8, 10, 12, 16, 17, 18,
19, 20, 21, 22, 31, 35-36, 37, 40,
42, 43, 44, 45, 47, 49, 54, 55,
$6, 256, 257, 258, 259, 260, 261,
262, 263, 264, 265, 267, 363

provisions for MRS facilities 89
requirements for

test and evaluation facility 267,
268

Site characterization 363, 364
64

Mission Plan 269, 347, 349, 369,
377

repositories 35-36
Nuclear fuel assemblies 8, 9. See also

Spent fuel 8, 9
Nuclear fuel cycle
Nuclear industry, coordination with 115
Nuclear insurance pools 104
Nuclear power growth, forecasts of $, 29
Nuclear power plants, orderly operation of

18, 20, 29, 74
OCRWM--see Office of Civilian Radioactive

Waste Management
OCRWM Director 112, 145, 147, 151, 154, 156
OCRWM organization 145-147
OCRWM 3,12, 99, 102, 103, 104, 105, 106,

143, 145, 147, 150, 154, 155, 1589
Oak Ridge Reservation 83
Objectives of the waste-management program

6-7
Occupational Safety and Health

Administration 53
Office of Assistant Secretary for

Management and Administration 148
Office of Civilian Radioactive Waste

Management 3, 12, 99, 102, 104,
105, 10, 61,60, 161, 247

Office of Environmental Compliance 148, 160
Office of General Counsel 147
Office of Geologic Repositories 145,

146-147, 160
Office of Management and Budget 148
Office of Policy, Integration and Outreach

148, 147

-450-

Office of Project and Facilities
Management 146

Office of Resource Management 145-146
Office of Storage and Transportation

Systems 145, 147
Office of the Assistant Secretary for

Congressional, Intergov 147, 148
Office of the Assistant Secretary for

Defense Programs 10
Office of the Assistant Secretary for

Environment, Safety and Health
147, 148

Office of the Controller 148
Office of the Director of Administration

148
Oldham County, Texas 354, 355
Onsite storage 26. See also at-reactor

storage; spent-fuel pools
Operational safety $3
Optimization of waste-management system 115
Oregon 270
Organization for Economic Cooperation and

Oevelopment 44, 162
Qutreach-and-participation programs 7,

129, 134, 145
Overpacking of waste canisters 80, 121, 126
Overweight transportation equipment 104
Qeners and generators of waste 5, 17, 29,

66, 120, 120, 123, 143, 145, 184
Ounership of land 256-257
PHS Manual 151-154, 155
PRDA--see Program Research and Development

Announcement
PUREX process 10
Packing-material testing 233-234
Palo Ouro Basin 40, 196, 197, 198,

382, 354
Paradox Basin 40, 196, 197, 198, 352, 362
Participation capabilities of States or

affected Indian tribes 255-256
Pasco Basin 40, 195, 269, 271, 349, 351,

Peer review 160-16)
Pennsylvania 42

.

Performance Assessment Review Group 45, 160
Development of analytical techniques

-

Performance assessment 44, 45, $1
Codes 206
Peer-review panel 45
Plans 45, 160, 206, 236, 240
Repository 226-227
Site 206
System 238-240, 241
Waste package 235-236

Performance confirmation program 53
Performance targets 206
Permanent closure 53, 121, 206
Permanent disposal, alternatives for 4
Permanent disposal 3, 16, 121

See also Repository.
Permanent isolation 4, 8

See also Permanent disposal:
Repository

Permanent markers $3
Permanent sealing of repositories 12)
Permit process, facilitation of 258
Permits

for site characterization 61, 62, 63
State and local requirements for 257
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Perry County, Mississippi 356, 357
Physical interface requirements for

transportation system 108
Plans

for insite testing with radioactive
and nonradioactive material
364-365

for obtaining information needed for
repository 189-252

Plutonium 4, 8, 12
Policy for radioactive-waste management 4
Policy goals 6-7, 15
Policy information, release of 136
Postclosure

monitoring and surveillance 53
performance assessment 227
Surveillance 53
System guideline 164
technical guidelines 164

Potential financial, political, legal, and
institutional problems 253-265

Potentially acceptable for first
repository 35, 40, 41, 42,
269-347, 349-361

Preclosure
performance assessment 226
system guidelines 164
technical guidelines 164

Preconstruction assistance 262
Predictive models--see also Mathematical

models 219
Preferred storage method at MRS facilities

76-77
Preliminary determination of site

Suitability 64
Preliminary performance assessment 45, 239
Preliminary safety analysis report 24)
Preliminary versions of siting documents,

sharing of with States 262
Prenotification of shipments 105,

263,
President 4, 5, 10, 19, 29, 38, 36, 58,

63, 64, 65, 69, 145, 163, 349
President Reagan's Nuclear Policy

Statement 4
Price-Anderson Act 103, 104
Private industry, participation in

development of transportation
system 73, 97, 122

Private landowners 257
Private sector participation 107, 118
Privately owned land, acquisition of 256,

257
Procedures

for locat-government representation
for resolving concerns and

objections of interested parties
259

Procurement and Asststance Management
Oirectorate 148

Procurement plans 155
Program Research and Development

Announcement 116
Program

admninistration costs 265
assumptions for waste-system

components 22
constituencies 19
cost uncertainties 264-265

management 242
costs 247
goals and objectives

944-143
information system 153
objectives 6-7, 18, 17
status reports 132
System 150-154

Program management system manual--see PMS
manual

Programmatic considerations for exploratory
shafts 362-364

Programmatic options 17
Project Decision Schedule 68, 140, 141, 266
Project Offices 151, 185, 158, 159, 160
Proprietary data, release of 136
Public comment 133-134
Public health and safety 3, 37, $3
Public health and safety, protection of 6,

15, 17, 33, 52, 79
Public health and safety, undue risk to 37
Public hearings

on environmental assessments 35, 42,

on site-characterization plan 361
on siting guidelines 347

Public information meetings 263
Public involvement, Act's provisions for

6, 35
Public participation 7, 15, 17, 35, 85, 134
Public review

and comment on SCP 361
of siting documents 35

Quality assurance 191, 143, 146, 147, 206,
22t, 242

control 111
management policies and

requirements documents
plans 156, 159, 160
plans for performance

assessment 206
Program 49-S0
requirements for MRS

facilities 63
Quaternary climate, studies of

199

188, 160

195, 197,

Radiation
exposure, limits on 36
shielding at MRS facilities 80
levels in spent fuel 8

Radiation-protection standard 36
Radioactive elements 8
Radioactive materials, use of in site

characterization 364
Radioactive waste 3

definition of 8
generation rate 3, 22
sources of 8
types of 8, 21, 22-23

Radionuclide release 34
Radionuclide release from waste package 200
Radionuclide transport 33, 201, 206
Rail or barge casks 109
Rail transportation 114, 120, 121
Randall County, Texas 354, 355
Reactor fuel--see Nuclear fuel
Reactor-site storage--see

reactor storage pools; Spent-fuel pools
Receiving-and-handling building at MRS

Facilities 74, 76, 78, 81, 82, 83

DB-105731
Holtec_PAL-001238



.

Recommendation of sites for
characterization 35, 37, $8

Reef Basin 354
Reference plan for defense-waste

management 10, 12
Reference schedule

commitment for consultation 68
first repository 57, 58, 59, 68
second repository 69-70

Regional characterization reports, second
repository 42, 49

Regional site surveys 39, 42
Regulatory activities 240-241
Regulatory and institutional activities,

costs of 247
Regulatory requirements for repositories 36
Reliability in system operation 17
Reorganization Act No. 3 of 1970 36
Repositories 6, 16, 19, 22, 25,

31-71, 192, 274, 120, 121, 126
access to surface facilities 33
advanced conceptual designs 51
artist’s conception of 32
backfills and seals 45
backfill of tunnels and disposal

rooms 33
background information on 386-42
closure and decommissioning 53

permanent markers 53
postclosure monitoring 53
surface-area restoration 53
Mined-rock stabilization 53

construction 52, 67
costs 247
data-base development 45
decommissioning of 31
decontamination of site-generated

waste and effluents 33
description of 31-34
design 38, 45-46, 217-227

conceptual design for SCP 45
final procurement and construction

design $2, 220, 222
design capacity 25
engineered barriers in 33, 34, 37
host rock 33
host-rock options for 25
license-application design 51, $2, 220
licensing 18
major phases of 57-58
mined-rock storage 33
mission and objectives of 37-38
monitoring facilities 33
multiple barriers, use of 33, 34
natural barrier system 33, 34
operation 53
operations in 121
operation, start of 36

phase $2, 53
phase 2 52, 53

permanent sealing of 31
plans for development of 49-56
potential for human interference in

the future 33
preconceptual designs 45

title II design $2
program assumptions about 25
radionuclide release from 37
radionuclide transport 33
repository program 31, 35, 37-71
shaft seals 33

~452-

shafts and borehotes 31
start of operations 36
status of program 38-49
surface Facilities 31, 32, 33, 120,

121, 126
surface storage capacity 33
technology development 44-48
two-phase approach 45, 68
underground disposal rooms 31
underground facilities 31, 121
underground openings 46
waste-acceptance rate 121
waste containment and isolation

33, 37, 46
waste package 33, 37

Repository for defense waste only 10
Schedule

first repository $7-69
second repository 69-70
performance assessment 226-227

Reprocessing 4, 8, 10, 120
Republic of Korea 162
Reracking of reactor storage pools 89
Research and development 20, 31, 269-346
Resolution of disagreements through

informal consultation 262
Resolution of potential conflicts with

States or affected Indian tribes
259

Results and implications of research and
development .programs 269-346

Retrieval of waste from a repository 25, 47
Rhode Island 42
Richland Operations Office 149
Richland, Washington 121
Richton Dome 354, 356, 357, 358
Richton Dome site 40, 42, 196, 274-276,

299-301, 319
Richton, Mississippi 48, 356, 357, 358
Risks to the public 17
Rock melting (disposal alternative) 4
Rock-mass properties 219, 220
Rock-mechanics studies 219-220
Rocky Mountains 352
Rod consolidation 116, 117, 120, 123, 126

370; see also spent-fuel
consolidation

Rod consolidation at MRS Facility 370
Room-closure rates in salt, study of 219
Route selection 263
Routing of waste shipments 100
SCP conceptual design 45-46, 221
SCP conceptual design report 46
SCP reports 66, 222, 239, 240
SCP--see Site characterization report
Safequards and security 160
Safety analysts report for MRS facilities

9
Safety features of MRS facilities 79-80
Safety of shipments, concern about 98
Salt Sites 40, 45, 47, 54, 61, 62, 64,

149,190, 196-198, 210, 211, 213,
218, 219, 222, 269, 274-262,
293-301, 308-311, 316-320,
331-332, 333, 334, 354, 356, 357;
See also Bedded-salt sites; Davis
Canyon; Oeaf Smith County; Lavender
Canyon; Swisher County

Salt domes sites 40, 274-278, 299-301,
308-309, 318, 319, 320, 331, 332,
333, 334
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advantages and disadvantages of
329, 330, 332, 334

geochemical characteristics 308-309
geologic characteristics 274-278
geomechanical characteristics

348, 319
hydrologic characteristics 299-301

San Juan County, Utah 352
Sandstone 43
Savannah River Plant 10, 371
Savannah River, South Carolina
Schedule, ability to meet 18
Schedule--see MRS schedule; repository

schedule; transportation schedule
Screening-methodology document, second

repository 42, 49
Seals

costs of 247
plans for development 54
designs and materials $1, 224-226
performance requirements 224-226

Sealed storage casks 62
Cutaway view of 77
description of 76-77

Second exploratory shaft 212-213
Second repository 16, 22, 120, 190,

243-246, 269
consultat ton-and-cooperatton

Procedures 255
Congressional authorization for

19, 38, 54, 69
State participation in siting 244

area-charactertzation plan $4,
243, 244

area field investigations 54, 244
area-recommendation report 54, 244
consultation meetings with

affected States 49
eligibility of first-repository

sites for 71, 243
identification of potentially

acceptable sttes for 54
regional characterization reports

42, 43, 49, 54
screening-methodology document

42, 49, 244
site nomination and

recommendation 54
States under consideration 42,

43, 244
start of operations 121
technology development 46
use of information from

first-repository program 244-245
Secretary of Energy 4, 58, 61, 64, 8S, 101,

259, 349, 361
Secretary of the Treasury
Security measures 160
Sensitivity analyses, plans for 206,
Shafts 239; see also Exploratory shafts;

site characterization
seals 33, 224-226
construction methods 211-2173
construction schedule 211-2192

Shale 43
Shay Graben 196
Shipment allocations for individual

reactors 29
Shreveport, Lovisiana 357, 359
Site characterization 19,35,37,38, 39, 42,

4S, 49, 50-51, 61-64, 68, 163, 164.
196, 298, 207, 240, 256, 264

16,

184

~453-

exploratory shafts
exploratory-shaft facility 46
information needs 46
test plans 46
quality assurance 49
in-situ testing 62
interactions with host States 63
land acquisition for $1
schedule for 61-64
site preparation 61, 210-211
testing schedule 62
Act’s requirements

for 363
activities 361-364
activities that may affect isolation

capabilities 365
Site investigations 190-206

logic diagram 166-189
Site-charactertzation plans 35, 42, 45S,

46, 47, SO, 61, 62, 67, 189, 160

35, 46, 62, 63, 197

163, 206, 221, 238, 239, 240, 361,
368, 366

SCP conceptual design 45-46, 22)
SCP conceptual design report 46
SCP reports 66, 222, 239, 240

Site-performance assessment 193, 206
Siting guidelines

49, 54, 64, 137, 141, 163,
164, 214, 238, 361

legislative requirements for 35
WRC concurrence on 41
consultation on 41, 347

Siting of repositories 19, 35, 38-43
field studies in 40
geophysical surveys in 40
key issues in 38
laboratory studies in 40
legislative requirements for 35-36
nomination for characterization 35
on Federal lands 39
Public hearings on scope of 35, 42
recommendation for characterization
schedule and process for 19, 35
screening process 39-4)
selection for charactertzation
site designation 36, 38, 64, 67
site selection and approval 64
site-selection report 35, 64
site-suitability determination $1
site-suitabilfity evaluations 34
site suitability, preliminary

determination of 64
Socioeconomic and environmental

investigations 164
Socioeconomic conditions, study of
Socioeconomic Conditions and Potential

Impacts
front-end financing 56
impact-mitigation plans 56
jurisdictional allocations 56
Methods for conflict resolution 56

190

34, 38, 37, 41, 43,

35

193, 206

identification and mitigation 49, 56,
130, 337-140

impacts
assessment $6, 137-140
assessment grants 139
financial and technical support

139-140
mitigation, funds for 264
MRS facilities 04

transportation 138
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Solidification of high-level waste 8,
370-371

Solubility and speciation studies
Sorption and precipitation studies
South Carolina 10, 42
Spent fuel 4, 8, 120, 121, 122, 123,

124-125. 326, 132, 242
assemblies 8

199-201
199, 201

backlog 28
characteristics 120
consolidation 17, $2, 72, 74,

76, 92, 93, 194, 116,
20, 121, 122, 126, 127

consolidation at MRS facility
17, 72, 74, 76, 126, 127

discharges, forecasts of 29,
89, 90

inventory 4, 22, 26, 88
packaging 369-370
pools 19, 20, 89, 120
priority for acceptance 29
reracking of 89
reprocessing 12)
tests 242

Stainless steel, use in waste packages 6,
7

Standard disposal contracts--see Oisposal
contracts

Standardization 116
of waste canisters and

handling equipment 115
of waste-package design

118
States 3, 7, 13, 19, 48, 63, 130, 131,

132, 133, 134, 138, 137, 136, 139,
140, 141, 145, 186, 1486, 254-255

agencies 255, 256
allocation of grants to local

communities 260
comment on site-characterization

plans 361
communication with 6
cooperation in siting 260
coordinating councils for

interactions with 26)
coordinating organizations 256
concerns about transportation 98,

99, 105
conflicting regulations 258
consultation 254-255
consultation and cooperation 468,

65, 105, 118, 134-138, 255, 256,
289

consultation on reference schedule
68

consultation on siting guidelines
347

direct technical assistance to 262
emergency-response capability 102
Federal accountability to 6
Financial assistance to 7, 48, 134,

243
governors 130
governments 259, 260, 261
impact-mitigation grants to 262
in first-repository program 40, 41,

42, 134
in second-repository program 42, 134
information needs of 130, 131
interactions with 48, 130
interactions with coordinating

councils for 261

involvement in repository program
38, 129

land, acquisition of 256, 257
Yand, delays in transfer 257
laws and regulations, compliance

with 62, 258
Jegislators 130
libraries 48
litigation 259
meetings with 256
notice of disapproval

263-262
participation in program 265
permit requirements 257
personnel training 255, 256
prenotification of waste shipments

263
representation of local interests

259-260
review of

siting documents 61, 65, 160
permit applications 62
site-characterszation
plans 35

review of overweitght-equipment use
104

role
in shaping policy 7
in socioeconomic impact
@itigation 56

routing assistance to 100, 101
socioeconomic impact reports 260
waste transportation through 3

States affected by waste transportation 263
Storage--see also At-reactor storage;

Federal interim storage; interim
storage

alternatives 76-79
capacity, at reactor sites 89
concepts selected for MRS

Facilities 62
cooperative demonstrations with

utilities 90, 91, 92
demonstrations at Federal sites

90, 93, 94, 95
facilities, existing, efficient use

of 91
options 71-97
problems 116, 118
requirements 90

Storage technologies,
generic research and

development for 91, 92, 93
research and development 118

at Federal facilities 92
Stress measurements in rocks 195, 198
Stripa mine, Sweden 162, 243, 326-328
Subseabed disposal 4, 20, 44, 55, 149, 162

institutional issues in 44
participants in 44, 162

Subsystem modeling 206
Supporting-technology development 51
Surface facilities of repositories 31, 32,

33
Surry nuclear power plant 94
Sweden 162, 243, 245, 326-328
Swisher County site, Texas 40, 196, 205,

280, 261, 293
Swisher County, Texas 354, 355
Switzerland 44, 162, 245

19, 36, 65
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System performance assessment 227, 236-240
System requirements and description

document 116, 197, 118
Systems activities 44-45, 247
Systems engineering 44, 45, 115, 116, 144,

236, 238
Yogic diagram 237
management plan 152, 237, 238

Systems integration 17, 112-127
near-term schedule for 118, 119
Program logic 117

TEF--see Test and evaluation facility
TRU waste--see Transuranic waste
Taiwan 162
Technical assistance to States, direct 262
Technical challenges 3, 6
Technical experts, services for States 48
Technica? information sharing 7, 65
Technical issues in repository siting and

development 165, 167-187
Technical planning for the transportation

System 107-108
Technical review programs for States 48

demonstration at test and evaluation
facility 267-268
development 35, 44

Tectonic studies,
basalt 195
tuff 198

Temporary lag storage
at repository 114
at MRS facilities 74

Tennessee Valley Authority 83, 94, 95, 96
Tennessee 83, 85, 86
Test and evaluation facility 36, 47, 51,

164, 364
written understanding with NRC 268

Test facilities 242-243, 247
Test tunnels in site characterization 364
Testing

in site-characterization program
62, 214-217. See also in-situ
testing

transportation casks 110
to support license application 62,

63
Texas 40, 41, 42, 48, 5S, 352
Texas Panhandle 354
Thermal-mechanical properties of host

rocks 219
Time needed for States or Indian tribes to

develop participation capabilities
255-256

Timing of grants for the mitigation of
repository impacts 262-263

Titte I and II design 52, 220, 221-222
Topographic mapping 197
Trains, dedicated, for shipment from MRS

facility 122, 126, 127
Transfer of State land, delays tn 257
Transmutation 4
Transport processes, studies of 199, 201
Transportable storage casks 77, 79, 10)
Transportation 3, 7, 17, 97-111, 192, 194,

126, 132
accidents, liability for
assumptions about 23
casks 33, 106, 107, 108,

109, 116, 120, 122, 126
advanced-concept cask 110
cask interface characteristics

103

108

-455-

cask-Fleet procurement 111
Certification testing 110
engineering development and

certification 110
requests for proposals 109

characteristics of candidate
MRS sites 6¢

compliance with DOT and NRC
regulations 99

corridors 137
cost control 113
cost uncertainties 264
distances 23, 83
emergency response 99, 101, 102
institutional issues 100
jurisdictional responsibilities 98, 99
management system 111
modes 23, 109, 106, 114
number of waste shipments

106, 126
onsite services at reactors
operations 111
physical interface requirements
private-sector participation

in 107, 108
responsibility for 121
safeguards 101, 103
schedules for system

development 107
Scope of hardware development
strategy options document 106
technical planning 107-108

7,

106

108

106

Transportation business plan 98, 106, 107
Transportation institutional plan 98, 104,

105
Transportation system 16, 74, 97-98, 120,

definition 108, 109
institutional development of 96-106
technical development of 106-111

Transportation-specific environmental
analyses 99

Transshipment of waste 989
Transuranic waste 8, 10, 12, 36
Tribal Government Tax Status Act
Tribal land, acquisition of 256, 257
Truck casks 109
Truck transportation 114, 120, 121
Tuff site 40, 45, 47, 61, 62, 64,

149, 190 198-199, 210, 211,
212, 213, 214, 216, 220, 222,
269, 282-286, 301-305 311-313,
320-323, 332-333, 334. See
also Yucca Mountain Site

advantages and disadvantages of
329, 330, 332-333, 334

geochemical characteristics 311-313
geologic characteristics 282-286
geomechanical characteristics

320-323
hydrologic characteristics

301-305
Tulia, Texas 48, 354, 355
Two-phase repository construction 68
U.S Courts of Appeals 259

.

.

Air Force, 361
Air Force, agreements on land use 242
Army Corps of Engineers 140, 141, 257,
349
Geological Survey 40, 55, 140, 141
Treasury G6, 154
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URL--see Underground Research Laboratory
Uncertainties in transportation costs 264
Uncertainty analyses, plans for 206, 239
Underground Research Laboratory, Canada

243, 326-329
Underground disposal rooms in repositories

3t
Underground excavations, in site

characterization 213-214
Underground facilities of repositories 31
Underground openings, design of 46
Uniform Relocation Assistance and Real

Acquisition Policies Act
7

Unit trains--see Trains, dedicated
United Kingdom 44
Universal cask 47, 109, 110, 116, 370
Unresolved technical issues 164-187
Uplift and subsidence, studies of 195, 196
Uranium 4, 8
Uranium fuel assemblies 9
Uranium ore
Uranium-mill tailings 8
Utah 40, 41, 48, 55, 352
Utilities 116, 120, 123

assistance to 7
contracts with 29,
cost recovery from
Tiaison with 105, 195
planning basis for 72, 81
responsibilities for storage

20, 113,
role in authorized system 120
spent-fuel-storage capabilities

of 69-91
Vacherie Oome 354, 356, 357, 358, 359
Vacherie Dome site 40, 196, 208, 274,

276-277, 300, 301, 354, 356,
357, 358, 359

Value-enginenering analysis 116
Vault storage at MRS facilities 80
Vega, Texas 48
Ventilation, use of second exploratory

shaft for 207
Vermont 42
Virginia 42
Virginia Electric Power Company 94
Vitrification 8. See also Solidification;

Borosilicate glass.
WIPP--see Waste Isolation Pilot Plant
Washington, State of 10, 40, 41, 42, 47,

48, 135, 270
Waste acceptance 15, 120

for individual reactors 29
separation from waste-emplacement

capability 72
statutory requirements for 58
for disposal 15, 17
rate 122

at MRS Facilities 80-8)
at first repository 121,

schedules 25-29, 104, 122
Waste age 28

assumptions about 23
Waste dissolution by ground water 34
Waste emplacement 114, 126

equipment 224
rates 52, 123

Waste Flow, regulation of 17
Waste form 33, 47, 121, 230-232, 371
Waste-generation rates 377-378, 379

106, 154
154

123

~456-

Waste generators 120. See also Owners.
Waste-handling building in repositories 33
Waste-handling equipment

development of 223-224
coordination of design 114

Waste-handling systems in repositories 33
Waste-inmobilization plants 10, 12
Waste Isolation Pilot Plant 12, 243
Waste-management program 3, 129, 130, 132,

133, 134, 035, 137, 143, 144, 147,
255, 260

principal plaming basis for 29
institutional challenges 3

Waste-management system 71, 82,
83, 106, 192, 114, 196, 118, 120
122, 126, 130. See also Integrated
waste-management system.

objectives of 6-7
optimization of 115

Waste package 33, 37, 46-47, SI, 63, 200,
201

conceptual designs 47
radionuclide containment 47
components, degradation of 200
emplacement-hole packing 47
radionuclide release from 200
limiting of radionuciide releases 47
logic diagram 229
materials for 47, 372, 373-374
waste retrievability 47, 53
corrosion, studies of 200-201
costs 247
design 47, St, 118, 228
development
environment, studies of 46,

228, 230
interactions with host rock 200
performance, assessment of 63,

235-236
study with predictive models 219
tests 217, 234-235
standardization of design 114
research-and-development plans

Waste packaging 17, 192, 1134, 126
at MRS facility 17, 76

Waste preparation at MRS facilities 74

Waste receipt rate 52--see also
Waste-acceptance rate

Waste retrievability 53, 121, 122,
equipment 223-224

Waste retrieval 25, 47, 53, 63, 122
Waste solidification and packaging 369-375
Waste transportation--see Transportation;

Universal cask.
Webster Parish, Lovistana 357, 359
West Valley Demonstration Project 22, 23,

28, 52, 369, 370, 371
West Valley. New Vork 8, 74, 120, 370
Western Interstate Energy Board 132, 256
Wildorado, Texas 354
Winnepeg, Manitoba, Canada 328
Wisconsin 42, 49
Withdrawal of public land 256
Work-breakdown structure 151, 152,
Working sessions on specific issues
Workshops on technical and procedural

issues 7
Yakima Fold Bett 349
Yakima Indian Nation 48, 135, 254, 352

Yakima River 352

374-375

126

190, 247
132
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Yucea Mountain site Nevada 40, 41, 42,
201, 206, 214, 262-286, 301-305,
311-314, 320-323, 329, 333, 334,
357, 360
advantages and disadvantages of

329, 330,
332-333, 334

geochemanical characteristics 320-323
geochemical characteristics 311-314
geologic characteristics 282-286
hydrologic characteristics 301-305

~457-
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HQ0005728

OCR DB-105738
Holtec_PAL-001245



.

HQ0005729

DB-105739

ay
C

a
te

CAL
END

AR
YEA

R
r
e

|
|

19
08

1
0

0
|

{
0
2

|
x

j.
10

95
|

|
19

97
|

19
80

|
|

20
00

FR
O

G
R

A
M

P
H

A
S

E
S

etC
om

Mm
en

Da
tio

n
SE

LE
CM

ON
a

n
n

o
F

s
T

e
9

8
0
0

c
e

eer
ArO

N
‘a

pe
no

va
t o

F
O

R
C

LU
C

E
R

N
E He

WE
T

M
A

JO
R

A
C

TI
VI

TI
ES

Cu
an

ac
tem

za
tio

n
o

n
e

m
m

IS
SU

E
F

ra
,

G
U

ID
EL

IN
ES

1
S

S
E

O
ra

s
t
a

y
12

-0
0

*S
SU

E
Fo

am
y

E
he

>
99

70
5

N
O

M
M

A
TE

AN
DM

EC
O

M
M

EN
D

S
IT

E
S

PR
ES

OE
A

P
P

R
O

V
E

S
S

IT
E

S
17

08

S
IT

E
N

O
M

IN
A

TI
O

N
:

R
E

C
O

M
M

E
N

D
A

TI
O

N

*S
SU

E
O

E
S

C
O

M
PL

ET
E

ES
TE

ST
IN

G
FO

R
LA

12
/0

9

+S
SU

E
F

E
S

S
S

E
B

E
R

PR
EM

D
EN

T
R

E
C

O
M

E
E

N
D

S HIT
ETO

C
O

N
G

R
ES

S:

HI
E

scm
AT

ION
EF

FE
CT

IV
E:

a
rs

e

or

|C
O

M
P

LE
TE

TE
ST

IN
G

FO
R

D
E

S
6

RE
CC

EM
EN

DA
TI

O
N

cow
ste

ucn
ow

r
y

S
IT

E
C

H
A

R
A

C
TE

R
IZ

A
TI

O
N

;
SI

TE
SE

LE
C

TI
O

N

Y
a
w

Y
se

re
,

O
8

tO
N

C
o

n
F

m
ea

rO
N

S
E

C
E

IV
E

H
A

C
C

O
N

ST
R

U
C

TI
O

N
aUT

HOM
—ZA

TIO
N:

S
C

E
N

T

W
A

S
TE

PA
C

K
A

G
E

D
EV

EL
O

PM
EN

T

TRU
ETO

CO
M

PL
ET

E
O

na
se

2
COM

sTa
UC

tow {
wne

Gn
as

ore
nat

ion
s

ae
oe

ec
oe

9
one

=a

Re
eo

sit
oa

y
SO

VA
N

C
ED

CO
NC

EP
TU

AL
O

F
V

E
LO

P
M

E
N

T
ST

U
O

N
S

a
re

u
c
a
ti

o
n

s
o

n
a

v
e

A
M

EN
D

ED
LI

CE
NS

E
10

w
a

to
m

eu
an

se
2

o
m

ea
at

o
n

s

CAL
END

ARY
EA

R
|

199
9

200
0

e
s

e
an

es

A
lte

rn
at

iv
e

sc
he

du
le

1—
fir

st
ge

ol
og

ic
re

po
sit

or
y.

Holtec_PAL-001246



.

A-2 HQ0005730

DB-105740

am
CR

ITIC
AL

PA
TH

CAL
END

AR
YEA

R
s
e
e

to
es
|

ro
ee

|
|

rs
ee

|
se

en
|

so
00

|
|

|
vo

02
|

to
se

|
to

on
|

to
se

|
co

er
|

|
19

99
|

20
00

| 2
001

P
R

O
G

R
A

M
P

H
A

S
E

S |
n

ec
o

n
m

en
o

at
io

n
s

e
v

e
c

ti
o

n
s

O
F

SI
TE

S
FO

R
C

H
A

R
A

C
TE

M
ZA

TI
O

N
O

F
SI

TE
S

AP
PR

O
VA

L
O

F |
H

A
C

LI
C

EN
SI

N
G

R
EW

EW
M

A
JO

R
A

C
TI

V
IT

IE
S

CH
AR

AC
TE

MZ
AT

ION
+9

8T
E

C
U

A
L

S
IT

IN
G

G
U

ID
E

LI
N

E
S

’
12

70
0

O
M

AF
T

EA
s

12
/0

4
IS

S
U

E
FI

C
A

L
E

A
er

o
s

TM
O

M
IN

AT
E

A
N

D
R

EC
O

M
M

EN
D

SI
TE

S*
11

/0
5

P
R

E
S

ID
E

N
T

A
P

P
R

O
V

E
S

S1
TE

S*

S
IT

E
N

O
M

IN
A

T
IO

N
:

R
E

C
O

M
M

E
N

D
A

TI
O

N
ah

,

rad
,A

SS
ES

SM
EN

T
EE

PL
O

RA
TO

RY
SH

A
FT

a
l an

n

CO
MP

LE
TE

ES
TE

ST
ING

FO
RD

ET
S&

RE
CO

UM
EN

DA
TI

O
N

fS9
UE

CE
S

C
O

M
PL

ET
E

ES
T

E
S

T
IN

G
FO

RL
A

1
1

/0
0

+S8
UEF

ES
’

1
2

/0
0

1S
SU

ES
SR

>

_
“C

OL
LE

CT
G

EO
LO

G
IC

. E
N

VI
R

O
N

M
EN

TA
L

6
EN

O
M

EE
R

IN
G

D
E

R
O

N
D

A
TA

h
e

1
0

0
8

is
su

e
m

at
ia

LSI
TE

PREP

one
C

O
N

ST
R

U
C

TI
O

N
O

F
FI

N
S

T
E

s
Vir

ge
n

s
e

e
r

/
O

e
w

e

PR
EM

D
EN

T
R

EC
O

M
M

EN
D

S
SI

TE
TO

A
PP

LI
C

A
TI

O
N

TE
D

ES
IG

N
A

TI
O

N
EF

FE
G

TI
VE

S
S

/e
t

T
O

N

SI
TE

C
H

A
R

A
C

TE
R

IZ
A

TI
O

N
:

S
IT

E
S

E
LE

C
IO

N
Pa

cn
ag

e

W
EY

OR
ES

TO
NE

/O
EC

HI
ON

ST
ON

ED
EC

ISI
ON

o
n

€ sh Es.

TE
L

E
S

T
O

N
E

/

T ! t ( L
es

et
W

A
S

TE
P

A
C

K
A

G
E

A
D

VA
N

C
ED

CO
NC

EP
TU

AL
D

E
V

E
LO

P
M

E
N

T
.

Oe
SIG

NS
TUD

IES
OE

Sta
N

OE
SIO

NC
ON

FIR
MA

TIO
N

|

C
O

M
PL

ET
E

C
on

sT
R

U
cT

IO
N

N
E

G
R

A
N

T
U

C
E

N
S

E
*

G
eo

m
O

PE
R

A
TI

O
N

S:

oe ow om

eb>
ewesa owe

RE
PO

SIT
OR

Y
—

DE
VE

LO
PM

EN
T

OE
SO

NS
TU

DS

3

CAL
END

AR
Y

E
A

R

roe|
rves

_|r
eee

|
seer

toon
[se

n
svse

[soo
s

|
sons

voce
|

coos
|

cove
|

veer
]

vee
|

woos
| to

oo
aoor

A
lte

rn
at

iv
e

sc
he

du
le

2—
fir

st
ge

ol
og

ic
rep

os
ito

ry

Holtec_PAL-001247



.

oner me me me me sae

Appendix B

GENERAL GUIDELINES FOR THE RECOMMENDATION OF SITES
FOR NUCLEAR WASTE REPOSITORIES
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Nuclear Waste Policy Act of 1982;
General Guidelines for the
Recommendation of Sites for the Nuclear
Waste Repositories; Final Siting
Guidelines
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47714 Federal Register / Vol. 49, No. 236 / Thursday, December 6, 1984 / Rules and. Regulations
DEPARTMENT OF ENERGY

10 CFR Part 960

Nuctear Waste PolicyActof 1982;
General Guidelines for the

of Sites for the
NuclearWaste ‘

AGENCY: Department of Energy.
action: Final siting guidelines.
eusmany: In accordance with the

requirements of the Nuclear Waste
Policy Act of 1962 (Pub. L. 97-425) (the
Act), the Depertment of Energy (DOE) is
issuing general guidelines for the
recommendation of sites for
repositiories for the disposal of high-
level radioactive waste and spent
nuclear fuel in geologic formations.
These guidelines will be used in the
various steps of the site-selection
process, as required by the Act. They
are compatible with the regulations
issued by the Nuclear Regulatory
Commission (NRC) in 10 CFR Part 60
and those proposed by the
Environmental Protection Agency (EPA)
in 40 CFR Part 191. The guidelines
establish performance objectives for a

geologic repository system, define the
basic technical requirements that
candidate sites must meet, and specify
how the DOE will implement its site-
selection process.

These guidelines were developed by
the DOE through the consultation
process required by the Act {i.e.,
consultation with affected and
interested States, the Council on
Environmental Quality, the
Administrator of the EPA, and the
Director of the U.S. Geological Survey)
as well as extensive review and
comment by interested members of the
public, affected Indian tribes, end
intereated Federal agencies. They have
received the concurrence of the NRC, in
accordance with the requirements of the
Act. The NRC's concurrence decision
was rendered on June 22, 1984, and
published on July 10, 1964 (49 FR 28130).
ePrective DATE: January 7, 1005.
FOR FURTHER INFORMATION CONTACT;
Carol L. Hanlon, Office of Geologic

Repositories, Office of Civilian
Redioactive Waste Management. U.S.

Department of Energy, 1000
Independence Avenue, S.W.,
Washington. D.C. 20585, Telephone:
(202) 252-1224.

Robert Mussler. Esq.. Deputy Assistant
General Couneel for Environment,
Office of Generel Counsel, U.S.

Department of Energy, 1000
Independence Avenue, S.W.,
Washington, D.C. 20585, Telephohe:
(202) 252-6947.

OCR

For additional copies of this rule
contact: Susan Grodin, c/o Roy F.
Weston, Inc., 2301 Research Boulevard,
Rockville. MD 20650, Telephone: (901)
963-6670.
SUPPLEMENTARY INFORMATION: This
supplementary information, aleo
referred to as the “preamble” end the
“statement of besis and purpose,”
explains the DOE siting process, the
development of the guidelines, the
general issues raised about the
guidelines, and the structure of the
guidelines. it also presents a detailed
enelysis of each guideline. A table of
contents is listed below.
Contents
1. Background Information

A. Requirements Established by the Act
B. The DOE Siting Process

1. The Screening Phase
2. The Site-Nominating Phase
3. The Site-RecommendstionPhase
4. The Site-Characterization Phase
&. The Site-Selection Phase

UL. Development of the Guidelines Through
Consultetion, Public Comment, and NRC
Concurrence

A. Basis for the Proposed Guidelines
B. Consultation and Public Comment
C. NRC Concurrence
D.Meigr Changes in Guideline Structure

and Format Resulting from the Comment,
Consultetion, Comment, and
Concurrence Process

Ul. General Issues Raieed in the Consultation,
ent, and Concurrence Process

A. General Comments on the Guidelines
1. Use of Proposed EPA and NRC
Reguletions
2. Vagueness and Lack of Specificity in
the Guidelines
3. Lack or Inadequacy of Quelifying end
Disqualifying Conditions
4. Lack of Weighting Factors
5. Lack of Definition of the Siting Process

B. Comments on the Consultation Process
1. Adequacy of the Consultation Process
2. Endorsement of the Alternative
Guidelines

IV. Overview of the Guidelines
A. Structure of the Guidelines
B. Section-by-Section Analysie

1. General Provisions
2. Implementation Guideliies
9. Postcloeure Guidelines
4. Préclosure Guidelines

V. References
VI. Compliance with the National

Environmentel Policy Act
VU. Regulatory Flexibility Analysis
ViU. Paperwork Reduction Analysis
IX. Executive Order No. 12291

Background Information
The Department of Energy (DOE).

pursuant to the Atomic Energy Act of
1954 as amended, the Energy
Reorganization Act of 1974, the
Department of Energy Organization Act
of1977, and the Nuclear Waste Policy
Act of 1982 (the Act).-has the

responsibility to provide for the disposal
of high-level radioactive waste and
spent nuclear fuel. The DOE selected
mined geologic repositories as the
preferred means for the disposal of
commercially generated high-level
radioactive waste and spent fuel (46 FR
20677, May 14, 1961) after evaluating
various elternative meane for the
disposal of these materials and issuing
an environmental impact statement (1).
To carry out thie decision, the DOE has
‘been conducting research and
development and performing siting
studies.

The Act,signed into law on January 7.
1063, establishes a process and schedule
for siting two mined geologic
repositories.* It aleo, in Section 112(e).
requires that the Secretary of Energy
“issue general guidelines for the
recommendation of sites for
repositories.” The guidelines issued
under this notice are the general
guidelines called for in the Act.

A. Requirements Established by the Act

As described below, the Act requires
specific steps in the process of selecting
repository sites. The implementation of
guidelines in terme of those eteps is
discussed in the next section.

The initial steps required by the Act
have been completed: the Secretary of
Energy has identified the States with
one or more potentially acceptable sites
for the first repository and has so
notified the Governors and the State
legielatures, and the tribal council of eny
affected Indian tribe of the potentially
acceptable sites within these States.

After issuing the siting guidelines, the
Secretary is to nominate at least five
sites as suitable for site
characterization. The nomination of
each site is to be accompanied by an
environmental assessment that includes
an evaluation of the site in terms of the
guidelines.

The Act containe requirements for the
DOE to continue ite consultation and
cooperation with the Stetes and to
specifically coneult with the Governors
of the States that contain potentially
acceptable sites.
. The Act requires the Secretary of

Energy to recommend three of the
nominated sites to the President for
characterization as candidate sites. Site

For brevity. the terme “radioactive waste” ond
“weote” ore frequently used in thie notice and in the
siting guidelines to meen “high-level radioactive
waste and spent aucieer fuel.”

® The Act requires the President to evatuete. by
Jenvery 7, 1065, the use of one or more of these
repositories for the disposal of high-level
radioactive waste resulting from atomic energy
defense activities.
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characterizetion is defined ae activities
“undertaken to establish the geologic
conditions end the ranges of the
perametere . . . relevant to the location
of a repository, including borings,
surface excevations, excavations of
exploratory shafts, limited subsurface
lateral excavations and borings, and in-
situ testing... .”

The President may approve or

disapprove the recommendation
submitted by the DOE or may permit the
characterization to proceed by failing to
act within 60 days. He may also delay
the decision for 6 months if, in hie
opinion, insufficient information is
available for a decision.

The information to be collected
site characterization will be specified in

oite-charecterization plan that is to be
submitted for review and comment to
the Nuclear Regulatory Commission

INR),the Stateinversiethe siteislocated, an: governing body of any
affected Indien tribe. The plan will also
be made available for public review and

“Before proceeding to sink thlore e

exploratory shafts needed for tests and
studies at the proposed depthofthe
repository, the DOE is to hold a publichearinginthevicinityofthesiteto
inform the residents of the site-
charecterization plan and to receive
their comments. When the site
charecterization itself has been
completed, public hearings are to be
held in the vicinity of each site being
considered for development es ¢
repository to inform the residents of the
area that the site is under consideration
andto obteintheircommentson the
possible recommendation of the site.

After completing site

characterisationsendconductingearings, theGeesetaryis to recommend
to thePresidentthefirst sitetobedeveloped as a repository. This
recommendetion is to be accompaniedby a final environmental impact
statement in accordance with the
requirements of the National
Environmental Policy Act ae modified
by Section of the Act.

After site is recommended to
Congrese for development ase

repository, the State in which the site is

OCR

located or the affected Indian tribe on
whose reservation the site is located
Mey submit, within 60 days, notice of
disapproval to Congress. This
disapproval prevents the use of the site
for repository unless Congress passes
a joint resolution approving the
President's recommendation within the
next 90 days of continuous session.

If the site designation-becomes
effective, the DOE is to seek, from the
NRC, authorization to construct the

repository. The Act that the
application for this auth tion be
cubmitted notlaterthan00daysafter

theeffective date af the site designation.
When construction authorization bes
Construction ofthe repostiory wl begin,construction re;

The Act requires the promulgation of
regulations by two other Federal
agencies—the NRC and the
Environmental! Protection Agency (EPA).
The NRC is required to issue ical

eppeovingordisapproving DOEepproving or disappro
applications for the construction and
operation of repositories; these
regulationshevebeenissued as 10 CFR
Part The EPA is required to
promulgate generally applicable
standards forprotecting the public from
the radioactive ma in repositories;
these regulations CFR Part 191) heve
been released in form for public
comment (47 PR 58196). Both sets of

regulations were used in developing the
E siting guidelines (seealsoSections

ILA and ILA).
To provide the information base

needed forinformed decisions in thcarrying outthe repository program, the
Act requires the Secretary ofEnergytoprepere 8 comprehensive mission p

topics covered in the mission plan
ere to include the information needed
for the siting and construction of
repositories; the significant results of
Frese and deve programs,
and their implications for each of the
host rocks being considered; the
financial, political, legal, or’institutional
probleme thatmay impede the
implementationof the Act; the adverse
econemic and ether impacts thet may
result from the development of «

repository; and the siting guidelines. A
draft of the mission plan (2), deted April
1964, wee issued for review and
comment by the States, effected Indien
tribes, the NRC, other Government
agencies, and the public. The DOE is
now in the of
comments
Once
submitted to
with the requiremente of the Act.
8. The DOE Siting Process

Before the Act was passed, the
FederalGovernmenthedbeen

iout @ program evelopment
logic repositories. Directed primarily

tonencies, althreedecades earlier. The Act
established e process far the siting of
repositories by thtegrating the then-
existingDOE sitingprogramintoitsrequirementsand procedures. To help
the reader understand how the

guidelines will be used, this section
explains an nanan part ofthe endprogrem—the e process—es
the plens for it now stand, after

tion by the Act and the
consultetion process.

In seeking sites for radioactive-waste
repositories, the DOE divides the siting
process into schowingpossesscreening, ite nomination, (3) sitesecoummendenon for characterization,
(4) aite characterization, and (5) site
selection (recommendation for
development es a repository).

1.TheScreeningPhese
phase, theDOEDuringthescreening

identifiespotentialsites
characterization. This phase providesthe information forjudgingwhichof these sitesappearto justifythe
investmentincharactesizingthem.

a. Generaldescription.Theecteeningphasemay consistofuptofour stages,
eachof whichnarrowstoalandunitof
smallersize:

Soccerbearing te ramen gemoneprovinces,narrowing to regions.
(2) A surveyoftheregions,narrowing

toareas.
(3) Asurveyoftheareas,nerrowingto

locations
(4) A eurvey of the locations,

nerrowing to beginwithScreening can one or more
of the 17 physiographic provinces

iden in the contiguous 48 States.
The landforms in a province possess
similerities ree from

similarities in thegeologic endydrologic processes and conditions
throughout the province. Regions are

normally smaller than provinces, but
may aleo extend across several States.
The sizes of areas, locations, and sites
are not exect. Areas encompess
hundreds to thousands ef square miles,
and locetions are typically tens to
hundeede of square miles. While
location may be large enough to contain

eeveral sites,onlyonepotentialsiteisusually identified in a single location.
During the early screening stages, it

See
annparti y seogrephic unit

identify an intermediate set of smaller
unite before proceeding to the next
stage. A phic stage may be
deletedif the early survey reveals that
smaller lend units are obviously suiteble
for further study. For example, in a
search for eultable salt domes, which
are discrete geologic formations, the
completion of regional eurveys led next
to the study of specific individual salt
domes and their environs, rether than to
some undifferentiated aree of
hundreds to thousands of square miles.
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Within each screening stage, the DOE

identifies as many potentially suitable
land units os judged to be necessary for
an adequate sample to be studied in the
next stage. Only the regions, areas, and
locations believed most likely to contain
suitable sites receive further study; all
others are deferred. Although the
deferred land unite may contein suitable
sites, studying every possible candidate
would not be practicable. Even though
some suiteble sites may be dropped, this
allows more-thorough investigation of
the remaining candidates.

Date for comparing regions, areas,
and locetions become increasing!
detailed as sively smaller land
units are considered and ae exploration
and testing concentrate on them.
National, province, and regional surveys
are based on information available in
the open literature—for example,
national meps of faults, earthquake
epicenters, land use, recent volcanic
activity, and locations of potential host
rocks. Areas, locations, and sites require
more-thorough investigation, including
field exploration, field testing. and
increasingly refined laboratory analyses
of rock and water characteristics.
Finally, after the firet three phases
(screening, site nomination, and site
recommendation for characterization)
have been completed, site
charecterization will be performed to
collect the date needed for rigorous
evaluation and comparison of candidate
sites.

it te prudent thet ecreening be
conducted in a way that will lead to
nominetione and recommendations of
sites in diverse geohydrologic settings
and types of Such screening
increases the probability that sites
suitable for characterization will be
available even if studies should reveal
generic deficiency in a of rock or a

geohydrologic setting. The principle of
seeking diversity in types of rock is a
central theme of the siting provisions in
the Act (Sections 112(e) and 113(a)); it
has been part of the geologic repository
program since ite inception.

Before the Act was passed, the site
screening conducted by the DOE
evaluated and compared progressively
emaller land units eccording to geologic
criteria or other factors described in
References 3 through 6. This process led
to the identification of the potentially
acceptable sites considered for the first
repository. During the development of
the Act, the statue of the DOE's siting
program, including the screening studies
conducted to date, was well
documented before Congress. Congress,
as evidenced by its structuring of the
Act, did not intend the DOE to revisit

ecreéning decisions that preceded the
Act. Section 116(a) of the act requires
that States containing “potentially
acceptable sites” be identified within 90
daye ofthe passage of the Act, but
allows 180 days for issuing the siting
guidelines. Future screening for the
second repository will be based on the
siting guidelines issued by this notice.

b. Current stotus ofscreening. At the
time the Act was passed, the DOE wae

studing nine sites for the firet repository
and had begun regional surveys for the
second repository. The nine sites for the
first repository ere in three different
host rocke (basalt, salt, and tuff) and in
six States; they are distributed ae
follows: two sites in the bedded salt of
thePaloDuro Basin in Texas; two sites
in the bedded salt of the Paradox Basin
in Utah; two salt domes in Mississippi
and one in Louisiana: a site in basalt in
the Pasco Basin in Wa on; end a
site in tuff in the Southern Great Basin
in Nevade. (For the bedded salt in
Texas; the DOE identified two
potentially acceptable sites of about 190
and 900 squere miles each. In Merch
1964, the DOE issued, for public review
and comment, e dreft report on a

screening study that narrowed the size
of the two sites for further consideration
to about 9 square miles for each
location, The final report. identification
ofSites Within the Palo Duro Basin,
was issued by the DOE in November
1984.) After the passage of the Act, in
eccordance with Section 116(a), the
DOE, on February 2, 1983, formally
identified these nine sites es being
potentially acceptable. From these nine
sites, in accordance with the Act, the
DOE will nomisate at least five sites
and recommend no fewer than three for
characterization.

The bedded-salt sites under
consideretion in Texas and Utah were
found by the general siting process
described above, inning with
natione! surveys and progressively
narrowing to locations and sites. The
salt domes were selected by a screening
that began with more than 200 domes
and ended with the three sites under
consideration.

The selection of sites in basalt and
tuff began on the basis of land use: the
DOE began to search for suitable
repository sites on some Federal landswhere radioactive materials were

elready present; this approach was
recommended by the Comptroller
General of the United States (9) and a
House resolution (10). Although land use
was the beginning basis for this
screening of Federal lands, the
subsequent progression to smaller land
unite was based primarily on

evaluatione of geologic and hydrologic
suitability. The studies began at roughly
the area stage, and the screening has
nowprosressed to two sites: the site in
basalt is on the Hanford Site. and the
site In tue is adjacent to the Nevada
Teast Site.

The site-screening process for the
second repository began with a national!
survey of crystalline rocke. This survey
identified for further study near-surface
and exposed crystalline rocks in 17
States divided into three regions:
northeastern (Maine, Vermont, New
Hampshire, New York, Pennsylvania.
Connecticut, Massachusetts, New
Jersey. end Rhode Island), north central
(Michigan, Minnesota, end Wisconsin).
and southeastern (Maryland, Virginia.
North Carolina, South Carolina. and
Georgia).

The site-screening process for the
second repository is now in the regional
phase. Being developed in consultation
with the 17 States listed above, the
screening approach is based on the
siting guidelines published in this notice:
first the disque! conditions in the
guidelines are applied to eliminate land
units and then the favorable and
potentially edveree conditions of the
guidelines are applied to identify
preferred land units. The objective is to
use the existing evidence to evaluate the
favorability of each land unit, selecting

the most favorable lend unite for further
otudy.
2. The Site-Nomination Phase

The nomination process begins with
the DOE examining the dats for each
potentially acceptable site to be sure

that no site contains an obvious flaw
that would disqualify it without further
consideration. After this preliminary
examination, the DOE begins ite more-

detailed evaluation by grouping the
potentially acceptable sites according to

thepochycrolosic settings in which they
are ted. Choices emong sites require
comparisons that can be made more
easily and accurately when the sites are
in similar settings than when they are in
dissimilar settings: the significance of
differences among settings is more
difficult to determine than the
significance of differences among sites
tn the same setting. The grouping
therefore places the subsequent siting
choices on a basis that is technically
more defensible.

After a comparative evaluation of all
the sites within each setting. the DOE
will select preferred site within each
setting. If fewer then five settings are

available, the DOE will select additional
sites from settings containing more than
one site, as needed to obtain the
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required number of sites for nomination.
The sites selected bythisprocese will
be the sites considered for nomination;
each will be subjected to twoseparateevalustions. The first evaluation will be

basedonthe sitingguidelinesthat do
oot require site characterizationfortheirapplication: it will focus on the
suitability of the site for development es

repository, considering activities from
the start of site characterization through“decommissioning. The second
evaluation will be based on the
guidelines thet dorequire site
characterization for their application; its
objective will be te sstablish that the
site is suitablefor characterization—
that is, eultable for further study.

The Secretary will nominate no fewer
than five ofthesesites.Each site

escessment as well as the site-
characterization plan.

rettheanalysesmeein th
wilreport le e

nomination steps described above. Theywill describe the bases on which the
decisions were made, including the
results of preliminary performance
Gssessmente, with emphasis dn the
natural barriers, for each ajte. In
sddition, each will include a summary of
how thepotentially acceptable sites
were selected. A chapter common to all
the assessmente will contain a
comparative evaluation of the sites
considered for nomination.

The environmental assessment for
each site being considered for
fominetion will be made available in
draft form for public comment. After the
final environmental assessments have
been prepared, the Secretary will eelect
at least five sites as suiteble for
cheracterization and, beforenominatingsite, will notify the Governors and thelegislatorsoftheStetes in whichthe|sites are

located or verningof any affected indiantribe, ss
sppropriete, of the nominations end the
basis for the nomination. TheSecretarywill publieh in the Federal a
nolice specifying the sites nominated
and announcing the aveilability of the

OCR

final environmente! eseessmente for
those sites.

The Site-Recommendation Phese

sites: The decisionto recommend a site
will be based on (1) the available

przbaciatscagneydro
certifies, want to Section 11 9)
of theAct,that euch available Lepot be adequateie eatiofy a ble

uirements o: absenceof further or -
excavations); (2) other information; and
3) the associated evaluations and

reported in the environmental

cnadsheday ropejer the diversity
settings. the diversity of rock types, and,
afterthe first repository, regionality, ae
specified by§§900.3-1-1, and
000.3-1-3, respectively, of the

weeguidelines (see Section

4. The Site-CharacterizationPhase
Site characterization will occur only

et the sites recommended to, and
approved by, the President. It will
involve studies that are much more

than those conducted duringthe screening phase. As alreadydiscussed in Section LB., the DOE willdevelop a eite-characterizationpien for
eachof the three aites selected for
cheracterization.

During site characterization, the DOE

willcetdetailedinformation on the
geologic, hydrologic.and other
characteristics that determine
compliance with the siting guidelinesrequiring site characterization for their
spplication. Stendard geophysical tests
and exploratory drilling from the surface
will continue throughout site

investigelions, exploreton leche willbevestigetions, exploratory shafts
constructed to the depth et which

itory would be built. Limited
subsurface excavations (tunnels end
rooms) for testing purposes will be made
inthe bost rock in the immediate
vicinity of the shafts. The shafts will be
large enough to allow people and test
equipment to be transported from the
surfece to the rooms. The shafts,
tunnels, and rooms will allow detailed
study of the host rock, including lateral

exploratory drilling. A variety of teste
will be performed in these underground
facilities, including. for example,
measurements of in-situ stress and
permeability and heat-transfer
experiments. Every 6 months. the DOE

47717

will report to the NRC end to the
affected Stetes and Indian tribes on the
nature and the extent of the site-
characterization activities and the
information obtained from these
activities.

In parallel with site characterization,
the DOE will collect additional
information about other aspects of the
site. This activity, informally called site
investigation, will be carried out in
order to establish with the
guidelines that do not require site
characterization (e.g., demographic,
socioeconomic, and ecological
charecteristice) and tocomply with the
National Environmental Policy Act of
1009.

The Site-Selection Phase
When site characterization is

begin. During this phase, the éites that
have been characterized will again be
evaluated to determine whether they are

oultableforjhedevelo;
.atolerepository. As req n

114{e) of the Act, a comparison of these
eltes will be reported in an
"An importantpertoftseachyaAn important part eo wild
be a detailed performance essesement;

is,ioreachalte, Orwillict jects of tory as en

fo Cae ering the time it ls openfor the emplacement of waste and after

basbeen closed.Thisicp vignaser will
evaluatethe responses repository
to the conditions that might effect its
performance: natural events and
procesees, human ections, and the
interections between the waste and the
repository. In the entire of
nerro the numberof potentially
acceptable sites to one. this phase will
be the first time it is possible to conduct
such complete performance
assessment. This assessment requires
the deteiled information thet can be
obteined enly during site

cheracterization.
dratBefore preparing a draft

environmental impact stetement the
DOE will hold a scoping meeting in the
vicinity of each site to receive comments
on the issues that should be addressed.
The draft environmental impact
statement will be released for public
review and comment. After preparing e
final environmental impact statement,
the Secretary will recommend that the
President approve one of the sites for
development as repository. Thie
environmental impact statement will be '

submitted to the President and to the
public ae part of e comprehensive
statement of the basie for this
secommendation. This etatement will
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also contain specific technical material
and comments by outside parties
(Federal agencies, States, and effected
Indian tribes). as required by the Act.

If the President epproves the
recommendation, he will recommend the
site to Congress, and the DOE will have
completed its part of the site-selection
phase. The remainder of the process of
obtaining final approval) of the site and
final authority for constructing a

sepository was described above in
Section 1.A. The DOE's schedule and
cost estimates for the repository
program are presented in the draft
mission plan (2). which wae released for
review and comment in April 1084.

Il. Development of the Guidelines
Through Consulation, Public Comment,
and NRC Concurrence

After expjaining the original basis for
the guidelines, this section discusses the
process of consultation and comment as
well as NRC concurrence. It also
summarizes the major changes that
resulted from these processes.
A. Bosis for the Proposed Guidelines

After the Act was passed, the DOE
assembled a task force of program
experts to prepare proposed guidelines.*
The task force began by considering the
criteria used eartier in the Nationa!
Waste Terminal Storage (NWTS)
Program, including its own program
objectives, system performence criteria,
and site performance criteria (3.4); other
sets of criteria defined for geologic
repositories by the National Academy of
Sciences (5), the International Atomic
Energy Agency (6). and earlier programs
in the United States (7,6); advance
information made available by the NRC
(11); and the requiremente of the Act.

Requiremente for the content of the
guidelines are given in Section 112(e) of
the Act. Theguidelines are to specify
“detailed geologic considerations that
shall be primary criteria” for site
selection; the Act also requires the
guidelines to specify “fectore thet
qualify or disqualify any site from
development es repository” and liste
the factors to be included.

In developing the proposed guidelines.
great care was taken to meke them
compatible with existing applicable

*Ae deecribed in Section 0.8. several dreft
versione of the siting guidelines heve been released:
the proposed guidelines of Februery 1963 and the
alternative guidelines of Mey 1683, both of which
were issued for public review and comment: the
revieed guidelines of August 1083. which served 00 8
desis for additions! consultation with States, Indian
tribes. ond Federal agencies: and the revised
guidelines of November 1983. which were sent to
the NRC for concurrence The final guidelines

tesued herewith reflect the NRC's finel concurrence
jecision

regulations (12,13) and with the
regulations that had been recently
proposed by the NRC and the EPA
concerning the disposal of high-level
radioactive waste and spent nuclear fuel
in geologic repositories. The NRC had
by then nearly completed the pertinent
technical criteria (14), and the EPA hed
issued, for public comment, proposed
environmental standards (15). The
proposed guidelines referred frequently
to these criteria and stendards through
direct quotations and paraphrasing.
B. Consultation andPublic Comment

Section 112{e) of the Act requires that,
before issuing siting guidelines, the DOE
(1) consult with the Council on
Environmental Quality, the
Administrator of the Environmental
Protection Agency, the Director of the
Geological Survey, and interested
Governors and (2) obtain the
concurrence of the NRC. To comply
more effectively with these
requirements, theDOE developed the
guidelines through a notice-and-
comment ure that enhanced the
opportunity for general public
participation. On February 7, 1963, the
proposed guidelines were published in
the Federal (48 FR 8670) for
public review and comment. The notice
that accompanied the publication
specified a 45-day public-comment

riod ending on March 24, 1963. The
orma!l comment period was

subsequently extended (48 FR 8280} to
April 7, 1063, in response to numerous

requests for additional time.‘
in addition to publishing the proposed

guidelines in the Federal of
Feb 7, 1983, the DOE specifically
solicited review and contment by
mailing copies of the guidelines to the
Governors of the 6 States previously
identified as having potentially
acceptable sites for the first repository
(Louisiana, Mississippi, Texas, Utah,
Nevada, and Washington) and the 17
States containing crystelline-rock
formations being studied for the second
repository; to interested Federal
agencies; to more than 4000 individuals
who hed previously commented on, or

inquired about, various aspects of the
NWTS Program; and to approximately
200 public-interest and consumergroupe.the public-comment period, the
DOE held series of regional public
hearings to receive comments on the
guidelines. These hearings were held in
Chicago, Illinois, on March 4, 1983; in
New Orleans, Louisiana, on March 7; in
Washington, D.C., on March 10, in Salt

*The DOE was actuelly able to consider all lete
comments. come of which were not received entil as
late ac Mey 20.

Lake City, Uteh, on March 14; and in
Seattle, Washington, on March 21.
Record transcripts were prepared for all
of the hearings, and the panels that had
conducted the hearings prepared
summary reports for DOE review.

To explain and discuss the guidelines.
the DOE staff met individually with
officials from the six Stetes with
potentially acceptable sites. These
consultations included meetings in
Louisians on February 25, 1963. in
Mississippi on March 3 and March 25, in
Utah on March 3, in Texas on March 18.
in Nevada on March 23, and in
Washington State on March 25, Also, on

February 10, 1983, a group meeting with
represéntatives of interested crystalline-
rock states was held in Chicago to
diecues the provisions of the Act as well
ae the proposed guidelines.

this period of comment and
consultation, the DOE received 119
written replies containing about 2000
separate comments; at the & public
hearings, 57 persons provided oral
comments. Among the commenters were

privete citizens and representatives of
Federal, State, and local governments;
Native American groups; and
organizations that id be classified as

special-interest or public-interest
groups.

Near the end of the comment period
for the proposed guidelines ofFebruary
1083, the DOE reconvened the task force
that had developed the proposed
guidelines. After categorizing and
analyzing the comments, the task force
drafted a eet of alternative guidelines
and comment-response document (16)
that summarized the comments,
discussed the issues raised in the
comments, and showed how the
comments had been addressed in the
alternetive guidelines.

The interested States (i.e., the States
containing potentially accepteble sites
and the Stetes conteining the
crystalline-rock formations under
consideration for the second repository)
had commented that they needed more
then the notice-and-comment procedure
if the consultation afforded by the Act
were to meet their needs. Therefore, on

May 11, 1983, the DOE sponsored a

plenery consultation meeting with the
interested Stetes to set up a framework
for continued consultation. At this
meeting, held in Dallas, Texas, the
States expressed strong desire for
additional opportunities to comment o1.
the guidelines. To accommodate this
request, an expended consultation
program wes developed: it wes
structured around consultation me@tings
with the individuel States and ea plenary
session when the guidelines neared their
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final form. The States requested that

sufficient Mime be allowedforthereviewand that a ity forpublic involvement aeerovided. On
May 27, 1963, copies of the draft
comment-response document and the
alternative guidelines were forwarded to
the States end Federal agencies.

The DOE elso made these documents
eveilable.to the public for review and
comment. A notice of availability,published in the Federal on.
June 7, 1063 (48 FR 26441), announced
30-day comment period, the second such
period in the development of the
guidelines. The notice made it clear that
these alternative guidelines were
intended not to supersede the proposalof February 7, 1963, but rether to serve

an alternative to the guidelinesoriginally prepared that would be
considered in writing the final
guidelines. Copies of the alternative
guidelines were mailed to thepervoneand groups who bed been on mailinglist for the proposed guidelines, to
anyone who had asked to be added to
the list, tothose who hed evbmitted
commente onthe proposed guidelines, toparticipants in the public hearings on
the guidelines, and to the participants inhearings held to scope the
environmente) assessments. Moreover,copies of both the dreft comment-
response document and the alternetiveguidelines were placed in 10 DOEtreading rooms across the country ee
well as in 156 libraries in 23 States.

Individual consultetion meetings were
then scheduledwith the eixStetesconteining potentially acceptable eites,end both individual and group meetingswere echeduled with the States

sentainingcryetalline-rock formations.purpose of these mee was to
discuss the differencesbetween the
proposed guidelines and the elternativeguidelines and to identify and discuse
Outstanding issues. The meetings were
held on the following dates: Texes on
June 27 and 26, 1969, Nevade on June 29,Mississippi on June 29 and 30,
Washington on June 30, Louisiane onJuly 6, and Utab on July & Vermont on
June 14, Maine on June 15, New York on
June 16, Wisconsin on June 20,Michiganon June 21, end Minnesote on June 27. In
addition, a group meeting stiended byeleven of the crystalline-rock States waeheld in Columbus, Ohio, on June 29.

The DOE conducted similar
consultation meetings with several
Federal agencies: the Council on
Environmental Quality (June 21), the
U.S. Geological Survey (June 24), the
NRC (June 26). the Department of the
interior (June 28). and the Department ofTrensportetiun and the EPA (June 29).

OCR

After these consultation meetings and
the end of the second public-commentperiod on July 7, 1989, the DOE task
jorce reconvened to analyze end

consider the additional comments
received. Some 75 written responses
arrived during the second comment
period; they contained about 900
separate comments. Revised guidelinespoperd amen pachaand the alterna es
were then drafted. In addition, the
comment-response document which
explains the disposition of comments on
the proposed guidelines of February1963, was prepared for publication in
final form (16); it hed been released in
draft form on May 27, 1083.

On August 1, 1089, the revised

guidelines were forwarded to the States
or their information, and on August 19 «

second plenary consultationmeeting.was beld in Dalles, Texas, to receive
comments on the issues that

wereplgeneralconcern to the States.Modified as 0
comentsfromthe States, these revisedguidelines of August 1989 were later
sent to the States for their information
.and submitted to DOE t for
teview and approval. TheDOE.epproved guidelines were thus
developed efter two formal public-
comment periods and two rounds of
consultation with the interested States,including both individual and plenary

to the eetigsserous were made
to the response to
comments from the public, State
consultations, and the NRC concurrence
interactions, but, with respect to ecopeand issues, the guidelines beingfinalized here do not differsubstantiallyfrom those that were initially proposed.
C. NRC Concurrence

On November 22, 1963, the DOE
submitted the guidelines to the NRC for
concurrence. At the same time, the DOE
mailed copies to States and to more than
1200 persone and organizations on the
guidelines mailing list; copies were aleoplaced in DOE reading roome and State

raries.

330) bed earlier found eedingle$9536) that its concurrence proce
not rulemaking‘andhencedid.not

bhrequire noticeand opportunityfor public
comment. Nevertheless, in order to
accommodate requests to structure the
concurrence process on @ notice-and-
comment rul and to crystallizethe issues, the NRC decided to acceptwritten comments and to conductpublic meeting ori the siting guidelines.
On December 15, 1983, the NRC
described ite decision- processand set forth the procedural format for
public meeting on the siting guidelines

(48 FR 85760). In this notice, the NRC
scheduled the public meeting for
January 11, 1064, and requested thet any
written comments on the guidelines be
submitted to the NRC by Janusery 9, 1084.
At the public meeting on January 11, the
period for receiving written comments
on the guidelines was extended to
February 1, 1004.

The NRC applied the following
criteria in ite preliminary

The guidelines be in1. citing must not
conflict with 10 CFR Part

tainprovisisnethetmightload thcontain provis at ad the
DOE to select-sites thet would not be
reasonable alternatives for an
environmental impact statement.

3. The siting guidelines should not
contain provisions thet are in conflict
with the Act.

On March 14, 1964, the NRC
announced (40 FR 9650) that, on the
basis of these criteria, the NRC would
concur in the siting guidelines providedthat the DOE met the following

OT Acned the siting guidelines to1.
NRC's jurisdiction for the

resolution of differences between the
guidelines and 10 CFR Part 60.

2. Committed to obtain the NRC's
concurrence on revisions to the sitingguidelines that relate to NRC
jurisdiction.

3. Revised the siting guidelines as
follows:

Modified its use of high effective
porosity to limit its use to those
situations that could be considered as a
favorable siting condition.

b. Committed to revise ite sitingguidelines on the unsaturated zone so
thet they are consistent with the final
NRC amendments on the unsaturated
zone.

c. Moved the favorable condition on
ground-water with e high total-
dissolved-solide concentration from
§ to Section
where effects on natural resources are
considered.

d. Did not frame ite guidelines such
that a 1000-year ground-water travel
time (10 CFR 60.113) would be edjusted,particularly in the early stages of site
selection.

@. Deleted the word “permanently”from its definition of “disturbed zone.’
{. Clarified the meaning of “short-

term” extreme erosion and revised the
guidelines a¢ eppropriate.

8. Deleted the word “significant” from
of thesitingguidelines, where reference is made to

“evidence ofsignificont subsurface
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h. Modified the puidelines so that they
are consistent with the Commission's
definition of “anticipated” and

“unanticipated” processes and events.
i. Modified the guidelines so thet

potentially adveree conditions would be
considered if they affect isolation within
the controlled erea even though the
condition may occur outside the
controlled area.

4. Modified the siting guidelines to
make clear that engineered barriers
cannot constitute a compensating
measure for deficiencies in the geologic
media during site screening.

5. Specified in greater detei] how the
guidelines will be applied at each siting
stage, including site nomination and
characterization (for example. specified
in the implementation guidelines which
guidelines would be epplied at each
stage of site screening).

6. Supplemented the guidelines to
indicate the kinds of information.
necessary for DOE to make decisions on
the nominetion of at least five repository

sites’and subsequently recommending
three sites to the President for
characterization.

7. Added additionaldisqualifyingconditions to the guidelines wi
sufficient specificity to ensure that
unacceptable sites are eliminated as

early as practicable. Disqualifying
conditions should be provided for those
factors specified in Section of the
Act, including seismic activity, stomic
energy defense activities, proximity to
water supplies, the effect upon the rights
of users of water, the location of
valuable natural resources, hydrology.
geophysics, proximity to populations,
and proximity to componente of the
National Perk System, the National
Wildlife Refuge System, the National
Wild and Scenic Rivers System, the
National Wilderness Preservation
System. and National Forest Lands.

In announcing preliminary
concurrence decision, the NRC invited
public comment on the preceding
conditions. Copies of all comments
submitted to the NRC were provided to
the DOE end considered in developing
this final rule. The NRC eleo instructed
ite staff to meet with DOE
representatives to discuss the NRC's
conditions and the DOE's proposals for
their resolution. Six meetings were

subsequently held, beginning on March
14, 1984, and ending on May 3, 1984;
these meetings were open to the public.
which was invited to comment at the
end of each meeting. To sccommodate.
those interested in the transactions of
these meetings, the DOE made copies of
the transcripts or minutes of the
meetings available to the public in the
DOE public reading rooms.

The preliminary concurrence
conditions and ensuing meetings
between the NRC and DOE staffs
resulted in a number of changes to the
guidelines (see Sections III.A and IV.B).
The guidelines, reflecting the DOE's
response to the NRC's concurrence
conditions, were forwarded to the NRC
for its finel concurrence on May 14,
1964, with copies mailed to the
interested States, affected Indian tribes,
and appropriate Federal agencies.

On June 11, 1984, the NRC's Executive
Director for Operationg submitted to the
Commissioners e policy peper (SECY-
84-233) proposing final decision
(concurrence) on the guidelines of May
1064. The Commission then scheduled a

meeting on this subject on June 22, 1964.
At this meeting, the Commissioners
heard comments on the guidelines by
several interested Statés end Indian
tribes as well ac presentation by the
DOE. The Commissioners then reviewed
and discussed the issues reised about
the guideline revisions made in response
to the NRC's preliminary concurrence
conditions. As a result of these
discussions, the NRC and the DOE
agreed to make three changes in the
guidelines (see Section for more

detailed discussions):
1. Revise § 600.1 of the guidelines to

agree to submit to the NRC for its
concurrence all future revisions of the
guidelines rather than only the
“revisions relating to NRC jurisdiction.”

2. Delete from§ 960.3-2-9, which
specifies the procedure to be followed in
recommending sites for characterization,
the following sentence: “Such
recommendation shall include a

preliminary determination by the
Secretery. referred to in Section 114(f) of
the Act, that such sites are suitable for
the development of repositories under
the guidelines of Subparts‘C and D.”

3. Revise § 960.3-1-5, “Basis for Site
Evelustions.” to clarify that, in
considering engineered barriers for the
purpose of obtaining realistic source

terme, it is necessary to establish the
sensitivity of the netural barriers to the
engineered barriers.

The Commissioners then voted
unanimously to grent concurrence on

the guidelines submitted by the DOE on

May 14, 1964, as revised at the June 22
meeting. In the formal statement of their
final decision, dated July 3, 1984, and
published on July 10 (49 FR 28130), the
Commissioners concluded “on the basis
of a review of the public comments, that
the preliminary decision need not be
modified nor is there a need to add new

conditions” end that the DOE had
“satisfactorily resolved the conditions
set forth in the Commission's
preliminary decision.”

D. Major Changes in Guideline
Structure and Format Resulting From
the Comment, Consultation, and
Concurrence Process

The consultation, comment, and
concurrence process produced changes
in the format and structure of the
guidelines. These changes are discussed
below. (See also Section Ill for
responses to general comments on the
guidelines.)

The commenters generally supported
the structure of the alternative
guidelines. After considering the
comments received, the DOE task force
decided to retain the structure of the
alternative guidelines issued on May 27
1988. The tesk force had altered the
basic structure of the guidelines in
response to many commente requesting
en explanation of the reletive
importance of the various guidelines and
the order in which they will be used.
The revised organization separates the
guidelines into two distinct sets
governing the postclosure and the
preclosure periods. This separation
makes clear the differences in the roles
played by the individual guidelines that
pertain to the siting. construction,
operation, closure, and decommissioning
of a repository (preclosure guidelines in

Subpert D) and by those that pertain to
the long time periods after a repository
ie closed (postclosure guidelines in
Subpart C). The reorganization allows
the DOE—in evaluating safety.
environmental impacts, socioeconomic
effects, and costs—to clearly distinguish
the unique concerns about a repository
from the more common and more

familiar concerns about constructing
and operating large-scale mining
projects and nuclear facilities. The
reorganization thus emphasizes the
unique mission of a geologic repository.
As explained in Section IV.A, it also
makes explicifthe priorities that the
DOE intends to assign to the guideline
groupings in making siting decisions.

Another general change was made in
response to comments on the alternative
guidelines. As discussed in more detail
in Section Il, this change was a revision
in format, particularly the eddition of
explicit qualifying conditions.

Other changes, made in response to a

number of comments and the NRC's
preliminary concurrence conditions.
were to define more precisely the way in
which the guidelines are to be applied.
The directions for their application are

given in the implementation guidelines
(§ 960.3). which have been revised to

satisfy the NRC's concerns and
amplified with two new appendices.
Section 1V.B of this notice explains both
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the implementation process and how the
DOE intends to apply the guidelines.

The changes described above revised
the format of the guidelines, refined
their structure, and clarified how they
will be applied. They did not change the
content or the meaning of the individual

idelinee. Changes in content etemmed
rom the comments about individual

guidelines or the NRC's preliminary
concurrence conditions; they are
addressed in the comment-response
document (16) and tn Section [V.B.
However, throughout the guideline-
development process, the scope of the
guidelines end the issues associated
with the guidelines remained
substantially the seme.

General leeuceRaisedin the
Consultation,Comment,and
ConcurrenceProcese

Many of the comments on both the
proposed and the alternative guidelines
were highly specific, dealing with
perticular guidelines; these are.
discussed in the comment-response
document (16) and in Section IV. Other
comments were general, covering many
or all of the guidelines, or they were
directed et the consultation process
itself; these comments are discussed
below. Many of the comments, however,
were concerned with issues that are not
related to the guidelines; among them

were issues that pertained tothe thegeologic repository program, such asSeed for additional research on waste
disposal; questions about the properties
of a epecific rock type: end statements
ageinet the use of nuclear power plents.
Since these issues lie outside the scope
of the guidelines, they ere not addressed
in this notice.

A. General Comments on the Guidelines
The generat comments on the

guidelinesweredividedintofive A andcategories: the use of proposed an
NRC regulations, the vagueness and
lack of specificity in the guidelines, the
lack or inadequacy of qualifying and
disqualifying conditions, the lack of

weighting factors. and the lack of
efinition o site-screening process.

Thesections that follow contebriefsummeries of, responses to, the
comments received on both the
proposed and the alternative guidelines
as well as the NRC's preliminary
concurrence conditions.
1. The Use of Proposed EPA and NRC
Regulations

Many comments objected to the
DOE's basing its guidelines on proposed
NRC and EPA regulations. Some
comments expressed concern that
guidelines besed on those regulations

might be defective because the
regulations had not yet been issued in
final form. Others felt that the DOE
should not use standards issued by
other agencies but should develop the
guidelines independently. The EPA and
NRC stoffe fqund the use of their
proposed regulations in the DOE
guidelines appropriate. Some
commenters requested thet the
guidelines be made more explicitly
consistent with the proposed EPA
standards and with the NRC criteria and
thet they be modified in the future when
the final EPA standards are issued.

Geologic repositories must be
constructed, operated, and closed in
accordance with the EPA and NRC
regulations. The central fixture of both
of these regulations is the chosen site:
the NRC, licensing ection that
will permit repository construction, will
make the ultimate decision on the
technical adequacy of the site

objective of theDOE tng pope,am,
andobjective o si

the guidelines could not guidethe siting
process without reference to every
particuler of that objective. The NRC
criteria (10 CFR Part 60) have now been
published in final form (17), and their
compatibility with the guidelines hes
been verified by the NRC, which used
absence of with 10 CFR Part 60
as one of the criteria for concurrence. In
the event of e conflict between the
guidelinesand either10CFRPart60or
40CFRPart 191, theseNRCand EPAregulations will supersede the guidelines
and constitute theoperative requirement
in any application of the guidelines.
2. Vaguenese and Leckof Specificity in

theGuidelines
A lerge number of commenters felt

thatthe guidelines were too vaguetobeuseful. A nearly equal number requested
more-specific wording and additional
quantitative values; among them were
numerous general suggestions for
changes in the guidelines. Several
commenters felt that the guidelines did
not cover enough topice. Some, however,
expressed eatisfaction with the level of
detail in the guidelines, feeling thet site-

specific ean criteria are thetpropriateingeneral guidelines
site-elncionproceeseus and enpliedtothesite-selection a
evalustionsof different host rocks. A
few suggested that rock-s;
guidelines should be developed for each
rock type under consideration,
especially for the early stages of
screening.

Several comments indicated that the
alternative guidelines represented
significant improvement over the

proposed guidelines in terms of
specificity.

In developing the guidelines, there
were two possible approaches: (1) to
develop, for each guideline, numerical
limite that must be met for site to be
acceptable or (2) to develop genericqualitative guidelines to be used es a
basis for comparing sites.

The first approach would require
setting numerical limits on the
characteristics of a site—for exemple,

on soeeechannconfiguration and the
geolog emicel, and hydrologic
cheracterigtics of the host rock. This
approach would disqualify sites with

cteristice that feil to meet the
limits; only sites that met the numerical
limits would remain under
consideration. Though appearing to

sherply te against
unacceptable sites, such an approach
would ignore the most importent aspect
of a repository—that is, the ability of ite
parte to work together.

For example, the time it would take
radionuclides to travel from repository
to the accessible environment, once they
were released from waste package,
depends on (1) the length of the path
traveled; (2) the retardation of
radionuclides, which depends, in a

complex way, on the physical and
chemical properties ofthe geologic
environment; and (3) the velocity of
ground-water flow, which in turn
depends on the hydraulic conductivity,
the hydraulic gradient, and the porosity
of the geohydrologic system. In host
rock with a low retardation potential, a

long path or a low velocity can provide
long travel times and, hence, confidence

thatasiteissafe. In hostrockwith «
more repid flow, a long path or e high
retardation potential can provide this
confidence. No single numerical value

foranyoneofthesethreefeaturesis
either or sufficient for safety;
to determine whether a respository site
is safe, the three features must be
considered in combination.

As thisimpleexampleillustrates.{heic, hydrologic, and geochemicasootinicas of a site will interact in
effecting the performance of a

epeaitery.Anossesementofthelormenceofe complete repository
must teke into account these end other
conditions. A detailed assesement of
this performance will not be possible
until after site characterization, because
the performance depends on many
complex, int ndent conditions,
such es the of time the waste
canisters can be expected to remain
intect, the rates at which the waste

might be leached from the waste form,
the rates of radionuclide transport
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discussed earlier. independently
establishing numerical requirements for
parte of the site withoutrecognizing that
they are interdependent would severely
limit the flexibility of the DOE in
designing the most effective waste-
isolation system and of the NRC in
licensing it.

TheDOE, therefore,pepe the
second epproa veloping generic
quelitative guidelines eas basis for
comparing sites. The DOE believes that
generic qualitative eineaedare moet
sppropriate for comp:
evalusting sites that are in different
geohydrologic settings end host rocks,
eopecially where the features of each
site must work together, as a complete
system, to prevent the release of
radioactive material. Comparative
evaluations must therefore consider the
interactive elements in coming to a
definitive finding with regard to each
feature or each line. To make the
guidelines useful and directly applicable
early in the siting process. the DOE
identified conditions that qualify and
disqualify sites, ae well es conditions
thet are considered to be favorable and
conditions that are considered to be
potentially adverse. These four

conditions are explained in Section

Some commenters appeared not to
realize that the general guidelines will
be the basis for more quantitative
analyses in the later of siting.

The site characterizetionplane to be
prepare fore sinking exploratory
shafte at candidate sites will identifysite-specific (sues, derived from the
guidelines, that affect the suitability of
each site for cevelopment eas a
repository. Furthermore, an importent
basis for the final selection of a site for
development will be detailed
performance assessments (Section 1.B.4),
which will be fully quantitative
evalustions of the ability of the
characterized sites to meet the system
guidelines:
3. Lack or Inadequacy of Qualifying end
Disqualifying Conditions

Many commenters objected to the
lack of explicitly labeled qualifyingconditions in the proposed guidelines:
many felt that the guidelines should
contein more disqualifying conditions
and thet they should be strengthened.
Others suggested that quali and
disqualifying conditions should
stated in qualitative terme. The
commentsconteined numerous

suggestions for rewarding these
conditions and for adding new
statemente to them. Some comments
indicated thet each guideline should
contain a specific disqualifying

condition, and some suggested that the
DOE etate the inverse of the qualifyingcondition es disquali condition.
The comments revealed en epparent
misunderstanding about the purposes of
the qualifying and the disqualifying
conditions.

In response to these comments,
quelifying conditions were added for ell
guidelines, additional disqualifying
conditions were developed, and the
format was revised to indicate explicitly
which conditions are required for the

seatereco wor 0
answer the questions raised in the
comments end to help clear up the
epperent misunderstanding, a
discussion of the structure of the
guidelines and the me of the
conditions is presented in jon IV.A
of thie notice.

A request for additional disqualifying
conditions with sufficient specificity to
ensure that unacceptable sites are

oliminstedas oaty practicable wee

one seven preliminary
nerBreenconditions (eee Section.C). cally, asked that
di ehivine conditions be provided for
all the fectors specified in Section

oftheAct.Allofthefectors specifiedinqualitying conditions, butesexplainedqua dons, but, es exp
in Section IV.A, these conditions cannot
be used early in the siting process.
Indevelopingthene guidelines. the

philosophy of E had been to

develop for system and technical tingguide! qualifying conditions ste
thoseconditions thet a eite must meet in
order to be considered adequate in
terme of that guideline. Failure to meet
the qualifying condition of any guideline
would disqualifyesite.Inaddition,the
DOE identified explicitdieguaconditions that were considered tobe eo
adverse as to disqualify site without

investigation if they were
present. The number of these very
serious disqualifying conditions was
limited. However, tn view of the
concurrence condition 7 and the
continuing requestsby the States and
the public to include disqualifying
conditions for at least each of the
factors specified in the Act, the DOE
reevaluated the fectore in an attempt to
develop additional applicable
disqualifying conditions. As a result of
this reevaluation and discussions with
the NRC staff, the DOE added new

disqualifying conditions for two
postclosure guidelines (§
Tectonics, and § Natural
Resources) end four preclosure
guidelines Offsite
Installations and Operations; § 900.8-2-

Federal Register / Vol. 49, No. 236 / Thureday, December 6, / Rules and Regulations
6. Socioeconomic Impacts; § 960.8-2~10,
Hydrology; and § 960.8-2-11. Tectonics).
In addition, the DOE revised the
disqualifying conditions for two
postclosure guidelines (§ 900.4-2-1,

Geohydrology, and §
Dissolution) end one preclosure
guideline (§ Environmentel
Quality). The specific changes are
discussed in the section-by-section
analysis of Section IV.B. Furthermore, 10
of the 17 disqualifying conditions
included inthe final guidelines can be

stloction process: theyareidentified Inse process; are iden!

Appendix II to the guidelines.
4. Lack of Weighting Factors

Among the commente that appeared
moet frequently were suggestions for a

weighting syetem for using the
guidelines. Many commenters felt that
weighting system would make it easier
to review and control decisions made in
the siting process. Many pointed out that
some guidelines will be more important

torank them accordingoplenty wouldto ra to ty
make the weighting explicit. Others
@ ted that the guidelines be grouped
qualitatively—for example, into
collections of primary and secondary
importance. Still others warned against
the ranking of general guidelines
intended to cover interacting features of
complex systems in diverse media.

The DOE agrees that qualitative
grouping may be useful in guiding the

pplicationof neguidelings otcertainsteps siting process.
implementation guidelines now specify
steps at which particular guidelines ere

tobegroupea accordingtoprimaryandsecondary significance as well as the
orderofimportancetobeassigned to
the three groupe of preclosure
guidelines.
$. Lack of Definition of the Siting
Process

bhManystrlntnedhe felt that the DOE
ad not e: te siting process we

enough to make the or
alternative guidelines understandable.
The comments contained number of
questions about the history of the siting
procese before the Act wae passed; they
also questioned its relationship to the
process outlined in the Act.

Agreeing that further explanation of
the siting process would be helpful, the
DOE has provided it in two sections of
thie notice Section LB, which explains
the process, and Section IV.B, which
discusses the epplication of the
guidelines during the siting process.
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8. Comments on the Consultation
Process

1, Adequacy of the Consultation Process
Many of the commente on the

proposal of February 7, 1989, criticized
the consultation process for the
guidelines. Some said that consultation
with the States end Federal agencieshad not been adequete and had not
begun early enough, end some stated
that early consultation would heve
improved the proposed guidelines. One
Commenter suggested an additional
series of hearings in States with
potentially acceptablesitesafter final
guidelines have been pre A
number of commenters juested
specific details of the procesetheDOR
intends to follow for consultation with
the States during the implementation of
the guidelines.

Many of the commenters complainedthat the time allowed for review and
comment on the guidelines was too
short, thet the public hed not been
adequately notified of public hearings,thet the location and the echeduling of
the hearings were inconvenient, and
that, before publishing final guidelines,
the DOE should release for another
round of public comment guideline
tevislone resulting from public
commente on the proposed guidelines,
Also raised were questions ebout the
process of obtaining NRC concurrence
and future revisions of the guidelines as
allowed by the Act,especially revisions
made to reflect possible changes in the
EPA and the NRC regulations (see
Section

The Act prescribed a time period
within which the DOE was to issue final
guidelines and e process for consulting
on guideline development. As explained
in Section Il, the DOE greatly expanded
this procese to allow wide opportunityfor review and comment on the draft
guidelines and to provide for continued
consultstion with States and Indien
tribes (see also the comment-response
document (16) for more-deteiled
responses to the comments on
consultation). Theprocess to be
followed for consultation with the States
during theimplementation of the final
guidelines will be specified in the
consultation-and-cooperation
agreements that willbenegotiated with
the effected States and affected Indian
tribes in accordance with the provisions
of the Act.

The Act ellows the guidelines to be
revised as necessary. Such revisions
will be made through @ process of notice
and comment in accordance with the
Administrative Procedure Act. In
response to the NRC's preliminary
concurrence condition 2 (Section

and concerns expressed during the
meeting on June 22, 1984, the DOE

has made a commitment in § 960.1,
“Applicability.” to submit all guideline
revisions totheNRC for its review and
concurrence before issuance.

2. Endorsement of the Alternative
Guidelines

Several comments esked why the
alternative guidelines of Mey 27, 1063,
were attributed to the DOE-appointedtask forceand hadnotbeenendorsed bythe DOE. Many of the comments stated
thet theelternative guidelines
represented e very significantimprovement over the proposed

delines. Some requested that the
formally reissue the alternative

guidelines as DOE propose] and allow
another full round of[public comment.
Many parties steted that the DOE's
consultation process on the guidelineshad greatly and expressed the
hope that s consultations would

sting anone all of the DOE's
8 ves’ lonefor repositories.
force the greater fectsjorce testdeveloping alternative Selinesthatmet the requirements of the Act end

original propose!ofFebrosry7,pro 2
Moreover,tbeboe wished to involve
the States and Act-designated Pederal
agencies in the development of the

delines at the earliest possible time.
fore, the alternative

were provided to States and
forreviewand commentandweremadeavailable to the public as well. Because
of the generally favorable comments
from States, Federe! es, and the
public, theDOEwood alternativeguidelines asthe basis for preparing the

guidelines that were submitted to the
C for concurrence (see Section Il for

@ more detailed discussion).

IV.OverviewoftheGuidelines
The process of consultation, comment,

and NRC concurrence (Section IJ) led to
revisions in the guidelines. This section
explains the firial guidelines in detail,
giving the reasons for the choices that
the DOE made in deve their form
and content. In addition to the changes
described in this section, many editorie!

suggestions formakingint ensSelonessuggestions for
clearer and easier to understand.
A. Structure ofthe Guidelines

The guidelines are presented in three
major cat 4 jementation
guidelines, postclosures guidelines, and
preclosure guidelines.

The implementation guidelines governthe application of all othér guidelines in

the evaluation of sites and establish
general rules to befollowed during sitenomination, recommendationforcheneycharacterization, end
recommendation for repositorydevelopment.

The postclosure guidelines govern thesitingconederations thetGea withthelong-term behavior of a repository—the
is, ite behavior after waste emplacement
and repository closure. These are the

considerationsmoetimportant for tthee long-term protection oSeahad safety ofthe public.
hpreclooure guidélines govern the

siting considerations thet dea! with the

operationof the repository before its is
josed, while waste is being received

and emplaced. These are the
considerations important in protectingthe public and the repository workers

exposures to redietion duringrepository operations. They are elso the

protectingthe quality ofthequalityeavironment and in aitigeting
socioeconomic impacts, usemost of

theenvironmentalandtheloeconomic effectsof a repository
will cocur during its construction end
operation.

alevareend the poste!preclosure postclosure
lines is to make cleer the

erences in the roles played by these
guidelines. This seperetion ie consistent

withthe structureoftheproposed EPAotandards (40 CFR Part 101), which
establish different radiological-safety
objectives for the and the

postclosure and the NRC
criteria (10 Part 60), which are

seperated.
Both the postclosureand theaintpreclosure guidelines are 0

system end technical guidelines. The
tclosure system guideline statesbroad requirements that ere based

generally on the objective of protecting
public health and sefety and
the environment and are based
specifically on eppliceble regulatory
standards. The postciogure system
guideline states such requirements for
the repository system, and each of the

corre postclosure technical
guidelines specifies requirements for
one or more elements of the repository
oystem—the physical properties and
physical phenomene at the site. The
three preclosure system guidelines etate
broad requirements for different
systems. These systems include, in
eddition to some cheracterietics of the
site and more engineered components,
the people and the environment neer the
site. Each of the corres
preclooure technical guidelines specifies
requirements on one or more elements
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of those systems; these elements ere
defined in Section I11.B.¢. Both the
postclosure and the preclosure technical
guidelines specify conditions that would
qualify or disqualify sites, and they
specify conditions that would be
considered favorable to potentially
adverse.

Esch technical guideline contains
qualifying condition. Taken together,
these qualifying conditions are the
minimum conditions for site
qualification. A site will be qualified
only if it meets all of the qualification
conditions; no single qualification
condition is sufficient to qualify a site. A
site will be diequalified if site
characterization shows that it fails to
meet any one of the qualifying
conditions. Failure to meet a qualifying
condition cen usually be determined
only after site characterization and the
concurrent investigations of
environmental and socioeconomic
conditions: qualifying conditions must
generally be stated in terms of
specifications thad require analyses of
the repository system, and data for such
analyees will be available only after site
characterization and investigation.
Before site characterization, however,
evaluations that compare sites will be
able to reveal the relative potential of
those sites to meet the qualifying
conditions of the technical guidelines.
The findings that can be made during
various stages of the site-selection
process are defined and listed in
Appendix to the guidelines.

Twelve technical guidelines also
contain disqualifying conditions. Each
describes a condition that is considered
so adverse as to constitute sufficient
evidence to conclude, without further
consideration, that a site is disqualified.
Almoot all of the 17 disqualifying
conditions pertain to conditions whose
presence or absence may be verifiable
at a site without extensive date
gathering or complex analysis; ten of
them can be applied in the first phese of
the site-selection process (see Appendix
Ill to the guidelines). Application of the
disqualifying condition on ground-water
travel time (§ may, however,
require data collected during site
characterization. It is beceuse of the
intent that the qualifying conditions
should be useful early in the siting
process that the converse of each
qualifying condition was not listed as a

disqualifying condition.
The inclusion of the fevorable and

potentially adverse conditions is based
on the 10 CFR Part 60. These
conditions can be used to predict the
suitability of a site before detailed
studies of the site have been performed.

They provide preliminary indicetions of
system performance.

Although favorable conditions need
not exist at a given site for that site to
meet the qualifying condition, the
existence of such conditions leads to an

expectation that subsequent evaluations
will yield enhanced confidence in a
site's suitability. Similarly, the purpose
of determining whether any potentially
adverse conditions exist at a site is to
provide an early indication of conditions
that must be examined carefully before
judging the acceptability of that site.
Such examinations must evaluate the
effects of other, possibly compensatory,
conditions present at a site. Thus, a site
that has most of the favorable
conditions may be presumed likely to
meet the system guidelines, while ¢ site
with many potential adverse conditions
may not meet them.

By providing preliminary indications
of system performance, 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. They will also help determine the
most effective use of available resources
for site investigation when those
resources are limited. Some level of
system evaluation may later be required
to determine whether a potentially
adverse condition eo identified is
actually adverse and, if so, to what
extent it affects site suitability.

At some point, available evidence
may be sufficient to conclude that a

potentially adverse condition is, in fact,
0 seriously adverse ae to support
conclusion that the related qualifying
condition is not, and will not, be
satisfied. In such a case, the site will be
disqualified. For example, potentially
adverse conditions related to the
possibility of requirements for
engineering measures beyond
reasonably availeble technology may.
upon sufficient study. be found to
impose with certainty such
extraordinary engineering measures and
as a result cause disqualification.

In the guidelines of November 1983,
the technical guidelines in both the
postclosure and the preclosure sections
were subdivided into emaller groups.
The postclosure guidelines were

organized into two groups: (1) guidelines
for the conditions and processes that
would be expected to affect the
performance of a repository and (2)
guidelines for potentially disruptive
processes and events that, though not
expected, might disrupt the repository.
The first group was to be assigned
gteater importance in site evaluations.

This grouping and the hierarchy of
importance were objectionable to the
NRC because the grouping was not
strictly consistent with the NRC's
categories of “anticipated” and
“unanticipated” processes and events.
Furthermore the NRC was concerned
that not all of the guidelines assigned to
the second group (potentially disruptive
processes and events) could
considered to be of secondary
importance, and thus in the site-
selection process the DOE may overlook
“some site characteristics that are

important to repository performance.” in
its pretiminary concurrence condition
3(h). the NRC asked the DOE to make
the postclosure guidelines consistent
with the NRC's categories of
“anticipated” and “unanticipated”
processes and events. In response. the
DOE, after evaluating thehierarchy of
the postclosure guidelines, decided to
delete the subcategories.

Ae a consequence, the postclosure
guidelines are no longer ranked, but
they continue to retain precedence over
the preclosure guidelines. The
elimination of ranking for the
postclosure guidelines was acceptable
to the NRC, which had stated in its
preliminary concurrence decision that it
“sees no explicit requirement for this or

any other ranking” in the Act and that
“the issue of ranking or ordering the
guidelines will not materially affect NRC
in carrying out its statutory
responsibilities” FR 9659).
Furthermore, the NRC considers (49 FR
28135) that arguments for guideline
ranking are motivated by the need for
eome assurance that the DOE's site-
selection process will proceed in a

“logical and verifiable fashion.” The
DOE's response to preliminary
concurrence condition § provides such
assurance, by specifying during which
phase of the siting process specific
guidelines are tobe applied and the
findings to be made in these
applications. (See Section IV.B for
more detailed discussion.)

The preclosure guidelines aregroupedinto three categories, which separately
addrese concerns about radiological
safety; environmental impacts,
socioeconomics, and transportation; and
the ease and cost of repository siting
construction, operation, and closure.
These categories of guidelines are
evaluated by different techniques, and
the separation is intended to facilitate
their application.

The organization of the guidelines.
therefore, is intended to make clear how
they can be used during the siting
process. Early in the process, when data
are few, the disqualifying conditions are
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tu be applied to eliminate unsuitable
land units, and then the favorable and
potentially adverse conditions must be
applied to the remaining land units to
provide the beat approximations of
suitability. As more data become
available, the qualifying conditions of
the technical guidelines can be used a8
standards for approximating suitabitity.
The process will culminate after site
characterization and investigation,
when enough dats are available to
reliably establish whether the system
guidelines are met.

8. Section-by-Section Analysis
As explained in Section the DOE

submitted the guidelines to two rounds
of public review and comment. The firet
followed the publication of the proposedguidelines on February 7, 1983; the
second followed the publication of the
aliernative guidelines on May 27, 1983.
The comments received on the proposedguidelines were considered in
developing the alternative guidelines:
the disposition of these comments is
discussed in detall in the comment-
response document (16). Comments on
the alternative guidelines were
considered in developing the final
guidelines, whose structure and format
were edopted from the alternative
guidelines. The resolution of these
comments is discussed in the sections
that follow, which also present the
purpose and intent of each final
guideline and describe the changes that
resulted from the NRC concurrence
Process. Comments on the proposedguidelines of February 1983 are
discussed here only when necessary to
elucidate the development of the final
guidelines.
1, General Provisions (Subpart A)

This section of the guidelines consists
of the statement of applicability of the
guidelines and the definitions.

Section Applicability. As
specified in Section 112(a) of the Act.
the Secretary of Energy shall use these
guidelines in evaluating the suitability of
sites for development as repositories.
The guidelines will be used for all
suitability determinations made
pursuant to Section and
preliminary suitability determinations
required by Section 114(f).

In the November 1983 guidelines. this
section stated that, in applying the
guidelines, the DOE will resolve any
inconsistencies with the Act, 10 CFR
Part 60 and 40 CFR Part 191 “in
manner determined by the DOE to most
closely agree with the intent of the Act.”
In ite preliminary decision, the NRC
pointed out that its interpretation of 10
CFR Part 60 is binding on the DOE and

requested, in preliminary concurrence
condition 1. the DOE to recognize the

jurisdiction over the resolution of
differences between the guidelines and
10 CFR Part €0. The DOE responded by
revising Section 960.1 to acknowledge
the jurisdiction of the NRC in this,
matter. Further, because of the necessily
for any site selected by the DOE to
ultimately comply with 10 CFR Part 60
and 40 CFR Part 191, in the event of a
conflict between the guidelines and
either 10 CFR Part 60 or 40 CFR Part 191,
these NRC and EPA regulations will
supereede the guidelines and constitute
the operative requirement in anyapplication of the guidelines.

In the guidelines of May 1964. the
DOE also made the commitment, in
response to the preliminary
concurrence condition 2, to obtain the

concurrence on revisions to the
siting guidelines that relate to NRC
jurisdiction. The DOE had always
intended to submit guideline revisions to
the NRC for concurrence but had not
explicity steted this intention, assuming
that, since il was required by the Act.
submittal of revisions for NRC
concurrence was understood.

The NRC had explained (49 FR 0650)
that it would have jurisdiction to review
the guidelines insofar as they might bear
on the exercise of NRC responsibility
under the Atomic Energy Act. the
Energy Reorganization Act. the National
Environmental Policy Act, and the
Nuclear Waste Policy Act. In view of the
broadness of this jurisdiction and
comments made by the States at the
june 22, 1983, NRC meeting, the
Commission requested. and the DOE
agreed, that all revisions of the
guidelines would be submitted for NRC
concurrence.

Section 960.2 Definitions. To clarify
the intent of the guidelines. the DOE has
included an extensive list of definitions.
The sources of the definitions are the
Nuclear Waste Policy Act of 1962; the
NRC's 10 CFR Part 60 (17), the EPA‘s
proposed 40 CFR Part 101 (15). Water-
Supply Paper 1988 of the U.S. Geological
Survey (18), and the Glossary of
Geology of the American Geological
Institute (19). Some of the definitions
obtained from these sources were
slightly modified to enhance clarity or
case of epplication. Where the NRC and
the Act provided differing definitions, an
attempt was made to incorporate the
intent of both definitions. If a given term
was defined differently by the NRC and
@ source other than the Act, the NRC
definition was used for consistency and
to facilitate future NRC reviews of siting
and licensing documents. For terms that
had not been previously defined, new

definitions appropriate to the guidelines
were formulated.

Many commenters complained that
the terms “reasonable expectation” and
“beyond the state of the art” were
difficult to understand or to
demonstrate. “Reasonable expectation”
has been eliminated because the DOE
has chenged the approach to reaching a
decision on suitability: instead of
demonstrating reasonable expectation.
the DOE will make a comprehensive
evaluation of the compliance of the site
with all guidelines.

“Beyond the state of the art” has been
replaced with “reasonably available
technology.” which is defined to mean

“technology which exists and has been
demonstrated” or for which the results
of any requisite development,
demonstration, or confirmatory testing
efforts before application will be
available within the required time
periods.

The term “disturbed zone” elicited a

large number of comments, most of
which questioned how this three-
dimensional “zone” could be considered
a part of a two-dimensional “area.”
Reference to the definition of
“controlled area,” which epecifically
includes the underlying subsurface.
should help clarify the issue. “Disturbed
zone” had been defined to mean that
portion of the controlled area whose
physical or chemical properties ere

projected to change permanently as a
result of the construction of the
underground facility and the
emplacement of heat-producing waste
such that the resultant change of
properties could have e significant effect
on the performance of the repository.
Thus the definition includes both
mechanical disturbances, which will
occur during construction and operation,
and heat-induced disturbances. which
will occur after closure. The definition of
this term is important because the
boundary of the disturbed zone (i.e., the
boundary between the altered and the
uneltered host rock) is the starting point
in calculating the time of ground-water
and radionuclide travel to the accessible
environment. Excluded from the
disturbed zone as defined in the
guidelines are the shafts from the
surface to the underground facility.
Although they will be considered as

potential flow paths for radionuclide
travel, they are explicitly excluded from
the definition of “disturbed zone”
because they are not realistically the
starting point for radionuclide travel.
(The shafts will be sealed efter closure,
and the seals will be part of the
engineered-barrier system.)
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condition 9(e), the NRC requested that
the word “ tly” be deleted from
the definition of “disturbed zone”
because the “disturbed zone,” as

definedin 10CFRPart60,ienotlimited
to areas that have changed
“permanently.” The NRC was therefore
concerned that the DOE might neglect
transient changes that could have a

significant effect on repository
performance or that the DOE might
make siting decisions on the basis of
disturbed zone that is different from thet
specified in 10 CFR Part 60. Since the
purpose of the DOE's definition is
accomplished by the definition in

that te resultantchangecfpropertiesat tant properties
cotehave significanseologic raneelnajormance repository,”
theDOEagreedtodeletetheword“permanently.”

The definitions of “accessible
environment” and “controlled erea”elicited approximately 20 comments.
Because of the relationship between
these two terma, they are discussed here
in terms of concerns about the
controlled area. The comments

misunderstandingofthemis of the concepts and
expressed concem about (1) the releases

ofradionuclides iothecontrotied area,underground onthe surfece; (2)
the level or levelsofcontrol over eccese
end future use; and (3) the extent of the
controlled eres the distance from
the underground fecility to the
accessible environment).
The t of a controlled area was

developedbytheNRCin 10CFRPart60
to exclude incompatible ectivities before
end after permanent closure: the outer
boundary of the controlled area is the
accessible environment. Radionuclide
releases underground in the controlled
area will be controlled by the waste
package daring its effective lifetime;
efter the containment is lost,
they are to be limited to the allowable
rate of release from the engineered
system (1 part in 100,000 per year).
Conteinment by the waste package is
required to be essentially completeduring the first several hundred years,
when most of the radiation and heat in
the engineered-barrier system comes
from the radioactive decay of fission
products. The containment period and
the lowgelease rate after containment,
combined witb the retardation of
radionuclide migration through the host
rock and the surrounding geologic
formations, will drastically limit the
concentration of radionuclides thet can
reach ground-water and thue be

OCR

transported to the accessible
environment

During operation, surface releases
within restricted areas of the controlled

areawillbe governed by 10CFRPart20,
the NRC's stendards for protection
against radiation. Surfece releases
outside the restricted areas will be
governed by 10CFRPart00, the NRC's
criteria for repositories, and 40
CFR Part 191, A, the EPA's

enviroomental standards for waste
management and storage.

Aooess te the surfece facilities will be
restricted (the “restricted area”). The
controlled eres will be subject to lesser
controls. Outside the restricted area,

activitiesthetcouldaffectthe
performance repository, such as

drilling, will be ited, but
surface activities

through ground-
water and will be established on a site-
by-site basis to ensure that releases to
the accessible environment wil) not
exceed those permitted by 40 CFR Pari
101. It can extend to as much as 10
kilometers in any direction from the
underground fecility, but it need not be
this large if the EPA standards can be

met shorter distance. tedN 20 commenters reques
particular definitions of “high-level
waste.” The definition of “high-level
waste” was taken from the Act and is
slightly different from the definition

used bytheNRCin 10CFRPart60in
that high-level radioactive waste is not
considered to include spent nuclear fuel.
The Act always refers to high-level
radioactive waste and spent nuclear fuel,
separately. However, since the spent
fuel transferred to the DOE for dispose!
willhavebeendeclared to bewaste by
its owners, such spent fuel is included in
the broader category of “radioactive
waste” that willbedisposed of at the
repository. For breyity, therefore, the

are Breqacntytive waste” ide reste”are frequen’ in ines to
denote “high-level radioactive waste
and spent nuclear fuel.”

More than 20 new terms were defined
to clarify the intent of the guidelines;
many of these definitions were
requested by commenters. Among them
are geologic terms (e.g.. “active fault”
and “lithosphere"): geohydrologic terms
(e.g.. “confining unit,” “ground-water
flux,” “ground-water travel time,”
“hydraulic gradient,” and “hydraulic
conductivity’) terms related to the
performance of the repository (e.g..

—cametine rolesreleases ofradionuclides,”tory performance,”
“geohydrologic system”) and terms
related to the development and
operation of a repository (e.g..
“restricted ares.” “site
characterization,” “surface fecilities,”
and “cloeure”).

For consistency with revisions in the
postclosure guidelines (Subpart C). the
terme “characteristics and processes
affecting expectedrepositoryperformance” and “potentially
disruptive process and events” were
deleted. To clarify revisions of the
implementation guidelines (Subpart B)
made in response to the NRC's
concurrence conditions ¢ and 5, four
terms were sdded: “application,”
“evaluation,” “finding.” and “source
term.” Also deleted from the definitions
was the term “capillary fringe” because
it is not used in the NRC's proposed
modification to 10 CFR Part 60 for
disposal in the unsaturated zone; the
definition of “unsaturated zone” was
modified accordingly.
2. Implementetion Guidelines (Subpart
B, Section 900.3)
Al the proposed guidelines

dis ereterme their
application siting, manycommenters uested a more detailed
description ofthe procedures to be used
anda discussion ofanumber of
issues. Because of the numerous

requests for clearer, more specific
discussion, the task force developed, for
the alternative proposal of May 27, 1983,
implementation guidelines that specified
the procedures for applying the reat of
the guidelines.

The comments on the implementation
guidelines in the alternative proposal of
May,27, 1968, included several that
disagreed with particular provisions, but
again many commenters requested
additions! clarification. The DOE

guidelinesand prepared description ofprepared a no

by which they will be
applied. That description is presented in
this section, after e discussion of the

preliminary concarrence
conditions for the implementation
guidelines.

Two of the comments on the
implementation guidelines did not
address any particular provision. One of
these was concemed with the favorable
end potentially edverse conditions: one
commenter interpreted the
implementetion guidelines to require
that the favorable and potentially
adveree conditions be simply counted
up to determine site suitability. This is
not at all the intent. The more presence
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of a potentially adverse condition
requires en evaluation of its influence
on ability to comply with the qualifying
conditions of the pertinent systemguideline and a determination thet it ts
mitigeted by related fevorable
conditions or eome other site-specific
factors. Such evaluations are not
restricted to the form of simple counting
since the significence of each of these
conditions mey be amplified or
diminished by other. elte-specific
conditions.

The second general comment was a
request, from many States, that the
guidelines (or later amendments) include
& numerical (or equivalent) method for
“ puting” compliance with the
guidelines and for the resulting site-
recommendation decisions, therebyensuring that future findings and
decisions are “objective.” The DOE has
not found support in the technical
community, in particular in consultation
with the U.S. Geological Survey, for
such method nor has the DOE been
able to determine the framework for a
predetermined method that would be
sufficiently completeto eliminate the
exercise of judgment on the part of the
Federal officiels who will make these
decisions after consultation with the
States. The DOE does not believe that
the performance of a system ae complex
86 8 repository site, taking the natural
structures and systems alone, can be
represented by arithmetic formulas
without seriously distorting critical

synergies among the component
elements. The DOE has, in the
guidelines, made an effort to provideguidance by prescribing the relative
importance of subsets of the guidelines,
with the postclosure guidelines beingassigned primary importance.

in ite meeting on June 22, 1984, the
NRC requested the DOE to delete from
§ “Recommendation of Sites
for Characterization,” the statement that
the basis for the recommendation
decision will include “e preliminary
determination, referred to in Section
114(f) of the Act, that such sites are
suiteble for development of
repositories." This statement had been
added to the May 1904 guidelines in an
effort to clarify the siting process, but
several States objected that the
provision could not be implemented
before site characterization. The DOE
agreed that the discussion of the
preliminary determination was outside
the scope of the guidelines and
accordingly revised § 980.3-2-3 bydeleting the above-mentioned stetement.

Three of the preliminary
concurrence conditions were related to
the implementation guidelines: condition

4,which askedtheDOEtoclarifytherole of engineered barriers in site
evaluations; condition 8, which asked

theDOEto ingreaterdetail howthe guidelines be applied: and
condition 6, whichaskedtheDOEto
indicate the kinds of information needed
for decisions about site nomination and
tecommendation for site
characterization. In response to these
conditions, the DOE revised and

expandedtheiimplementationlines. principal changes are
eed below. This discussion is

followed by a deteiled explanation of
the revised implementation guidelines.
Summary of Revisions Made in
Response to the NRC's Concurrence
Conditions

Engineeredbarriers. In ite prelimina

theDOEtomodifythe siting guidelinesto 8
to make clear that “engineered barriers
cannot constitute a compensating
measute for deficiencies in the geologic
media during site ecre ha
Furthermore, during the public mee
held by the NRC on Januery 11, 1064,
EPA testified that, in making
comparative performance assessments
for potential sites, the DOE should
assume that the performance of
engineered barriers waste packages
and waste forms)is at least 10 times
less effective than that requiredby 10

CFRPart60in order to compare the

isolationcapabilities of the sites.
The DOE had never intended that

engineered barriers be used to
compensate for site deficiencies. These
barriers were mentioned in the
guidelines because the EPA's proposed
standards in 40 CFR Part 191 epecify
requirements for the total repository
system, which includes engineered
barriers. Furthermore, the role of
engineered barriers as part of the total
system is recognized by the NRC, which
has established specific performance
requirements for the waste package in
10 CFR 00.113. In response to comments
on the alternative guidelines of May
1063 and to comments received duringsubsequent meetings with the States
(see Section Il), the DOE had revised
§ 960.3 in the November 1963 guidelines
to clarify the role assigned to engineered
barriers. However, the revision was
apparently not explicit enough to satisfy
the concems of those who objected to
the use of engineered barriers as
compensating measures.

Therefore, to satisfy the NRC's
condition 4, the DOE revised
implementation guideline §
(formerly § 960.3~1-4) to state that in
comparative site evaluations engineered
barriers “shall be considered only to the

extent necessary to obtain realistic
couree terme for site evaluations” and
“shall not be used to (1) compensate for
an inadequate site; (2) mask the innate
deficiencies of a site; (3) dieguise the
strength and weaknesses of a site and
the overall system: and (4) mesk
differences between sites when they ere
compared.” Purthe: to
accommodate the EPA's proposal, the
DOE added to this implementation
guideline requirements about the
assumptions to be used about

engineered in comparative
evelustions, specifying that “a range of
levels in the performance of engineeredbarriers”istobeused(the performance
v by at least a fector of 10 above

below the requiremente of 10 CFR
or

IthAtthe June 22, 1964, meeting of the
NRC, the DOE to further clarify
the role ass: to engineered barriers
in site evaluations (see Section I1.C).

Applicationof.‘guidelines at each
siting stage.in its pre!contannenee condition 8, the NRC asked
the DOE “toopecify in greater detail
howtheguidelineswillbe appliedat
each siting stage, including site
nomination end characterization.” The
creation of a standard for determining
the DOE's level of confidence in date
supporting site nomination hed also
been raised by several commenters.
Throughout the guideline-development
process, the DOE had intendedthet
each site would be evaluated against all
guidelines in the siting etages applicable
to the firet or the second repository—
that fs, to apply all guidelines
throughout the siting process. However,
during the concurrence meetings, the
NRC staff suggested that the term
“apply” be used to mean “evaluate and
make a finding against.” After
considering this s tion, the DOE
agreed that this definition would be
helpful in clarifying the guideline-
application process. This suggestion wes

implemented bypreparing anew

eppendix (Ap Il) for the sitingguidelines and revising the
implementation guidelines, especially
§ 980.3-1-5, “Basis for Site Evaluations.”

ndix Ill specifies how the
guide are to be applied at the
principal decision points of the siting
process: site identification as potentiallyacceptable, nomination as suitable for
characterization or recommendation for
characterization, and recommendation
for development ae repository. In
particular, this appendix specifies the

lypes of findings thet are to result from
¢ applications of the disqualifying

conditions and the qualifying conditions.
Two levels of finding. one showing en

HQ0005746

DB-105756
Holtec_PAL-001263



.

47728 Federal Register / Vol. 49, No. 236 / Thursday, December 6, 1984 / Rules and Regulations
increased level of confidence over the
other, ere specified for both the
disqualifying and the qualif:
conditions. For the disquali:
conditions, a level 1 finding (i.e.. the
evidence does not (or conversely, does)
support e finding that the site is
disqualified) must be made at the
nomination stage, while a level 2 finding
(i.e., the evidence supports a finding that
the site is not disqualified and is not
likely to be disquelified. or that the site
is disqualified or is likely to be
disqualified) must be made and
supported at the time of
recommendation for repository
development (site selection). For the
qualifying conditions, a level 3 finding
(i.e., the evidence does not (or.
conversely, does) support finding that
the site is not likely to meet the

walifying condition) must be made at
e nomination stage, while a level 4

finding (i.e., the site meets the qualifying
condition and is likely to continue to
meet it or that the site cannot meet the
qualifying condition or ie unlikely to be
able to meet it) must be made and
supported at the recommendation for
repository development.

Section 960.3-1-5 wae revised (1) to
Gelete the grouping of the postclosure
guidelines into two categories (see
Section WJ); (2) to clarify the role of
engineered barriers in site evaluation, es

siready explained above; and (3) to
make various editorial changes for
greater clarity of meaning and intent. In
ite final concurrence decision, the NRC
agreed that the DOE's additions and
modifications satisfy the requirements
of condition 5 and the revised guidelines
describe an implementation process that
“provides confidence that alternative
sites will be selected in a manner thal
meets the requirements of the National
Environmental Policy Act.”

Kinds of information. The NRC's
preliminary concurrence condition 6
states that the “DOE should supplement
the guidelines to indicate the kinds of
information necessary for DOE to make
decisions on the nomination of at least
five repository sites and subsequently
recommending these sites to the
President for characterization. .

Similar questions on the data to support
nomination had been presented to the
DCE by several commenters. The DOE
agreed that such information would be
helpful and in response added s new

appendix (Appendix IV) and a new
section (§ to the
implementation guidelines. The new
section. “Evidence for Siting Decisions,”
is discussed in the subsequent
explanation of the implementation
guidelines.

OCR

Appendix IV specifies the types of
information the DOE expects to be
included in the evidence used for the
guideline applications set forth in
Appendix Il at the time of site

nominations assuitable for
characterization. The appendix presents
these information elements for each
technical guideline: the types of
information listed are considered to be
the most significant for the evaluation of
@ site against thet particular guideline.
For example, for guideline § 960.4-2-5,
Erosion, Appendix IV requires “se
description of the structure, stratigraphy.
and geomorphology of the site, in
context with the geologic setting” and
tates that thetypes of information that
would support this description would
include “the depth, thickness, and
lateral extent of the hoet rock and the
overlying rock mass; the lithology of the
stratigraphic unite above the host rock;
and nature and rates of geomorphic

processes during the Quaternary
ri
Where necessary, Appendix IV allows

the use of technically conservative
assumptions or extrapolations of

regional data to supplement the
jormation collected for the site, since

this stage of the site-selection process
precedes site characterization.
Furthermore, it is recognized that the
specific information for the guideline
applications set forth in Appendix is
expected to differ from site to site, both
with regard to favorable and potentially
adverse conditions and with regard to
the sources and the reliability of the
information.

Explanation of the Implementation
Guidelines

The paragraphe that follow diecuss
the final implementation guidelines.
which incorporate the DOE’s responses
to the NRC's concurrence conditions.

Siting provisions (§ 960.3~1). The
implementation guidelines begin with
five provisions for the siting process.
The first three of these provisions
($$ 960.3-1-1 through govern
the efforte to find sites with a diversity
of geohydrologic settings. a diversity of
types of host rock. and, when siting the
second repository. a regional
distribution. These provisions are
derived from the Act. which specifies
that the guidelines are to require the
Secretary to consider regionality end
various geologic media.

The fourth siting provision (§ 960.3-1-
4) resulted from the DOE's efforts to
comply with the NRC's preliminary
concurrence condition 6 and was

developed after discussions with the
NRC staff. It discusses the evidence
information. evaluation. assumptions.

etc.) that is to be used to support the
decisions that must be made in four of
the five phases of the siting process—
site identification as potentially
acceptable, site nomination for
characterization, site recommendation
for characterization, and site
recommendation for repository

Gevelopment It io supported by a new

appendix (Appendix IV), which, es

explained above, gives examples of the
of information that will be used in

e nomination phase.
Included in the provision for evidence

is a discussion about the use of
assumptions. Before site
cheracterization is completed.
preliminary essessments of the potential
of a site to meet the qualifying
conditions must necessarily employ
judicious assumptions where definitive
data are missing. Many commenters
were concerned that consistent
optimiem in such assumptions would-
create benefits out of deficiencies in the
scope of field testing and research
undertaken by the DOE. Accordingly.
§ 960.3-1-4 only allows the use of
assumptions that would tend to
underestimate the ability of a site to
meet the qualifying conditions. Such
essumptions are commonly termed
“conservative” because they are chosen
in order to minimize the possibility that
later findings will prove the assumptions
to be wrong. This is a commonly used
approsch in engineering and in scientific
predictions. Where some data exist, a

statistical of uncertainty may
constrain the latitude of such
assumptions. Even where no direct date
exist. it is often possible to establish
sufficiently conservative range of values
by examining comparable situations in
nature or by inference from related
phenomena. Thus. there are techniques
for establishing realistically
conservative essumptions that allow
reasonable decisions to be made in the
face of uncerteinties. It should be
emphasized, however, that one of the
primary focuses of this guideline is to
ensure, to the extent practicable, that
analyses performed in the absence of
complete date (as will necessarily often
be the case) do not produce erroneous

projections about the suitapisity of a
site.

At several steps in the siting process
the guidelines will be used in assessing
individual sites and in comparing sites
with one another. The fifth provision.
§ 960.3-1-5, describes the basis on
which these evaluations will be made.
This criterion begins by assigning
primary significance to the postclosure
guidelines and secondary significance t
the preclosure guidelines: this
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assignment is to be used in all the
evaluations except those mede during
the screening phase of the siting
process. This assignment of significance
received general approval, bul some
commenters argued that equel
significance should be assigned to
postclosure and preclosure guidelines.
The fundamental purpose of a geologic
repository is to provide long-term

OCR

isolation for radioactive waste in a
manner that protects the health and
safety of the public. That fundamental
purpose willbe achieved primarily by
the site features related to the
postclosure guidelines. The postclosure
guidelines are accordingly given primary
significance. The DOE recognizes that
the preclosure guidelines govern highly
important aspects of e repository, but
during the siting process the postclosure
guidelines are collectively to be given
primary significance over the preclosure
guidelines, taken together, because the
long-term concerns about public health
and safety must take precedence over
concerns ebout preclosure effects, which
will be temporary. Nonetheless, in order
to qualify for repository development, a
site must meet the qualifying conditions
of all the guidelines.

The evaluation-basis provision of
§ 960.3-1-5 next establishes an order of
importance for the technical guidelines
in the preclosure categories. Unless it
can be demonstrated to the satisfaction
of the NRC that the repository will be
safe during its preclosure phase. the
repository cannot be built. For the
preclosure period, the evatuation-basis
provision therefore assigns highest
importance to radiological eafety. A
secondary importance is assigned to the
guidelines governing environmental
quality. socioeconomic impacts, and
transportation. The lowest order of
importance is assigned to the guidelines
governing ease and cost of siting.
construction, operation, and closure.

Section 960.3-1-§ next specifies rules
for evaluating individual sites. It
requires that the evaluation of technical
and system guidelines not be entirely
separate. Because the repository must
work a8 @ system, an evaluation of the
features governed by a technical
guideline must retain some
consideration of the contributions that
those features make to the performance
of the entire system. Similarly. an
evaluation against a system guideline
must include consideration of the
technical guidelines accompanying the
system guideline. and the evidence
telated to the system guideline. In
recommending sites for the development
of repositories, this evidence is to
include analysis of expected repository

performance and the likelihood of
compliance with 40 CFR Part 191 and 10
CFR Part 60, in accordance with the
postclosure system guideline.

The provision next gives rulee for
making comparisons smong sites. These
comparisons are to be based on
evaluations against system guidelines to
the extent allowed by the data: they ere
intended to allow comparative
evaluations of sites in terms of the
capabilities of the natural barriers for
waste isolation. When adequate data
are not evaileble for an evaluation of
the system guideline, the comparison is
to use the technical guidelines, assigning
primary significance to the postclosure
guidelines and following the orders of
importance listed above for the
preclosure guidelines.

Section 960.3-1-5 specifies that
comparative site evaluations are to
place primary importance on the natural
barriers of the site. This specification
responds to many comments that
unrestrained assumptions about
engineered barriers could make all sites
appear adequate and mask inherent
differences between the sites. Therefore,
in evalustions against the postclosure
guidelines, engineered barriers are to be
considered only to the extent necessary
to obtain realistic estimates of the
emounts and kinds of radionuclides that
would constitute a release of
radiosctivity (i.e., the source term).
Included in the provision are

specifications for the treatment of
engineered-barrier performance in
comparative evaluations.

The evaluation-basis provision ends
with rules for site comparisons
performed to support the last phase of
the siting process—the recommendation
of sites for the development of
repositories. It specifies that these
comparisons will coneist of two
evaluations that predict radionuclide
releases for100,000 years after
repository closure and explains how
they are to be conducted.

Siting process (§ 960.3~2). The
guidelines will be used to evaluate sites
at several points in the siting process,
which is explained in detail in Section
1B. This part of the guidelines prescribes
the procedures to be followed at each
step and is summarized below.

Screening forpotentially acceptable
sites (§ 960.3-2-1). The implementation
guideline governing this step places
requirements on the screening to be
conducted during the selection of a site
for the second repository; the guideline
states that this section is not applicable
to the first respository site, for the
reasons explained in Section 1.B.1.

Nomination ofsites as suitable for
charocterization (§960.3-2-2). The
guidelines will next be applied in
several steps during the nomination of
sites as suiteble for site
characterizetion; the nomination process
itself is explained in Section 1.B.2.

In the first of these steps, the DOE will
examine each of the potentially
acceptable sites to determine whether
any should be disqualified without
further consideration. The guideline
governing this etep 900.3-2-2-1)
requires that the DOE evaluate each
potentially acceptable site against each
disqualifying condition in the technical
postclosure and preclosure guidelines.
Sites at which any disqualifying
condition is present will be eliminated
from further consideration. This
requirement is provided so that the
potentially acceptable sites for the firet
repository, which predate the guidelines,
will be given a “fatal flew" test before
further effort is expended in evaluating
them.

The next application during the
nominetion phase will occur after the
DOE has grouped (Section 1.B.2) the
potentially acoeptable sites according to
their geohydrologic settings. The
guideline covering this step (§
2-2) requires that the DOE select a

preferred site in each setting that
containe more than one site; the DOE is
to use the evaluation-basis provision
(§ 960.3-1-5) in making the selections.

To accomplish this selection, the sites
within e single setting will be compared
with one another by using the
postclosure and the preclosure technical
guidelines. Because the sites in a single
setting will necessarily have many
similar features, not all those guidelines
will discriminate among the sites. For
example, sites in single setting wil!
probably satisfy equally well the
favorable condition calling for
hydrologic features that can be modeled.
In selecting a preferred site, the DOE, in
accordance with this governing
guideline, will primarily evaluate the
conditions specified in the guidelines
that will discriminate among the sites.
The discriminating guidelines in one

setting will usuallybe different from the
discriminating guidelines in another
setting; a necessary part of the selection
process will be the identification of
discriminating guidelines in each setting
where a selection will be made.

The group of preferred sites, along
with the sites that are the only sites in
their settings, will be the sites
considered for nomination. The
guideline requires that at least five sites
be proposed: if fewer than five
geohydrologic settings are available, the
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DOE will select additionel sites from
settings thal contain more than one site.
as required to obtain the minimum of
five sites.

The next two application steps in the
Bomination process require that the
guidelines be separated into two groups:
those that, in the lenguage of the Act,
‘require site characterization as a
prerequisite” for their application end
those that do not require site
characterization for that purpose.

After selecting the sites being
considered for nomination, the DOE will
evaluate the suitability of each of them
for development ae repository. This
evaluation will, ae required by the Act,
use the guidelines that do not require
elite characterization ae « prerequisite
for their application.

In the next step in the nomination
process, the DOE will evaluate the
eultability for characterization of each
site being considered for nomination.
Thie evaluation will use the technical
and system guidelines identified as
requiring characterization and will
consider the favorable and potentially
adverse conditions (Section IV.A) et
each site. The evaluation will examine
whether, on balance, the presence of
such conditions affects significantly the
ability of a site to meet the qu
conditions and to avoid disqualification.

At this point in the nomination
process the DOE will have identified a
eet of five or more sites for nomination;
it will have evalueted the suitability of
each of these sites for development as 8
repository and for characterization. The
DOE will bring all of these results
together in a summary comperetive
evaluation of the sites. The guideline
governing this collection of results

requires the DOE to
summarize the information supportingthe determinstions made up to thie point
in the nomination process.

The actual nomination of a site as
cuiteble for characterization must be
accompanied by an environmental
eesesement (EA). The DOE will prepare
an EA to accompany the nomination of
each of the five or more sites:
implementation guideline § 960.3-2-2~4
requires that this EA describe the
decision process that led to the
nomination of that site. The EA must
also include other evaluations and
discussions described in the Act and in
the guidelines. The guideline also
epecifies that the draft EAs will be made
availeble for public comment and thet
the governmente of States and affected
Indian tribes will be notified of euch
availability.

implementation guideline § 980.3-2-2-
5 prescribes procedures for the forme!
nomination of sites as suitable for
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characterization. This guideline calls for
determination of suitability for

characterization. This determination is
to be based on the information end
enalyses in the environmental
assessments.

Recommendation ofsites for
charocterization (§ The next
application of the guidelines will occur
d the process of recommending
sites for characterization. Under the Act,
the Secretary of Energy will recommend
no fewer than three sites for
characterizetion for the first and the
eecond repository. The recommendation

geophysioelgeologic pecchersical undgeologic,fydrologic date (unless the Secretary
certifies, uant to Section 112(b)(3) of
the Act, that such available data not
be adequate to satisfy applicable

requirements of the Act in the absence
of er preliminery borings or
excevations); (2) other information; and

Midings reportedinthe envincomontalen'
assessments. Theguidelinesgoverningthis step specifies a procedure for

the selection. It requires that the
sites nominated for characterization first
be considered in order of preference for
characterization. The guldeline requires
next en application of the provisions for
diversity osechydrologic settings and
rock types, and, for siting the second
repository, the provision for regionel
distribution, ae specified by §§
1, 960.8-1-2, and 960.3-1-3, respectively,
of the implementation guidelines. This

spplication will determine a final order

preference for characterization.
me Stetes felt that the guidelines

should not be used beyond the
tecommendation of sites for
characterization of that. after site
cheracterization, the licensing criteria
should take effect. The DOE believes
that this is not the intent of the Act and
would create an illogical discontinuity in
the siting process. As discussed earlier,
under the “Use of Proposed EPA and
NRC Standards,” the standards of site
suitability to be used by the licensingauthority (NRC) are tobe reflected in
the guidelines so that siting and other

program decisions will be consistent
with these requirements. Section 114 of
the Act provides that the “Secretary
shall submit to the President e
recommendation that the President
approve such site for the development of
a repository.” where the site referred to
ie one of at leest three candidate sites
for which site characterization has been
completed under Section 113(b) of the
Act. Section 113(b) requires the site-
characterization plan for each candidate
site to include “criteria to be used to
determine the suitability of such site for

the location of a repository. developed
purevant to Section Section
112(a) is the section that requires the
DOE to develop silting guidelines, and
therefore the guidelines are intended to
be used in deciding which emong the
characterized sites te to be
recommended to the President, the
Congrese, end finally to the NRC for
appropriate approvals.

Recommendation ofsites for the
development ofrepositories (§ 960.3-2-
@. The final applicationof the

remene will 5OcN Suringthe neprocess occur site-
selection . Site cheracterization
will then heve been, ted, and the

BOE will select one site for Theelopment as repository.
implementation guideline governing this
selection requires thet the DOE compare
the characterized sites on the besie of

the postclosure and the preclosure
guidelines. It alsorequirestheDOEto
submit to the President and make
available to the public a comprehensive
stetement of the basis for the selection,
including an environmental impect
otatement.

Consultation (§ Throughout
the siting process the DOE will consult
with designated officials of affected
States and governing bodies of affected
Indian tribes, as defined by the Act. This

deline prescribes thateensultetion be carried out, defines

procedures for responding to requests
lor information, and specifies that the

DOE enter into binding written
agreements in accordance with the Act.

The Department of the Interior
commented on the prudence of
consulting with land managere
as soon as the siting process considers
lande in their jurisdiction. This comment
wae taken to have a wider validity and
led to the inclusion of consultation with
Federal agencies in the guideline on
consultation.

Environmental impacts (§
This guideline requires the DOE to
consider environmental impacts
throughout the slte-characterization,
site-selection, and respository-
development procese and to mitigate
them to the extent practicable.
8. Postclosure Guidelines (Subpart C,
Section 960.4)

The postclosure guidelines are

designed to establish the performence
objectives (system guideline) and
technical conditions important to
meeting those objectives (technical
guidelines) for the repository system
over the long term after permanent
closure. The length of this postclosure
time period has not been rigorously
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defined, although the proposed EPA
standard (40 CFR Part 191) suggests thet
the major emphasis for ensuring waste
isolation should be placed on the first
10,000 years after closure. The
postclosure guidelines are structured to
accommodete any time period
ultimetely adopted by the EPA and the
NRC. Naturally, confidence in such
predictions will diminish as predictions
reach further into the future; however,
the radiological toxicity of the wastes to
be isolated also diminishes with time.

Section Postclosure System
Guideline. The postclosure systemguideline requires compliance with
those EPA and NRC regulations thet are
intended to ensure that the health and
safety of the public and the quality of
the environment will be protected until
the radioactivity in the waste hes
diminished to safe levels.

Several comments on the alternative
guidelines objected to the inclusion of
engineered barriers in determini
compliance with the system guideline,
the objections being besed on the
concerns that engineered barriers would
be used to compensete for inadequacies
in natural syetems and that the term
“state of art" implies untested
technology. The intent of includingengineered barriers was not to
compensate for an inadequate site.
Rather, engineered barriers are intended
to enhance the nature! system's
containment and ieolstion capacities to
the extent that ie practicable. This
approach is consistent with the
“multiple-berrier” epproach endorsed
by both the EPA and the NRC es a
method of compensating for
uncertainties in performance
predictions. The multiple barriers
consist of both natural-system
components (e.g., the host rock,
hydrologic conditions, and geochemical
conditions) and engineered components{e.g., long-lived waste packages,relatively insoluble waste forme,
repository seals and backfill materials
that resist water movement). The
inclusion of engineered berriers in
system assessments is stipulated in both
10 CFR Part 60 and 40 CFR Part 191. The
DOE agrees, however, thet engineered
barriers are secondary to the netural
system with respect to long-term
isolation. Consequently, the postclosureguidelines are premised explicitly on a
recognition of the primacy of natural
barriers and, as discussed above in
regard to the implementation guidelines,
site evaluations will consider
engineered-barrier systems only to the
extent necessary to obtain realistic
source terms. The term “state of the art”
is replaced by “reasonably available
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wen (see discussion in Section
-B.1).
Some commenters asserted that the

guidelines should specify the manner in
which performance assessments,
probability estimates, uncertaintyanalyses, and risk assessments would
be performed in complying with the
guidelines. The DOE mainteins that the
development, validation, and
implementation of those assessment
techniques are outeide the scope of
these guidelines, whose purpose is to
guide and direct the DOE's siting
process rather then to prescribe
analytical methods and procedures.

Several commenters expressed
concern that repository-system failures
could damage major ecosystems like the
Great Lakes. Since the repository will
have to comply with the release limits
epecified in the NRC criteria and the
EPA standards, and the site will have to
meet the siting guideline on

environmental quality, euch
consequences cannot be reasonablypostulated.

A corollary concern is that, since the
proposed EPA limite apply at the
accessible environment, significant
contamination of subsurface rocks and
ground water could occur within the
controlled area. Some comments urged
the inclusion of all ground water as part
of the accessible environment, both
inside end outside the controlled area,
and suggested that a “zero release”
standerd be applied. In regard to the
first concern, the NRC criterion (10 CFR
60.113) for releases from the
underground facility will efford
significant protection to subsurface
areas outside the underground facility
but inside the controlled area. In regard
to the second concern, a ground-water
system may provide very long times for
traneport to the accessible environment,
and such e system is an important
component of multiple-barrier system.
The importance of that barrier system
and ite components is recognized by
both the NRC and the proposed EPA
regulations, and hence the concept of
the controlled area and the accessible
environment was adopted by the NRC
and proposed by the EPA. The “zero
telease” concept is an ideal objective
that cannot be adopted as a standard
because of the uncertainties in the
predictions of postclosure performance
and the long time periods thet are of
concern.

Several comments suggested that the
guidelines actually state the
requirements of the NRC and EPA
regulations instead of merely
referencing them. The final guidelines
include two eppendices (Appendix I end

Appendix Il) that summarize the central
elements of those reguletions that bear
most directly on the system guidelines.

Some commenters cautioned the DOE
on the need for consistency between the
guidelines, the proposed EPA etendard.
and 10 CPR Part 60. Several of the
commenters noted thatthe proposed
guidelines did not appear to be
consistent with the proposed EPA
assurance requirements. Other
commenters requested clarification
regarding the respective roles of the
DOE, the NRC, end the EPA. The DOE
intends to ensure consistency between
the guidelines and the NRC and EPA
regulations for the disposal of high-level
radioactive waste and spent fue! (see
also Section If1.A.1 and the discussion of

pipplicebility” in Section IV.B.1).
ermore, should the final EPA

standards include assurance
requirements that appear to be
inconsistent with the guidelines, the
DOE will reevaluate the guidelines.

In regard to the roles of the three
agencies, the EPA is charged with
establishing general environmental
standards for the protection of public
safety and the environment outside the
facility or site boundaries. The NRC is
charged with establishing and
implementing requirements for licensing
the repository, which includes enforcing
any applicable standards, including the
EPA regulations, and with discharging
the NRC's responsibilities under the
National Environmental Policy Act of
1969. The DOE is ‘charged with
identifying, characterizing, and
demonstrating the suitability of sites
and developing and operating a

repository consistent with these
uidelines, the EPA standards, and NRC
icensing requirements.

Several commenters requested the
adoption of the ALARA (as low as

reasonably achievable) concept in the
system guidelines. They seem to have
been looking for aseurance that (1) the
waste isolation provided by the geologic
setting at the site will be weighted
heavily in comparing alternative sites
during the selection process and (2) the
DOE will take reasonable measures to
ensure that radiation exposures will be
as low as is reasonably achievable. Both
of these concerns will indeed be
eccommodated through the guideline-
implementation process, in which public
health and safety will be the primary
consideration. However, for postclosure
releases, the ALARA concept as such
cennot be implemented, because the
potentially effected populations are not
known: the releases may not occur for
tens of thousands of years. Estimates of
the integrated populetion doses that
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would be required to implement the
ALARA criterion and applying an

appropriate cost-benefit (e.g., dollars per
man-rem) factor for releases predicted
far into the future would be highly
speculative. Therefore, the ALARA
concept, per se, will not be rigorously
applied for the pogtclosure phase.

A number of comments stressed the
importance of using system-analysis
techniques in assessing compliance with
the guidelines rather than treating each
paremeter (e.g.. geohydrology)
independently. Conversely, several
commenters believed thet too much
importance was placed on the system
guideline—that each technical factor
should be considered seperately. The
final implementation guidelines specify
that comparisons of sites are to be
based on the system guidelines. Thus,
both the sufficiency of individual
technical factors and the system-
analysis concept are taken into account.

Some commenters suggested that the
system guidelines should require
postclosure monitoring. The issue of
postclosure monitoring will be
eddressed by the DOE and the NRC at
several points from the time of
repository licensing through the time of
permanent closure. If the stete of
technology at those future times is such
that useful information could be gained,
monitoring may be included for
confirmatory or research purposes.
However,Postclosure monitoring is not
considered to be a key factor in site
selection.

Finally, in response to the NRC's
preliminary concurrence condition 4
regarding the role of engineered barriers
(see Section and the discussion of
implementetion guidelines in Section

the postclosure system guideline
was revised to clearly separete the roles
assigned to the geologic setting at the
site and to the engineered barriers.

Section Postclosure
Technicial Guidelines. The postclosure
technical guidelines specify qualifying.
favorable, potentially adverse, and, in
five guidelines, disqualifying conditions
on the characteristics. processes, and
events thet may affect the performance
of a repository after closure. Those
characteristics, processes, and events
heve been identified through numerous
evaluations by technical experts from
several countries and adopted in various
forms by agencies and institutions
charged with waste-isolation
responsibilities, including the Nuclear
Regulatory Commission, the National
Academy of Sciences, and the
International Atomic Energy Agency.

In response to the NRC's condition
3(i). the introductory paragraph for the
postclosure technical guidelines was
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revised by adding the stetement that
potentially adverse conditions that
affect waste isolation within the
controlled area will be considered even
if they occur outside the controlled area.

Section 960.4-2-1 Geohydrology.
The geohydrologic technical guideline is
focused on the present and expected
characteristics of the geohydrologic
setting of a site, which must be
compatible with waete containment end
isolation. The most likely mechanism for
the release of radionuclides from a

repository to the accessible environment
is transport by ground water. For this
reason the geohydrologic conditions at ¢
site must be adequately understood:

ermore, future conditions must be
reliably predicted and upon evaluation
must be shown to be compatible with
waste isolation.

It is obvious from the numerous and
thoughtful comments on the
geohydrology guidelines that most
reviewers believe gechydrology is a
critical factor in the siting process. Most
of the comments addressed the
disqualifying condition and the
potentially adverse conditions.

Twenty-four commenters were critical
of the disqualifying condition pertaining
to the 1000-year travel time from the
disturbed zone to the accessible
environment. This proposed condition
steted that site would be disqualified
if the “expected pre-waste-emplacement
ground-water travel time along eny path
of likely radionuclide travel from the
disturbed zone to the accessible
environment is less than 1000 years,
unless the characteristics and conditions
of the geologic setting. such as the
capacity for radionuclide retardation
and the ground-water flux, would limit
potential radionuclide releases to the
accessible environment to the extent
that the requirements specified in
§ 980.4-1 could be met.” The criticisms
of thie disqualifying condition can be
grouped into four groups: (a) the
“fastest” travel time should be specified
instead of the “average” travel time. (b)
the statement needs an explanation of
how travel time will be calculated, (c)
the 1000-year period should be
increased to 10,000 years, and (d) the
“unless” clause providing for the
consideration of radionuclide
retardation and ground-water flux
should be deleted and renders the
statement of the disqualifying condition
ambiguous.

The question of “fastest” vs.
“average” travel time is e complex issue
that involves not only travel time but
also the amount of water thet moves to
the accessible environment.
Conceivably there could be situations
where very minute amounts of water

would travel at the fastest rate, whereas
the real concern is the travel time of
large amounts of water. The DOE has
chosen to clarify thie question by using
the nonspecific words “travel time” in
the disqualifying condition and by
explaini how travel time will be
calculated in the definition of ground-
water travel time (§ 960.2). The
definition provides for the consideration
of the rate at which most of the water
moves.

The 1000-year travel time in the
disqualifying statement is consistent
with the NRC criterion on travel time to
the accessible environment. In addition,
1000 years is a sufficient period for most
of the fission products to decay to
generally innocuous levels of
radiotoxicity.

The “unless” clause pertaining to
retardation and ground-water flux in the,disqual etatement on travel time to

theaccessible environment attracted
comments arguing that the cleuse made
the rest of the statement ambiguous and
violated the intent of heving the 1000-
year travel time as an absolute
condition. It should be noted that the
NRC criteria provide an opportunity for
exceptions to the 1000-year travel time.
The DOE believed it is appropriate to
provide for exceptions, particularly in
cases where the ground-water flux is
small or where processes promoting
radionuclide retardstion ere important
in providing for excellent isolation
capabilities. However, the NRC, in its
preliminary concurrence condition 9(d),
stated that the “DOE should not frame
ite guidelines such that a 1000-year
ground-water travel time (10 CFR 60.113)
would be adjusted, particularly in the
early stages of site selection.” The NRC
agreed that 10 CFR 60.119 allows
adjustments to 1000-year ground-water
travel time, but these adjustments must
be approved or specified by the NRC.
Condition 3(b) thus stemmed from the

concern that the DOE might
assume an adjustment that the NRC
would not approve.

In response to the NRC's concerns, the
DOE has deleted from the disqualifying
condition for geohydrology (§
1(d)) the provision thet would allow the
selection of sites with « ground-water
travel time of less than 1000 years.
Moreover, disqualifying condition
§ 960.4-2-1(d) wae revised to read as
follows: “A site shall be disqualified if
the pre-waste-emplacement ground-
water travel time from the disturbed
zone to the accessible environment is
expected to be less than 1000 years
slong any pathway of likely and
significant radionuclide travel." This
statement differs from the performance
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objective of 10 CFR 60.113 by the words
“and significant.” The DOE maintains
that these words must be included
because the DOE will not know, until
efter site characterizetion, the
pathways, rates, and amounts of ground-
water travel in sufficient detail to know
precisely whether the site complies with
the 1000-year trevel time. Thus, the
words “andsignificant”were added to
avoid disqualifying an adequate site
when early predictions (before site
characterization and before the extent
of the disturbed zone and the
boundaries of the accessible
environment ere accurately known)
indiceted that emall emounts of water
incapable ofcarrying significant
amounts of radionuclides might reach
the accessible environment in less than
1000 years. In its final decision, the NRC
stated that, “in the absence of a
substantive concer,” the NRC would
not object to the difference in phrasing
between the DOE's guideline and its
counterpart in 10 CFR Pert 600. The NRC
reiterated the statement made in ite
preliminary concurrence decision that
the guidelines need not be identical with
10 CPR Part 60 because they serve
different purposes and concluded that
the DOE's final revision is not in conflict
with 10 CFR Part 60.

Twenty comments recommended thet
some or all of the potentially adverse
conditions be upgraded to disqualifying
conditions. The two potentially adverse
conditions receiving by far the most
endorsemente for upgrading were the
one pertaining to the presence of ground
water along the travel path to the
eccessible environment end the one

concerning the difficulty of modeling the
geohydrologic system.

The rationale given for changing to e
disqualifying condition the presence of
ground water along the flow path to the
accessible environment is that the
presence of ground water increases the
probability that radionuclides will reach
the accessible environment. The DOE
agrees with this rationale, but it does
not agree that the increased probability
in all cases is sufficient to warrant
disqualification. Similarly, the
potentially adverse condition pertaining
to the difficulty of modeling was not
changed to a disqualifying condition,
because complexity by itself does not
necessarily reduce the isolation
capabilities of the geohydrologic system
of a site. In fact, in eome cases
complexity may enhance these isolation
capabilities. The DOE also reevaluated
the other potentially adverse conditions
in the geohydrotogy guideline. but does
not believe it is appropriate to change
any of these to disqualifying conditions.
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Five comments remarked on the
fevorable condition concerning high
effective porosity. Two suggested “low
effective porosity” is more favorable
than “high effective porosity.” one

suggested “low hydraulic flux” was e

preferred phrase, another asked for an

explanation of why a high effective
porosity is a favorable condition and
another suggested that mostrocks with
high effective porosity also have high
hydraulic conductivity, and vice versa,
and eo the favorable condition has no
basis in reality. Effective porosity is one
of three parameters that directly affect

und-water velocity, the others being
ydraulic conductivity and hydraulic

gradient. The velocity of the ground
water is expressed mathematically as
the product of the hydraulic conductivity
and the hydraulic gradient divided by
the effective porosity. if the product
remains constant, es porosity increases,
the flow velocity will decrease, with an
attendant increase in radionuclide travel
time. Therefore, a high effective porosityalong euch Now paths would be a
favorable condition and was retained in
the guidelines of November 18, 1963,
which were sent to the NRC for
concurrence. In eddition, high effective
porosity provides an increased surface
erea for radionuclide retardation. In the
guidelines, hydraulic conductivity and
hydraulic gradient ere addressed
separately in the favorable conditions.

However, the favorable condition on

high effective porosity wae revised in
the final guidelines to accommodate the
NRC's preliminary concurrence
condition 3(a), which esked the DOE “to
modify ite use of high effective porosity
to limit ite use to those situations that
could be considered as fevorable
siting condition.” The NRC pointed out
thet, before a high effective porosity
could be considered favorable, the
product of the hydraulic gradient and
conductivity must remain constant. In
some inetences, this product is not
constant because porosity and hydraulic
conductivity can be positively
correlated, which would be an adverse.
rather than fevorable, condition. The
DOE agrees with the position and
hes therefore revised the statement of
this favorable condition to reflect the
inverse relationship between porosity
and conductivity; it eays that the DOE
will consider a high effective porosity
together with low hydreulic
conductivity. Furthermore, the stetement
was moved from the favorable
conditions applicable to both the
saturated and the unsaturated zones to
the favorable conditione postulated for
the saturated zone because it is more
pertinent to the saturated zone.

in response to the NRC's preliminary
concurrence condition 3(b). te DOE
made a commitment to revise its
guidelines, if necessary, to ensure

consistency with the final NRC
amendments to 10 CFR Part 60 for the
unsaturated zone.

Moreover, in response to condition
3(c). favorable condition §

which dealt with the presence of
ground water with 10,000 parts per
million or more of tote! dissolved solids
along any path of likely radionuclide
travel, was moved to § this
section is more appropriate because it fs

concernedpithef cote on naturelresources. Regarding the geohydrology
guideline, the NRC hed indicated
concerns that the presence of ground
water with a high concentration of total
dissolved eolids might be a potentially
edverse geohydrologic condition, rather
than fevorable one, because it could
complicete the design of the waste
canister and perhaps hamper the DOE's
efforts to satisfy the containment and
release-rate requirements of 10 CFR Part
60. However, the NRC agreed that the

resence of such ground water is a
favorable condition in the consideration

of natural resources because such
ground water is unlikely to be desirable
as a naturel resource whose recovery
could lead to human intrusion into the
repository.

Five commenters remarked on the fact.
that the guideline on geohydrology does
not address the interval in the ground-
water travel time to the accessible
environment between 1000 and 10,000

years and suggested that the interval
tween 1000 and 10,000 yeare should

be explicitly stated as a potentially
adverse condition (1000 years is a

disqualifying condition and 10,000 years
is a favorable condition). The fact that a
condition is identified as favorable does
not imply that the absence of such a
condition is adverse. In this instance, a

ground-water travel time of more than
10,000 years adds to confidence in the
isolation capabilities of a site, but travel
time is not unacceptable until it falls
below 1000 years, which is the stated
disqualifier. Therefore the interval
between 1000 and 10,000 years can be
regarded as a “neutral” zone, and the
DOE did not provide a potentially
adverse condition to address the
condition of a ground-water trevel time
of less than 10,000 years end more than
1000 yeare.

Four commenters recommended that
the presence of an aquifer above or
within the host rock should be e

disqualifying condition. The presence of
sources of ground weter, suitable for
irrigation or human consumption
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without treatment, slong flow paths to
the accessible environment ls

rec as potentially adveree
condition. Aquifers near or above
repository will be thoroughly evaluated
during site characterization to ensure
that radionuclides will not reach the
accessible environment in amounte
exceeding permissible limits, but the
presence of aquifers does not mean that
permissible limits will be exceeded.

One commenter argued that the
10,000-year travel time ee a fevorable
condition ia too long, as is the 100,000-
year time specified in the favorable
condition pertaining to hydrologic
processes affecting waste isolation.
These times may indeed be more
conservative than necessary, but the
DOE believes that accepteble eltes can
be identified with the specifiedEonditions, and the DOE prefers to be
overly conservative provided acceptable
sites are not eliminated in so doing.

Section istry. The
objective of the geochemistry technical
guideline is to ensure thet present and
expected geochemical characteristics of
@ site are compatible with waste
containment and isolation. The guideline
therefore addresses two aspects of the
geochemical environment: the
conditions that affect the release of
radionuclides from the engineered-
barrier system and the conditions that
affect the release of radionuclides into
the accessible environment (e.g., the
conditions releted to radionuclide

pitation or sorption and the
lormation of complexes or physical

states that increase the mobility of
radionuclides).

nate.commentersrecommrele that
ange to dieq

conditions some or all of the three
potentially edverse conditions: ground-
water conditions that could adversely
affect the engineered-barriér system,
geochemical processes or conditions
that could adversely affect repositoryperformance, and ground-water
conditions that are oxi . However,
containment and {isolation capabilities
depend on the total geologic,
geohydrologic, and geochemical
environment of site rather then on anysingle geochemical condition. The DOE
betieves that none of the potentially
edverse conditions is of euch
importance to long-term performance
that its presence would warrant the
disqualification of a site. The DOE has
therefore not upgraded to disquelifying
any of the potentially adverse
conditions in the geochemistryguideline.

One commenter recommended that
the DOE upgrede to qualifying
condition the fevorable condition

pertaining to geochemica) conditions
that promote radionuclide retardation.
The effect of this tion

Raving geochemicaleclatonon

capabilities. The DOE does not accept
thierecommendation because to do 90

might eliminate some acceptable sites
that would quite adequately meet the
requirements of the postclosure system
guideline by having very long ground-
water trevel times or other conditions
contributing to the isoletion of
radionuclides.

Four commenters recommended that
the converse of the qualifying condition
should be explicitly stated as a

dlequalifying condition. The guidelines
provide that, in order to be acceptable, a
site must meet all qualifying conditions.
Thus, if a site fails to meet any one

qualifying condition after site
characterization is completed, it is
eliminated from further consideration.
As explained in Section IV.A, the DOE
chose not to explicitly restate the
converses of the qu conditions ae
disqualifying conditions.

Three commenters supported thet the
qualifying condition to
permissible radionuclide releases to
ground water and the accessible
environment be reworded to require thet
ho radionuclides be released to ground
water. Such e “sero-release”
requirement would be more restrictive
than the EPA proposed ation and
NRC regulations and would not
constitute a realistic objective, ac
discussed under the “Postclosure
System Guideline.” Therefore the DOE
did not accept the recommendation.

Section 960.4-2-3 Rock
Charecteristics. Postclosure rock
characteristics ere important to the long-
term isolation capability of the host
rock. The mining operations during‘Fepository construction and the heat
generated by the emplaced wastes must
not cause fractures or the thermal
alteration of minerals thet would
significantly diminish the ability of the
site to contain the waste. If extensive
changes in the host rock occur, new

pethweys for radionuclide migration
m the repository could result, and the

feolation capabilities of the rock could
be impsired.

The objective of the postclosure
guideline on rock characteristice ie
therefore to ensure that the present and
expected characteristice of the host rock
and surrounding units can accommodate
the thermal, chemical, mechanical, and
radiation stresses expected to be
induced by repository construction,
operation, and closure and by expected
interactions among the waste, the host

rock, ground water, and the engineered-
barrier system.

A number of commenters objected to
the use of the term “engineering
measures beyond the state of the art’ in
the firet potentially adverse condition
given for the rock-characteristice
guideline. They were concerned that the

cnaineing toemploy “unproved”
engineering techniques to compensate
for adverse rock conditions. There was
also concern that the DOE intended to
rely on technological breakthroughs.
clarify th DOE position.the potentiellye position, the potentially
adverseSeverely in the final guideline
now reade eering measures
beyond reasonably caiiabletechnology.” The DOE’s position is that
@ potentially adverse condition would
exist if the rock conditions encountered
at a site could require more than
available engineering measures. If there
is a definitive finding that rock
conditions would require engineering
measures beyond reasonably available

jechnologyinorder for the repository to
fulfill its tion, then the site would
not satisfy the qualifying condition until
and unless suitable technology is
developed. The DOE, therefore, retained
this potentielly adverse condition in the
guideline.

Six commenters suggested specific
additions to the postclosure guideline on
rock characteristics. They questioned
whether the Ogallale squifer overlying
salt bede in Texas could cause
dissolution, whether the drill-and-blest

mining techniques could jeopardize a
‘anite site, whether salt domes should
considered es a unit with possible

anomalous zones or shear zones.
whether large-diameter shefte in salt

cen be constructed,whether0 neity in ctystallinerequired, and whether a salt dome is
distinct from the geohydrologic setting.
Some of these concerns are also related
to the preclosure phase, but all of these
site- or media-specific concerns are
addressed in the qualifying condition for
the postclosure rock-characteristice
guideline in the folio statement:
“Present and expected characteristics of
host rock and surrounding units shall be
capable of accommodating the thermal.
chemical, mechanical, and radiation
stresses expected to be induced by
repository construction, operation, and
closure... .” The DOE hae consistently
stated that these are general guidelines
and site-specific considerations are not:
appropriate at this time. The DOE has
therefore decided not to incorporate
these site- and rock-specific comm ente
into the general guidelines.
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Three commenters requested that the

DOE quentify the term “thick enoughand laterally extensive enough” es used
in the favorable condition for the draft
alternative guideline (§060.4-2-$(b}(1)).Commente seeking specificity or
quantification for the guidelines are
addressed in Section of this
notice.

Two commente recommended adding
8 disqualifying condition to the
postclosure rock-charecteristice
Suideline. One suggested thet the
converse of favorable condition §

of the alternative guideline be
ueed as dioquell condition, and
the other requested that the DOE
reconsider whether a disqualifyingcondition is needed.The converse of the
favorable condition is not e
disqualifying condition because
significant flexibility is merely reduced,
not eliminated, by restrictions on
thickness or lateral extent unless the
thickness and lateral extent are 80
severely reduced as to preclude meetingtheGualifying condition, which in itself
would result in disqualification.
Reduced flexibility couldpossiblyconstrain the design of the repositorybut would not disqualify the site. The
DOE concludes that a diequalif
condition is not necessary for the final
postclosure rock-characteristics
guideline.

One commenter requested that porousshear zones be added as apotentiallyadverse condition, and the DOE agreesthat thie concern is valid. The primeryadverse effect of a porous shear zone
would be ite potential to act as a conduit
for the influx of water during the
preclosure construction and operationphase. Hence, the DOE added the
presence of shear zones to potentiallyadverse condition § for
the final guideline on preclosure rock
characteristics.

Three comments dealt individuallywith thermal effects on in-situ stress, the
effects of mining on post emplacementperformance, and the concept of a buffer
zone around the host rock. The DOE
agrees that thermal! effects on in-situ
stress are important in repositoryoperation and therefore should be
considered in the site-selection process.Although several parts of the elternative
uideline touch on this issue, the DOE
elt thet the addition of potentiallyadverse condition dealingspecificallywith the verious effects of heat would

be beneficial. Therefore,potentiallyadverse condition § ofthe final guideline was added to addressconditions under which the heat
generated by the waste could
significantly decrease the ieoletion

OCR

provided by the host rock The concern
dealing with mining effects on
postclosure performance is pivotal in the
concept ofgeologic disposal. To
highlight this concern, the qualifyingcondition for the guideline on rock
characteristica was modified by addingthe following sentence: “The
characteristics of and the processesoperating within the geologic settingshall permit compliance with (1) the
requirements specified in Section 900.4-
1 for radionuclide releases to the
accessible environment and (2) the
requirements set forth in 10 CFR 60.119

forradionuclide releases from the
engine er eyetem usingreasonably availeble technology.” The
suggestion that e buffer zone around the
host rock could edd an extra margin of
safety was a by expanding the

qualifyingconditionforthle guideline to
read “present end expec
characteristics of the host rock and
eurrounding unite... .”

.

Section Climatic Cha
Climatic changes could, over time, elter
the geohydrologic system at a site. The

sul line for postclosureclimaticanges focuses on changes that meyfavorably or unfavorably effect the
ability of repository to isolate waste
efter closure.

Fouron§ a(t avgrablecondition§ 060. 2.
specifies climatic conditions that heve
had little effect on hydrologic systemsthroughout the Quaternary Period,
would eliminate the northern United
States from consideration, since multiplegleciations have occurred there in the
past 100,000 years. In an extension of
thie thought, one commenter
recommended that any areas previouslyglaciated should be disquelified.

The DOE believes that the relativelystable hydrologic conditions resultingfrom a constant climate are important to
the prediction of repositoryperformance. It is likely thet future
glaciations will affect tocal water
systems, but the predominant effect will
be on surface-water bodigs: lakes and
streame will increase in number,
volume, and flow rate. To determine
whether glaciation would prevent a site
from meeting the favorable condition the
effect on ground-water systems must be
predicted case by case. For example, if
the host rock isimpermeable and
insoluble, it is unlikely that water will
gain access to the repository; host rock
overlain by a substantial thickness of

orous medie can aleo be examinedbecause it can be adequately modeled to
allow prediction of changes in
hydrologic behavior and demonstrate
the site suitability. Moreover, not

meeting the favorable condition would
not disqualify any site; the existence of
any one favorable condition is not
necessary to qualify s site. Each site
must be evaluated in the context of ite
overall characteristics because it is verypossible that the existence of e number
of other favorable conditions may

contributeto a praste-isolationcapebili ttsquite acceptable ever,
if the hydraulic system changes. Past
and predicted future climatic changes
and their effects must be thoroughlyevaluated at all sites being considered.
However, the DOE does not agree thet
the condition of previous glaciationshould be disqualifying because it mighteliminate sites with superior isolation
capebllities.

Several commento suggested that the
DOE should specify 100,000-yearperiod for the favorable conditions and

10,000-year period for both of the
potentially edverse conditions for

climaticriatetotpocify it
io appropriate to
concern for these conditions. The periodd which the adverse conditions

period opecifedby the EPA teordpe propos
40 CFR Part 101, which specifies limits
for releases during euch a period; the
DOE feels that this time period is
eppropriate. To reflect e very

conservative approach to specifyingfavorable conditions, the time over
which the favorable conditions should
be expected to exist wee increased
tenfold over the EPA time period. to
100,000 years for a surface-water
system. Similarly, the DOE will consider

anges in hydrologic syetems induced
by climatic changes throughout the
Quaternary Period.

A commenter suggested changing the
fevorable condition related to climatic
behevior in the Quate: Period, to
reflect the expectetion of future effecte
rather than reliance on historical
behavior. Another commenter stated
that it may be impossible to predict
climatic, and related hydrologic,
systems on the basis of-Queternary
Period records and that the reletionshipbetween future climate and hydrologicchanges will be complex. The DOE
agrees that predicting such future events
ie difficult; however, the DOE believes
thet the most appropriate insight into

therange of future possibilities can be
gained by a review of climatic cycles
over the Queternary Period.
Furthermore, it ie logical to expect thal a
relatively constant climate will heve
little impact on the present hydrologicconditions at the site. Thie epproachminimizes the likelihood that complexchanges in hydrologic systems will
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occur. Accordingly, the DOE hae
retained the potentially favorable
condition of a geologic setting in which
climatic changes have had little effect
on the hydrologic system throughout the
Quaternary Period. The DOE
incorporated several changes in wording
suggested by commenters to infprove
ease in reading thie guideline.

In developing the final guideline on
climatic changes, the DOE consolidated
several smaller considerations of
Cliraatic changes that had appeared in
various sections of the proposed
guidelines.

Section 960.4-2-§ Erosion. The
objective of the technical guideline on
erosion is to ensure that erosional
processes will not degrade the waste-
isolation capabilities of a site. In
evaluating the potential effecte of
erosion on waste isolation, the depth of
the host rock is most important. The site
should allow the underground facility to
be placed at a depth sufficient to ensure
thet the repository will not be uncovered
or otherwise adversely affected. The
disqualifying condition in the guideline
on erosion states that the minimum
depth is 200 meters; a depth of at least
300 meters is a favorable condition.

Fifteen commenters pointed out the
typographical omission of the word
“not” in favorable condition
§ 960.4.2.5(b)(3) concerning exhumation
during the first one million years. This
omission caused the statement to mean
the opposite of what was intended. The
omission has now been corrected.

Four commenters suggested or implied
that the minimum acceptable depth for
repository should be more than 200
meters end suggested acceptable depths
ranging from 300 to 600 meters, or as

deep as possible. One commenter stated
the minimum acceptable depth could
well be much less than 200 meters. The
minimum ecceptable depth for a

repository should be based on credible
erosion rates. For example, erosion at an
extremely high rate of 1 millimeter per
year. which is five or more times greater
than the rate at which the Colorado
River cut the Grand Cenyon, would
tequire 200,000 years to erode to a depth
of 200 meters. For sites with more
norma! erosion rates, a depth of 200
meters is sufficient to isolate wastes for
millions of years. The DOE has therefore
retained 200 meters as the minimum
depth in the disquatifying condition for
erosion.

Four commenters recommended
increasing the 10,000-year time period
pertaining to the probability of
radionuclide release in one of the
favorable conditions and pertaining to
the adverse effects of erosion in one of
the potentia ly adverse conditions.

OCR

However, the guidelines is consistent
with the proposed EPA criteria on

permissible limits for the release of
radionuclides to the accessible
environment, which are specified for a

10,000-year period. The favorable
condition is stated in terms of a

probability (1 chance in 10,000) that the
DOE believes conservatively
appropriate for a 10,000-year period.

Two commenters on the favorable
conditions suggested or implied that the
depth (300 meters or more) specified
there is too shallow and suggested
depths es great as 600 meters or as deep
as possible. One commenter, however,
stated that the 300-meter depth limit
should be decreased. The favorable
depth of 300 meters or more is based on
a similar NRC criterfon in 10 CFR Part
00. As mentioned in theprecedingperagraph, a buria) depth of 200 metere
or more is considered to be adequate for
even the most extreme erosion rates.
Under those conditions where more
normel erosion rates are expected to
prevail, a minimum depth of at least 300
meters is considered to be more than
adequate. Therefore, the DOE retained
the 300-meter depth as favorable
condition.

Four commenters suggested that the
two potentially adverse conditions
should be upgraded todisqualifyingconditions. These potentially adverse
condition pertein to erosion rates during
the Quaternary Period and predicted
adverse effects in the future. The intent
of the two potentially adverse
conditions is to require that erosion
during the Quaternary Period be
documented and studied to determine
whether extreme erosion has occurred
and to require the predictions be made
of erosion rates and processes occurring
in the next 10,000 years to evaluate
whether they could adversely affect the
isolation capabilities of a site.
Obviously, past and predicted future
erosion rates and their effects must be
thoroughly evaluated. However, the two
conditions in question may or may not
result in a conclusion that a site is
compromised; only a thorough
evaluation of the consequences of the
conditions and the lack of offsetting
mitigating conditions can determine
whether a site is disqualified. Therefore,
the DOE has kept the two conditions as

potentially adverse.
In the final guidelines, the first

potentially adverse condition (§
5(c)(3)) has been revised by deleting the
word “sustained.” This revision was
made in response to the NRC's
preliminary concurrence condition 3(c).
which esked the DOE “to clarify the
meaning of ‘short-term’ extreme erosion
and revise the guidelines as

appropriate.” The term “shurt-term
extreme erosion” had been used by the
DOE in a support document to explain
why the guidelines used the term
“sustained” extreme erosion. The DOE
reasoned that short-term erosion would
not affect waste isolation, and the term
“sustained” would indicate the type of
erosion that could be potentially
adverse. However, when the NRC
questioned the duration of “short term’
and explained its concern about
catastrophic erosioneplaodes that might
effect the repository, the DOE deleted
the word “sustained” from § 960.4-2-
8(c)(1).

Section 960.4-2-6 Dissolution. The
objective of the technical guideline on

dissolution is to ensure that dissolution
processes will not edversely affect the
waste-isolation capabilities of the site.
The principal concern is that the
dissolution of the host rock might create
new pathways for radionuclide
migration to the surrounding
geohydrologic system. The sites with
salt as the host rock are the most
vulnerable to dissolution, and the effects
of salt dissolution on waste isolation
will be an important consideration in
evaluating a site in salt.

Two comments on the disqualifying
condition suggested that the 10,000-year
minimum length of time for dissolution
to connect the underground facility to
the geohydrologic system is too short.
especially considering the long-lived
radionuclides present in the waste. The
identification of the first 10,000-year
period in the life of a repository as the
period of concern is based on the 10,000-
year period the EPA used in proposed 10
CFR Part 191, Subpart B. Therefore, the
DOE has retained the 10,000-year limit
in the disqualifying condition.

Three commenters suggested
rewording the disqualifying condition to
make it absolute in the sense that any
interconnection of the underground
facility to the geohydrologic system
would disqualify a site regardless of
whether or not radionuclides reach the
accessible environment in amounts that
exceed permissible limits. A site is not
necessarily unsafe simply because a

connection between a repository and
the geohydrologic system may be
established in the future. The important
possibility to evaluate is whether 161h a
connection can introduce radionuclides
into the accessible environmental in
amounts thet exceed permissible limits;
this possibility can be evaluated in a

performance assessment. Therefore. in
the November 1983 guidelines. the DOF
did not modify the disqualifying
condition, which read as follows: “The
site shall be disqualified if, during the
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first 10,000 yeare after closure. active
dissolution fronts will cause a hydraulic
interconnection of the underground
facility to the geohydrologic system of
the site such that the requirements
specified in § cannot be met.”
This condition wae, however, revised in
the final guidelines to delete its
connection to the postclosure system
guideline (i.e., by deleting the phrase
“euch that the requirements specified in
§ 960.4-1 cannot be met").

One commenter recommended
upgrading to disquelifying condition
the potentially adverse condition
pertaining to the presence et a site of
dissolution features, such as breccia
pipes and dissolution cavities.
Dissolution features are of concern, but
of themselves are not necessarily
sufficient for disqualification. For
example, if past dissolution has ceased,
it could conceivably be shown thet the
dissolution will not resume or that, if it
does, it will not adversely affect the
isolation capabilities of the site.
Therefore, the DOE retained the
statement pertaining to the presence of
dissolution features as potentially
adverse condition.

In the final guidelines, the above-
mentioned potentially adverse condition
was revised in response to the NRC's
preliminary concurrence condition 3(i),
which asked the DOE tomodify its
guidelines so that potentially adverse
conditions (e.g.. dissolution) would be
considered if they affected isolation
within the controlled area even though
the condition may occur outside the
controlled area. The Commission had
objected that § 960.4-2-6(c) was not
consistent with 10 CFR
because the former referred to
“significant dissolution within the site,”
whereas 10 CFR 60.122(c)(10) would
consider dissolution without reference
to its significance or location. In
reviewing this NRC concurrence
condition, the DOE agreed with the
NRC's concerns about consistency and
therefore deleted the word “significant,”
replaced the word “site” with “geologic
setting.” and revised the phrase “a
hydraulic interconnection between the
host rock and an immediately
surrounding geohydrologic unit could
occur” to read “a hydraulic
interconnection leading to a loss of
waste isolation could occur.”

One commenter suggested that
caprock be added to the examples of
dissolution features that are potentially
adverse. Caprock is formed as a result
of dissolution and indeed is a
dissolution feature. However, to list all
possible dissolution features in the
potentially adverse condition would

OCR

produce a long and cumbersome
statement. The few examples given are
not intended to constitute an exhaustive
list. The DOE did not change the
potentially adverse condition in
question.

Section Tectonice. Meeting
the requirements of the poetclosure
guideline on tectonice will ensure that
tectonic processes do not edversely
affect the waste-isolation capabilities of
the site. Tectonic processes and events
during the postclosure period could
adversely affect waste containment end
isoletion by creating new ground-water
pathways to the accessible environment
While it ie difficult to predict geologic
processes, this guideline requires that
the tectonic history of a site be carefully
examined and the results of this
examination be used to predict the
likelihood of potentially disruptive
tectonic processes or events. igneous
activity, uplift, subsidence, folding, and
faulting are all important tectonic
processes and are included in this
guideline.

Twenty-eight comments
recommended adding disqualifying
conditions. Some of the commenters
suggested a disqualifying condition that
is ‘the opposite of the qualifying
condition. This approach adds nothing
to the guideline since all repository sites
must meet ell the qualifying conditione
(see Section IV.A for a more detailed
discussion of this generic concern).
Other commenters suggested that the
potentially adverse conditions be
converted to disqualifying conditions.
The DOE believes thet this conversion
would be inappropriately restrictive and
could rule out sites that are potentially
adequate for waste isolation. None of
the six potentially adverse conditions
would necessarily compromise waste
isolation. if any of them exiet at a site,
further investigations to increase the
understanding of the condition ere

appropriate, but not site disqualification.
However, in response to the NRC's
preliminary concurrence condition 7,
disquelifying condition § 960.¢-2-7(d)
was added to the final guidelines
beceuse the DOE agreed that a site
should be disqualified if the nature and
rates of ground motion are expected to
be such that e loss of waste isolation is
likely.

Two reviewers raised particular
concerns that man-induced seismicity
should be addressed in the tectonics
guideline. One went on to state that the
potential impact of a seismic event is
the same regardless of the cause of the
event. The DOE agrees, but believes that
the combination of the current
guidelines on human interference

(§ 960.4-2--8) and tectonics (§ 960.4-2-7)
adequately addresses the concern. The
qualifying condition of the humen-
interference guideline states that the
DOE will evaluate human activities that
could alter or cause tectonic processes.

Section 960.4-2-8 Human
Interference. The technical guidelines o
human interference focus on (1) reducing
the incentive for postclosure human
interference by avoiding sites containing
natural resources that would invite
potentially disruptive human activities
and (2) obtaining land ownership, in
accordence with 10 CFR 60.121, in order
to establish appropriate passive controls
and thus decrease the likelihood of
incompatible human activities. Separate
technical guidelines are provided for
each of these two objectives.

A number of commenters
misinterpreted the purpose of the
human-interference guidelines, which is
to decrease the likelihood of postclosure
human activities thet would be
detrimental to waste containment or
isolation. Some thought the guidelines
should specify the passive physical
controls to be used, while some thought
they should addrese preclosure security.

The general nature of the passive
controle (permanent markers and
records) ie specified in 10 CFR Part 60.
The specifications for such controls wil!
be established through the licensing
process to provide the maximum
confidence in their adequacy.

The adequacy of preclosure security
measures will also be addressed in
licensing. Preclosure security is
routinely addressed for DOE facilities as
well ae for industrial facilities and does
not appear to pose any difficulties for
repositories. Siting decisions have little
bearing on preclosure security, which is
therefore not an appropriate topic for
the guidelines.

One set of comments indicated that
too much reliance was placed on

passive controls like markers and
monuments; that commenter believed
active (institutional) controls should
also be included to prevent postclosure
interference. As pointed out by the EPA
in the preamble to proposed 40 CFR Part
191, the usefulness of institutional
controls for more than a few hundred
years is speculative because of the
uncertainties about human behavior and
institutional stability in the distant
future. Moreover, the usefulness of
active controls does not appear to be
site dependent. The DOE, therefore, has
not included specific provisions for
active postclosure institutional controls
in the final rule. Such provisions will,
however, be evaluated during the
licensing process.
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The ovesall humen-interference

qualifying condition. in alternative
guideline § was changed to
tefer to activities “at or near the site” in
order to ensure consideration of indirect
as well ss direct interference activities.
Also. that condition now states that the
DOE will show that future human
activities will not be likely to affect
waste containment and isolation; the
proposed guideline required only the
“site to be located to reduce the
likelihood” of “unacceptable impacts.”
more subjective requirement then set
forth in the final rule. The final
guidelines also have been strengthened
to explicitly require the DOE to consider
the estimated effectiveness of the
passive controls in the humen-
interference evalustions.

Section 960.4-2-8-1 Natural
Resources. The purpose of developingguidelines on natural resources was to
reduce or remove the incentives for
economically motivated postclosure
human-interference activities that could
adversely affect the isolation
capabilities of a site. A number of
comments on both the proposed and the
elternative guidelines misinterpreted
this purpose as being to protect natural
resources from repository-related
activities. Although the protection of
natural resources is of high concern to
the DOE, that issue is addressed throughthe preclosure guidelines on
environmental quality and on
socioeconomic impacts. The human-
interference guidelines for natural
resources address the corollary
concern—that the present or projected
value of the natural resources not invite
unacceptable postclosure intrusion.

Many commente suggested that the
potentially adverse conditions in the
natural resources guideline be
redesignated as disqualifying
conditions. several citing the EPA
assurance requirements in proposed 40
CFR 191.14 or quoting the Act to
substantiate their contentions. The DOE
has requested that the EPA eliminate or
modify the proposed assurance
requirements for several reasons. The
reason of importance to this guideline is
the need to evaluate the significance of
past, present, or potential human
activities on a site-s) ‘fic basis to
determine whether such activities could
adversely affect repository rather than
to assume adverse effects a priori, es the
proposed EPA standard does. Althoughthe EPA approach is conservative. its
unqualified application could eliminate
otherwise qualified sites for reasons that
could be insignificant undersite-specificconditions. In response to comments on
the alternative guidelines, the DOE

OCR
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added a disqualifying condition
(§ That condition would
eliminate sites where exploration,
mining. or extraction activities have
created significant pathways between
the underground facility and the
accessible environment.

in the fine] guidelines the potentially
adverse conditions for naturel resources
remain potentially edverse rather than
diequelifying. This designation allows
the DOE to determine, from site-specific
evaluations whether the potential for
resource-related interference activities
is so great that the elimination of site
would be prudent. The key
considerations in euch evaluations are
{1) whether interference is likely and (2)
if so, whether these potential
interference activities could lead to
releases of radionuclides exceeding the
standards in 40 CFR Part 191.

Several comments recommended
specific wording changes in the natural-
resources guidelines to add specificity
or to highlight items of particular
concern to the commenter. The DOE has
considered those comments and has
made editorial changes that clarify the
DOE's intent, give appropriate
examples, or otherwise promote
understanding of the guidelines.

A number of changes were made in
the factors to be considered in the
qual condition for example,
“reasonable projections of value,
scarcity, and technology.” In response to
several comments, ground water
suitable for human consumption or cropirrigation is explicitly included as a
resource in the final guidelines.

A number of changes directed at
reducing ambiguity were made in the
favorable and potentially adverse
conditions; the most significant was the
elimination of a proposed fevorable
condition that dealt with the value of
resources at site relative to the
average for the geologic setting. That
proposed favorable condition was the
direct converse of proposed
potentially adverse condition, and its
elimination makes the concept set forth
consistent with 10 CFR Part 60. A new
favorable condition has been added; it
requires consideration of the resources
on the basis of their present or projected
absolute value; the potentially adverse
condition concerned with relative value
(i.e., in relation to other areas in the
same geologic setting) was retained. The
new favorable condition responds to
criticisms by several commenters
regarding the shortcomings of
comparisons solely within the same
geologic setting or region.

Several comments focused on items of
specific concern to a particular State or

group but not necessarily of generic
importance; en example is the
suggestion that e salt dome should be
considered unattractive for siting
because the dome itself is resource.
The DOE addressed those concerne,
where appropriate, through a more

generic wording rather than focusing on

specific condition of limited
geographical applicability. Considering
the previous example of a salt dome, the
guidelines include several potentially
adverse conditions that would require
close evaluation for any dome. For
instance, 000.4-2-8-1(c}(1){ii) considers

thepresenceofmineralstobeepotentially edverse condition when they
are in configurations such ae a dome
(i.e., more concentrated than the
regional average for similar land areas).
Other potentially adverse conditions
generically address resources
associated with certain dome
configuretions and previous mining or

Grilling.
Some comments addressed potential

human activities that could change
ground-water flow or seismic
conditions, such as starting or ceasing
fluid-injection or petroleum-withdrawal
activities. In response to these concerns,
the DOE has modified the potentially
adverse conditions desling with
significant subsurface mining or
resource extraction (§ 060.¢-2-6-3(c)(2)).
drilling within the site for purposes
other than site characterization ($ 960.4-

and the potential for
foreseeable human activities, (e.g.
ground-water withdrawal. extensive
irrigation, subsurface injection of fluids).
that could change portions of the
ground-water flow system (§ 960.4-2-8-
1(c)(5)). Moreover, the final postclosure
guideline on tectonics include a

potentially adverse condition tha!
incorporates the potential for tectonic
deformations to affect the ground-water
flow system. That potential would
include tectonic deformation induced by
starting or ceasing the human activities
mentioned previously and is believed to
be significant in the evaluations of sites.

The final guideline contains a second
disqualifying condition (§

which was added in response to
the request, in its preliminary
concurrence condition 7, to provide a

disqualifying condition that corresponds
to the “location of valuable natural
resources” in the Act. Guideline § 960.4-
2-8-1 already specified that a site will
be disqualified if previous exploration.
mining. or extraction activities have
created significant pathways between
the underground facility and the
environment. Further consideration of
the human-interference issue during the
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concurrence discussions with the NRC
staff led the DOE to develop a

disquelifying condition directed at
current or future activities outside the
controlled area should inadvertently
could lead to a lose of waste isolation.
As indicated by the word
“inadvertently,” the activities in
question are considered to be
unintentional intrusions; they are

postulated to occur outside the
controlled area because the “controls”
to be exercised in the controlled area
should preclude intrusion within the
erea.

Two other chenges were made to
guideline § in response to
the NRC's concurrence conditions 3(g)
and 3(c). The first change is the deletion
of the word “significant” from the
phrase “significant subsurface mining or
extrection for resources” in the second
potentially adverse condition because
the DOE agreed with the NRC that ell
evidence of subsurface mining should be
considered adverse until the evidence
has been thoroughly evalusted. The
other is the addition of the second
favorable condition (presence of ground
water with 10,000 paris per million or
more of total dissolved solide). which
was originally in § The NRC
gave the DOE two options for resolving
condition 3(c): transfer the provision to
§ 960.4-2-6-1, where effects on natural
resources are considered, or delete the
provision altogether. The deletion option
reflected the NRC's concern that ground
water containing s high concentration of
dissolved solids might adversely affect
the performance of the engineered-
barrier system, complicate the design of
the waste canister, and possibly hamper
the DOE's efforte to satisfy the
containment and release-rate
requirements of 10 CFR Part 60; such a
condition should therefore not be
considered a favorable condition for
geohydrology. The DOE chose the first
option because it clarified the intent to
avoid sites with sources of ground water
that can be used for domestic or

agricultural purposes.
Several comments insisted that the

existence of potable ground water at a
site should be disqualifying. The DOE
does not agree that the presence of
potable ground water is s reasonable
basis for a disqualifying condition that
would be generally applicable to all
sites. However. to ensure the protection
of ground water, several modifications
were made to the guidelines. In addition.
® potentially adverse condition was
added to recognize the fact that the
presence of ground water could create
the possibility for drilling activities to
recover this water. The NRC and EPA

regulations should also ensure that any
risk to potable ground-water sources is
very low.

Section 980.4-2-8-2 Site Ownership
and Control. The NRC requires the DOE
to obtain ownership and surface and
subsurface righte to land and minerals
within the controlled area of the
repository (10 CFR 60.121). Such rights
are required largely to help ensure
continued functioning of the repository
fer into the future without edverse
bumen interference. This NRC
requirement is the basis for the guideline
on site ownership and control.

Several comments questioned the
adequecy of the protection afforded by
the type of control specified by this
guideline. While there can be no

guarantees that interference will never
oceur, the DOE believes that the risk
from such activities can be decreased to
acceptably low levels through the
following measures, taken together: (1)
The avoidance in site selection of
netural resources that could invite
deleterious interference activities, (2)
ownership of lend and mineral righte, (3)
long-term markers and widely dispersed
records, and (4) natural and engineered
systems chosen to make interference
activities more difficult or to mitigate
their effects. This belief is aleo
expressed by the NRC in the preamble
to 10 CFR Part 60.

Another group of comments
contended that ownership priorities
should be set forth in the final
guidelines. A large number of comments
on the proposed rule questioned the
preferred status given to land slready
owned by the DOE and suggested that
more attention should be given to
potential ownership conflicts with other
Federal or State lands used or
withdrawn for incompatible purposes
and the special problems involved in
siting on Indian tribal lands. The
proposed potentially adverse condition
was revised to be more specific about
the conditions that should be adverse.
An exemple of such apotentiallyadverse condition, as indicated by one

comment, would be siting on tribal land,
not subject to Federal condemnation
procedures, if a voluntary purchase-sell
agreement could not be negotiated. The
single favorable condition now cites
ownership and control by the DOE
whereas the proposed guidelines
considered ownership and control by
other Federal agencies to be favorable
as well.

Some comments questioned why both
postclosure and preclosure guidelines on
site ownership and control were
included in the alternative guidelines.
Land ownership end contro! are

important to safety in both posiclosure
and the preclosure phases. The final rule
continues to state the land ownership
and contro! guidelines for both phases.
It should be noted that, though the
stetements of the guidelines are similer,
the necessary land areas and controls in
the postclosure and the preclosure
phases may differ slightly. The lend-
area requirements for both the
postclosure and the preclosure phases
will need to be integrated in establishing
the actual site boundaries.
4. Preclosure Guidelines (Subpart D,
Section 900.5)

The preclosure guidelines address (1)
preciosure radiological safety: (2) the
environmental, socioeconomic, and
traneportation-related impacts
essociated with repository development
and operation; and (3) the ease and cost
of repository siting, construction.
operation, end closure. The preclosure
guidelines provide system and technica!
guidelines for each of those three
categories. The separation of the
guidelines into those three categories
allows the DOE to be more definitive in
establishing the relative significance of
categories of guidelines in accordance
with §

Section Preclosure Systen:
Guidelines. The purpose of the
preclosure system guidelines is to
establish the overall objectives to be
met by e repository during the
preclosure phase (i.c.. siting.
construction, and operation through
closure). The proposed and alternative
guidelines both included one preclosure
system guideline that was primarily
focused on rediologice! safety. The final
guidelines include three preclosure
syetem guidelines, one each of the major
categories indicated above. in order to
achieve a parallel relationship between
the preclosure system guidelines and the
technical guidelines throughout the rule.
That parallel relationship should be of
value in comparing sites.

For preclosure radiological eafety
(§ the pertinent system
elements are (1) the site characteristics
that affect radionuclide transport
through the surroundings; (2) the
engineered components whose function
is to control releases of radioactive
materials; and (3) the people who,
because of their location and
distribution in unrestricted areas. may
be affected by radionuclide releases.
This guideline is assigned the greatest
importance among the preclosure
system guidelines because it is directed
at protecting both the public and the
workers of the repository from
radiological exposures.
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Ranked next in importance is the
preclosure system guideline on the
envifonment, socioeconomice. and
transportation (§ 960.5-1(a)(2)). In the
final guidelines, the statement of this
guideline was editorially revised for
simplicity and clarity. The pertinent
system elements will in general consist
of (1) the people who may be effected,
including their lifestyles, sources of
income. social and sesthetic values, and
community services; (2) the air. land,
water, plants, animals, end cultural
resources in the ereae potentially
affected by such activities; (3) the
transportation infrastructure: and (4) the
potential mitigating measures that can
be used to achieve compliance with this
guideline.

The third preclosure system guideline
is ease and cost of siting. construction,
operation, and closure. It is ranked
lowest because it does not relste
directly to the health. esfety, and
welfare of the public or the quality of
the environment. Here the pertinent
elements are (1) the site characteristics
that affect siting, construction,
operation, and closore; (2) the
engineering. materials, and services
necessary to conduct these activities; (3)
writien agreements between the DOE
and affected States and affected Indian
tribes and the Federal regulations that
establish the requirements for these
activities; and (4) the repository
personnel at the site during siting.
construction, operation. or closure.

Some commenters believed that too
much reliance was placed on engineered
systems to meet the regulations for
radiological safety. Uniike the
postclosure phase, which relies hesvily
on natural eystems for containment and
isolation, the preclosure phase relies on
engineered systems. equipment. and
controls. examples being high-integrityengineered structures, water- and air-
treatment systems, end monitors that
can activate automatic control systems.
The use of systems. equipment, and
controls similar to (in some cases
identical with) those that would be
employed for repository operations is
well established in industrial prectice.
Therefore the DOE disagrees with the
above comment—the issue raised ia not
analogous to the postclosure issue on
engineered barriers.

One commenter objected to the use of
the terme “preserve” and “to the extent
practicable” in the eecond preclosure
system guideline (environment,
socioeconomics. and transportation).preferring to substitute ‘minimize
impacts to” for the former and to delete
the latter. As previously stated, thie
Bystem guideline has now been

OCR

editorially simplified and clerified, and
these terms are no longer used. The
DOE disagreed with the second
comment, because practicability must
govern the application of this guideline.
The minimization of impacts is a
desirable objective, but in making
repository siting decisions it must be
balanced against other objectives.

One commenter suggested that the
DOE edd to the system guidelines
statement to the effect that the DOE will
comply with the intent of State
environmental laws and regulations.
Although the DOE will comply with the
requirements of ali applicable
environmental lawe and regulations, it is
not necessary or eppropriate to include
@ guideline to this effect.

A commenter asked that the DOE
return to the language used in the
original preamble regarding the DOE's
commitment to environmental
protection. The DOE's commitment to
environmental protection is clearly
expressed in the guidelines, which are
based on the premise that the key
objectives in site selection are the
protection of the health and safety of the
public and the quality of the
environment. These guidelines
encompass all factors potentially
important to waste containment and
isolation (e.g., geohydrology,
geochemistry, tectonics. human
intrusion) es well as the factors that
determine the environmental and
socioeconomic acceptebility of site. In
addition, as discussed under the
implementation guidelines in Section
IV.B.2, a separate implementation
guideline for the consideration of
environmental impacte has
been developed.

One commenter suggested the
inclusion of the ALARA stenderd in the
preclosure system guidelines. The
ALARA standard(i.e., reducing releases
to “as low as reasonably achievable”
levels) is a part of the reference
teguletions (i.c.. proposed 40 CFR Part
101, Subpart A) for the first preclosure
system guideline and is therefore
incorporated by reference into the
DOE's preclosure guidelines.

One commenter asked whether all of
the regulations cited in the first
preclosure system guideline would need
to be met and. conversely. whether the
inability to comply with any single
regulation but not all of the regulations
would lead to disqualification. The
answer to both questions is affirmative

One commenter requested that a
criterion of “zero release" to ground
water be established for the preclosure
phase. Although this is similar to the
“zero release’ comment for the

postclosure phase, the issues are
different. Ground water is not a part of
the preclosure multiple-barrier system.
Furthermore, the comment is primarily
directed at shallow potable-water
aquifers ae opposed to the deeper
aquifere of concern during the
postclosure phase, which have less
potentie) as potable-water sources. As
élready discussed, the NRC regulations
governing precloeure operations
embrace the ALARA standard (i.c.,
releases must be as low es is reasonably
achievable). For preclosure operations.
the epplication of thet standard is
expected to lead to no planned
discharges of liquid radioactive wastes
from the repository. In any case, such
discharges would not be mede to ground
water. Beyond that, the system will be
designed to prevent, to the extent
practicable, contaminated liquid
releases during postuleted abnormal
conditions. Given the relatively small
volume of potentially contaminated
liquids in preclosure operations.
achieving essentially zero levels of
liquid releases is reasonable objective.
Therefore, although not specifically
incorporeted into the guidelines
(because the zero-release criterion is not
8 factor in siting), the desired assurance
that no contaminated liquide will be
released to aquifers ie consistent with
the DOE's objectives for preclosure
safety.

One commenter requested that
accident release limite for preclosure
operations be promulgated by the NRC.
This matter has been brought to the
attention of the NRC. Such limits, if
promulgated by the NRC. will be
adopted by the DOE.

One commenter noted that the system
guidelines were more sparsely worded
than the technical guidelines. implying
that the lack of detail appeared
inconsistent with the high importance
attributed to the system guidelines. The
reason for the apparent lesser detail in
the system guidelines is that they
incorporate, by reference. detailed
regulations promulgated by other
agencies. These regulations are not
repeated verbatim in order to readily
incorporate (also by reference) eny
changes that may occur with time.

Deleted from the final preclosure
system guidelines were the explanatory
statements about pertinent system
elements because these statements were
considered lo be more appropriate in
this section-by-section analysis.

In summary, the final guidelines
include three preclosure system
guidelines, whereas the proposed rule
had one preclosure system guideline,
specificelly addressed to rediological
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safety. The system guideline for
preclosure radiological safety was
modified to include 10 CFR Part 60 in
accordance with the NRC comments on
the proposed rule. Also, the term “state
of the art" wae replaced by “reasonably
available technology” because several
commenters felt that the former term
would allow the use of untested
technology.

Section  Preclosure
Technical Guidelines. Like the
preclosure system guidelines, the
preclosure technical guidelines are
divided into three categories. The first
category. preclosure radiological safety,
contains guidelines on population
density and distribution, site ownership
and control, meteorology, and offsite
installations and operations. The second
category covers the environment,
socioeconomics, and transportation. The
third category. which pertains to the
ease and coat of siting. construction,
operation, end closure, contains
guidelines on surface characteristics.
tock characteristics, hydrology. and
tectonics.

Preclosure Radiologice) Safety
Section  Populotion

Density ond Distribution. The objective
of the guidelines on population density
and distribution is to ensure the
selection of 9 repository site thet will
minimize risk to the public and permitcompliance with the EPA and NRC
regulations. The proposed EPA standard
(40 CFR Part 191) limits exposures to
members of the public; it also requires
that these exposures be further reduced
below the limits to the extent
reasonably achievable. The proposed
EPA standard limite the radiation dose
that any individual outside the
boundary of the restricted area would
receive to a maximum yearly dose of 25
millirem to the whole body, 75 millireny
to the thyroid, or 25 millirem to any
other organ. (Doses from natural
background radiation vary between 70
and 200 millirem per year at differen!
locations in the United States.) The
results of studies performed to date
indicate that the doses that would result
from repository releases are very much
lower than the EPA maximum
permissible doses.

The final guideline on populationdensity and distribution includes a

qualifying condition, two favoreble
conditions. two potentially adverse
conditions, and three disqualifying
conditions. The two parts of the
qualifying condition stipulate that (1) the
expected dose to individuals in anyhighly populated area will not be likely
to exceed a small fraction of the EPA
limits, by reference to system guidelin:-

§ and (2) the expected dose
received by any individual in the
unrestricted area will not be likely to
exceed the EPA limits. Any site must
meet this two-part test in order to
qualify.

The two favorable conditions will
require the DOE to analyze the degree to
whicha site is remote from highly

pulated areas and to seek sites with
low population densities. The first

potentially adverse condition will
require examination and anslysis of the
population density within projected site
boundaries. The population to be

anelyzed will include the people
residing there, those who are there on a
seasonal or transient basie, and those
who may be there only during the
daytime. The daytime population
consists of persons whose work brings
them together into dense concentrations
and of visitore topopular recreational
areas. The second potentially adverse
condition will require the analysis of the
proximity of the site to highly populated
areas or to areas containing 1000 or
more persons in a 1-mile-square erea.

The threedisqualify’ conditions
specify that the site shall be disqualified
if any of the following conditions exist:

1. The eurface facility would be
loceted in a highly populeted area

(coincidence): or
.

2. The surface facility would be
located adjacent to a 1 mile by 1 mile
area having population of not leas than
1000 individuals (adjacency); or

3. The DOE could not develop an

emergency preparednessprogram that
meets the requirements of DOE Order
5500.3 and related guides or 10 CFR Part
60, Subpart I, “Emergency Planning
Criteria.”

The DOE arrived at these
disqualifying conditions by an iterative
process that began in the proposed rule
of February 7, 1983, with disqualifiers
that were based on both radiation doses
and on the adjacency and coincidence
of the surface facility with a highly
populated area. Comments requesting
that the DOE be more specific led to the
alternative guideline of May 27, 1983.
This version specified that 8 site will be
disqualifed if a surface facility would be
adjacent to (abutting) an area 1 mile by
1 mile having a population of not fewer
than 1000 individuals or would be
located in a highly populated erea.
Objections to the use of the word
“abutting” to define “adjacent surface
facilities” led to ettempts, discussed
with the States, to restructure the
disqualifier with both necessary and
sufficient conditions. That is. if surface
facility met either of two necessary
conditions (adjacency or coincidence}. a

site would be disqualified if the
restricted area of a repository were (1)
in a highly populated eres or (2) abutting
a 1-mile-squere area with 1000 or more
individuals. A number of States disliked
this structure, seying that it was both
ewkward end perhaps gave an

appearance of evading Congressional
intent, even though it followed closely
the language of Section 112(a) of the

ct.
Clearly, no one would suggest that

repository facilities shouldbe located in
& highly populeted area; the DOE hes.
therefore, concluded that both the
coincidence and ediecency conditions of
Section 112(a) of the Act should be
sufficient to diequalify sites. The
purpose of both conditions, end the
entire guideline, is the protection of
people from harmful exposure to
radiation due to releases from repository
surface facilities. The dispersal of any
airborne releases would depend on local
weather conditions, which may vary
greatly from site to site. Furthermore.
the magnitude of releases is controllable
in large degree byengineeri measures
in common use at radiological facilities.
It follows that the DOE must make a

site-specific evaluation of adjacency to
populations concentrations in order to
decide whether a site meets this
guideline. This evaluation will
determine the distance at which the
outer boundary of the restricted area
should be set, measured from potential
release points, so as to ensure that
populations beyond that fenced
boundary will not experience radiation
doses in excess of the limite set by the
NRC and the EPA regulations discussed
above.

A commenter etated that 1000 persons
per square mile represents a high
population density end that the
populetion-density guideline should be
more restrictive. The DOE agrees that a
low population density in the vicinity of
a site is a favorable condition; however,
in accordance with the requirements of
the Act, the disqualifying condition
should be and is stated in terme of high
population density.

Eight commenters expressed concern
over radiation exposure and dosage, and
how these are to be addressed in the
guidelines. Six-of them called attention
to the potentially adverse condition in
the alternative guideline §
stating that any site where regulatory
limits would be exceeded should be
disqualified. In response to these
concerns, the DOE added qualifying
condition that limits the allowable doses
in both highly populated arees and in
unrestricted areas, generally. Other
commenters were concerned with the
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presence of transient or residential
populations. Accordingly, the DOE
added potentially adverse condition
§ 960.5-2-1(c}{1).

One concern expressed by three
commenters was that, in performing
dose celculations, the DOE should
consider future as well as present
pepulations. The DOE agrees and will
make population projections h the
period of decommissioning for eac

potential site during site
characterization. Because long-range
de aphic forecests are inherently
speculative, the DOE believes that
projections beyond the period of
decommissioning would not serve a
useful purpose.

One commenter expressed the view
that individual, as well as population.
dose should be measured, and two
reviewers said that dose calculations
should include doses from other sources.
In calculating dosage, the DOE will
follow the procedures outlined in the
EPA's finel standards (40 CFR Part 191).
These calculations estimate individual
exposures other sources as well as
from repository operations. The
qualifying condition ie steted in terms of
both individual and population doses.

One commenter expressed the view
that increments of distance should be
established in the guideline to account
for risks associated with increased
surface activities and geve an exemple
of converging transportation routes. In
order to protect the public. the DOE will
identify restricted area that encloses
all repository surface facilities, except
the immediately connecting road or rail
spurs. The eafety of transportetion
activities is treated in the analysis of the
transportation guideline.

Two reviewers commented that the
teal extent or distance describing the
“remoteness” of a site from highlypopulated areas should be defined.
Remoteness varies with land use.
terrain. distance, relative accessibility to
the public, and the configuration of the
potential controlled area. These
conditions will be evalueted to
determine the degree to which a site
may be considered remote from highly
populated areas; therefore. the DOE
does not believe that it is appropriate to
epecify a definition for remoteness in
the general siting guidelines.

One commenter suggested thal

“highly populated area” should be left
undefined in the guidelines. The DOE
thinks thet such a definition is
necessery, however, in order to identify
and avoid highly populated areas early
in the site-screening process and to be
able to rely upon the potential utility of
sites in which much effort will have
been expended. should they prove
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qualified in all other respects. Other
commenters felt that more restrictive
definition is necessary. Hence, “highly
populeted area” ie defined in the final
guidelines as eny incorporated or

census-designated place, excluding
counties, of 2500 of more persons as long
as the populationdensity of the place
would equel or exceedthemean

population density of the United States
(about 64 persons per square mile). This
is a more restrictive definition than the
one used in the alternative guideline.
which stipulated that highly populated
areas would include urbanized pleces
within metropolitan statistical areas
(MSAs) as defined by the Bureau of the
Census. In practice, that criterion would
exclude only the most highly populated
parts of any given MSA. The new
definition does not refer to MSA and is
therefore more restrictive. The threshold
of 2500 persone was selected for two
reasons. First, the Bureau of the Census
defines pleces with 2800 or more
inhabitants as urban. Second. the
Bureau develops maps to delineate such
places, end populetion-density data are
tabulated for these places. The criterion
of the mean US. population density
used in the definition of “highly
populsted erea” will permit the DOE to
consider potential sites within
extremely lerge but sparsely settled
incorporated communities.

Another commenter felt surface or

climaticconditionsthatmight increase
e occupational exposure of repository

workers to radiation should be
considered potentially adverse. The
DOE agrees that the exposure of
workers at a repository must be limited
end will meet the safety requirements
for occupational exposure in 10 CFR
Part 20. Because any repository will be
designed to protect workers from
varieble climatic conditions, the DOE
feele that any site-to-site variations
projected in occupational doses would
be 80 small as to make thie factor
inconsequential in siting.

Another commenter wondered why
the DOE would be concerned with
population density but not with
agricultural productivity in the area of a
site and suggested that certain
agricultural areas be eliminated from
further consideration. In siting any
repository, the DOE will comply with
the Farmland Protection Policy Act of
1961 (Pub. L. 97-96) and the Department
of Agriculture's final rule to implement
that Act (49 FR 27716; to be codified as 7
CFR Part 658).

One commenter said that the DOE
should ensure that the populations
adjacent to a potentially acceptable site
will be protected from the effects of
repository at least as well as parks are

protected in the environmental! quality
guideline. The DOE developed the
qualifying. disqualifying. favorable, and
potentially sdveree conditions in both
guidelines eo that both parks and
populetions would be protected in a
menner commensurate with the type of
riek. Industrial facilities are generally
precluded from perks, but many
industries are commonly located within
urban areas. When the industrial
operations involve known hazards, then
they are usually eited at some distance
from the general public, the distance
being determined by the degree of
hazard. With the park, it is the
environment that is at risk: with the

ulation, it is the potential riek to the
alth end safety of the residents of an

area thet must be considered. The
disqualifiers therefore are based on
radiation hazerde for the population and
either irreconcilable land-use conflicts
or unacceptable environmental impacts
for the environment.

Section 900.8-2-2 Site Ownership
and Control. Although the preclosure
and the postclosure guidelines on site
ownership and control are stated in
similar terms (see § 900.4-2-8-2), they
are related to different system
guidelines (i.e.. the preclosure and the
postclosure system guidelines).
Moreover, as stated in the preamble for
§ 960.4-2-6-2, the geographical extent of
the land and the controls required also
differ for the preclosure and the
postclosure periode. However, the
comments on these guidelines addressed
common issues, which are discussed in
§ 960.4-2-6-2 of the preamble and are
not repeated here.

Section Meteorology. The
principal objective of the preclosure
guideline on meteorology is to ensure
that the weather conditions at the site
are favorable for the atmospheric
dispersion of any redioaective emissionsand to ensure compliance with the
system guideline for preclosure
radiological safety. Aleo of concern is
the potential for extreme-weather
phenomene that could affect the
operation and safety of the repository.

A recurrent theine in the comments
was the statement thal any expected
routine redioactive emissions from
repository should disqualify the site
because these emissions would pose
potential health hazards to local
populations and repository workers.
Two commenters requested that this
disqualification be extended to include
emissions to agricultural lands. On the
other hand, two commenters pointed out
that routine emissions are of
significance only if the limits of 40 CFR
Parts 100 and 161 are epproached for the
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general population or the limite of 10
CFR Part 20 for the work force.

A site should not be disqualified
simply because routine emissions of

radioactivematerialareprojected for
repository operations. The repository
operations will be such thetthese
emissions will be low, well within
the limite preecribed by appliceble
regulations end standards. Moreover,
the DOE does not intend to rely solely
on netural meteorological conditions to
protect the public from preciosure
emissions; it intends to rely on the

neered design of the repository. Thecelery of this design will be id
demonstrated inthe license application
to the NRC. However, to protect the
public from the releases thet might occur
under unlikely accident conditions or

during normal operations, the first
potentially adverse condition in the
guideline covers site-specific
meteorological conditions pertinent to
the atmospheric transport of
radionuclides (i.e., the prevalence of
meteorological conditions under which
the emissions would be likely to be
transported toward localities with
higher population densities than the
average forthe region). To clarify the
concern for protecting thepopulation,the meteo guideline has been
reworded.

Some commenters asked the DOE to
clarify what it meant by “high potential
for extreme-weather phenomens,” and
several suggested that severe winter
storms be included in this category. In
evaluating sites, the potential for, and
the severity of, extreme-weather

henomene will be estimated on the
sis of historical meteorological

records. The second potentially adverse
condition, which pertains to extreme-
weather phenomena, wae rewritten to
reflect the historical besis for the
evaluation; in addition, it wae expanded
to include severe and frequent winter
storms.

Section Offsite
instaliotions and Operctions. The
preclosure technica) guideline on offsite
installations end operations (formerly
offeite facilities) has two objectives: (1)
to ensure thet the impacts of any nearby
industriel, transportation, and military
installations and operations, including
atomic-energy defense activities, on
repository siting, construction,
operation, closure; and decommissioning
ate edequately considered and (2) to
ensure that any radionuclide emissions
from such installations, when combined
with preclosure emissions from the
repository, would not lead to total
rediological exposures in eny

‘unrestricted area greater than those

allowed by the requirements specified in
the pertinent system guideline.
epecically toward the proxicnity ofcally tow: proximity of a

repository to other nuclear facilities
with radioactive effluents at or near the
limitespecifiedin40CFRParts190and
191; all recommended thet such a
condition be considereddiequalifying.rather than potentially adverse.
comments generallyappeartobe based
on the requirements of 40 CFR 191.03(e)
thet, for any facilities covered by 40 CFR
Parts 190 and 191, the combined annual
dose equivalent delivered to eny
member of the public shall not exceed

Theguideln thet thee

presence nearbyofindustrial
transportetion, end military installations
and operations, atomic-ene
defense activities, could be detrimen
and requires that the combined releases
from these sources and the repository

meetthe requirements specified in
Section 900.5-1(1) for unrestricted areas.
The pertinent potentially adverse
condition recognizes the presence of
nuclear installations end operations
with actual or projected releases near
the maximum value jesible under
4 CFR Parts 100 101. Because such
releases might be accommodated by

measures, the potentially
adverse condition was not ch toa
disqualifying one in the guidelines of
November 1083.

Added to the final guideline for offsite
installations and operations wes a

disqualifying condition releted to atomic
energy defense activities that are

expected to conflict irreconcilebly with
repository siting, construction,
operation, closure, and
decommissioning. This addition was
made in response to the NRC's
preliminary concurrence condition 7,
which asked the DOE to develop new

disqualifying conditions that (1) would
correspond to the fectore cited in
Section 112{a) of the Act end (2) could
be applied early in the siting process.
The DOE hed concluded that a specific
reference to atomic-energy defense
activities in the qualifying condition wae
sufficient to satisfy the requirements of
Section 112(a), but, after further
consideration, decided that an explicit
disqualifying condition could be
developed to accommodate the NRC.

Three comments requested that the
other potentially adverse condition,
which is related to the presence of
nearby potentially hazardous
installations or operations, be changed
to a disqualifying condition. There were
also two 6: tions that the word
“unacceptable” in § of

the alternative guildelines be changed to
“adversely” in order to broaden the
consideration.

As mentioned above, the
identification of a potentially adverse
condition requires a detailed evaluation
of the condition. The results of such an
evaluation must indicate that the
potential for radionuclide releases does
pot exceed the limits specified in
§ 900.8-1(1). The DOE therefore does not
acoept the jon to change the
potentially conditions to

disq conditions; however, the
word “unacceptable” wae changed to
“adversely.”

Several comments pointed out
tnoonsistencies in terms, recommending
thet « more-inclusive term be
substituted for “offeite facilities" to

exprese the broader concerns of the

pe lic. The question as to why offeite
cilities are not of concern for the

postclosure period was aleo raised. The
DOE agrees that the use of terms was
inconsistent. Accordingly, the term
“installations and operations” is used
consistently throughout the final
guideline. Offsite facilities are not a

postolosure issue, because no emissions
will be released from the repository
after closure. In addition, the words
“siting” and teak were
added to the qualifying condition of the
final guideline to make it more

encompassing.
Environment, Sociceconomics, and
Transportation

Section Environmental
Quality. The objective of the
environmental quality guidelines is
twofold: (1) to ensure thet
environmental impacts will be
considered throughout all stages of the
program and that impacts can be

ates to an accepteble degreete into account programmatic,
technical, social, economic, and
environmental factors, and (2) to ensure
that the requirements of system
guideline § are met.

Comments on the pro
environmental protection guideline were
concentrated in two major areas:

proximity of a potential respository site
to a protected natural area, such as 8
perk, and mitigation of environmental!
impacts associated with repository
development. To accommodate these
concerns, a number of changes were
made to clarify the disqualifying
conditions and to supplement the
potentially adverse conditions in these
aress. in addition, minor changes were
made for clarification in the favorable
conditions and the qualifying conditions.
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These changes ere discussed
individually below.

+n the guideline of November 1069, the
qualify ing condition wes expended by
buding “ciosure and decommissioning”
tu respository activities requiring
cavironmental protection. The
Gualifying condition was revised to state
specifically that the quality of the
environment “in the affected area.” as
well as the actual repository site, will be
protected. The definition of “affected
area” was modified to reflect this usage.

In the November 1989 guidelines, the
qualifying condition included the
statement “and projected significent
edverse environmental impacts in the
sifected area can be mitigated to the
extent practicable.” The final version

“and projected environmental
impacts in the affected area can be
mitigated to an acceptable degree.” The

“significant adverse” is thought to
Le redundant in this context, and the
phiase “to an acceptable degree” ie
thought to promise greater protection
than “to the extent practicable.” The
word “programmatic” was added to the
list of considerations to be weighed in
cciermining what is meant by “to an

ucceptable degree.” correcting an
inadvertent omission in a previous draft.
Additionally, the qualifying condition
v.19 changed to delete the phrase “the
health and welfare of the public” to
«vvid redundancy with the system
guideline (§ 960.5-1(2}). (This change
was also made in the first disqualifying
cond:tion. as discussed below.) The
edverb “adequately” was added to the
phrase “environment in the affected
erea* * * will be odeguately
Protected” to clarify the degree to which
the DOE will afford protection to the
environment and to be consistent with
the language of the Act (Section 111(b))
regarding the necessary level of
environmental protection.

Several commenters suggested that
sclection of @ repository site and
support systems should ensure that
Lviental environmental impacts are
minimized to the greatest extent
possible. Similiar comments urged the
DOE to apply the ALARA {as low as

reasonably achievable) principle to both
engineered measures and siting
decisions. The DOE will evaluate
elternative mesures to minimize or
avoid significant environmental impacts
and will adopt reasonable mitigating
measures. What is reasonable in a given
situation is inhuenced by ea number of
factors. including cost. technology. and
other environmental and socioeconomic
rmipacts. The DOE's perspective on what
is reasonably achievable in mitigating
environmental impacts is explained in

OCR

the final rule by listing the fectors that
will be considered in making judgments
of this nature. The DOE maintsins,
however, that one cannot apply the
ALARA principle to the site-screening
process when limited information is
available to make an informed judgment
as to whal constitutes ALARA.

in response to e comment, the first
favorable condition was modified to
reflect timely compliance with
environmental requirements applicable
to the site “and the activities proposed
to take plece thereon.” Also. since
environmental impacts will occur in the
future and regulatory requirements
enerally apply in the future, the
lavorable condition now reflects a

“projected ability” to meet such
requirements.

The final guideline includes e change
in the second favorable condition. The
DOE defined “reasonable mitigating
measures” by adding the phrase “taking
into account programmatic, technical,
social, economic, and environmental
factors.”

In response to comments, the
proposed environmental guideline was

expanded to include six potentially
adverse conditions, and in the final rule
certain modifications have been made in
response to further comments. In the
first potentially adverse condition, the
term “mejor” was edded in the phrase
“projected major conflict with
applicable Federal, State, or local
environmental requirements.” This
change was made to clarify the nature of
8 conflict that would trigger s

potentially adverse condition. It is
believed thet minor conflict is more

likely to be resolved. One commenter
asked whether 8 State or local
government could impose environmental
restrictions sufficient to prevent a site
from being chosen in the juriediction, as

they believe the firet potentially adverse
condition suggests. The DOE will
consider alt applicable environmental
laws in the site-screening process.

Another commenter suggested that the
term “probable” be deleted from the
first potentially adverse condition. The
term “projected” has been substituted

In the second potentially adverse
condition, the term "minimized" was

changed to “mitigated.” in response to
comment. This change is appropriate
since the term “mitigate"is used
throughout this guideline. Two
commenters suggested that the term
“significant” be deleted from the second
potentially adverse condition. The DOE
disagrees. Not all adverse
environmental impacts are

automatically serious enough te be
included in this category.

A number of commenters suggested
that the third potentially adverse
condition.regerding protected natural
areas, should be a disqualifying
condition. Others pointed out thal a

repository would not necessarily
conflict with the designated use of the
resources cited in the Act {i.e.,
componente of the National Park
System. the Nationel Wildlife Refuge
System. the National Wild and Scenic
Rivers System, the National Wilderness
Preservation System, and Nationa!
Forest Lend). The DOE's position is that
the above-mentioned resources should
be given special consideration in
repository-siting decisions, and all of
them are listed in the third potentially
adverse condition.

Several commenters on the third
potentially adverse condition suggested
that both direct and indirect adverse
environmental impacts need to be
considered. The DOE agrees. Others
suggested that the severity of the impact
determines whether a potentially
adverse condition exists. To
accommodate both concerns, the DOE
deleted “direct” to indicate that both
direct and indirect environmental
impacts would be considered and
inserted “significant" to clarify that
“significant adverse environmental
impacts” on the designated natural
resources would trigger the potentially
adverse condition.

One commenter requested that the
third and fourth potentially adverse
conditions be combined. The DOE
disagrees. The language as written best
distinguishes the treatment of different
lands controlled by different
government entities. Because the
resources in the fourth condition vary
from State to State, the specific
resources cannot be listed all
inclusively. Furthermore. since many
different kinds of resources could be at
issue. a two-part test is appropriate.

in response to numerous comments.
particularly from interested States, the
DOE edded three potentially adverse
conditions to ensure special
consideration of “significant State or

regionally protected resource area. such
as State park. wildlife area, or a
historical area:" “a significant Native
Americen resource. such as major
Indian religious site:" and “critical
habitats for threatened or endangered
species.” In response to a comment. the
DOE added “other sites of unique
cultural interests” to the list of resources

warranting specie) consideration.
One commenter suggested adding e

potentially adverse condition that would
cover the nanagement and disposal of
mine spoils. The DOE disagrees. Such
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potential sdverse environmental
impacts as mey arise from the
management and disposal of mine spoilsare covered by the second potentially
adverse condition. Another commenter
asked that the DOE “recognize local or
tegional engineered water supply
systems as potentially adverse or

disqualifying condition.” The DOE
disagrees since impacts on such systems
are covered by other potentially adverse
and disqualifying conditions, such as
potentially adverse condition 2 and
disqualifying condition 1. One
commenter said that the term
“potentially adverse condition” is vague.
The term has been defined in the
glossary (§ 960.2 of the guidelines).

The greatest number of comments on
the environmental guideline, both in the
proposed guidelines and in the
alternative guidelines, pertained to two
disqualifying conditions. Both of these

disquali conditions were retained
in the rule of November 1983, but were
modified in response to comments, and,
in response to comments, third was
added.

In its November 1983 version, the
phraee “cannot be mitigated” was
modified by the phrase “by reasonable
meseures, taking into account technical,
social, and economic, and
environmental factors.” In addition, the
term “unsatisfactory” was changed to
“unacceptable.” “Unsatisfactory” was
originally chosen to be consistent with
the descriptions of the environmental!
referral process in Part 1504 of the
Council on Environmenta! Quelitytegulationsimplementing the National
Environmental Policy Act of 1900.
However, thie change was made to more
clearly reflect the fact that a judgment
on the acceptability of environmental
impacts is involved here. Upon further
consideration, this wording was
modified in the final guidelines as
discussed below.

The firet disqualifying condition is
now amended in the final guidelines to
include “siting” in the list of activities
that the condition covers. This stage
was inadvertently omitted from an
earlier draft.

The phrase “would result in an
unacceptable adverse impact on the
health and welfare of the public or the
quality of the environment, if such
impact cannot be mitigated by
reasonable measures” has been
replaced by “the quality of the
environment in the affected eree could
not be edequately protected or projected
environmental impacte in the affected
area could not be mitigated to en
accepteble degree.” This change was
made to delete a redundancy in
considering the health and welfare of
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the public, which is covered by the

system guideline (§ and to
clarify the need for protecting the
environment both now and in the future.
Furthermore, the word “programmatic”
was edded to the list of factors to be
weighed in determining the acceptability
of the results of impact mitigation.

A commenter asked whether
mitigation in thie and other places
includes compensation. It does, as
indicated in the definition of the term in
§ 960.2 of the guidelines.

Numerous comments were received
on the second disqualifying condition,

whichreferred to the coincidence of the
restricted area or repository support
facilities with the resources named;
some expressed concern that it was too
narrow, others suggested thet it wae
appropriate. Several commenters arguedthet ty to a protected area
should be e disquali condition,
while others suggested that the word
“proximity” should be eliminated from

therule to minimize theop ty for
subjectivity in decision me
commenters objected to the two-part
test inthe ¢disquali condition,arguing that ion of repository
within the boundaries of a protected
area is evidence of an irreconcilable

connie, rd, the proposed hinrega e
did not automatically disqualify a site
located within a protected ares, because
the DOE contends that it could be
possible, in certain situations, to locate
@ repository within a protected area in
such a way that it would not adversely
affect the dedicated purpose of the area.
However, in response to the concerns
expressed, the alternative guideline was
made more specific with respect to the
potential conflict between a proposed
repository site and significant national
protected resource. The gideline of
November 1983 wae made even more
specific in thet it enumerated the
resources to be protected. The second
disqualifying condition wae expended
into two conditions, as follows:

(2) Any part of the restricted eree or
repository support facilities would be:
located within the boundaries of a
component of the National Park System,
the National Wildlife Refuge System, the
National Wilderness Preservation
System, or the National Wild end Scenic
Rivers System.

(3) The presence of the restricted area
or the repository support facilities would
conflict irreconcilably with the
previously designated use of a

component of the National Park System,
the National Wildlife Refuge System, the
National Wilderness Preservation
System, or the National Wild and Scenic
Rivers System, or any comparably

significent State protected resource that
was dedicated to resource preservation
at the time of the enactment of the Act.

The protected ereas listed in these
two disqualifying conditions did not
include National Forests. Because the
charters of National Forest Lands call
for multiple uses, inctuding mining, the
DOE's position was that the
appropriateness of including a

repository among these multiple uses
would have to be evaluated case by
case.

The term “disturbed zone” was

changed to “restricted area,” which can
be more reasonably applied to the
required assessment (i.e., the disturbed
zone is a projected fringe area far below
ground that is related to postclosure, not
preclosure, requirements). The phrase
“any part of was added to the second
disqualifying condition to alleviate
concerns that the entire restricted area
or repository support facilities would
have to lie within the protected area to
trigger the diequalifying condition.
Another commenter suggested replacing
the word “would” with the word
“could” in the second disqualifying
condition. The DOE disagrees. The
elimination of a site on the basis of what
amounts to speculation et the screening
etage mey unnecessarily eliminate
good site.

Although several commenters
suggested alternative phrases, the
phrase “would conflict irreconcilebly
with the previously designated use” wes
used in the new disqualifying condition,
though modified (see below) because the
DOE maintains that a conflict can be
adequately determined to be
“irreconcilable.”

The third disqualifying condition
addresses State concerns about
significant State protected resources.
The intent is to afford both national and
comperably significant State protected
resources the same kind of protection.

The third disquelifying condition was
further revised during the NRC
concurrence process by the addition of
two terms. The first, “resource
preservation,” is the “previously
designated use” which the DOE
considers the appropriate buseline
condition against which to measure
“irreconcilable conflicts.” Second. in its
concurrence condition 7, the NRC
requested the addition of National
Forest Lands to the list of resources
covered by this disqualifier. After
considering this request, the DOE agreed
that the irreconcilable conflict with a

previously designated resource-

preservation use of a National Forest
should disqualify site. The
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disqualifying condition now reads as
fullows:°

(1) The presence of the restricted area
or the repository support facilities would
conflict irreconcilably with the
previously designated resource-
preservation use of a component of the
National Park System, the National
Wildlife refuge System, the National
Wilderness Preservation System, The
National Wild and Scenic Rivers
System, or National Forest Lands, or

comparably significant State
protected resource that was dedicated
to resource preservation at the time of
the enactment of the Act.

Several commenters raised various
miscellaneous points and concerns. One
commenter was concerned that the
dieplacement of homes and families is
considered to be fevorable condition
and that priority is given to wildlife over
people. The DOE disagrees thet the
guidelines either express or imply either
situation. The DOE states, in several
places in the guidelines. that the first
priority of the site-selection process is
the health and safety of the public.

Another commenter said that the
environmental quality guideline does
not ensure the suitebility of the geologic
conditions of the site. It is implicit in this
guideline that, in order to protect the
environment, the geologic conditions
must be suitable. Moreover, such
suitability ie ensured by the postclosure
system and technical guidelines.

Finally, several commenters suggested
that the DOE include the environmental
quality guideline in the postclosure
guidelines. The DOE disagrees. The
object of the environmental qualityguideline, as stated at the beginning of
this section of the preamble, is to protect
the quelity of the environment
throughout all stages of geologic
repository siting. Postclosure protection
will be provided by the systemguidelines, which mandate compliance
with 10 CFR Part 60 and 40 CFR Part
191.

Section Socioeconomic
Impacts. The objective of the technical
guideline on socioeconomic impacts is
to ensure that any significant adverse
socioeconomic impacts of repository
siting, construction, operation, closure,
and decommissioning can be offset by
reasonable mitigation or compensation
and the requirements of system
guideline § 960.5-1(a)(2) can be met.

The DOE is committed to program of
socioeconomic-impact measurement and
mitigation. Mitigation, as defined by the
Council on Environmental Quality,
includes actions that will svoid,
minimize, reduce, or compensate for
adverse impacts (40 CFR 106.20).

The potential social and economic
impacts of geologic repositories were of
concern to a number of commenters.
The principal issues were (1) the
socioeconomic impacts associated with
the lebor-force requirements of the
tepository, (2) adverse effects on

primary eectors of local economies (e.g.,
tourism), (3) adverse effects on water
supplies, and (4) the psychological
effects of perceived risk.

Some commenters were concerned
that the lebor-force requirements of a

repository would impose undue
hardehip on the private and public
service capabilities of effected
localities. The viewpoints expressed
were often conflicting: for example.
some suggested that socioeconomic
impacts could be mitigated throstringent siting requirements, such as

requiring that two-thirds of the labor
force live within 2 reasonable
commuting distance of the repository,
but others felt that the lack of an
available labor force should be a
fevorable condition; one comment said
that the potential for increased
employment should not be considered a
favorable condition. One commenter
stated that disruption to primary sectors
of the economy of the affected area
should be a disqualifying condition.
Another felt that irreversible changes in
a chosen way of life should be a

potentially adverse condition and

deplored the possible lose of agricultural
jand.

ine DOE feels ety beappropriate to quantitative
labor-force requirements because there
are so meny variable fectore that cannot
be controlled. It would be possible, for
example, to construct housing at the site
for transient labor if sufficient labor
were not available within a reasonable
commuting distance from the site. The
creation of new jobs for locally
available labor would be received
favorably in most areas; however, an
influx of new workers could have
significant edverse socioeconomic
impacts. For these reasons, the
potentially adverse and favorable
conditions concerning the supply of
labor were retained. In areas where new

jobs might not be welcomed, the DOE
will work with the State, affected Indian
tribes, snd the public to identify suitable
means ofmitigating unwanted impacts
and preserving and enhancing the
quality of life. Since adverse
socioeconomic impacts on affected local
economies can generally be mitigated,
the DOE does not believe that such
impacts ere disqualifying. Where
agriculture is a primary sector of the
affected economy, the loss of

egricultural lend would be a potentially
adverse condition.

A commenter steted that e major
disruption of the local economy is
almost ceriain and observed that the
guidelines on population density and
distribution (§ and
socioeconomic impacts (§ 960.5-2-6) are
eomewhat contradictory. Another asked
that socioeconomic and environmental
impacts along waste-transportation
routes be addressed, and third
suggested that postclosure impacts be
included in the socioeconomic guideline.

The DOE agrees that some disruption
will be experienced by the local
economy, just as it is as in most large-
scale industrial developments. However,
because most socioeconomic impacts
can be anticipated and mitigated, major
disruptions can be avoided in most
cases. When guidelines §§ 960.5-2-1
and (population density and
socioeconomics) are taken together,
areas of low population density within a

commuting distance of significant labor
pools could gain favor in site
comparisons if the technical
qualifications are equal. Socioeconomic
end environmental impacts along local
transportation routes will be addressed
in the siting process. Postclosure
impacts, however difficult to assess, will
be the subject of impact-mitigation
discussions and agreements between
affected States, affected Indien tribes,
and the DOE.

Other comments eaid that (1) the
guidelines should emphasize net gains in
the overall economy and in employment,
(2) the term “affected area” should be
changed to “affected region,” end (3) the
cost of the repository should be taken
into account as a socioeconomic impact.

The DOE agrees that net gains in
employment and in the local economy
should be considered a favorable
condition and has revised the guideline
accordingly. With respect to the use of
“affected area” versus “affected region,”
repository development may produce
socioeconomic impacts in an area of
several counties, but it will probably
have minima! effect on the economy of
en entire region of the country. The
costs of the repository need not be
treated as a socioeconomic impact
because they will be borne by the
owners of the radioactive waste.
Furthermore, cost ranke below public
health and safety, the quality of the
environment, and socioeconomic
conditions.

Also mentioned were possible
adverse impacts on agriculture, touriam,
and recreation, but another commenter

inted out thet the services and
ecilities developed for repository
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workers and their families could
enhance the ability of an area to
accommodate tourists and seasonal

populations.DOE is eware of the concem
about adverse effects on agriculture,
tourism, and recreation. One potentially
adverse condition in the socioeconomics
guideline te the potential for majordisruptions of primary sectors of the.
economy of the effected area. The DOE
will work with States, affected Indian
tribes, and localities to anticipate and
mitigate such effecte if they arise.

Commenters on the alternative
guidelines were aleo concerned abou!
the potentially adverse condition
tegarding the acquisition of water rights
and the effecte thereof. One mainteined
that e model of water usage should be
developed. Two commenters asked that
diequelifying conditions be specified for
water supplies. One commenter
requested that the DOE add water use to
acquisition of water rights as

potentially adverse condition. Several
cominenters asked for a guideline that
would protect ucing aquifers.
The will evaluate water usageduring the engineering design of

fepository in e specific rock type. With
teapect to the requests for disqualifying
conditions for water supplies, the
quelifying condition for the
socioeconomic guideline indicates that
potential site is not qualified unless
adverse impacts on water supplies can
be mitigated or compensated. This
guideline reflects the DOE's position
that, if adverse impacts on water
supplies can be mitigated, thenit is not
appropriete to disqualify site because
of potential edverse impacts on water
supplies. The issue is the ability to
mitigate or compensate for adverse
impacts, not the potential for their
occurrence. The DOE expects that,
where water is scarce, there will be
Controls on its use. Where water usage
is controlled by administrative means
other than water rights per se, the DOE
will consider the acquisition of water
through such other administrative
controls to be equivalent to the
acquisition of water rights. Producingaquifers are protected through the
system guideline on environmental!
quality and the technical guideline on
socioeconomics.

One commenter was concerned that
the perceived risk of a repository mightinduce anxiety and stress, causing some
people to leave the area. and
complained that the issue was not
addressed in the guidelines.

The DOE recognizes that the risk of
new technologies involving hazardous
materials may be perceived to be
greater by the general public than it is
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by technical experts. However, past
experience with other new technologies
suggests that the anxieties of the public
may be alleviated es the technology is
seen to be effective and its benefits
become more apparent. The overridingemphasis of the guidelines onpublichealth and safety, as well as the DOE's
commitment to open communication and
public involvementthroughout the siting
process, is intended to help alleviate
public concerns about the rieks of a

repository. Perceived risk, however, is
not en appropriate topic for general
repository-siting guidelines; it ie a

He lective coditionthatcannotbeairly compared among sites.
TheDOErecognizes that the possible

impacte of rapid, large-scale growth in
sparsely populated rural areas are
legitimate concerns in siting majorfacility. Therefore, the socioeconomics
guideline has been revised to more
Clearly indicate that the existing
socioeconomic base (population, labor
force, infrastructure, services, etc.) will
be explicitly considered in site selection.
The final guideline on socioeconomice
includes 8 qualifying condition, a set of
four favorable conditions, and set of
four potentially adverse conditions.
Because of the complexity of
socioeconomic interactions, the
possibility of mitigation, and the
extensive analysis and planning
required by the Act, the DOE took the
position in the guidelines of November
1963 that socioeconomic impacts do not
represent an absolute disqualifying

condition.
The qualifying condition in the final

guideline will ensure that any significant
adverse social or economic impacts will
be addressed; it will also ensure that the
system guideline, whose objective is to
protect the socioeconomic well-being of
the population, will be met. The
qualifying condition also specifies the
range of socioeconomic considerations
that will be addressed in the enelysis.

The four favorable conditions in the
final guideline are (1) the ability of an
affected area to absorb project-related
population changes; (2) the aveilebility
of an adequate labor force: (3) projected
net increases in employment and in

ublic and private revenues; and (4) the
jack of significant disruption to primary

sectors of the economy of the effected
area.

The four potentially adverse
conditions are (1) potential for
significant impacts on community
services, housing, and public revenues:
(2) the lack of an adequate labor force:
(3) water-right acquisition that would
have potential adverse impacts on the
development of the affected area; and
(4} potential for major disruption to

primary sectore of the economy of the
affected area. Since these potentially
adverse conditions could be mitigated in
many cases, they would not disqualify a
site.

In response to the NRC's preliminary
concurrence condition 7, which
requested additional disqualifying
conditions that are directed at the
epecific factors listed in Section
of the Act, disqualifying condition
§ was added to the

eNdingsalfyine conditeic impacts.le ition is
concemed with potential effects on the
sights of users of water and proximity to
water supplies. It was not included in
the November 1063 guidelines because
these factors were implicitly or

explicitly included in thesystemguideline on environmental quality and
the qualifying condition for
socioeconomic impacts (“competition
for sesources such as land. water, and
construction materials"). However, to
accommodate the NRC's request, the
DOE developed an explicit disqualifier.
Although this disqualifying condition
could have been included in guideline
§ 960.¢-2-8-1, Natural Resources, it was
included here because the DOE believes
that the most serious effects of a

significant adation of major water
sources would be socioeconomic. In
editing the final guidelines, the
explanatoryparagraph that followed the
statement of the qualifying condition
was deleted because the parameters to
be considered are now listed in
Appendix IV.

Section Transportation.
The objective of the transportation
guideline is to ensure that proper
consideration is given to the
transportation of waste to a repository
site, as it could affect the health and
safety of the public, the environment,
and the cost of waste disposal. The
guideline requires the evaluation of e
site’s proximity to adequate highways
and railroads, the characteristics of
access routes from existing highways
and railroads to the site, the costs and
other impacts of designing and
constructing the access routes, and the
impacts of transporting waste over the
access routes. The guideline indirectly
requires the consideration of proximity
to the sources of waste because one of
the favorable conditions is stated in
terms of comparison of costs and risks
among sites.

in the proposed guidelines of February
1963, transportation was treated as
subset of population density and
distribution. Many comments on the
proposed guidelines emphasized the
importence of transportation and the
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need for a separate, more
comprehensive guideline. Some
comments raised generic issues and
problems that cannot be solved by the
siting of a repository: such issues are not
appropriate for guidelines that govern
siting. Apparently, the purpose of
including transportation in the siting
guidelines was not clearly understood.

In response to the many requests, the
DOE prepered a separate, more

comprehensive guideline on’
transportation. This guideline is not
intended to govern the movement of
waste over the national system of
highways and railroods; regulations of
the NRC (10 CFR Part 71) and the
Department of Transportation (49 CFR
Parts 171-178) govern that part of waste
transportation. The guideline ie intended
to govern only the transportation issues
that are important in choosing sites for
cherecterization and development. The
guideline now makes clear that it is
concerned primarily with site-specific
conditions. It does not address the
nationwide transportation of waste,
beyond the comparative assessment of
costs and riske for the considered sites.

A number of comments stated that
there are transportation-related factors
that would disqualify a site and called
for specific disqualifying conditions in
the guideline. The examples cited
included transport over rivers,
watersheds, reservoirs, high bridges,
and through Indian reservations; rail
access routes that are too long:
concentration of routes through
populetion centers; transport over routes
that do not comply with DOT
regulations; and the lack of direct reil
access. Also cited were increased risk or
environmental impact relative to other
sites or radiation doses from
transportation over local highways in
excess of the EPA limit in 40 CFR Part
191.

The DOE does not feel justified in
defining explicit disqualification
thresholds, because transportation
costs, risks, and impacts must be
evaluated in relation to the repository
system as a whole. None of the
suggested disqualifying conditions
would make the construction of a

satisfactory repository system so
difficult that a site should be eliminated
simply because the condition is present.
Consequently, no disqualifying
conditions have been added to the
transportation guideline. Furthermore,
EPA standards cited above are not
applicable to transportation,nor is it
appropriate for the DOE to include such
standards in its transportation exposure
assessments. However, the maximum
individual exposure along locel access

routes is expected to be a very small
fraction of that due to natural
background radiation.

Some comments cited as adverse
conditions (1) transport over bridges
whose height ebove the terrain below
exceeds the conditions of the NRC
hypothetical accident tests or (2) local
highways and railroads that are in poor
condition. These considerations ere
included in the revised guideline under
potentially adverse conditions that
would require further evaluation or

possibly mitigation measures.
Several comments cited

transportation-related conditions that
should be considered in siting the
repository. Exemples are accees to the
site; the feasibility of access route
construction, cost end environmental
impacts; visual impacts, air pollution,
and noise impacts; adverse weather
conditions; extremely heavy loads on
railroads; and the availability of air end
water transportation modes. Extremely
heavy loeding is not included because
the loaded railroad care serving the
repository will meet standard railroad
requirements on wheel loading and
spacing and gross loadings.

Two commenters discussed the
assumptions made by the DOE in
previous transportation assessments
and pointed out that the current
assumption about the fraction of waste
transported by rail (60 percent)
contredicte the current practices of
nuclear-reactor facilities. They also
suggested that rail access fe a

quelifying condition and that
should use dedicated trains for
transporting waste to the repository.

Various assumptions about the
fractions of waste transported by rail
and truck heve been and will continue
to be used by the DOE in assessing the
riske, costs, and environmental impacts
of traneporting waste to repository. It
is neither necessary nor desirable to fix
on this set of assumptions now; analyses
will be done to cover a range of
reasonable values. The actual values
that will pertain 15 to 20 years hence,
when operations begin, are difficult to
ptedict now. Many logistic, economic,
and service factors will be involved in
the choice between rail and truck
transport. The use of dedicated trains
has been studied by the Interstate
Commerce Commission. Whether they
will be used is still under consideration.
but is not an issue for siting guidelines
to specify.

One commenter cited the cost of
eccess-route construction as a major
factor and suggested that a limit be
placed on transportation-related costs in
terms of a maximum percentage of the

ary
e DOE

total disposal cost; exceeding this value
would disqualify the site. The DOE does
not agree that any minimum level of
transportation-related cost alone should
disqualify a site, because such costs
may be offset by other site-specific
factors, including the coste of the
repository itself. Tranaportetion-related
coste, including access-route
construction, will be included in the
total system cost for comparison with
the costs of other siting options.

One commenter stated that the
guideline does not offer an adequate
method for comparing transportation
costs and riske and the DOE must
develop such methods for accurately
making such comparisons among siting
optione. The comment goes on to say
that specific origin-and-destination
paire, specific routes, and route-specific
date on population density, accident
rates, travel restrictions, and the site
should be considered.

The DOE contends that current
methods end analytical tools ere

adequate, but is nevertheless continuing
to make Improvements in them. General
guidelines for siting purposes are, in any
case, not an appropriate place to require
the development of improved methods.

A number of commente emphasized
the importance of waste-shipment
routing and the population density along
such routes. This is largely e generic
issue, inappropriate for siting guidelines.
that the Department of Traneportation
(DOT) has addressed in its recent final
tule (49 CFR 177.825). The DOT hae
defined preferred routes but given to the
States the opportunity to identify and
analyze alternative routes. in
accordance with DOT guidelines, and
designate such routes thet they mey
deem necessary to accommodate local
conditions. This may include routee in
the vicinity of the repository if
considered necessary by State officials.
Thus, no specific treatment of this
subject appears in the guidelines.

Several comments requested greater
emphasis on the proximity of
repositories to waste sources for both
the first and subsequent repositories. A
favorable condition in the trensportation
guideline requires the evaluation and
comperison of total life-cycle waste-
transportation costes and rieks for each
siting option. The guideline on

regionality (§ requires
consideration of the proximity of the
second repository to locations where
radioactive waste is generated or

temporarily stored.
A number of comments addressed

such generic issues as the role of the
States in regulating the transportation of
nuclear materials, the adequacy of
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shipping casks, the applicability of
epecific EPA standards, and defense-
waste shipments to a commercial
repository. In the opinion of the DOE,
these comments did not address issues
that would allow differentiation amongproposed sites, since the same
Conditions exist for the various sitingoptions. In addition, many of these
comments raised issues that are either
not related to the guidelines or are
covered upder other applicable Federal

regulations thet are the responsibility of
other Federal agencies. Consequently,these comments ere not reflected in the
final guidelines.

In editing the final guidelines, the
statement of the qualifying condition

960.8-2-7(0)) was revised bysimplifying the “radiological or
non-radiological riek to the public health
and safety” to “risk to the public” and
by inserting the phrase “taking into
account programmatic, technical, social,
economic, and environmental factors.”
Ease and Cost of Siting. Construction,
Operation, and Closure

Section 980.8-2-8 Surface
Chorocteristica. The preclosureguideline on surface characteristics is
concerned with conditions thet are
important to the ease and cost of siting,constructing, operating, and closing a
repository. In sitesthatare pronetoperiodic flooding, are located in a

rugged terrain, or have other adverse
surface features, special measures maybe necessary for repository construction,
operation, and closure. The cost of
repository construction, operation, and
closure could risetoprohibitive levels tf
a large number of special measures
were necessary for these phases.
However, other features of the site—
those that would significantly enhance
waste isolation—could be more
important than the higher costs
associated with adverse eurface
characteristics.

Four commenters expressed concern
about repository flooding through the
possible failure of shafts. shaft liners,
seals, or other engineered componentsof the repository; they suggested that
such failures be added to the first
potentially adverse condition in the
alternative guideline, which dealt
specifically with flooding
{§ The DOE agrees with
this suggestion because the Nooding of
surface or subsurface facilities couldendanger the safety of personnel andinterrupt repository operations. Thephrase “or the failure of engineered
components of the repository” was
therefore added to thepotentiallyadverse condition in thefine!guideline.This phrose was selected because it ie

OCR

ers
—

general statement that encompasses all
of the converns raised by the
commenter.

One commenter requested that the
potentially adverse condition concerned
with be elevated toa
disqualifying condition. The DOE
decided against this approach because

theexistence of surfacecharacteristicswith a significant potential for ingdoes not necessarily mean that the
repository will be flooded. Simple
engineering measures, such as dikes or
berms, could reduce the risk of flooding
to an acceptable level that would meet
applicable licensing requirements. Such
measures have been used for both
nuclear and nonnuclear fecilities for
many years.

Two commenters pointed out that in
some specific instances the favorable
condition of “generally flat terrain”
would be unfavorable. One felt thet
slow and uniform drainage in flat areas
might effect the hydrologic performance
of the repository; the other felt that
waste disposal in the side of a mountain
(above surrounding floodplains) would
not meet the favorable condition. After
evaluating these concerns, the DOE still
contends that a generally flat terrain is a
fevorable condition because it
facilitates construction, operation, and
closure; however, e fevorable condition
that specifically addresses the drainagequestion was added to the finalguideline. The second commenter is
correct in stating that a repository
located in rugged terrain or in the side of
@ mountain may not be eble to meet this
favorable condition, but not meetingfavorable condition does not disqualify

site. It would, however, indicate the
need for special measures, and hence
potential increases in costs during
construction, operation, and closure.

Three commenters requested that, in
the alternative guideline, the statement
“compliance with applicable non-
tadiological regulations” be expanded to
include air-quality standards and
tediological requirements. The DOE
modified the guideline by deleting the
reference to applicable non-radiologicelregulations because they-ere alreadygenerally covered by the final guideline
on environmental quelity (§ 960.5-2-5).
The DOE believes that, for these generalguidelines, a general treatment of non-

radiological requirements is more
appropriate than specific examples of
euch requirements. Similarly, air quality
stendards were already covered by the
first two potentially adverse conditions
and the first disqualifying condition of
the alternative guideline on
environmental quality. Preclosure
radiological requirements are

47749

epecifically addressed in the firet
preclosure system guideline (§
1{1)) by invoking the requirements of 10

CFRPart20, 10 CFR Part 60, and
proposed 40 CFR Part 191, Subpart A.

Three commenters requested
additions to the surface-characteristice
guideline that are already covered in
other preclosure guidelines—namely,personne! safety, the stendards the
Occupational Safety and Health
Administration (OSHA). and the offsite
disposal of salt. Personnel safety and
OSHA requirements are covered by the
preclosure guideline on rock
characteristics (§ 960.5-2-9). The offsite
disposal of salt is covered by the
constraints imposed under the

preclosure guideline on environmental
quality (§

Among the suggestions for the
eurface-characterietics guideline was
the addition of fevorable soil
characteristice and conditions. Even
though favorable soil characteristics and
conditions might make construction and
site restoration slightly easier, the DOE
does not believe that these features
should be significent in selecting a

repository site. Two issues raised in the
comments on the preclosure guideline
on rock characteristics are not pertinent
to this siting guideline: preclosuré
monitoring and reliance on engineered
barriers (see Section for DOE
fesponses to the engineered-barrier
iesue).

Section 900.5-2-@ Rock
Characteristics. The objective of the
preclosure guideline on rock
cheracteristics is to ensure that due
consideration ispiven to those
characteristics of the host rock thet may
effect (1) the ease and cost of repository
construction, operation, and closure end
(2) the safety of repository workers.
Among thoee characteristics are the
thicknese and lateral extent of the host
rock, geomechanical properties that are
favorable for the maintenance of
underground openings, and conditions
thet would allow the construction of
shafie and the underground facility with
reasonably evailable technology.

Ten commenters were concerned that
the disqualifying condition in the draft
revised guideline did not specificall
include the eafety requirements of the
Occupational Safety and Health
Administration and the Mine Safety and
Health Administration. This concern
arose because the proposeddisqualifying condition steted that “the
site shall be disquolified if the
applicable nonradiological safety
requirements of the DOE could not be
met.” To eliminate this concern, the
DOE rewrote the disqualifying condition
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as follows: “The site shalt be
disqualified if the rock characteristics
are such thal the activities associated
with repository construction, operation,
or clusure are predicted to cause

significant risk to the health and safety
of personnel, taking into account
mitigating measures that use reasonably
available technology.”

Five commenters objected to the
phrase “engineering measures beyond
the state of the art” in the second
potentially adverse condition in the
alternative guideline. As explained in
the discussion of the postclosure
guideline on rock characteristics, this
phrase was changed to “engineeringmeasures beyond reasonably available
technology.”

Four comments asked the DOE to
reclassify the potentially adverse
conditions es disqualifying ones. This
was not done because, by itself, none of
the potentially adverse conditions are

necessarily unacceptable and hence
should not disqualify a site. Their
designation as potentially adverse
ensures that these conditione will be
given duc consideration. Another
comment suggested that the converse of
favorable condition be
used as a disqualifying condition. The
converse of this condition would not be
disqualifying, because, while the
flexibility of designing and locating a

repository would be reduced, the ability
of the host rock to contain a respository
would not be eliminated.

Three commenters expressed concern
that retrievability was not adequately
addressed in the alternative guidelines
and felt that preclosure rock
characteristics were important to
ensuring retrievability. The DOE agrees
that rock characteristics are important
to retrievability. but feels that many
other guidelines are also important in
this regard. However, the retrievability
issue is more pertinent to repository
design than to site selection, and, if the
requirements of the final guidelines
taken as whole are met, retrievability
will be ensured. Furthermore, the DOE is
required by 10 CFR Part 60 to maintain
retrieval as an option for 50 years if
unforeseen circumstances would require
the removal of emplaced wastes.

Among the issues raised in the
comments was that of thermal effects on
in-situ stresses. In response to this
concern, the DOE added a potentially
adverse condition, § 960.4-2-3(c)(3). to
specifically address thermal effects.

One commenter wee concerned that
the evailable data might not allow a

complete analysis of the disqualifier
contained in the proposed guidelines.
This issue is covered by one of the
implementation guidelines, “Basis for

Site Evaluations” (§ and
Appendix Ill to the siting guidelines.
which specifies what type of finding the
DOE is to make at major decision points
in the site-selection process.

Section Hydrology. The
preclosure technical guideline on

hydrology is concerned with (1) the
potential effects of ground water on the
construction and sealing of shafts and
other underground openings, includin;
the repository itself; (2) the potential for

flooding of underground workings by
surface-water, and (3) the availability of
water for repository construction and
operation. Its objectives are to ensure
that the geohydrologic setting will (1) be
compatible with repository construction,
operation, and closure and (2) not
compromise the functions of shaft liners

- and seals.
Eleven commenters objected to the

term “éfate of the art” in the potentially
adverse condition of the alternative
guideline. Some argued that the
potentially adverse condition, as written
with the “staté-of-the-art” phrase
included, should be disqualifying.

Others suggested that the phrase should
be replaced by “reasonably available
technology” or similar words. The DOE
agrees that “state of the art” is
inappropriate because it suggests
technology that may not have been fully
demonstreted and tested and
substituted the term “reasonably
available technology.” which is defined
in § 960.2 of the guidelines.

The presence or absence of squifers
within or above the host rock was an

issue raised by eight commenters. The
absence of aquifers between the host
rock and the land surface is recognized
as favorable condition in the
preclosure guideline. Some commenters
suggested that the presence of aquifers
between the host rock and the land
surface should be explicitly stated as 8

potentially adveree condition; others
recommended that the absence of
aquifers be a qualifying condition or,

conversely, that the presence of aquifers
be a disqualifying condition. The
presence of aquifers between the host
rock and the land surface must be
carefully considered in repository design
and construction. However, many mines
end other underground facilities have
been successfully constructed below
aquifers, and accepted and proved
engineering measures are available to
allow underground construction and
operation under many types of ground-
water conditions. That is not to say that
some ground-water conditions may not
require very costly engineerin
measures, or that some ground-water
conditions may not be so severe as to
preclude construction. For these

reasons, the DOE did not stipulate the
absence or presence of aquifers between
the host rock in the qualifying condition
of the preclosure hydrology guideline,
but a potentially adverse condition
deals with aquifers whose presence
could raise serious questions about the
feasibility of construction.

Four comments recommended that the
converee of the favorable condition
pertaining to the availability of potable
and construction water be explicitly
stated as diequalifying condition: they
believe that the unavailability of water
for construction and operation should
disqualify a site. The issue lies in the

mea of the words “available” and
“unavailable.” Water might not be
available locally at a site, but it might be
available from a source some distance
away. Water must be available for
construction and operation, and locally
available water would presumably be
lees expensive than water obtained from
a more distant source. Thus in the
preclosure hydrology guideline the DOE
aesumes that water can be made
availeble and regards ready availability
as favorable condition.

One commenter suggested the
addition of a potentially adverse
condition pertaining to a gechydrologic
system that would not allow predictive
modeling before construction. The
rationale for thie suggestion is related to
the potential for edverse effects on the
hydrologic system caused by
construction activities. The difficulty of
modeling is addressed in the postclosure
geohydrology guideline es e potentially
adverse condition. end the DOE believes
it would be redundant to include
similer statement in the preclosure
guideline.

In consideration of the NRC's request.
in preliminary concurrence condition 7.
for additional disqualifying conditions
that address the factors specified in
Section of the Act, the DOE
agreed to develop a disqualifier for the
final preclosure guideline on hydrology.
This condition, § 960.5-2-10(d). is
concerned with the need to use

engineering measures that are beyond
reasonably available technology for
exploratory-shaft-construction or for
repository construction, operation, or
closure.

Section Tectonics. The
objective of the preclosure guideline on
tectonics is to ensure that the selected
site is in a geologic setting in which any
projected effects of expected tectonic
phenomena or igneous ectivity will be
such that the requirements of system
guideline § can be met.

Five commenters complained that no

disqualifying conditions were proposed
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for the preclosure tectonics guideline.
Some recommended that the Opposite ot
the qualifying condition should be used,
while others recommended that some of
the potentially adverse conditions be
changed to disqualifying ones. The DOE
believed that the existence of a
potentially adverse condition does not
mean that the site is disqualified. The
existence of any such condition would
require an understanding of the
condition to ensure that repositorydesign and operation could adequatelysccommodate its effects. Using the
converse of the qualifying conditions
adds nothing to the guidelines since all
acceptable sites must meet the
requirements of the qualifying
conditions. The guideline was therefore
not changed to reflect these
recommendations.

Two commenters felt that the
historical record of earthquakes should
be bused solely on instrument
recordings. This approach would
severely limit the amount of historical
data that could be considered because
seismic recording equipment has been
available for a relatively short period of
time (20th century). In developing a
historical record for seismicity, it is
important to look as far back into the
tecorded past as can be done for a
particular area of the country. While the
DOE agrees that seismic-instrument
recording should be included in the
historical record, other historical
records must also be used. For this
reason the suggestion was not accepted.

One commenter recommended that
“man-induced seismicity.” a particulartectonic phenomenon, be added to thequalifying condition. The DOE believes
that this particular aspect of tectonics is
no more important than the other
aspects and should not be called out
separately. No change was made.

In response to the NRC'spreliminaryconcurrence condition 7, the DOE
reevaluated the preclosure guideline on
tectonics and added e disqualifyingcundition. This condition is concerned
with the need to use engineering
measures beyond reasonably availabletechnology to ensure that tectonic
ground motion will not adversely affect
exploratory-shaft construction or
repository construction, operation, or
closure. As shown in Appendix to the
siting guidelines, this disqualifyingcondition can be used early in thesitingprocess (i.e., in the identification of
potentially acceptable sites).
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VI. Compliance With the National
Environmental Policy Act (NEPA)

The issuance of these guidelines is a

preliminary decision making activity
pursuant to Section 112(e) of the Nuclear
Waste Policy Act of 1982 and therefore
does not require the preparation of an
environmental impact statement
pursuant to Section 102(2)(C) of NEPA or
any other environmental review under
Section 102(2} (E) or (F) of NEPA.
VIL. Regulatory Flexibility Analysis

The DOE certifies that these
guidelines will not have a significant
economic impact on a substantial
number of small entities, since theymerely articulate the proposed
considerations for the Secretary of
Energy's recommendations to the
President of proposed sites for
repositories. Accordingly. no regulatoryflexibility analysis is required under the
Regulatory Flexibility Act (5 U.S.C. 601
et seq.}.
VII. Paperwork Reduction Analysis

This rule contains no new or amended
recordkeeping, reporting, or application
requirement, or any other type of
information collection requirement
subject to the Paperwork Reduction Act
(Pub. L. 96-511).
1X. Executive Order No. 12291

These final guidelines were reviewed
under Executive Order 12291 (48 FR
13193). The DOE has concluded that the
guidelines are not a “major rule" under
the Executive Order, because they will
not result in (1) en annual effect on the
economy of $100 million or more: (2) a
major increase in costs or prices for
consumers, individual industries, and
Federal, State, or local government
agencies, or geographic regions; or (3)significant adverse effects on

competition, employment. investment,
productivity, innovation. or the ability of
United States-based enterprises to
compete with foreign-based enterprises
in domestic or export markets. Pursuant
to Section 3(c)(3) of the Executive Order,
the final guidelines were submitted to
the Director of the Office of
Management and Budget for a 10-day
review. The Director has concluded his
review and had no comments.

List of Subjects in 10 CFR Part 960

Environmental protection, Geologic
repositories, Nuclear energy, Nuclear
materials, Radiation protection. Waste
disposal.
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(The Atomic Energy Act of 1954. as amended
(42 U.S.C. 2011 ef seq.); Energy
Reorganization Act of 1974 (42 U.S.C. $801 ef

seq.): Department of Energy Organization Act
of 1977 (42 U.S.C. 7101 ef seq.); Nuclear
Waste Policy Act of 1062 (Pub. L. 97-425, 96
Stet.

For the reasons set out in the
preamble, Chapter II] of Title 10 of the
Code of Federal Regulations is amended
as follows:

lesued at Washington. D.C., November 30,
1064.
Deneld Paul Hodel,
Secretary ofEnergy.

Part 060 is added to 10 CFR Chapter
lll to read as follows:

PART 960—GENERAL GUIDELINES
FOR THE RECOMMENDATION OF
SITES FOR NUCLEAR WASTE
REPOSITORIES
Subpart A—General Provisions

Sec.
960.1 Applicability.
960.2 Definitions.

Subpart B—implementation Guidelines
960.3 Implementation guidelines.
960.3-1 Siting provisions.
960.9-1-1 Diversity of geohydrologic

settings.
960.3-1-2 Diversity of rock types.
960.3-1-3 Regionality.
960.3-1-4 Evidence of siting decisions.
960.3-1-4-1 Site identification ae potentially

acceptable.
Site nomination for

characterizetion.
Site recommendation for

cheracterization.
Site recommendation for

repository development.
Basis for site evalustions.

960.3-2 Siting process.
960.3-2-1 Site screening for potentially

_ acceptable sites.
960.3-2-2 Nomination of sites os suitable for

characterization.
960.3-2-2-1 Evaluation of all potentially

eccepteble sites.
960.3-2-2-2 Selection of eites within

geohydrologic settings.
960.3-2-2-3 Comparative evaluation of ell

sites proposed for nominetion.
960.3-2-2-4 The environmental assessment.
960.3-2-2-§ Formal site nominstion.
960.3-2-3 Recommendation of sites for

characterization.
960.3-2-4 Recommendation of sites for the

development of repositories.
960.3-3 Consultation.

Environmental impacte.
SubpartC—-Postciosureguidelines

980.4 Postclosure guidelines.
960.4-1 System guideline.

Technicat guidelines.
Geohydrology.
Geochemistry.

960.4-2-3 Rock characteristics.
960.4-2-4 Climatic changes.
960.4-2-§ Erxosion.

Sec.
960.4-2-6 Dissolution.
960.4-2-7 Tectonics.
900.4-2-6 Human interference.
960.4~2-8-1 Natural resources.

Site ownership and control.

Subpert 0-—Preciosure Guidelines
960.8 Preclosure guidelines.

System guidelines.
Technical guidelines.

960.6-2-1 Population density and
distribution.

Site ownership and control.
960.8-2-9 Meteorology.
960.8-2-4 Offsite installations and

operations.
Environment,Socioeconomics,and
Teansportation

Environmental quality.
960.8-2-6 Socioeconomic impecis.
960.5-2-7 Transportation.
Ease and Cost of Siting, Construction,
Operation end Closure
960.5-2-6 Surface characteristics.
960.5-2-9 Rock characteristics.

Hydrology.
960.8-2-11 Tectonics.
Appendix I—NRC end EPA Requirements for

Postclosure Repository Performance
Appendix II—NRC and EPA Requirements

for Preclosure Repository Performance
Appendix ill—Application of the System end

Technical Guidelines During the Siting
Process

Appendix 1V—Types of Information for the
Nomination of Sites as Suitable for
Charagierization

Authority: The Atomic Energy Act of 1954,
as amended (42 U.S.C. 2011 ef seg.)}; Energy
Reorgenization Act of 1074 (42 U.S.C. et seq.)
Department of Energy Orgenizetion Act of
1977 (42 U.S.C. 7101 et seg.); Nuclear Waste

ond Act of 1962 (Pub. L. 97-425, 96 Stat.
2201).

Subpart A~General Provisions

Applicability.
These guidelines were developed in

accordance with the requirements of
Section 112(a) of the Nuclear Waste
Policy Act of 1962 for use by the
Secretary of Energy in evaluating the
suitability of sites for the development
of repositories. The guidelines will be
used for suitability evaluations and
determinatiéne made pursuant to
Section 112(b) and any preliminary
suitebility determinations required b
Section 114(f). The guidelines set forth in
this Part are intended to complement the
requirements set forth in the Act, 10 CFR
Part 60, and 40 CFR Part 191. The DOE
recognizes NRC jurisdiction for the
resolution of differences between the
guidelines and 10 CFR Part 60. The
guidelines have received the
concurrence of the NRC. The DOE
contemplates revising the guidelines
from time to time, as permitted by the
Act, to take into account revisions made
to the above regulations and to

otherwise update the guidelines as

necessary. The DOE will submit the
revisions to the NRC and obtain its
concurrence before issuance.

$960.2 Definitions.
As used in this part:
“Accessible environment" means the

atmosphere, the land surface. surface
water, oceans, and the portion of the
lithosphere that is outside the controlled
area.

“Act” means the Nuclear Waste
Policy Act of 1982.

“Active fault" means a fault along
which there is recurrent movement,
which is usually indicated by small,
periodic displacements or seismic
activity.

“Affected area” means either the area

of socioeconomic impact or the area of
environmentel impact, each of which
will vary in size among potential
repository sites.

“Affected Indian tribe” means any
Indian tribe (1) within whose
reservation boundaries a repository for
redioactive waste is proposed to be
located or (2) whose federally defined
possessory or usage rights to other lands
outside the reservation'’s boundaries
arising out of congressionally ratified
treaties may be substantially and
adversely affected by the locating of
such e facility: Provided That the
Secretary of the Interior finds, upon the
petition of the appropriate governmental
officials of the tribe, that such effects
are both substantial and adverse to the
tribe.

“Affected State” means any State that
(1) has been notified by the DOE in
accordance with Section 116{a) of the
Act as containing a potentially
acceptable site; (2) contains e candidate
site for site characterization or

repository development; or (3) contains
@ site selected for repository
development.

“Application” means the act of
making @ finding of compliance or

noncompliance with the qualifying or

disqualifying conditions specified in the
guidelines of Subparts C and in
accordance with the types of findings
specified in Appendix Ill.

“Aquifer” means e formation, a group
of formations. or a part of a formation
that contains sufficient saturated
permesble materiel to yield significant
quantities of water to wells and springs.

“Barrier” means any material or

structure that prevents or substantially
delays the movement of water or

radionuclides.
“Candidate site” means an area,

within geohydrologic setting, that is
recommended by the Secretary of
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Energy under Section 112 of the Act for
site characterization, approved by the
President under Section 112 of the Act
for characterization, or undergoing site
characterization under Section 113 of
the Act.

“Closure” means final backfilling of
the remaining open operational areas of
the underground facility and boreholes
after the termination of waste
emplacement, culminating in the sealing
of shafts.

“Confining unit” means a body of
impermeable or distinctly less
permeable material stratigraphically
adjacent to one or more aquifers.

“Containment” means the
confinement of radioactive waste within
a designated boundary.

“Controlled area” means a surface
location. to be marked by suitable
monuments. extending horizontally no
more than 10 kilometers in any direction
from the outer boundary of the
underground facility, and the underlying
subsurface, which area has been
committed to use as @ geologic
repository and from which incompatible
activities would be prohibited before
and after permanent closure.

“Cumulative releases of
radionuclides” means the total number
of curies of radionuclides entering the
accessible environment in any 10,000-
year period, normalized on the basis of
radiotoxicity in accordance with 40 CFR
Part 191. The peak cumulative release of
radionuclides refers to the 10,000-year
period during which any such release
attains its maximum predicted value.

“Decommissioning” means the
permanent removal from service of
surface facilities and components
neceessary for preclosure operations
only, after repository closure, in
accordance with regulatory
requirements and environmental
policies.

“Determination” means a decision by
the Secretary thata site is suitable for
site characterization for the selection of
a repository site or that a site is suitable
for the development of a repository,
consistent with applications of the
guidelines of Subparts C and D in
accordance with the provisions set forth
in Subpart B.

“Disposal” means the emplacement in
a repository of high-level radioactive
waste, spent nuclear fuel, or other highly
tadioactive material with no foreseeable
intent of recovery, whether or not such
emplacement permits the recovery of
such waste, and the isolation of such
waste from the accessible environment.

“Disqualifying condition” means a

condition that, if present at a site, would
eliminate that site from further
consideration.

“Disturbed zone" means that portion
of the controlled area, excluding shafts,
whose physical or chemical properties
ate predicted to change as a result of
underground facility construction or
heat generated by the emplaced
radioactive waste such that the
resultant change ofproperties could
have a significant effect on the
preformance of the geologic repository.

“DOE” means the U.S. Department of
Energy or its duly authorized
representatives.

“Effective porosity” means the
amount of interconnected pore space
and fracture openings available for the
transmission of fluids, expressed as the
ratio of the volume of interconnected
pores and openings to the volume of
rock.

“Engineered-barrier system” means
the manmade components of 8 disposal
system designed to prevent the release
of radionuclides from the underground
facility or into the geohydrologic setting.
Such term includes the radioactive-
waste form, radioactive-waste canisters,
materials placed over and around such
canisters, any other components of the
waste package, end barriérs used to seal
penetrations in and into the
underground facility.

“Environmental assessment” means
the document required by Section
112(b)(1)(E) of the Nuclear Waste Policy
Act of 1982.

“Environmental impact statement”
means the document required by Section
102(2)(C) of the National Environmental
Policy Act of 1969. Sections 114(a) and
114(f) of the Nuclear Waste Policy Act
of 1962 include certain limitations on the
National Environmental Policy Act
requirements as they apply to the
preparation of an environmental impact
statement for the development of «

répository at a characterized site.
“EPA" means the U.S. Environmental

Protection Agency or its duly authorized
representatives.

“Evaluation” means the act of
carefully examining the characteristics
of a site in relation to the requirements
of the qualifying or disqualifying
conditions specified in the guidelines of
Subparts C and D. Evaluation includes
the consideration of favorable and
potentially adverse conditions.

“Excepted” means assumed to be
probable or certain on the basis of
existing evidence and in the ebsence of
significant evidence to the contrary.

“Expected repository performance’
means the manner in which the
tepository is predicted to function,
consideration those conditions.
processes, and events that are likely to
prevail or may occur during the time
period of interest.

“Facility” means any structure,
system, of system component, including
engineered barriers, created by the DOF
to meet repository-performance or
functional objectives.

“Fault means a fracture or a zone of
fractures along which there has been
displacement of the side relative to one

another parallel to the fracture or zone

of fractures.
“Faulting” means the process of

fracturing and displacement that
produces a fault.

“Favorable condition” means a

condition thet, though not necessary to
qualify a site, is presumed, if present, to
enhance confidence that the qualifying
condition of particular guideline can

be met.
“Finding” means a conclusion that is

reached efter evaluation.
“Geohydrologic setting” means the

system of geohydrologic units that is
located within a given geologic setting.

“Geohydrologic system” means the
geohydrologic units within a geologic
setting, including any recharge,
discharge, interconnections between
unite, and any natural or man-induced
processes or events that could affect
ground-water flow within or among
those unite.

“Geohydrologic unit” means en

aquifer, confining unit, or e

combination of aquifers and confining
units comprising a framework for a

reasonably distinct geohydrologic
system.

“Geologic repository” means

system, requiring licensing by the NRC,
that is intended to be used, or may be
used, for the disposal of radioactive
waste in excavated geologic media. A
geologic repository includes (1) the
geologic-repository operations area and
(2) the portion of the geologic setting
that provides isolation of the radioactiv
waste and is located within the
controlled ares.

“Geologic-repository operations area

means @ radioactive-waste facility that
is part of the geologic repository,
including both surface and subsurface
areas and facilities where waste-
handling activities are conducted.

“Geologic setting” means the geolog:
hydrologic, and geochemical systems o
the region in which a geologic-repositor
operations area is or may be located.

“Geomorphic processes” means

geologic processes that are responsible
ior the general configuration of the

Earth's surface, including the
development of present landforms and
their relationships to underlying
structures, arid are responsible for the
geologic changes recorded by thes:
surface features.
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“Ground water" means all subsurface

water as distinct from surfece water.
“Ground-water flux” means the rate

of ground-water flow per unit area of
porous or fractured media measured
perpendicular to the direction of flow.

“Ground-water sources” means
aquifers that have been or could be
economically and technologically
developed ss sources of water in the
foreseeable future.

“Ground-water travel time” means the
time required for unit volume of

round water to travel between two
locations. The travel time fe the length of

the flow path divided by the velocity,
where velocity te the average ground-
water flux passing the crose-
sectional area of the ge medium
through which flow occurs,
perpendiculer to the flow direction,
divided by the effective porosity elong
the flow path.Ifdiscrete segmente of the
flow path have different hydrologic
properties, the total travel ime will be
the sum of the travel times for each
discrete

“Guideline” means a statement of

policy orproaetwahiviey,include,
when eppropriate, qu
disqualifying, favorable. or potentially
adverse conditions as specified in the
“guidelines.”

“Guidelines” means Part 960 of Title
10 of the Code of Federal Regulatione—
General Guidelines for the
Recommendation of Sites for Nucleer
Waste Repositories.

“High-level radioactive waste” means
(1) ance radioectivematerialres mthe reprocessing of spent
nuclear fuel, including liquid waste
produced directly in reprocessing and
any solid material derived from such
liquid waste that conteins fission
products in sufficient concentrations
and (2) other highly radioactive material
that the NRC, consistent with existing
law, determines by rule requires
permanent ieolation,

“Highly populated area” means any
incoporated place (recognized by the
decennial reports of the U.S. Bureau of
the Census} of 2,500 or more persone, or
any census designated place (as defined
and delineated by the Bureau) of 2,500
or more persons, it can be
demonstrated that eny such place has a
lower population density than the mean
value for the continental United States.
Counties or county equivalents, whether
incorporated or not, are specifically
excluded form the definition of “place”
as used herein.

“Host rock” means the geologic
mediym in which the waste is emplaced,
specifically the geologic materials that
directly encompass and are in close
proximity to the underground facility.

“Hydraulic conductivity” means the
volume of water that will move through

medium in a unit of time under a unit
hydraulic gradient through a unit area
measured perpendicular to the direction
of flow.

“Hydraulic gradient” means a change
in the static pressure of ground water,
expressed in terme of the height of water
above e datum, per unit of distance in a

given direction.
“Hydrologic process” means any

hydrologic phenomenon that exhibits
continuous change in time, whether slow
or rapid.“Hydrologicproperties” means those
properties of a that govern the
entrance of water and the capacity to
hold, transmit, end deliver water, such
ae porosity, effective porosity, specific
retention, permeability, and the
directions of maximum and minimum
permeebilities.

us activity” means the
emplacement (intrusion) of molten rock
materiel (magma) into meterial in the
Earth's crust or the expulsion (extrusion)
of such materiel onto the Earth's surface
or into ite atmosphere or surfece water.

“Isolation” means inhibiting the
transport of radioactive material so that
the amounts and concentrations of this

materialentering the accessible
environmentwill be kept within
prescribed limite.

“Likely” meansprocessing or

displaying the qualities, characteristics,
or attributes that provide e reasonable
basis for confidence that what is
expected indeed exists or will occur.

re” means the solid part of
the Earth, including any ground water
contained within it

“Member of the public” means any
individual who is not engaged in
operations involving the management,
storage, and disposal of radioactive
waste. A worker so engaged is a
member of the public except when on

duty at the geologic-repository
operations area.

“Mitigation” means (1) avoiding the
impact altogether by not taking certain
ection or parts of an action; (2)
minimizing impacts by limiting the
degree or magnitude of the ection and
its implementation; (3) rectifying the
impact by repairing, rehabilitating, or

restoring the affected environment; (4)
reducing or eliminating the impect over
time by preservation and maintenance
operations during the life of the ection;
or (5) compensating for the impact by
replacing or providing substitute
resources or environments.

“Model” means a conceptual
description and the associated
mathematical representation of a
system, subsystem, component, or

condition that is used to predict changes
from a baseline state as « function of
internal and/or external stimuli and as
function of time end space.

“NRC” means the U.S. Nuclear
Regulatory Commission or ite duly
authorized representatives.

“Perched ground water” means
unconfined ground water separated
from en underlying body of ground
water by an unsaturated zone. Its water
table ie a perched water table. Perched

ground water is beld up by perching
whoee permeability is so low that

water percolating downwerd through it
is not able to bring water in the
underlying unsaturated zone sbove
atmospheric pressure.

“Performance assessment” means eny
analysis that predicts the behavior of a

system or syatem component under
gives set of constant and/or transient
conditions. Performance sesessments
will include estimates of the effects of
uncertainties in data and modeling.

“Permanent closure” is synonymous
with “closure.”

“Postclosure” means the period of
time efter the closure of the geologic
repository.

“Potentially acceptable site” means

any site at which, after geologic studies
and field mapping but before detailed
geologic date gathering. the DOE
undertakes preliminary drilling and
geophysicel testing for the definition of
site location.

“Potentially adverse condition” means
a condition that is presumed to detract
from expected system performance, but
further evaluation, additional date, or
the identification of compensating or

mitigating fectore may indicate thet its
effect on the expected system
performance is acceptable.

“Preclosure” meane the period of time
before and during the closure of the
geologic repository.

“Pre-waste-emplacement” means
before the authorization of repository
onalntn bythe NRC:alifying condition” means
condition thet must be satisfied for a
site to be considered acceptable with
respect to a specific guideline.

“Quaternary Period” means the
second period of the Cenozoic Era,
following the Tertiary, beginning 2 to 3
million years ago and extending to the
present.

“Radioactive waste” or “waste”
meens high-level radioactive waste and
other radioactive materials, includi
spent nuclear fuel, that are received for

emplacement in geologic repository.
“Radioactive-waste facility” means a

facility eubject to the licensing and
related regulatory authority of the NRC
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pursuant to Sections 202(3) and 202(4) of
the Energy Reorganization Act of 1974
(68 Stat. 1244).

“Radionuchde retardation” means the
process or processes that cause the time
required for a given radionuclide to
move between two locations to be
greater than the ground-water travel
time, because of physical and chemical
interactions between the radionuclide
and the geohydrologic unit through
which the radionuclide travels.

“Reasonably available technology"
means technology which exists and has
been demonstrated or for which the
results of any requisite development,
demonstration, or confirmatory testing
efforts before application will be
available within the required time
period.

“Repository"is synonymous with
“geologic repository.”

“Repository closure” is synonymous
with “closure.”

“Repository construction” means all
excavation and mining activities
associated with the construction of
shafts, shaft stations, rooms, and
necessary openings in the underground
facility. preparatory to radioactive-
waste emplacement. as well as the
construction of necessary surface
facilities, but excluding site-
characterization activities.

“Repository operation" means all of
the functions at the site leading to and
involving radioactive-waste
emplacement in the underground
facility, including receiving,
transportation, handling, emplacement,
and. if necessary, retrieval.

“Repository support facilities" means
all permanent facilities constructed in
support of site-characterization
activities and repository construction,
operation, and closure activities,
including surface structures, utility lines,
roads, railroads, and similar facilities,
but excluding the underground facility.

“Restricted area” means any area
access to which is controlled by the
DOE for purposes of protecting
individuals from exposure to radiation
and radioactive materials before
repository closure, but not including any
areas used as residential quarters,
although a separate room or rooms in a
residential building may be set apart as
a restricted area.

“Retrieval means the act of
intentionally removing radioactive
waste before repository closure from the
underground location at which the
waste had been previously emplaced for
disposal.

“Saturated zone” means that part of
the Earth’s crust beneath the water table
in which all voids, large and small, ate

ideally filled with water under pressure
greater than atmospheric.

“Secretary” means the Secretary of
Energy.

“Site” means a potentially acceptable
site or a candidate site, as appropriate,
until such time as the controlled area
has been established, at which time the
site and the controlled area are the
same.

“Site characterization” means
activities, whether in the laboratory or
in the field, undertaken to establish the
geologic conditions and the ranges of
the parameters of a candidate site
relevant to the location of a repository.
including borings, surface excavations,
excavations of exploratory shafts,
limited subsurface lateral excavations
and borings, and in situ testing needed
to evaluate the suitability of a candidate
site for the location of a repository, but
not including preliminary borings and
geophysical testing needed to assess
whether site characterization should be
undertaken.

“Siting” means the collection of
exploration, testing, evaluation, and
decision-making activities associated
with the process of site screening, site
nomination. site recommendation, and
site approval for characterization or

repository development.
“Source term” means the kinds and

amounts of radionuclides that make up
the source of a potential release of
radioactivity.

“Spent nuclear fuel” means fuel that
has been withdrawn from a nuclear
reactor following irradiation, the
constituent elements of which have not
been separated by reprocessing.

“Surface facilities” means repository
support facilities within the restricted
area.

“Surface water” means any waters on
the surface of the Earth, including fresh
and salt water, ice, and snow.

“System” means the geologic setting
at the site, the waste package, and the
repository, all acting together to contain
and isolate the waste.

“System performance” means the
complete behavior of repository
system in response to the conditions,
processes, and events that may affect it.

“Tectonic” means of, or pertaining to,
the forces involved in, or the resulting
structures or features of, “tectonics.”

“Tectonics” means the branch of
geology dealing with the broad
architecture of the outer part of the
Earth, that is, the regional assembling of
structural or deformational features and
the study of their mutual relations,
origin, and historical evolution.

“To the extent practicable” means the
degree to which an intended course of
action is capable of being effected in a

manner that is reasonable and feasible
within a framework of constraints.

“Underground facility” means the
underground structure and the rock
required for support, including minec
openings and backfill materials, but
excluding shafts, boreholes, and their
seals.

“Unsaturated zone” means the zone
between the land surface and the water
table. Generally, water in this zone is
under less than atmospheric pressure,
and some of the voids may contain air
or other gases at atmospheric pressure.
Beneath flooded areas or in perched
water bodies, the water pressure locally
may be greater than almospheric.

“Waste form” means the radioactive
waste materials and any encapsulating
or stabilizing matrix.

“Waste package” means the waste
form and any containers, shielding.
packing, and other sorbent materials
immediately surrounding an individual
waste container.

“Water table” means that eurface in a

body of ground water at which the
water pressure is atmospheric.
Subpart 8—Iimplementation Guidelines

$960.3 implementation guidelines.
The guidelines of this Subpart

establish the procedure and basis for
applying the postclosure and the
preclosure guidelines of Subparts C and
D, respectively, to evaluations of the
suitability of sites for the development
of repositories. As may be appropriate
during the siting process, this procedure
requires consideration of a variety of
geohydrologic settings and rock types,
regionality, and environmental impacts
and consultation with affected States,
affected Indian tribes, and Federal
agencies.

Siting provisions.
The siting provisions establish the

framework for the implementation of the
siting process specified in § 960.3-2.
Sections 960.3-1~1 and 960.3-1-2 require
that consideration be given to sites
situated in different geohydrologic
settings and different types of host rock,
respectively. These diversity guidelines
are intended to balance the process of
site selection by requiring consideration
of a variety of geologic conditions and
media, and thereby enhance confidence
in the technical suitability of sites
selected for the development of
repositories. As required by the Act.

960.3-1-9 specifies consideration of a

regional distribution of repositories after
recommendation of a site for
development of the first repository.
Section describes the evidence
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that is required to support siting
decisions. Section 960.3-1-5 establishes
the basis for site evaluations against the
postclosure and the preclosure
guidelines of Subparts C and D during
the various phases of the siting process.

060.3-1-1 Diversity of geohydrologicsettings.
Consideration shall be given to a

variety of geohydrologic settings in
which sites for the development of
repositories may be located. To the
extent practicable, sites recommended
as candidate sites for characterizetion
shall be located in different
geohydrologic settings.
§ 960.3-1-2 Diversity of rock types.

Consideration shall be given to a
variety of geologic media in which sites
for the development of repositories maybe located. To the extent practicable,
and with due consideration of candidate
sites characterized previously or
spproved for such characterization if the
circumstances apply, sites
recommended as candidate sites for
characterization shall have different
types of host rock.

Reglonelity.
In making site recommendations for

repository development after the site for
the first repository has been
recommended, the Secretary shall give
due consideration to the need for. and
the advantages of, a regional
distribution in the siting of subsequentrepositories. Such consideration shall
take into account the proximity of sites
to locations at which waste is generated
of temporarily stored and at which other
repositories have been or are beingdeveloped.

Evidence for siting decisions.
The siting process involves

sequence of four decisions: The
identification of potentially eccepteble
sites; the nomination of sites as suitable
for characterization; the
tecommendation of sites as candidate
sites for site characterization; and after
the completion of site characterization
and nongeologic data gathering, the
recommendation of a candidate site for
the development of s repository. Each of
these decisions will be supported by the
evidence specified below.

Site identification es
potentially sccepteble.

The evidence for the identification of
a potentially acceptable site shell be the
types of information specified in
Appendix IV of this part. Such evidence
will be relatively general and less
detailed than the required for the
nomination of a site as suitable for

characterization. Because the gatheringof detailed geologic date will not take
place unGl after the recommendation of
a site for characterization, the levels of
information may be relatively greater for
the evaluation of those guidelines in
Subparte C and D that pertain to
surface-identifiable factors for such site.
The sources of information shall include
the literature in the public domain and
the private sector, when available, and
will be supplemented in some instances
by surface investigations and
conceptualengineering design studies
conducted by the DOE. Geologic surfaceinvestigationsmay include the mappingof identifiable masses, fracture and
joint characteristics, and fault zones.
Other surface investigations will
consider the aquatic and terrestrial
ecology; water rights and uses;
topography; potential offeite hazards:
netural resource concentrations;
national or State protected resources;
existing transportation systems;
meteorology and climatology;population densities, centers, end
distributions; and general
socioeconomic characteristics.
§ Sitenominationforcharacterization.

The evidence required to support the
nomination of a site as suitable for
characterization shall include the types
of information specifiedinAppendix IV
of this part and shall be contained or
teferenced in the environmental
assessments to be prepared in
accordance with the requirements of the
Act. The source of this information shall
include the literature and related studies
in the public domain and the private
sector, when available, and various
meteorological, environmental,
socioeconomic, end transportation
studies conducted by the DOE in the
effected area; exploratory boreholes in
the region of such site, includinglithologic logging and hydrologic and

poophysical testing of euch boreholes,
laboratory testing of core semples for

the evaluation of geochemical and
engineering rock properties, end
chemical analyses cf water samples
from euch boreholes; surface
investigations, including geologic
mapping end geophysical surveys. and
compilations of satellite imagery date; in
situor laboratory testing of similar rock
types under expected repository
conditions; evaluations of natura! and
man-made analogs of the repository and
ite subsystems, such as geothermally
active areas, underground excevations,
and caee histories of socioeconomic
cycles in areas thet have experienced
intermittent large-scale construction and
industrial activities; and extrapolations

of regional date to estimate site-specific
characteristics and conditions. The
exact types and amounts of information
to be collected within the above
categories, including such details as the
specific types of hydrologic tests,
combinations of geophysical tests, or
number of exploratory boreholes, are
dependent on the site-specific needs for
the application of the guidelines of
Subparts C and D. in accordance with
the provisions of thie Subpart and the
applicetion requirements set forth in
Appendix Ill of this part. The evidence
shall also include those technical
eveluetions that use the information
specified above and that provide
additional bases for evaluating the
ability of a site to meet the qualifying
conditions of the guidelines of Subperts
C and D. In developing the above-
mentioned bases for evaluation, as may
be necessary, assumptions that
approximate the characteristice or
conditions considered to exiet at a site.
ot expected to exist or occur in the
future, may be used. These assumptions
will be realistic but conservative enough
to underestimate the potential for a site
to meet the qualifying condition of
guideline; that is, the use of such
assumptions should not lead to an

exaggeration of the ability of site to
meet the qualifying condition.

§ Site recommendation for
characterization.

The evidence required to support the
recommendation of a site as a candidate
site for characterization shall consist of
the evaluations and date contained or
referenced in the environmental
assessment for such site, untess the
Secretary certifies that such information,
in the absence of additional preliminaryborings orexcavations. will not be
adequate to satisfy applicable
requirements of the Act.

§ Site recommendation for
repositery.development.

The evidence required to support the
tecommendation of a candidate site for
the development of a repository, after
the completion of characterization
activities at such site, shall consist of
the information specified in Section
114(a) of the Act for the comprehensive
statement of the basis for such
recommendation and Section 114(f) of
the Act for the environmental impact
statement. This evidence shall be
obteined by the characterization of such
site, according to the requirements
specified in Section 113(b) of the Act
end in 10 CFR 60.11, and by nongeologic
date gathering.
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$960.3-1-5 Basis for site evatuations.
Evaluations of individual sites and

comparisons between and among sites
shall be based on the postclosure and
preclosure guidelines specified in
Subparts C and D, respectively. Except
for screening for potentially acceptable
sites as specified in § 960.3-2-1, such
evaluations shall place primary
significence on the postclosure
guidelines and secondary significance
on the preclosure guidelines, with each
set of guidelines considered collectively
for such purposes. Both the postclosure
and the preclosure guidelines consist of
a system guideline or guidelines and
corresponding groups of technical
guidelines. The postclosure guidelines of
Subpart C contain eight technical
guidelines in one group. The preclosure
guidelines of Subpart D contain eleven
technical guidelines separated into three
groups that represent, in decreasing
order of importance, preclosure
radiological safety; environment,
socioeconomics, and transportation; and
ease and cost of siting, construction,
operation, end closure. The relative
significance of any technical guideline to
its corresponding system guideline ie
site specific. Therefore, for each
technical guideline, an evaluation of
compliance with the qualifying
condition shall be made in the context
of the collection of system elements and
the evidence related to that guideline,
considering on balance the favorable
conditions end the potentially adverse
conditions identified at a site. Similarly,
for each system guideline. such
evaluation shall be made in the context
of the group of technical guidelines and
the evidence related to that system
guideline. For purposes of
tecommending sites for development as

respositories, such evidence shall
include analyses of expected respository
performance to assess the likelihood of
demonstrating compliance with 40 CFR
Part 191 and 10 CFR Part 60, in
accordance with § A site shall
be disqualified at any time during the
siting process if the evidence supports a

finding by the DOE that disqualifying
condition exists or the qualifying
condition of any system or technical
guideline cannot be met. Comparisons
between and among sites shall be based
on the systerrguidelines, to the extent
practicable and in accordance with the
levele of relative significance specified
above for the postclosure and the
preclosure guidelines. Such comparisons
are intended to allow comparative
evaluations of sites in terms of the
capabitities of the natural barriers for
waste isolation and to identify innate
deficiencies that could jeopardize

compliance with such requirements. If
the evidence for the sites is not
adequate to substantiate such
comperisons, then the comparisons shall
be based on the groups of technical
guidelines under the postclosure and the
preclosure guidelines, considering the
levels of relative significance
appropriate to the postclosure and the
preclosure guidelines and the order of
importance appropriate to the
subordinate groups within the
preclosure guidelines. Comparative site
evaluations shall place primary
importance on the natural barriers of the
site. In such evaluations for the
postclosure guidelines of Subpart C,
engineered barriers shall be considered
only to the extent necessary to obtain
realistic source terms for comparative
site evaluations based on the sensitivity
of the natural barriers to such realistic
engineered barriers. For better
understanding of the potential effects of
engineered barriers on the overall
performance of the repository system,
these comparative evaluations shall
consider a range of levels in the
performance of the engineered barriers.
That range of performance levels shall
vary by at least a factor of 10 above and
below the engineered-barrier
performance requirements set forth in 10
CFR 60.113, and the range considered
shall be identical for all sites compared.
The comparisons shall assume

equivalent engineered-barrier
performance for all sites compared and

shall’be structured so that engineered
barriers ere not relied upon to
compensate for deficiencies inthe
geologic media. Furthermore, engineered
barriers shall not be used to compensate
for an inadequate site; mask the innate
deficiencies of a site; disguise the
strengths and weaknesses of a site and
the overall system; and mask differences
between sites when they are compared.
Site comparisons performed to support
the recommendation of sites for the
development of repositories in § 960.3-

shall evaluate predicted releases of
radionuclides to the accessible
environment. For the purposes of such
comparison, the accessible environment
shall consist of the atmosphere, the land
surface, any nearby surface water, and
those portions of the lithosphere that are
situated more than 10 kilometers in a
horizontal direction from the outer
boundary of the original location of the
waste emplacement in the geologic
repository. Releases of different
radionuclides shall be combined by the
methods specified in Appendix A of 40
CFR Part 191. The comparisons specified
above shall consist of two comparative
evaluations that predict radionuclide

releases for 100,000 years after
repository closure and shall be
conducted as follows. First. the sites
shall be compared by means of
evaluations that emphasize the
performance of the natural barriers at
the site. Second, the sites shall be
compered by means of evaluations that
emphasize the performance of the total
repository system. These second
evaluations shall consider the expected
performence of the repository system;
be based on the expected performance
of waste packages and waste forms, in
compliance with the requirements of 10
CFR 60.113, and on the expected
hydrologic and geochemical conditions
at each site; and take credit for the
expected performance of all other
engineered components of the repository
system. The comparison of isolation
capability shall be one of the significant
considerations in the recommendation
of sites for the development of
repositories. The first of the two
comparative evaluations specified in the
preceding paragraph shall take
precedence unless the second
comparative evaluation would lead to
substantially different
recommendations. In the latter case, the
two comparative evaluations shall
receive comparable consideration. Sites
with predicted isolation capabilities that
differ by less than a factor of 10, with
similar uncertainties, may be assumed
to provide equivalent isolation.

Siting process.
The siting process begins with site

screening for the identification of
potentially acceptable eites. This
process wae completed for purposes of
the first repository before the enactment
of the Act, and the identification of such
sites was made after enactment in
accordance with the provisions of
section 116(a) of the Act. The screening
process for the identification of
potentially acceptable sites for the
second and subsequent repositories
shall be conducted in accordance with
the requirements specified in § 960.3-2-1
of this Subpart. The nomination of any
site as suitable for characterization shall
follow the process specified in § 960.9-
2-2, and such nomination shall be
accompanied by en environmental
assessment as epecified in section
112(b)(1)(E) of the Act. The
recommendation of sites as candidate
sites for characterization and the
tecommendation of a characterized site
for the development of a repository shall!
be accomplished in accordance with the
requirements specified in §$960.3-2-3
and 960.3-2-4, respectively.
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960.3-2-1 Site ecreening for potentialty

acceptable sites.

To identify potentially acceptable
sites for the development of other than
the first repository, the process shall
Legin with site-screening activities that
consider large land masses that contain
rock formations of suitable depth,
thickness, and lateral extent and have
steuctural, hydrologic, and tectonic
features favorable for waste
containment and isolation. Within those
large land masses, subsequent site-
screening ectivities shall focus on

successively smaller and increasingly
more suitable land units. This process
shall be developed in consultation with
the Stetes that contain land units under
consideration. It shall be implemented in
8 sequence of steps that first applies the
applicable disqualifying conditions to
eliminate land units on the basis of the
evidence specified in § and
in accordance with the application
requirements set forth in Appendix III of
this Part. After the disqualifying
conditions have been applied, the
favorable and potentially adverse
conditions, as identified for each
remaining land unit, shall be evaluated.
The presence of favorable conditions
shall favor a given land unit, while the
presence of potentially adverse
conditions shall penalize that land unit.
Recognizing that favorable conditions
and potentially adverse conditions for
different technical guidelines can exist
in the same land unit, the DOE shall
seek to evaluate the composite
favorability of each land unit. Land units
that, in the aggregrate, exhibit
potentially adverse conditions shall be
deferred in favor of land units that’
exhibit favorable conditions. The siting
provisions that require diversity of
geohydrologic settings and rock types
and consideration of regionality, as

specified in $§ 960.3-1-1, 960.3-1-2, and
960.3-1-3, respectively, may be used to
discriminate between land units and to
establish the range of options in site
acreening. To identify a site as

potentially acceptable, the evidence
shall support a finding that the site is
not disqualified in accordance with the
application requirements set forth in
Appendix Il of thie Part and shall
support the decision by the DOE to
proceed the continued investigation of
the site on the basis of the favorable and
potentially adverse conditions identified
to date. In continuation of the screening
process after such identification and
before site nomination, the DOE may
defer from further consideration land
units or potentially acceptable sites or

portions thereof on the basis of
additional information or by the

application of the siting provisions for
diversity of geohydrologic settings,
diversity of rock types, and regionality
(§§ and
respectively). The deferral of potentially
acceptable sites will be described in the
environmental assessments that
accompany the nomination of at least
five sites as suitable for
characterization. In order to identify
potentially acceptable sites for the
second and subsequent repositories, the
Secretary shall firs¢ identify the State
within which the site is located in a
decision-basis document that describes
the process and the considerations that
led to the identification of such site end
that has been issued previously in draft
for review and comment by such State.
Second, when euch document is final,
the Secretary shall notify the Governor
and the legislsture of that State and the
tribal council of eny affected Indian
tribe of the potentially acceptable site.

§ 960.9-2-2 Nomination of sites as
sulteble for characterization.

From the sites identified as potentially
acceptable, the Secretary shall nominate
at leaot five sites determined suitable
for site characterization for the selection
of each repository site. For the second
repository, at least three of the sites
shall not have been nominated
previously. Any site nominated as
suitable for characterization for the firet
repository, but not recommended as a
candidate site for characterization, mey
not be nominated as suitable for
characterization for the second
repository. The nomination of a site as
suitable for characterization shall be
accompanied by an environmental
assessment ae specified in section
112(b)(1)(E) of the Act. Such nomination
shall be based on evaluations in
accordance with the guidelines of this
Part, and the bases and relevant details
of those evaluations and of the decision
processes involved therein shall be
contained in the environmental
assessment for the site in the manner

specified in this Subpart. The evidence
required to support such evaluations
and siting decisions is specified in
§ 960.3-1-4-2.

§ Evaluation of el potentially
acceptable sites.

First, in considering sites for
nomination, each of the potentially
acceptable sites shall be evaluated on
the basis of the disqualifying conditions
specified in the technical guidelines of
Subparte C and D, in accordance with
the application requirements set forth in
Appendix Ul of this part. This
evaluation shall support finding by the
DOE that such sites is not disqualified.

—

060.9-2-2-2 Selection of sites within
geohydrologic settings.

Second, the siting provision requiring
diversity of geohydrologic settings, as

specified in § 060.3-1-1, shall be applied
to group all potentially acceptable sites
according to their geohydrologic
settings. Third, for those geohydrologic
settings that contain more than one

potentiallyacceptable site, the preferred
site shallbe selected on the basis of a

comparative evaluation of all potentially
acceptable sites in that setting. This
evaluation shall consider the
distinguishing characteristics displayed
by the potentially acceptable sites
within the setting and the related
guidelines from Subparts C and D. That
is, the appropriate guidelines shall be
selected primarily on the basis of the
kinds of evidence among sites for which
distinguishing characteristics can be
identified. Such comparative evaluation
shall be made on the basis of the
qualifying conditions for those
uidelines, considering. on balance, the
lavorable conditions and potentially

adverse conditions identified at each
site. Due consideration shall also be
given to the siting provisions specifying
the basis for site evaluations in § 960.3—
1-5, to the extent practicable, and
diversity of rock types in § 960.3-1-2, if
the circumstances so apply. If less than
five geohydrologic settings are available
for consideration, the above process
shall be used to select two or more

preferred sites from those settings that
contain more than one potentially
acceptable site, as required to obtain the
number of sites to be nominated as
suitable for characterization. For
purposes of the second and subsequent
repositories, due consideration shall
also be given to the siting provision for
regionality as specified in § 960.3-1-3.
Fourth, each preferred site within a

geohydrologic setting shall be evaluated
as to whether such site is suitable for
the development of a repository under
the qualifying condition of each
guideline specified in Subparts C and D
that does not require site
characterization ae a prerequisite for the
application of such guideline. The
guidelines considered appropriate to this
evaluation have been selected on the
basis of their exclusion under the
definition of site characterization as

specified in § 960.2. Although the final
epplication of these guidelines, in
eccordance with the provisions set forth
in Appendix II of this Part, does not
require geologic date from site-
characterization activities, such
application will require additional data
beyond those specified in Appendix IV
of this part, which will be cbtained
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concurrently with site characterization.
Such guidelines include those specified
in § 960.4-2-8-2 (Site Ownership and
Control) of Subpart C; §§ 960.5-1(a)(1)
and 960.5-1(a}(2) of Subpart D
(preclosute system guidelines for
radiological safety and environmental
quality, socioeconomics, and
transportation); and §§ 960.5-2-1
through 960.5-2-7 of Subpart D
(Population Density and Distribution,
Site Ownership and Control,
Meteorology, Offsite installations and
Operations, Environmental Quality,
Socioeconomic Impacts, and
Transportation). This evaluation shall
consider on balance those favorable
conditions and potentially adverse
conditions identified as such ate
preferred site in relation to the
qualifying condition of each such
guideline. For each such guideline, this
evaluation shall focus on the suitability
of the site for the development of a

tepository by considering the activities
from the start of site characterization
through decommissioning and shall
support a finding by the DOE in
accordance with the application
requirements set forth in Appendix HI of
this part. Fifth, each preferred site
within a geohydrologic setting shall be
evaluated as to whether such site is
suitable for site characterization under
the qualifying conditions of those
guidelines specified in Subparts C and D
that require characterization (i.e.,
subsurface geologic, hydrologic, and
geochemical data gathering). Such
guidelines include those specified in
§ (postclosure system
guideline): §§ 960.4-2-1 through 960.4-2-
8-1 of Subpart C (Geohydrology.
Geochemistry, Rock Characteristics,
Climatic Changes, Erosion, Dissolution,
Tectonice, Human Interference, and
Natural Resources); §960.5-1(a)(3)
(preclosure system guideline for ease
and cost of siting, construction,
operation, and closure); and §
through 960.5-2~11 of Subpart D (Surface
Characteristics, Rock Characteristics,
Hydrology, and Tectonics). This
evaluation shall consider on balance the
favorable conditions and potentially
adverse conditions identified as such at
a preferred site in relation to the
qualifying condition of each such
guideline. For each such guideline, thie
evaluation shall focus on the suitability
of the site for characterization and shall
support a finding by the DOE in
accordance with the application
requirements set forth in Appendix III of
this part.

OCR

§ 960.3-2-2-3 Comparative evaluation of
all sites proposed for nomination.

Sixjh, for those potentially acceptable
sites to be proposed for nomination. es
determined by the process specified in
§ 960.3-2-2-2, a reasonable comparative
evaluation of each such site with all
other such sites shall be made. For each
site and for each guideline specified in
Subparts C and D, the DOE shall
summarize the evaluations and findings
specified under § 960.3-2-2-1 and under
the fourth and fifth provisions of
§ Each such summary shall
allow comparisons to be made among
sites on this basis of each guideline.

960.3-2-2-4 The environmental
assessment.

To document the process specified
above, and in compliance with section
112(b)(1)(E) of the Act, an environmental
assessment shall be prepared for each
site proposed for nomination as suitable
for characterization. Each such
environmental assessment shall
describe the decision process by which
such site was proposed for nomination
as described in the preceding six steps
and shall contain or reference the
evidence that supports such process
according to the requirements of
$ 960.3-1~4-2 and Appendix IV of this
part. As specified in the Act, each
environmental assessment shall include
an evaluation of the effects of the site-
characterization activities at the site on

public health and safety and the
environment; a discussion of alternative
activities related to site characterization
that may be taken to avoid such impact;
and an assessment of the regional and
local impacts of locating a repository at
the site. The draft environmental
assessment for each site proposed for
nomination as suitable for
characterization shall be made available
by the DOE for public comment after the
Secretary has notified the Governor and
legislature of the State in which the site
is located, and the governing body of the
affected Indian tribe where such site is
located, of such impending availability.
$ 960.3-2-2-5 Formal eite nomination.

After the final environmental
assessments have been prepared, the
Secretary shall nominate at least five
sites that he determines suitable for site
characterization for the selection of
repository site, and, in so doing, he shall
cause to have published in the Federal
Register e notice specifying the sites s0
aominated and announcing the
availability of the final environmental
assessments for such sites. This
determination by the Secretary shall be
based on the final environmental

assessments for such sites. including, in
particular. consideration of the available
evidence, evaluations, and the resultant
findings for the guidelines of Subparts C
and D so specified under the fourth and
fifth provisions of § 960.3-2-2-2. Before
nominating a site, the Secretary shall
notify the Governor and legislature of
the State in which the site is located,
and the governing body of the affected
Indian tribe where such site is located.
of such nomination and the basis for
such nomination.

060.3-2-3 Recommendation of sites for
characterization.

After the nomination of at least five
sites as suitable for site characterization
for the selection of the first repository.
the Secretary shall recommend in
writing to the President not léss than
three candidate sites for such
characterization. The recommendation
decision shall be based on the available
geophysical, geologic, geochemical, and
hydrologic data; other information;
associated evaluations and findings
reported in the environmental
assessments accompanying the
nominations; and the considerations
specified below, unless the Secretary
certifies that such available data will
not be adequate to satisfy applicable
requirements of the Act in the absence
of further preliminary borings or
excavations. On the basis of the
evidence and in accordance with the
siting provision specifying thebasis for
site evaluations in § 960.3-1-5. the sites
nominated as suitable for
characterization shall be considered as

to their order of preference as candidate
sites for characterization. Subsequently.
the siting provisions specifying diversity
of geohydrologic settings. diversity of
tock types, and, after the first
repository, consideration of regionality
in $§ 960.3-1-1, 960.3-1-2, and 960.3-1-3,
respectively, shall be considered to
determine a final order of preference for
the characterization of such sites.
Considering this order of preference
together with the available eiting
alternatives epecified in the Act, the
sites recommended as candidate sites
for characterization shal! offer, on

balance, the most advantageous
combination of characteristics and
conditions for the successful
development of repositories at such
sites. The process for the
recommendation of sites as candidate
sites for characterization for the
selection of any subsequent repository
shall be the same as that specified
above for the firat repository.
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§ 960.3-2-4 Recommendation of sites for
the development of repositories.

After completion of site
characterization and nongeologic data
gathering activities at the candidate
sites for the development of the first
repository, or from all of the
characterized sites for the development
of subsequent repositories, the
candidate sites shall be compared with
each other on the basis of the guidelines
specified in Subparts C and D according
to the siting provision specifying the
basis for site evaluations in § 960.3-1-5
This compuris:n shall lead toe
recommendation by the Secretary to the
President of a site for the development
of a repository. Together with any
recommendation to the President to
approve a site for the development of a

repository, the Secretary shall make
available to the public, and eubmit to
the President, a comprehensive
statement of the basis of such
recommendation pursuant to the
requirements specified in section

of the Act, including an
environmental impact statement
prepared in accordance with the
provisions of sections 114(a)(1)(D) and
114(f) of the Act. The environmental
impact statement shall include the
results of the comparative evaluation
specified above and a description of the
decision process that resulted in the
selection of the candidate site
recommended for the development of
such repository.

Consultation.
The DOE shall provide to designated

officials of the affected States and to the
governing bodies of any affected Indian
tribe timely and complete information
regarding determinations or plans made
with respect to the siting. site
characterization, design, development,
construction, operation, closure,
decommissioning. licensing. or

tegulation of @ repository. Written
responses to written requests for
information from the designated officials
of affected States or affected Indian
tribes will be provided within 30 days
after receipt of the written requests. In
performing any study of an area for the
purpose of determining the suitability of
such area for the development of a
repository, the DOE shall consult and
cooperate with the Governor and the
legislature of an affected State and the
governing body of an affected Indian
tribe in an effort to resolve concerns

regarding public health and safety,
environmental impacts, socioeconomic
impacts, and technical aspects of the
siting process. After notifying affected
States and affected Indian tribes that
potentially acceptable sites have been

identified, or that a site has been
approved for characterization, the DOE
shall seek to enter into binding written
agreements with such affected States or
affected Indian tribes in accordance
with the requirements of the Act. The
DOE shall also consult, as appropriate,
with other Federal agencies.

Environmental impacts.
Environmental impacts shall be

considered by the DOE throughout the
site characterization, site selection, and
repository development process. The
DOE shall mitigate significant edverse
environmental impacts, to the extent
practicable, during site characterization
andrepository construction, operation,
closure, and decommissioning.
Subpart C—Postclosure Guidelines

$960.4 Postcloeure guidelines.
The guidelines in this Subpart specify

the factors to be considered in
evaluating and comparing sites on the
basis of expected repository
performance after closure. The
postclosure guidelines are separated
into a system guideline and eight
technical guidelines. The system
guideline establishes waste containment
and isolation requirements that are
based on NRC end EPA regulations.
These requirements must be met by the
repository system, which contains
natural barriers and engineered barriers.
The engineered barriers will be designed
to complement the natural barriers,
which provide the primary means for
waste isolation.

$960.4-1 System guideline.
(a) Qualifying Condition. The geologic

setting at the eite shall allow for the
physical separation of radioactive waste
from the accessible environment after .

closure in accordance with the

requirements of 40 CFR Part 191,
Subpart B, as implemented by the
provisions of 10 CFR Part 60. The
geologic setting at the site will allow for
the use of engineered barriers to ensure

compliance with the requirements of 40
CFR Part 191 and 10 CFR Part 60 (see
Appendix I of this Part).
$960.4-2 Technical guidelines.

The technical guidelines in this
Subpart set forth qualifying, favorable,
potentially adverse, and, in five
guidelines, disqualifying conditions on
the characteristics, processes, and
evente that may influence the
performance of a repository system after
closure. The favorable conditions and
the potentially adverse conditions under
each guideline ere not listed in any
assumed order of importance.

Potentially adverse conditions will be
considered if they affect waste isolation
within the controlled area even though
such conditions may occur outside the
controlled area. The technical guidelines
that follow establish conditions that
shall be considered in determining
compliance with the qualifying
condition of the postclosure system
guideline. For each technical guideline,
an evaluation of qualification or

disqualification shall be made in
accordance with the requirements
specified in Subpart B.

§ 960.4-2-1 Geohydrology.
(a) Qualifying Condition. The present

and expected gechydrologic setting of a
site shall be compatible with waste
containment and isolation. The
geohydrologic setting. considering the
characteristics of and the processes
operating within the geologic setting,
shell permit compliance with (1) the
requirements specified in § 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 Conditions. (1) Site
conditions such that the pre-waste-
emplacement ground-water travel time
slong any path of likely radionuclide
travel from the disturbed zone to the
accessible environment would be more

than 10,000 years.
(2) The nature and rates of hydrologic

processes operating within the geologic
setting during the Quaternary Period
would, if continued into the future, not
affect or would favorably affect the
ability of the geologic repository to
isolate the waste during the next 100,000
yeare.

(3) Sites that have stratigraphic,
structural, and hydrologic features such
that the geohydrologic system can be
readily characterized and modeled with
reasonable certainty.

(4) For disposal in the saturated zone.

at least one of the following pre-waste-
emplacement conditions exists:

(i) A host rock and immediately
surrounding geohydrologic units with
low hydraulic conductivities.

(ii) A downward or predominantly
horizontal-hydraulic gradient in the host
rock and in the immediately surrounding
geohydrologic units.

A low hydraulic gradient in and
between the host rock and the
immediately surrounding geohydrologic
units.

(iv) High effective porosity together
with low hydraulic conductivity in rock
units along paths of likely radionuclide
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travel between the host rock and the
accessible environment

(5) For disposal in the unsaturated
zone, at least one of the following pre-
waste-emplacement conditions existe:

(i) A low and nearly constant degree
of saturation in the host rock and in the
immediately surrounding geohydrologic
units.

(ii) 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.

(iii) A geohydrologic unit above the
host rock that would divert the
downward infiltration of water beyond
the limits of 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 of the average annual
potential evapotranspiration.

Note.—The DOE will. in accordance with
the general principles set forth in § 960.1 of
these regulations. revise the guidelines ee
necessary, to ensure consistency with the
final NRC reguletions on the unsaturated
zone, which were published ua proposed
tule on February 16, 1984. in 49 FR

(c) Potentially Adverse Conditions. (1)Expected changes in geohydrologic
conditions—such as changes in the
hydraulic gradient, the hydreulic
conductivity, the effective porosity. and
the ground-water flux through the host
rock and the surrounding geohydrologic
unite—sufficient to significantly
increase the transport of radionuclides
to the accessible environment as
compared with pre-waste-emplacement
conditions.

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

(3) The presence in the geologic
setting of etratigrephic or structural
featuree—such as dikes. sills, faults,
shear zones. folds, dissolution effects, or
brine pockete—if their presence could
significantly contribute to the difficulty
of characterizing or modeling the
geohydrologic system.

(d) Disqualifying Condition. A site
shall be disqualified if the pre-waste-
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 of likely end significant
tedionuclide travel.

960.4-2-2 Geochemistry.
(a) Qualifying Condition. The present

and expected geochemical
characteristics of a site shell be

OCR

compatible with waste containment and
isolation. Considering the likely
chemical interactions among
radionuclides, the host rock. and the
ground water. the characteristics of and
the processes operating within the
geologic setting shall permit compliance
with (1) the requirements specified in
§ 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 Conditions. {1) The
nature end rates of the geochemical
processes operating within the geologic
setting during the Quaternary Period
would, if continued into the future, not.
affect or would favorably affect the
ability of the geologic repository to
isolate the waste during the next 100.000
years.

(2) Geochemical conditions thet
promote the precipitation, diffusion intu
the rock matrix, or sorption of
radionuclides; inhibit the formation of
particulates, colloids, inorganic
complexes, or organic complexes that
increase the mobility of radionuclides:
or inhibit the transport of radionuclides
by particulates, colloids, or complexes.

(3) Mineral assemblages that, when
subjected 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 of expected
geochemical conditions and e
volumetric flow rete of water in the host
rock that would allow less than 0.001
percent per year of the totel
radionuclide inventory in the repository
at 1,000 years to be dissolved.

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

(c) Potentially Adverse Conditions. (1}
Ground-water conditions in the host
rock that could affect the solubility or
the chemical reactivity of the
engineered-barrier system to the extent
that the expected repository
performance could be compromised.

(2) Geochemical processes or
conditions that could reduce the
sorption of radionuclides or degrade the
rock strength.

(3) Pre-waste-emplacement ground-
water conditions in the host rock thet
are chemically oxidizing.

Rock characteristics.
(a) Qualifving condition. The present

and eapected characteristics of the host
rock und surrounding units shall be
capsble of 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 of and the processes
operating within the geologic setting
shall permit compliance with (1) the
requirements specified in § 960.4~1 for
radionuclide releases to the accessible
environment and (2) the requirements
set forth in 10 CFR 60.113 for
tadionuclide releases from the
engineered-barrier system using
teasonably available technology.

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

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

(c) Potentially Adverse Conditions. (1)
Rock conditions that could require
engineering measures beyond
reasonably available technology for the
construction, operation, and closure of
the repository, if such measures are

necessary to ensure waste containmen|
or isolation.

(2) Potential for such phenumene as

thermally induced fractures, the
hydration or dehydration of mineral
components, brine migration. or other
physical. chemical, or radiation-related
phenomena thet could be expected to
affect waste containment or isolation.

(3) A combination of geologic
structure, geochemical and thermal
properties. and hydrologic conditions in
the host rock end surrounding units such
that the heat generated by the waste
could significently decrease the
isolation provided by the host rock ae
compared with pre-waste-emplacement
conditions.

§ 960.4-2-4 Cimatic changes.
(a) Qualifying Condition. The site

shall be located where future climatic
conditions will not be likely to lead to
radionuclide releaces greater than those
allowable under the requiremente
specified in § 960.4-1. In predicting the
likely future climatic conditions et @ site.
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the DOE will consider the global,
tegional, and site climatic patterns
during the Quaternary Period.
considering the geomorphic evidence of
the climatic conditions in the geologic
setting.

(b) Fovorable Conditions. (1) A
surface-water system such that expected
climatic cycles over the next 100,000
years would not adversely affect waste
isolation.

(2) A geologic setting in which
climatic changes have had little effect
on the hydrologic system throughout the
Quaternary Period.

(c) Potentially Adverse Conditions. (1)
Evidence that the water table could rise
sufficiently over the next 10,000 years to
saturate the underground facility in a

Previously unsaturated host rock.
(2) Evidence that climatic changes

over the next 10,000 yeare could cause
perturbations in the hydraulic gradient,
the hydraulic conductivity, the effective
porosity, or the ground-water Nux
through the host rock and the
surrounding geohydrologic units,
sufficient to significantly increase the
transport of radionuclides to the
accessible environment.

§ 960.4-2-5 Erosion.
(a) Qualifying Condition. The site

shall allow the underground facility to
be placed at a depth auch that erosional
processes acting upon the surface 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 of
potentially disruptive erosional
processes, the DOE will consider the
climatic, tectonic, and geomorphic
evidence of rates and patterns of
erosion in the geologic setting during the
Quaternary Period.

(b) Favorable Conditions. (1) Site
conditions that permit the emplacement
of waste at a depth of at least 300
meters below the directly overlying
ground surface.

(2)Aseologic setting where the nature
and rates of the erosional processes that
have been operating during the
Quaternary Period are predicted to have
lese than one chance in 10,000 over the
Next 10,000 yeare of leading to releases
of radionuclides to the accessible
environment.

(3) Site conditions euch that waste
exhumation would not be expected to
occur during the first one million yeare
after repository closure.

(c) Potentially Adverse Conditions. (1)
A geologic setting that shows evidence
of extreme erosion during the
Quaternary Period.

(2) A geologic setting where the nature
and rates of geomorphic processes that

OCR

have been operating during the
Quaternary Period could, during the first
10,000 years after closure, adversely
affect the ability of the geologic
tepository to isolate the waste.

(d) Disqualifying Condition. The site
shall be disqualified if site conditions do
not allow all portions of the
underground facility to be situated at
east 200 meters below the directly
overlying ground surface.

$ 960.4-2-6 Dissolution.
(a) Qualifying Condition. The site

shall be located such that any
subsurface rock dissolution 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 of dissolution
within the geologic setting at a site, the
DOE will consider the evidence of
dissolution within that setting during the
Quaternary Period, including the
locations and characteristics of
dissolution fronts or other dissolution
features, if identified.

(bv) Favorable Condition. No evidence
that the host rock within the site was

subject to significant dissolution during
the Quaternary Period.

(c) Potentially Adverse Condition.
Evidence of dissolution within the
geologic eetting—such as breccia pipes,
dissolution cavities, significant
volumetric redugtion of the host rock or

surrounding strata, or any structural
collapse—such that a hydraulic
interconnection leading to a loss of
waste isolation could occur.

(d) Disqualifying Condition. The site
shall be disqualified if it is likely that,
during the first 10,000 yeare after
closure, active dissolution, es predicted
on the basis of the geologic record,
would result in a loss of waete isolation.

Tectonics.
(a) Qualifying Condition. The site

shall 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 of potentially disruptive
tectonic processes or events, the DOE
will consider the structural,
stratigraphic, geophysical, and seismic
evidence for the nature and rates of
tectonic processes and events in the

geologic setting during the Quaternary
riod.

(b) Favorable Condition. The nature
and rates of igneous activity and
tectonic processes (such as uplift,
subsidence, faulting, or folding). if any.
operating within the geologic setting
during the Quatemary Period would, if

continued into the future. have less than
one chance in 10.000 over the firet 10,000
years after closure of leading to releases
of radionuclides to the accessible
environment.

(c) Potentially Adverse Conditrons. (1}
Evidence of active folding. faulting.
diapiriem, uplift, subsidence. or other
tectonic processes or igneous activity
within the geologic setting during the
Quaternary Period.

(2) Historical earthquakes within the
geologic setting of such magnitude and
intensity that, if they recurred. could
affect waste containment or isolation.

(2) Indications, based on correlations
of earthquakes with tectonic processes
and features, that either the frequency of
occurrence or the magnitude of
earthquakes within the geologic setting
may increase.

(4) More-frequent occurrences of
earthquakes or earthquakes of higher
magnitude than are representative of the
region in which the geologic setting is
located.

(5) Potential for natural phenomena
such as landslides, subsidence, or

volcanic activity of such magnitudes
that they could create large-scale
surface-water impoundments that could
change the regional ground-water Now
system.

(6) Potential for tectonic
deformations—such as uplift,
subsidence, folding. or faulting—that
could adversely affect the regional
ground-water flow system.

(d) Disqualifying Condition. A site
shall be disqualified if. based on the
geologic record during the QuaternaryPeriod, the nature and rates of feult
movement or other ground motion are

expected to be such that e loss of waste
isolation is likely to occur.

Human interference.
The site shall be located such that

activities by future generations at or
near the site will not be likely to affect
waste containment and isolation. In
assessing the likelihood of such
activities, the DOE will consider the
estimated effectiveness of the
permanent markers and records
required by 10 CFR Part 60, taking into
account site-specific factors. as stated in
$§ 960.4-2-8-1 and that
could compromise their continued
effectiveness.

960.4-2-8-4 Natural resource.

(a) Qualifying Condition. This site
shall be located such that—considering
permanent markers and records and
reasonable projections of value.
scarcity, and technology—the natural
resources, including ground water
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suitable for crop irrigation or human
consumption without treatment, present
at or near the site will not be likely to
give rise to interference activities that
would lead to radionuclide releases
greater than those allowable undér the
requirements specified in § 960.4-1.

(b) Favorable Conditions. (1)No
known natural resources that have or
are projected to have in the foreseeable
future a value great enough to be
considered a commercially extractable
resource.

(2) Ground water with 10,000 parts per
million or more of total dissolved solids
along any path of likely radionuclide
travel from the host rock to the
accessible environment.

(c) Potentiolly Adverse Conditions. (1)
indications that the site contains
naturally occurring materials, whether
or not actually identified in such form
that (i) economic extraction is
potentially feasible during the
foreseeable future or (ii) such materials
have a greater gross value, net value, or
commercial potential than the average
for other areas of similar size that are
representative of, and located in, the
geologic setting.

(2) Evidence of subsurface mining or
extraction for resources within the site if
it could affect waste containment or
isolation.

(3) Evidence of dritling within the site
for any purpose other then repository-
site evaluation to a depth sufficient to»
affect waste containment and isolation.

(4) Evidence of a significant
concentration of any naturally occurring
material that is not widely available
from other sources.

(5) Potential for foreseeable human
activitiee—euch as gfound-water
withdrawal, extensive irrigation,
subsurface injection of fluids,
underground pumped storage. military
activities, or the construction of large-
scale surfece-water impoundmente—
that could adversely change portions of
the ground-water flow system important
to waste isolation.

Disquatifying Conditions. A site
shalt be disqualified if—

(1) Previous exploration. mining, or
extraction activities for resources of
commercial importance at the site have
created significant pathways between
the projected underground facility and
the accessible environment: or

(2) Ongoing or likely future activities
to recover presently valuable natural
mineral resources outside the controlled
erea would be expected to lead to an
inadvertent lose of waste isolation.

960.4-2-8-2 Site ownership end control.
(a) Qualifying Condition. The site

shall be located on land for which the

DOE can obtain, in accordance with the
requirements of 10 CFR Part 60,
ownership. surface and subsurface
rights, and control of access that are
required in order that potential surface
and subsurface activities as the site will
not be likely to lead to radionuclide
releases greater than those allowable
under the requirements specified in
$ 960.4-1.

(b) Favorable Condition. Present
ownership,and control of land and all

surface and subsurface rights by the
DO

(c) Potentially Adverse Condition.
Projected land-ownership conflicts that
cénnot be successfully resolved throughvoluntary purchase-sell agreements,
nondisputed agency-to-agency transfers
of title. or Federal condemnation
proceedings.
Subpert O—Preciosure Guidelines

Preciceure guidelines.
The guidelines in this Subpart specify

the factors to be considered in
evaluating and comparing sites on the
basis of expected repository
performance before closure. The
preclosure guidelines are separated into
three system guidelines and eleven
technical guidelines.

System guidelines.
(a) Qualifying Conditions—{1)

Preclosure Radiological Safety. Any
projected radiological exposures of the
general public and any projected
releases of radioactive materials to
restricted and unrestricted areas during
repository operation and closure shall
meet the applicable safety requirements
set forth in 10 CFR Pert 20, 10 CFR Pert
60, and 40 CFR 191, Subpart A (see
Appendix Ii of this part).

(2} Environment, Sociceconomics, and
Transportation. Duringrepository siting.
construction, operation, closure, and
decommissioning the public and the
environment shell be adequately
protected from the hazards posed by the
disposal of radioactive waste.

(3) Bese and Cost ofSiting,
Construction, Operation, and Closure.
Repository siting. construction,
operation, and closure shall be
demonstrated to be technically feasible
on the basis of reasonably available
technology, and the associated costs
shall be demonstrated to be reasonable
relative to other available and
comparable siting options.

Technical guidelines.
The technicel guidelines in this

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

evente that influence the suitability of a
site relative to the preclosure system
guidelines. These conditions are

separated into three main groups:
Preclosure radiological safety:
environment, socioeconomics, end
transportation; and ease and cost of
siting, construction, operation. and
closure. The first group includes
conditions on population density end
distribution, site ownership and control.
meteorology, and offsite installations
and operations. The second group
includes conditions related to
environmental quality and
socioeconomic impacts in wreas

potentially affected by a repositury and
to the transportation of waste to a

repository site. The third group includes
conditions on the surface characteristics
of the site, the characteristics of the host
tock and surrounding strata, hydrotogy.
and tectonics. The individual technical
guidelines within each group, as well as
the favorable conditions and the
potentially edveree conditions under
each guideline, are not listed in any
assumed order of importance. The
technical guidelines that follow
establish conditions that shall be
considered in determining compliance
with the qualifying conditions of the
preclosure system guidelines. For each
technical guideline, an evaluation of
qualification or disqualification shall be
mede in accordance with the
tequirements specified in Subpart B.

Preclosure Radiological Safety
§ Population Density and
Distribution.

Qualifying Condition. The site
shall be located such that, during
repository operation and closure, (1) the
expected average radiation dose to
members of the public within any highly
populeted area will not be likely to
exceed a emall fraction of the limits
allowable under the requirements
specified in § and (2) the
expected radiation dose to any member
of the public in an unrestricted area will
not be likely to exceed the limit
allowable under the requirements
epecified in §

(b) Fovorable Conditions. (1) A low
population density in the general region
of the site.

(2) Remoteness of site from highly
populated areas.

(c) Potentially Adverse Conditions. (1)
High residential, seasonal, or daytime
population density within the projected
site boundaries.

(2) Proximity of the site to highly
populated areas, or to areas having at
least 1,000 individuals in an area 1 mile
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by 1 mile as defined by the most recent
decennial count of the U.S. census.

(d) Disqualifying Conditions. A site
shall be disqualified if—

(1) Any surface facility of a repository
would be located in a highly populated
area; or

(2) Any surface facility of a repository
would be located adjacent to an area 1
mile by 1 mile having a population of not
less than 1.000 individuals as
enumerated by the most recent U.S.
census; of

(3) The DOE could not develop an

emergency preparedness program which
meets the requirements specified in DOE
Order 5500.3 (Reactor and Non-Reactor
Facility Emergency Planning.
Preparedness, and Response Program
for Department of Energy Operations)
and related guides or, when issued by
the NRC, in 10 CFR Part 60, Subpart I,
“Emergency Planning Criteria.”

§ 960.6-2-2 Site Ownership and Control.

(a) Qualifying Condition. The site
shall be located on land for which the
DOE can obtain, in accordance with the
requirements of 10 CFR 60.121,
ownership. surface and subsurface
rights, end control of access that are

required in order that surface and
subsurface activities during repository
operation and closure will not be likely
to lead to radionuclide releases to an
unrestricted area greater than those
allowable under the requirements
specified in § 960.8-1(a)(1).

(b) Fovorable Condition. Present
ownership and control of land and all
surface and subsurface mineral and
water rights by the DOE.

(c) Potentially Adverse Condition.
Projected land-ownership conflicts that
cannot be euccessfully resolved through
voluntary purchase-sell agreements,
nondisputed agency-to-agency transfers
of title, or Federal condemnation
proceedings.

Meteorology.
(a) Qualifying Condition. The site

shall be located such that expected
meteorological conditions during
repository operation and closure will not
be likely to lead to radionuclide releases
to an unrestricted area greater than
those allowable under the requirements
specified in § 960.5-1(a)(1).

(b) Favorable Condition. Prevailing
meteorological conditions such that any
radioactive releases to the atmosphere
during repository operation and closure
would be effectively dispersed, thereby
reducing significantly the likelihood of
unacceptable exposure to any member
of the public in the vicinity of the
repository.

(c) Potentially Adverse Conditions. (1)
Prevailing meteorological conditions
such that radioactive emissions from
repository operation of closure could be
preferentially transported toward
localities in the vicinity of the repository
with higher population densities than
are the average for the region.

(2) History of extreme weather
phenomena—such as hurricanes.
tornadoes, severe floods, or severe and
frequent winter storms—that could
significantly affect repository operation
or closure.

§ 960.5-2-4 Offsite installations and
operations.

(a) Qualifying Condition. The site
shall be located such that present
projected effects from nearby industrial,
transportation, and military installations
and operations, including atomic energy
defense activities, (1) will not
significantly affect repository siting.
construction, operation, closure, or

decommissioning or can be
accommodated by engineering measures
and (2), when considered together with
emissions from repository operation and
closure, will not be likely to lead to
radionuclide releases to an unrestricted
area greater than those allowable under

the omen specified in § 960.5-
1(a)(1).

(b) Favorable Condition. Absence of
contributing radioactive releases from
other nuclear installations and
operations that must be considered
under the requirements of 40 CFR 191,
Subpart A.

(c) Potentially Adverse Conditions. (1)
The presence of nearby potentially
hazardous installations or operations
that could adversely affect repository
operation or closure.

(2) Presence of other nuclear
installations and operations, subject to
the requirements of 40 CFR Part 190 or
40 CFR 191, Subpart A, with actual or

projected releases near the maximum
value permissible under those
standards.

(d) Disqualifying Condition. A site
shall be diequalified if atomic energy
defense activities in proximity to the site
are expected to conflict irreconcilably
with repository siting, construction,
operation, closure, or decommissioning.
Environment, Socioeconomice, and
Traneportation
§ 960.8-2-5 Environmental quailty.

(a)Qualifying Condition. The site
shall be located such that (1) the quality
of the environment in the affected area

during this and future generations will
be adequately protected during
repository siting, construction,
operation. closure, and

decommissioning, 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
§ 960.5-1(8)(2) can be met.

(b) Fovorable Conditions. (1)
Projected ability to meet, within time
constraints, all Federal, State, and local
procedural and substantive
environmental requirements applicable
to the site and the activities proposed to
take place thereon.

(2) Potential significant adverse
environmental impacts to present anc
future generations can be mitigated to
an insignificant level through the
application of reasonable measures,

taking into account programmatic,
technical, social, economic, and
environmental factors.

(c) Potentially Adverse Conditions. (1)
Projected major conflict with applicable
Federal, State. or local environmental
requirements.

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

(3) Proximity to, or projected
significant adverse environmental
impacts of the repository or its support
facilities on, a component of the
National Park System, the National
Wildlife Refuge System, the National
Wild and Scenic Rivere System, the
National] Wilderness Preservation
System. or National Forest Land.

(4) Proximity to. and projected
significant adverse environmental
impacts of the repository or its support
facilities on, a significant State or

regional protected resource area, such
us a State park, a wildlife ares, or a

historical area.

(5) Proximity to, and projected
significant adverse environmental
impacts of the repository and its support
facilities on, a significant Native
American resource, such as a major
indian religious site, or other sites of
unique cultural interest.

(6) Presence of critical habitats for
threatened or endangered species that
may be compromised by the repository
or ite support facilities.

(d) Disqualifying Conditions. Any of
the following conditions shall disqualify
a site:

(1) During repository siting.
construction, operation, closure, or

decommissioning the quality of the
environment inthe affected area could
not be adequately protected or projected
environmental impacts in the affected
area could not be mitigated to an

acceptable degree, taking into accoun:
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programmatic, technical, social,
economic, and environmental factors.

(2) Any part of the restricted area or

repository support facilities would be
located within the boundaties of a

component of the National Park System,
the National Wildlife Refuge System, the
National Wilderness Preservation
System, or the National Wild and Scenic
Rivers System.

(3) The presence of the restricted aree
or the repository support facilities would
conflict irreconcilably with the
previously designated resource-
preservation use of a component of the
National Park System, the National
Wildlife Refuge System, the National
Wilderness Preservation System, the
National Wild and Scenic Rivers
System, or National Forest Lands, or
any comparably significant State
protected resource that was dedicated
to resource preservation at the time of
the enactment of the Act.

§ Socioeconomic impacts.
(a) Quolifying 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 of analysis, planning, and
consultation among the DOE, affected
State end local government
jurisdictions, and affected Indian tribes:
and (2) the requirements specified in
$ 960.5-1(a)(2) can be met.

(b) Favorable Conditions. (1) Ability
of an affected area to absorb thé
project-releted population changes
without significant disruptions of
community services and without
significant impacte on housing supply
and demand.

(2) Availability of 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
of primary sectors of the economy of the
affected area.

(c) Potentially Adverse Conditions. (1)
Potential for significant repository-
related impecte on community services.
housing supply and demand, and the
finances of State and local government
agencies in the affected area.

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

(3) Need for repository-releted
purchase or acquisition of water righte,
if such rights could have significant

adverse impacts on the present or future
development of the affected area.

(4) Potentialéor major disruptions of
primary sectors of the economy of 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, of
water from major sources of offsite
supplies presently suitable for human
consumption or crop irrigation and such
impacts cannot be compensated for. or

mitigated by. reasonable measures.

§ 960.5-2-7 Trensportation.
(a) Qualifying Condition. The site

shall be located such that (1) the access
routes constructed from existing local
highways and railroade to the site (i)
will not conflict irreconcilably with the
previously designated use of any
resource listed in § 960.5-2-5(d) (2) and
(3): (ii) can be designed and constructed
using reasonebly available technology:
(iii) will not require transportation
system components to meet
performance standards more stringent
than those specified in the applicable
DOT and NRC regulations, nor require
the development of new packaging
containment technology: (iv) will allow
transportation operations to be
conducted without causing an

unacceptable risk to the public or

unacceptable environmental impacts,
taking into account programmatic,
technical, social, economic, and
environmental factors: and (2) the
requirements of § 960.5-1(a)(2) can be
met.

(b) Favorable Conditions. (1)
Availability of access routes from local
existing highways and railroads to the
site which have any of the following
churacteristics:

(i} 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) Cute, fille, tunnels, or bridges are
nol required.

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

(v) Such routes bypass local cities and
towne.

(2) Proximity to local highways and
railroads that provide accese 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

that provide access to the national
transportation system.

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

Total projected life-cycle cost and
risk for transportation of all wastes
designated for the repository site which
are significantly lower than those for
comparable siting options. considering
locations of present and potential
sources of waste, interim storage
facilities, and other repositories.

(6) Availability of regions! and local
carriers—truck, rail, and water—which
have the capability and are willing to
handle waste shipments to the
repository.

(7) Absence of legal impediment with
regard to compliance with Federal
regulations for the transportation of
waste in or through the affected State
and adjoining States.

(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 of
hazard to incoming waste shipments
will 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
ceuse 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 of Siting, Construction,
Operation, and Closure

§ 960.6-2-@ Surface characteristics.

(a) Qualifying Condition. The site
shall be located such thet, considering
the surface characteristics and
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conditions of the site and surrounding
area, including surface-waler systems
and the terrain. the requirements
specified in § 960.5-1(a)(3) can be met
during repository siting. construction,
“operation, and closure.

(b) Fovorable Conditions. (1}
Generally fat terrain.

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

Surface characteristics that could tead
to the flooding of surface or

underground facilities by the occupancy
and modification of flood plains, the
failure of existing or planned man-made
sutface-water impoundments, or the
failure of engineered components of the
repository.
$960.6-2-9 Rock cheracteristice.

(a) Qualifying Condition. The site
shall be located euch that (1) the
thickness and lateral extent and the
characteristics and composition of the
host rock will be suitable for
accommodation of the underground
facility; (2} repository construction,
operation, and closure will not cause
undue hazard to personnel; and (3) the
tequirements specified in § 900.5-1(a)(3)
can be met.

(b) Fovorable Conditions. (1) A host
rock that is sufficiently thick and
laterally extensive to allow significant
flexibility in selecting the depth,
configuration, and location of the
underground facility.

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

(c) Potentially Adverse Conglitions. (1)
A host rock that is suitable for
repository construction, operation, and
closure, but is so thin or laterally
restricted that little flexibility is
available for selecting the depth.
configuration, or location of an

underground facility.
(2) In situ characteristics and

conditions that could require
engineering measures beyond
reasonably available technology in the
construction of the shafts and
underground facility.

(3) Geomechanical properties that
could necessitate extensive
maintenance of the underground
upenings during repository operation
and closure.

(4) Potential for such phenomena as
thermally induced fracturing, the
hydration and dehydration of mineral
components, or other physical, chemical,
or radiation-related phenomena that
could lead to safety hazards or difficulty
in retrieval du ‘ng repository operation.

(5) Existing faults, shear zones,

pressurized brine pockets, dissolution
effects, or other stratigraphic or

structural features that could
compromise the safety of repository
personnel because of water inflow or

constructionproblems.(d) Disqualifying Condition. The site
shall be disqualified if the rock
characteristics are such that the
activities associated with repository
construction, operation, or closure are

predicted to cause significant risk to the
health and safety of personnel, taking
into account mitigating measures that
use reasonably available technology.

Hydrology.
(a) Qualifying Condition. The site

shall be located such that the
geohydrologicsetting of the site will (1)
be compatible with the activities
required for repository construction,
operation, and closure; (2) not
compromise the intended functions of
the shaft liners and seals; and (3) permit
the requirements specified in § 960.5-
1(a)(3) to be met.

(b) Favorable Conditions. (1) Absence
of aquifere between the host rock end
the land surface.

(2) Absence of surface-water systems
that could potentially cause flooding of
the repository. -

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

(c) Potentially Adverse Condition.
Ground-water conditions that could:
tequire complex engineering measures
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
will be required for exploratory-shaft
construction or for repository
construction, operation, or closure.

§ 960.5-2-11 Tectonics.
(a) Qualifying Conditions. The site

shall be located in a geologic setting in
which any projected effects of expected
tectonic phenomena or igneous activily
on repository construction, operation, or
closure will be such that the
requirements specified in § 960.5-1(a)(3)
can be met.

(b) Fovorable Condition.The nature
and rates of faulting, if any, within the
geologic setting are such that the
magnitude end intensity of the
associated seismicity are significantly
less than those generally allowable for
the construction and operation of
nuclear facilities.

(c) Potentially Adverse Conditions. (1)
Evidence of active faulting within the
geologic setting.

(2) Historical earthquakes or past
man-induced seismicity that, if either
were to recur, could producegroundmotion at the site in excess
ceasonable design limits.

(3) Evidence, based on correlations of
earthquakes with tectonic processes and
features, (e.g.. faults) within the geologic
setting, that the magnitude of
earthquakes at the site during repository
construction, operation, and closure may
be larger then predicted from historical
seismicity.

(d) Disqualifying Condition. A site
shall be disqualified if. based on the
expected nature end rates of fault
movement or other ground motion, it is
likely that engineering measures that are

beyond reasonably evailable technology
will be required for exploratory-shaft
construction or for reposito
construction, operation, or closure.

Appendix I--NRC and EPA
Requirements for Postclosure
Repository Performance

Under proposed 40 CFR Part 191. Subpart
B—Environmental Standards for Disposal,
§ 101.13, “Containment Requirements”,
specifies that for 10,000 years after disposal
(a) releases of radioactive materials to the
accessible environment that are estimated to
have more than one chance in 100 of

over a 10,000 year period
(“reasonably foreseeable releases") shall be
projected to be less than the quantities
permitted by Table 2 of thet reguletion’s
Appendix; and (b) for “very unlikely
réleases™ those estimated to have
between one chance in 100 and one chance in
10,000 of occurring over a 10,000 year period).
the limits specified in Table 2 would be
multiplied by 10. The basis for Table 2 is an
upper limit on long term riske of 1,000 health
effects over 10,000 yeers for a repository
conteining wastes generated from 100,000
metric tons of heavy metal of reactor fuel. Fo
teleases involving more than one
radionuclide, the allowed release for each
tadic®.uclide is reduced to the fraction of its
limit that insures that the overall limit on
harm is not exceeded. Additionally, to
provide confidence needed for compliance
with the containment requirements specified
above, § 191.14, “Assurance Requirements",
specifies the disposal of radioactive waste in
eccordence with seven requirements, releting
to prompt disposal of waste: selection and
design of disposal systeme to keep releases to
the accessible environment es small ae
teasonably achievable; engineered and
naturel barriers; nonreliance on active
institutional controls ‘after closure; passive
controls efter closure; naturel resource areas:
and design of disposal systems to allow
future recovery of wastes.

The guidelines will be revieed as necessary
after the adoption of final regulations by the
EPA.
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The implementation of 40 CFR Part 191.
Subpart B is required by 10 CFR 60.112. 10
CFR 00.113 esteblishes minimum conditions
to be met for engineered components and
ground-weter Now: epecifically: (1)
Containment of radioactive waste within the
waste packages will be substentiallycomplete for @ period to be determined by the
NRC taking into account the factors specified
in 10 CFR €0.113(b) provided that such period
shall be nol less than 300 years nor more then
1,000 yeare after permanent closure of the
geologic repository; (2) the release rate of any
redionuclide from the engineered barrier
system following the containment period
shall not exceed one part in 300,000 per year
of the inventory of thet radionuclide
calculeted to be present at 1.000 yearsfollowing permanent closure. or such other
fraction of the inventory as may be approved
or specified by the NRC, provided that this
requirement does not apply to any
radionuclide which io released at a rate less
than 0.1% of the calculated total release rate
limit. The calculeted tote! 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 undergroundfacility that remains after 1.000 years of
redioactive decey: and (3) the geologic
repository shall be loceted 90 that pre-waste-emplacement ground-water travel time along
the fastest path of likely radionuclide travel
from the disturbed zone to the accessible
environment shall be at least 1,000 years or
such other travel time as may be approved or
specified by the NRC.

The guidelines will be revised as necessary
to eneure consistency with 10 CFR Part 60.

Appendix and EPA
Requirements for Preclosure Repository
Performance

Under proposed 40 CFR Part 191, Subpert
A—Environmental Standards for
Monogement andStorage, Section 191.03.
“Standards for Norme) Operations”.
specifies: (1) That operations should be
conducted so as to reduce exposure to
membere-of the public to the extent
reasonably achieveble, teking into account
technical, social, and economic
considerations; and (2) that, except for
variances permitted for unusual operations
under Section 191.04 es an upper limit,
normal operations shell be conducted in such

manner es to provide reasonable assurance
that the combined annual dose equivalent to
any member of the public due to: (i)
operations covered by 40 CFR Pert 200, (ii)
plenned discharges of radioactive material to
the general environment from operations
covered by thie Subpart, and (iti) direct
radiation from these operations: shall not
exceed 25 millirems to the whole body. 75
millitems to the thyroid. or 25 millirems to
any other organ.

The guidelines will be revised necessary

ener the edoption of final regulations by the

The implementation of 40 CFR Part 391,
Subpart A and 10 CFR Part 20 ie required by
10 CFR 60.111. 10 CFR 60.111 aleo specifiesfequiremente for waste retrieval. if necessary.including considerations of design,backfilling. and echedule. 10 CFR Part 20

establishes (a) exposure limits for operatingpereonnel and (b) permissible concentrations
of radionuclides in uncontrolled areas for sir
and water. The letter are generally less
restrictive than 40 CFR 191, Subpart A, bul
may be limiting under certain conditione
if used ac a meximum for short durations
eather than annus! averages).

The guidelines will be revised as necessury
to ensure consistency with 10 CFR Part 60.

Appendix I1l—Applicetion of the
System and Technical Guidelines During
the Siting Process

1. This appendix presents teble that
specifies how the guidelines of Subparts C
andD are to be applied a1 the principal
decision pointsof the siting process. The
decision points, os referenced in the table.
are defined as follows:

“Potentially acceptable" means the
decision point at which site is identified as
potentially acceptable.

“Nomination and recommendetion” means
the decision point at which e site is
nominated as suitable for cheracterization or
recommended as candidate site for
characterization.

“Repository site selection” means the
decision point et which a site ts
recommended for the development of
repository.

2. The findings resulting from the
application of e disqualifying condition for
any perticuler guideline at a given decision
point are denoted in the table by the numeral
1 or 2. The numerals 1 and 2 signify the types
of findings that are required and ere defined
as follows:

“1" means either of the following:
(a) The evidence does not support a finding

thet the site is disqualified.
or

(b) The evidence supports a finding that the
site is disqualified.
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“2° means efther of the following:
The evidence supports a finding thet the

site is not disqualified on the basis of that
‘evidence and is not likely to be disqualified.

or

(b) The evidence supports a finding that the
site is disqualified or is likely to be
disqualified.

3. The findings resulting from the
application of qualifying condition for eny
particular guideline at a given decision point
are denoted in the teble by the numeral 3 or
4. The numerals 9 ard ¢ signify the types of
findings thet are required and are defined as
follows:

meaneeitherof the following:
The evidence does not support a finding

that the site is not likely to meet the
qualifying condition.

or

(b) The evidence supporte a finding that the
site is not likely to meet the qualifying
condition, and thereforethe,site is
disquelified.

“4” meane either of the following:
(a) The evidence supports finding that the

site meets the qualifying condition and is
likely to continue to meet the qualifying
condition.

or

{b) The evidence supports a finding thet the
site connot meet the qualifying condition or is
unlikely to be able to meet the qualifying
condition, and therefore the site is
disqualified.

4. If performance assessments are used to
substentiste eny of the above findings, thoee
assesemente shall include estimates of the
effects of uncertainties in dete and modeling.

8. For both the disquelifying and qualifying
conditions of eny guideline, a higher finding
(e.g.. “2” finding rather than “1") shall be
made if there is sufficient evidence to support
such e finding.

FINDINGS RESULTING FROM THE APPLICATION OF THE QUALIFYING AND DISQUALIFYING CONDITIONS
OF THE TECHNICAL GUIDELINES AT MAJOR SITING DECISIONS
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FINDINGS RESULTING FROM THE APPLICATION OF THE QUALIFYING AND DISQUALIFVING CONDITIONS

OF THE TECHNICAL GUIDELINES AT Masor Sitina Decisions—Continued
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Appendix IV—Types of Information for
the Nomination of Sites as Suitable for
Characterization

The types of information epecified below
are those that the DOE expects will be
included in the evidence used for evaluations
and applicetions of the guidelines of Subparts
C and D at the time of nomination of a site as
suitable for characterization. The types of
information listed under each guideline are
considered to be the most significant for the
evaluation of that guideline. However, the
types of information listed under any
particular guideline will be used, as
necessery. for the evaluation of any other
guideline. As stated in § the DOE
will use technically conservative assumptions
or extrapolations of regional dete. where
necessary, to supplement thie information.
The information specified below will be
supplemented with conceptual models, as
sppropriete. end enalyses of uncertainties in
the data.

Before site-characterization studies and
related nongeologic data gathering eclivities.
the evidence is not expected to provide
precise information. but. rather, to provide a
reasonable basis for assessing the merits or
shortcomings of the site against the
guidelines of Subparts C and D.
Consequently, the types of information
described below should be interpreted eo a
to accommodate differences among sites and
differences in the information acquired
before detailed studies

The specific information required for the
guideline epplications set forth in Appendix
U6 of this Part is expected to differ from site
to site because of site-specific factors, both
with regard to fevoreble end potentially
adverse conditions and with regard to the
sources and reliability of the information.The
types of informetion specified in this
appendix will be used except where the
findings set forth in Appendix Ill of this part
can be arrived at by reasonable alternative
meane or the information is not required for
the particular site.

Section Geohydroloyy.
Description of the geohydrologic setting of

the site. in context with ils geologic setting. in
ordes to estimate the pre-waste-emplecement

OCR

ground-water flow conditions. The types of
information to support this description should
include—

© Location and estimated hydraulic
properties of squifers, confining units, and
equiterds.

Potential areas and modes of recharge
and discharge for aquifers.

© Regional potentiometric surfaces of
aquifers.

© Likely flow paths from the repository to
locations in the expected accessible
environment, as besed on regional data.

© Preliminary estimates of ground-water
travel times along the likely flow pethe from
the repository to locations in the expected
accessible environment.

© Current use of principal equifers and
State or local management plans for such use.

Section 960.4-2-2 Geochemistry.
Description of the geochemicel and

hydrochemicel conditions of the host rock, of
the surrounding geohydrologic units. and
along likely ground-water paths to locations
in the expected accessible environment, in
order to estimate the potential for the
migration of radionuclides. The types of
information to support this description should
include—

Petrology of the rocks.Minerelogy of the rocks and general
characteristics of fracture fillings.

* Geochemical and mechanical stability of
the minerals under expected repository
conditions.

© General characteristice of the ground-
water chemistry (e.g.. reducing/oxidizing
conditions and the principal ions thet may
affect the waste package or redionuclide
behavior).

© Geochemical properties of minere)s as
telated to radionuclide transport.
Section 960.4-2-3 Rock choracteristics.

Description of the geologic and
geomechanical characteristics of the site, in
context with the geologic setting. in order to
estimate the capability of the host rock and
surrounding rock units to accommodate the
thermal, mechanical, chemical. and rediation
stresses expected to be induced by repository
construction, operation, and closure and by

rock, ground-water, end engineered
components of the repository system. The
types of information to qupport this
description should include—

© Approximate geology and stratigraphy of
the site, including the depth. thickness, and
lateral extent of the host rock and
surrounding rock units.

© Approximate structrual framework of the
rock units and any major discontinuities
identified from core samples.

© Approximate thermal, mechanicel, and
thermomechanical properties of the rocks,
with consideration of the effects of time.
stress, temperature, dimensional scale, and
eny major identified structure!
discontinulties.

© Estimates of the magnitude and direction
of in situ stress and of temperature in the
host rock and surrounding rock units.

Section 960.4-2-4 Climatic changes.
Description of the climatic conditions of the

site region, in context with global and
regional patterns of climatic changes during
the Quaternary Period, in order to project
likely future changes in climate such that
potential impacts on the repository can be
estimated. The types of information to
support this description should include—

© Expected climatic conditions and cycles,
besed on extrapolation of climates during the
Quaternary Period.

© Geomorphology of the site region and
evidence of changes due to climatic chenges.

© Estimated effects of expected climatic
cycles on the surfece-water and the ground-
water systems.
Section 960.4-2-$ Erosion.

Description of the structure, stratigraphy,
and geomorphology of the site, in context
with the geologic setting. in order to estimate
the depth of waste emplacement and the
likelihood for erosiona! processes to uncover
the waste in lese then one million yeers. The
types of information to support this
description should include—

© Depth, thickness, and lateral extent of
the host rock and the overlying rock unite.

© Lithology of the stratigraphic units sbove
the host rock.

Noture and rates of geomorphic
processes during the Quaternary Period.

Section 960.4-2-6 Dissolution.

Description of the stratigraphy. structure,
hydrology. and geochemistry of the site. in
context with the geologic setting. to delineate
the approximate limits of subsurface rock
dissolution. if any. This description should
include euch information ee the following:

© The stratigraphy of the site. including
rock units largely comprised of water-soluble
minersls.

© The approximate extent and
configuration of festures indicative of
dissolution within the geologic setting.
Section 960.4-2-7 Tectonics.

Description of the tectonic setting of the
site. in context with ite geologic setting. in
order to project the tectonic stability of the
site over the next 10,000 years and to identify
tectonic features and processes that could be
re bly expected to have a potentiallyexpected interactions g the te, host
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odverse effect on the performance of the
repository. The types of information to
support this description should include—

The tectonic history and framework of
the geologic setting end the site.

* Quaternary feults in the geologic setting.including their length. displecement. and eny
information regerding the age of letest
movement.

* Active tectonic processes, such as uplift,diapirism. tilting, subsidence, feulting. and
volcanism.

Estimate of the geothermal gradient.
Estimate of the regional in situ stress

field.
The historical seismicity of the geologic

setting.
Section Humon interference.
Section Noturol resources.

Description of the mineral and energy
resources of the site, in order to project
whether past or future exploration and
recovery could have a potentially adverse
effect on the performance of the repository.
The types of information to support this
description should include—

Known occurrences of energy and
mineral resources. including ground water.

Estimates of the present and projected
+ value of these resources compared with

tesources conteined in other areas of similar
size in the geologic setting.

Pest and present drilling and mining
operations in the vicinity of the site.
Section 960.4-2-8-2 Site ownership ond
control.

Description of the ownership of land for the
geologic-repository operations area and the
controlled erea, in order to evaluate whether
the DOE can obtain ownership of. and
control access to. the site. The types of
information to support this description should
include—

© Present land ownership.
Section 960.5-2-1 Population density and
distribution.

Description of the population density and
distribution of the site region. in order to
identify highly populated areas and the
nearest 1 mile by 1 mile area havingpopulation greater than 1.000 persons. The
types of information to support this
description should include—

The most-recent U.S. census. includingpopulation composition, distribution, and
density.
Section Site ownership ond
control.

Description of current ownership of lund.
-including surface and subsurface mineral and
weler rights, in order to evaluate whether the
DOE can obtair. control of land within the
Projected restricted area. The types of
information to support this description should
include—

Present land ownership.
Section 960.5-2-3 Meteorology.

The meteorological setting. os determined
from the closest recording station. in order tu
Project meteorological conditions duringTepository operation and clusure and their

potential effects on the trensport of airborne
emissions. The types of information to
support this description should include—

© Wind and atmospheric-dispersion
cheracteristics.

* Precipitetion characteristice.
Extreme weather phenomena.

Section 960.5-2-4 Offsite installations ond
operations.

Description of offsite installetions and
operations in the vicinity of the site in order
to estimote their projected effects on
repository construction, operation, or closure.
The types of information to support this
description should include—

© Locetion and nature of neerby industrial,
transportation, and military instellations end
operatione, including atomic energy defense
activities.

Section Environmental guclity.
Description of environmental conditions in

order to estimate potential impacts on public
health and welfure and on environmental
quality. The types of information to support
this description should include—

© Applicable Federal, State, and loca!
procedural and substantive environmental
requirements.

© Existing air quality and trends.
* Existing surface-water and ground-water

quality and quantity.
© Existing lend resources and uses.
* Existing terrestrial and aquatic

vegetation and wildlife.
* Locetion of any identified critical

hebitets for threstened or endangered
species.

Existing aesthetic characteristics.
© Locetion of componente of the Nati

Park System, the National Wildlife RefugeSystem, the National Wild and Scenic Rivers
System. the National Wilderness
Preservation System, or Nationa! Forest
Land.

* Location of significant State or regional
protected resource areas, such as State parks.
wildlife areas, or historical areas.

* Location of significant Native Amesican
resources such es major Indien religious
sites, or other sites of unique cultural interest

Section 960.8-2-6 Socioeconomic impocts.
Description of the socioeconomic

conditions of the site. including populationdensity and distribution. economics,
community services and facilities, social
conditions. and fiscal and government
structure, in order to estimate the impacts
thet might result from site cherecterization
and from the development of repository a1
that site. The types of information to suppor!
this description should include—

* Population composition, density, and
distribution.

* Economic base and economic activity.including major sectore of local economy.
* Employment distribution and trends by

economic secior.
© Resource usage.

Community services and infrastructure.
including trends in use and current capacity
utilization.

Housing supply and demand.

Pa Life style and indicators of the quality of
ste.

© Existing social problems.
* Sources of, and trends in. local

government expenditures and revenues.

Section 960.5-2-? Transportation.
Description of the trensportation facilities

in the vicinity of the site in order to evaluate
existing or required access routes or

improvements. The types of information to
support this description should include—

© Estimates of the overall cost and risk of
transporting waste to the site.

© Description of the road and rail network
between the site and the nearest Interstate
highways and mejor rail lines: also.
description of the waterway system. if any.

© Analyses of the edequacy of the existing
‘egional trensportetion network to handle
waste shipments; the movement of supplies
for repository construction. operation, and
closure; removal of nonradioactive waste
from the site; and the transportation of the
labor force.

* Improvements anticipated to be required
in the transportation network and their
feasibility, cost. and envigonmental impacts.

© Compatibility of the required
transportation network improvements with
the local end regional transportation end
land-use plans.

Anslysis of weather impacts on

transportation.
* Analysis of emergency response

requirements and capabilities related tc
treneportation.
Section 960.5-2-8 Surface cherocteristics.

Description of the surface characteristics of
the site, in order to evaluate whether
repository truction, operation, and
closure ate feasible on the basis of site
characteristics that influence those activities
The types of information to support this
description should include—

© Topography of the site.
¢ Existing end planned surface bodies of

water.
¢ Definition of areas of landslides and

other potentially unstable slopes. poorly
drained material, or materials of low bearing
strength or of high liquefaction potential
Section 960.5-2-9 Rock characteristics.

Description of the geologic end
geomechanicel characteristics of the site, in
context with the geologic setting. in order to
project the capability of the host rock and the
surrounding rock units to provide the space
required for the underground facility and safc
underground openings during repository

truction, operation, end closure. The
types of information to support this
description should include—

Depth. thickness, and lateral extent of
the host rock.

© Stratigraphic and structural features
within the host rock and adjacent rock units

¢ Thermal, mechanical. and
thermomechanical properties and
constructibility characteristics of the rocks.
with consideration of the effects of time.
stress. temperature. dimensional scale. and
any major identified structural
discontinuities.

Fluid inclusions and gas content in the
host rock.
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* Estimates of the magnitude end direction

of in situ stress and of temperature in the
host rock.

Section Hydrology.
Description of the hydrology of the eite. tn

context with ite geologic setting. in order to
project compatibility with repository
construction, operation, end closure. The
types of information to support thie
description should include—

OCR

© Surfece-weter systems, including
recharge and runoff cheracteristice, end
potential for flooding of the repository.

© Neture end location of aquifers.
unite, end equitarde.

Potentiometric surfaces of aquifers.
© Hydraulic properties of geohydrologic

unite.

Section 900.8-2-11 Tectonics.
Description of the tectonic setting of the

site, in context with the regional setting, in

order to estimate any expected effects of
tectonic ectivity on itory construction,
operation, or closure. ‘pes of
information to support this description should

toe Quaternary fav!° ternary faults.
© Active tectonic processes.
© Preliminery estimetes of expected ground

motion caused by the maximum potentie!
earthquake within the geologic setting.
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Appendix C

ORIGIN AND NATURE OF THE HOST ROCKS
CONSIDERED FOR THE FIRST REPOSITORY

C.1 BASALT LAVAS

Lava is molten material (magma) that pours out on the earth’s surface
from volcanoes or from fissures. Magma originates from the melting of the
lower crust and upper mantle, usually at depths of 30 to 125 miles below the
surface. This melting is influenced by temperature, pressure, composition,and the amount of water present; it can be initiated by an increase in temper-ature or a decrease in pressure. At a given temperature and pressure, a rock
mass may only be partly melted because each component mineral melts at a dif-
ferent temperature and in a definite sequence. Because of this process ofpartial melting, the liquid (magma) will have a composition quite different
from that of the original rock.

Conversely, as magma cools, the various minerals crystallize in a defi-
nite sequence. When partial crystallisation occurs, the remaining magma can
be separated from the crystals to form a magma quite different from the parentmagma. This process is called magmatic differentiation.

Depending on the degree of potential melting and, subsequently, of mag-matic differentiation, a broad spectrum of composition of igneous rocks mayresult. The common “end members" of the compositional spectrum are basalt
(whose coarse-grained intrusive equivalent is gabbro) and rhyolite (whose
equivalent is granite). Magmas of intermediate composition produce rocks of
the andesite (diorite) family.

Basaltic (gabbroic) magma contains about 50 percent silica (Si0;), has
temperatures ranging from about 900 to 1200°C, and generally is of low vis-
cosity. Since dissolved gases readily escape, basaltic lava is typicallyextruded quietly from fissures to form lava flows that cover large areas.
Eruptions of greater violence are volumetrically trivial; they include cinder
cones and spatter cones produced by lava fountains. Rhyolitic (granitic)
magma contains about 70 percent silica, has temperatures lower than 800°C, and
is relatively viscous and rich in gas.

Where basalt lavas flowed over moist ground or shallow lakes andponds,the lava was quenched and either explosively shattered to rubble or formed
bulbous pillow-shaped pods embedded in lava or shattered lava. These basal
tubble zones are overlain by a zone of columnar-jointed lava (called the
“colonnade") that formed as the lava cooled from the base upward. This, in
turn, is overlain by a zone of haphazardly arranged joint blocks (called the
“entablature") in which columns may occur, some oriented in fan-shaped ar-
rays. This zone and the overlying flow-top rubble sone resulted froa coolingfrom the top downward. Many variations of this zonation occur.

The lavas at the Hanford Site are part of an areally extensive sequenceof sheetlike basalt lavas that were erupted from fissures and interbedded
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sedimentary deposits. This sequence makes up the Columbia Plateau. which
occupies vast areas in Washington, Oregon, and Idaho. At the Hanford Site,
the sequence of lavas and interbeds is more than a mile thick. The lower part
consists entirely of basalt lava flows. Interbedded sedimentary deposits
appear in the middle of the section and increase in abundance upward.

The rubble zones at the base and top of the flows. and most of the sedi-
mentary interbeds, are zones of relatively high permeability and commonly are
act as aquifers. The dense colonnade and entablature, although pervasively
cut by fractures (cooling joints) are of relatively low permeability. This is
especially so in the lower part of the section, where secondary minerals such
as opal, clay, and zeolites have sealed much of the fracture space and other
voids.

C.2 ROCK SALT

Rock salt is the best-known member of a class of sedimentary rocks called
evaporites. Evaporites are rocks that formed from a saline solution as a
result of extensive or total evaporation of the solvent (water) under arid or
semiarid conditions. Rock salt forms by the precipitation of sodium chloride
from saturated evaporating bodies of water in basins such as epicontinental
seas, shallow lakes that have no outlets, and restricted coastalI-plain marshes.

As sea water evaporates, the remaining brine becomes more saline, and
minerals precipitate from it in the order of their solubilities, the most
soluble remaining in solution the longest. Aragonite or calcite (CaCO;)
precipitates early, followed by gypsum (CaS0.-2H20) and then by halite
(rock salt, NaCl) and other mineral salts of sodium, potassium, and magnesium
(including those of importance as potash resources).

The sequence of deposition of evaporite minerals commonly is interrupted
by changes in response to such things as periodic replenishing of water from
cloudbursts and tidal floods or influx by intermittent streams. Some dis-
solution or erosion of the last-formed evaporites may occur, layers of mud are

deposited on the evaporite layers, and the cycle starts anew. The layers or
thin films of mud tend to occur basinwide and serve as reliable stratigraphic
marker beds.

If the shallow basins or coastal plains subside slowly as they are being
filled, the repeated cycles of beds of salt and other evaporite beds and
interbedded sediments become deeply buried by sand, mud, and marl, which even-

tually become indurated to form sandstone. shale, and limestone. In the areas
of bedded salt being studied, the salt was buried by some 10,000 feet of
strata. Because of subsequent uplift and erosion, the salt beds now occur in
places at depths suitable for repositories (i.e., about 1000 to 3000 feet).

The density of salt (2.0 to 2.2 is considerably lower than that
of the overlying sedimentary strata (2.3 to 2.8 g/cm’). As a result, where
salt beds are overlain by a great thickness of strata such that the salt lies
at depths of tens of thousands of feet, the high temperature and pressure at
that depth enable the salt to rise buoyantly by plastic flow along zones of
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weakness into and through the overlying strata. The result is a crosscutting
and intrusive salt body called a "salt dome." Such bodies are also referred
to as “diapirs", which is the general term for the class of bodies formed by
the piercement of overlying rocks by mobile or plastic material (such as salt,
shale, or magma) which has been squeezed out of its former position.

Salt domes (see Figure C-1) have various shapes and sizes but, in gen-
eral, are vertical fingerlike bodies whose height is greater than their
width. Generally they are circular or oval in horizontal cross section. Many
domes are the coalesced composites of two or more separately intruded salt
bodies. The domes rise until there is no longer a sufficient contrast in
density with the enclosing deposits to give them buoyancy, and they become
stabilized. In places, they rise to the surface, where they erode or dissolve.

When the rising salt dome reaches water-bearing strata, the top and upper
flanks of the dome begin to dissolve. The insoluble materia) in the salt is
left as a chaotic assemblage of anhydrite, dolomite. mud, silt, and sand that
becomes cemented into a generally impervious or cavernous carapace referred to
as the "caprock."

Beds alongside the dome are dragged by the rising salt pillar to form
folds and faults. Oil and gas generated in deeply buried deposits rise to
higher levels until trapped by such structures or by the caprock, where
deposits of sulfur (formed by the reduction of calcium sulfate) also occur.

In salt domes, the original interbedded layers of the sequence of bedded
salt have been intensely deformed by the flowage of salt as the mass bulged
and flowed upward through thousands of feet of strata. The internal struc-
tures of the resulting salt domes are highly complex and essentially vertical.

C.3 TUFF

Tuff is compacted and indurated ash that was erupted from volcanoes.
Because of its generally viscous nature and high gas content, magma of the
granite-rhyolite family produces the most voluminous eruptions of ash (see the
discussion of basalt lavas in Section C.1).

Of particular interest as a potential host rock for a repository at Yucca
Mountain in Nevada is a special kind of tuff called "welded tuff." Welded
tuff is interpreted as having been emplaced by an avalanche of a highly heatec
mixture of volcanic gases and ash, traveling down the slopes of a volcano and
along the surface of the surrounding lowlands and valleys to form extensive
sheetlike deposits. This current is produced by the explosive disintegration
of gas-charged ash from a crater or from fissures. The gas provides great
buoyancy and mobility to these flows of ash. In many places the heat caused
softening of chunks of pumice and glass shards. When the ash flow came to
rest, the weight of the deposit caused the soft, hot particles to press to-
gether to become welded into compact sheetlike masses, some of which covered
vast areas. Temperatures of about 500°C are required for such welding to take
place.
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Figure C-1. Diagrammatic cross section of a salt dome.
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Because the welding is produced partly by compaction from the weight ofthe overlying material, there are pronounced vertical changes in the degreeand the nature of welding, density, and porosity. Densely welded materialtends to be highly jointed and to lie between zones of partial welding thatare relatively free of joints, grading upward into nonwelded ash. Lateralvariations in welding, density, and porosity are caused by changes in thick-ness, distance from the source, and irregularities in the surface on which theash was deposited. These variations tend to be less pronounced than do thevertical variations, as they generally take place over greater distances.

Upon cooling, large parts of the deposit crystallize by devitrificationof glass, condensation of vapors, and vapor-phase alteration. Subsequent per-colation by ground water causes further alteration, principally to clay, sil-ica, and zeolites. The variations in properties of the zones affect thehydrologic, chemical, and mechanical behavior of the welded tuff.
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