Designing a Process for Selecting
a Site for a Deep-Mined, Geologic
Repository for High-Level
Radioactive Waste and Spent
Nuclear Fuel

Detailed Analysis

Report to the United States Congress
and the Secretary of Energy

November 2015

) > UNITED STATES
5 Nuclear Waste Technical Review Board







U.S. NUCLEAR WASTE TECHNICAL REVIEW BOARD

DESIGNING A PROCESS FOR SELECTING A SITE FOR A
DEEP-MINED, GEOLOGIC REPOSITORY FOR HIGH-LEVEL
RADIOACTIVE WASTE AND SPENT NUCLEAR FUEL

DETAILED ANALYSIS

Report to the United States Congress and the Secretary of Energy

NOVEMBER 2015






U.S. NUCLEAR WASTE
TECHNICAL REVIEW BOARD

RobpNEY C. EWING, PH.D., CHAIRMAN
Stanford University

Stanford, California

JEAN M. BAHR, PH.D. GERALD S. FRANKEL, Sc.D.
University of Wisconsin Ohio State University

Madison, Wisconsin Columbus, Ohio

STEVEN M. BECKER, PH.D. LinpA K. Nozick, PH.D.

Old Dominion University Cornell University

Norfolk, Virginia Ithaca, New York

SusAN L. BRANTLEY, PH.D. KENNETH LEE PEDDICORD, PH.D., P.E.
Pennsylvania State University Texas AéM University
University Park, Pennsylvania College Station, Texas

ALLEN G. CROFF, NUCLEAR ENGINEER, M.B.A. PauL J. TURINSKY, PH.D.
Vanderbilt University North Carolina State University
Nashville, Tennessee Raleigh, North Carolina

Er1 FourouLa-GEORGIOU, PH.D. MARY Lou ZoBACK, PH.D.
University of Minnesota Stanford University
Minneapolis, Minnesota Stanford, California

Note: Professor Sue Clark of Washington State University served as a Board member from
July 28, 2011 to October 31, 2014. During that time, she played an instrumental role in
developing this report. Allen Croff joined the Board in February, 2015, after the develop-
ment of the report was well advanced.







U.S. NUCLEAR WASTE
TECHNICAL REVIEW BOARD STAFF

EXECUTIVE STAFF
NIGEL MOTE
DEBRA L. DICKSON
SENIOR PROFESSIONAL STAFF
ROBERT E. EINZIGER
BRET W. LESLIE
DANIEL S. METLAY
DANIEL G. OGG
ROBERTO T. PABALAN
KARYN D. SEVERSON
ADMINISTRATIVE & SUPPORT STAFF
DAvoNYA BARNES
JAYSON S. BRIGHT

LinDpA J. COULTRY

Executive Director

Director of Administration

Materials Science

Geoscience

International, Social Science
Nuclear Engineering, Operations
Geochemistry, Physical Chemistry

External Affairs

Information Systems Specialist
Systems Administrator

Program Support Specialist







UNITED STATES
NUCLEAR WASTE TECHNICAL REVIEW BOARD

2300 Clarendon Boulevard, Suite 1300
Arlington, VA 22201-3367

November 2015

The Honorable Paul Ryan

Speaker

United States House of Representatives
Washington, DC 20515

The Honorable Orrin G. Hatch
President Pro Tempore

United States Senate
Washington, DC 20510

The Honorable Ernest J. Moniz
Secretary

U.S. Department of Energy
Washington, DC 20585

Dear Speaker Ryan, Senator Hatch, and Secretary Moniz:

The U.S. Nuclear Waste Technical Review Board was created by Congress in the 1987
Nuclear Waste Policy Amendments Act NWPAA) (Public Law 100-203) to evaluate the
technical and scientific validity of activities undertaken by the Secretary of Energy to implement
the Nuclear Waste Policy Act of 1982. In accordance with provisions of the NWPAA directing
the Board to report its findings, conclusions, and recommendations to Congress and the
Secretary, the Board submits two reports:

= Designing a Process for Selecting a Site for a Deep-Mined, Geologic Repository
for High-Level Radioactive Waste and Spent Nuclear Fuel: Overview and
Summary

= Designing a Process for Selecting a Site for a Deep-Mined, Geologic Repository
for High-Level Radioactive Waste and Spent Nuclear Fuel: Detailed Analysis

The Board’s objective in writing both documents is to provide policymakers with
information about efforts in the United States and other countries to site a deep-mined, geologic
repository for high-level radioactive waste (HLW) and spent nuclear fuel (SNF). The reports
rely on a comparative historical inquiry into two dozen siting efforts that have taken place over
the past half century in ten different nations. The Overview and Summary is a short synopsis of
the major insights that derive from that study. The Detailed Analysis is an in-depth account that
provides the empirical foundation for those conclusions.

In keeping with the Board’s technical mandate, the Board takes no position on whether a
new effort should or will be undertaken to site either the country’s first or second repository; that

Telephone: 703-235-4473 Fax: 703-235-4495 www.nwirb.gov
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decision will be made by policymakers. The two documents do include four recommendations
related to technical practices that should be adopted if policymakers decide to restart a site-
selection process for a deep-mined geologic repository in the United States. In particular, the
recommendations address the preparation of site-suitability criteria to replace the Department of
Energy’s (DOE’s) 1984 Siting Guidelines and the timing of when a state might object to the
President’s nomination of a repository site.

The Board recommends that DOE’s 1984 Siting Guidelines be adopted as a sound basis
for developing any new rules that might structure a future siting process. A site-
suitability regulation that relies on a technically complex performance assessment, such
as DOE’s 2001 regulation for Yucca Mountain, does not provide a sound basis for the
initial stages of site selection.

The Board recommends that the 1984 Siting Guidelines be supplemented with Host-
Rock-Specific Criteria that are applicable to the geology-specific concepts (including
relevant engineered barriers) that have been advanced for disposing of HLW and SNF in
salt, crystalline rock, or clay/shale formations and their associated environmental
settings.

The Board recommends that, to the greatest extent possible, the development of any new
site-suitability criteria minimize the ambiguity that facilitates the implementer’s
discretion in applying them, helping ensure the objectivity of the process and public
confidence in its outcome. If, at any point during the siting process, the criteria need to
be changed, the implementer should use a transparent and meaningfully participatory
process to do so.

The Board recommends that any new siting process preserve the requirement in the 1982
Nuclear Waste Policy Act that a final choice of site await extensive underground
characterization.

The Board hopes that Congress and the Secretary will find the information in the two

documents to be useful. The Board looks forward to continuing its ongoing technical and
scientific evaluation of DOE activities related to disposing of spent nuclear fuel and high-level
radioactive waste.

Sincerely,

Rodney C. Ewing
Chairman
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EXECUTIVE SUMMARY

he United States is in the midst of a debate of how to manage for the long term the

ever-growing stocks of spent nuclear fuel (SNF) and high-level radioactive waste

(HLW) produced at commercial power plants and at the nuclear weapons complex.

The fate of the congressionally approved site at Yucca Mountain for the nation’s
first deep-mined, geologic repository dedicated for those wastes is now in limbo. The
Obama Administration’s policy is to find a new site through a consent-based process. In
fact, the Administration is proposing to develop two repositories, one to dispose of defense
HLW (and perhaps some defense SNF) and another for the remainder of the inventory. All
the while, supporters of the Yucca Mountain project are working to revive it.

If policymakers decide to launch a new repository-siting effort, an understanding of previ-
ous repository-siting efforts, both in the United States and abroad, might help to inform
decisions defining and implementing the siting process. For this reason and to apprise the
public of a critical issue associated with the long-term management of HLW and SNF, the
U.S. Nuclear Waste Technical Review Board has written this report.

Every country that has chosen a strategy for managing its HLW and SNF over the long
term has opted for disposal in deep-mined, geologic repositories. Depending on the avail-
able rock types, a nation may be able to adopt one or more disposal concepts—designs for
a repository system composed of the host-rock formation and engineered barriers—to iso-
late the HLW and SNF from the accessible environment.

This document presents a historical analysis of 24 instances in ten countries in which
implementers, such as the U.S. Department of Energy (DOE), attempted to find a reposi-
tory site. Six national programs remain on track. The one in the United States is not among
them. In Finland, France, and Sweden, the implementers are moving beyond the selection
of a site by seeking or preparing to seek approval from their regulatory authorities to con-
struct a facility.

This document rests on the premise that finding a repository site is a difficult socio-techni-
cal challenge. Many levels of government exercise power; affected constituencies strive to
make their voices heard, often with the goal in mind of preventing the development of a
repository; sharp disagreements over values and how they are traded off arise; the science
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and engineering involved is complex and specialized, and the resulting uncertainties may
be difficult, if not impossible, to resolve.

This report also rests on the premise that finding a repository site requires the metaphori-
cal passage, generally more than once, of possible locations through two filters, a Technical
Suitability Filter and a Social Acceptability Filter. The Technical Suitability Filter winnows
sites based on factors most related to the physical characteristics of the locations. The Social
Acceptability Filter winnows sites based not only on choices made by the political estate but
also on actions taken by various interested and affected nongovernmental parties.

This report describes how the Technical Suitability Filter is established, typically by imple-
menters through formal rules or regulations collectively termed “site-suitability criteria.”
Exclusion Criteria are used by the implementer to eliminate sites at the very beginning of
the siting process. The implementer also provides these criteria to communities that might
be interested in exploring the possibility of hosting a repository. Knowing that certain
geologic characteristics almost automatically preclude the development of such a facility,
communities can avoid spending time and resources unnecessarily. Host-Rock-Specific
Criteria are disposal-concept specific and identify rock properties that would indicate that
a repository developed in a particular formation would perform satisfactorily. Generic
Criteria are used to compare sites in completely different geologic environments. The type
of criteria used by the implementer can strongly influence how it winnows down prospec-
tive settings to potential sites to candidate sites. Consequently, how interested and affected
parties perceive and understand the implementer’s actions also may be affected by the type
of site-suitability criteria.

The Social Acceptability Filter can take many forms, including legislative determinations,
referenda, mass action, and negotiated agreements. Passage through it can result in a range
of outcomes, including selection of a repository site, interested and affected parties taking
a wait-and-see stance, or protests based on poor technical analyses or flawed procedures.
Increasingly, nations have created consent-based siting processes. These also take a variety
of forms, depending on who consents, how consent is granted, and at what point consent
can be withdrawn. Consent-based processes have resulted in the selection of a site in some
countries; in others, such processes have not achieved their desired outcome.

Although passage through one filter can mostly be described and understood independently
of passage through the other, in several respects the two are interdependent. Examples of this
interdependence include the following: simplicity of the disposal concept and social accept-
ability; the order in which a possible site passes through the filters; political influences in
determining site-suitability criteria; technical ambiguity, bureaucratic discretion, and social
trust; support or opposition to nuclear energy production and attitudes toward radioactive
waste management; and technical uncertainty and informed consent.

As this report details, experience siting a deep-mined, geologic repository has been mixed.
Notwithstanding this history, the Board strongly agrees with the international consensus
within the scientific and engineering communities and among implementers and regula-
tors that developing such a facility is technically feasible and provides a compelling level
and duration of protection.

Thus, the Board advises DOE that it should not pursue any disposal strategy that might dis-
tract from focused efforts to develop a deep-mined, geologic repository.

Designing a Process for Selecting a Site for a Deep-Mined, Geologic Repository for
High-Level Radioactive Waste and Spent Nuclear Fuel: Detailed Analysis



Based on the information developed in this report, and in keeping with its technical man-
date, the Board presents four recommendations that policymakers should consider if they
decide to launch a new siting process. These recommendations address the preparation of
site-suitability criteria to replace DOE’s 1984 Siting Guidelines and the timing of when a
state might object to the President’s nomination of a repository site. The basis for the rec-
ommendations is outlined in this report.

1. Because of the geological diversity in the United States, it may not be possible to
choose a single disposal concept in advance of the site-selection process. (The Finns
and the Swedes were able to do so because a single rock type, crystalline rock, under-
lies virtually all of both countries.) Consequently, despite their limitations, Generic
Criteria will have to provide the initial foundation for any new set of site-suitability
criteria. DOE’s 1984 Siting Guidelines, a striking example of Generic Criteria, is con-
sistent with international practice and is technically defensible. A different approach,
embodied in DOE’s 2001 Yucca Mountain-specific site-suitability regulation, relies on
probabilistic performance assessment. Putting aside the ongoing debate over the util-
ity and validity of that methodology, using it to winnow down sites is inappropriate
and technically questionable. The data needed to employ sensibly such an approach
simply are not available at the earliest stages of any siting effort.

Therefore, the Board recommends that DOE’s 1984 Siting Guidelines be adopted as a
sound basis for developing any new rules that might structure a future siting process.
A site-suitability regulation that relies on a technically complex performance assess-
ment, such as DOE’s 2001 regulation for Yucca Mountain, does not provide a sound
basis for the initial stages of site selection.

2. DOE applied the 1984 Siting Guidelines to compare locations when it reduced the
number of prospective settings for the second repository. In that case, all the sites
were in crystalline rock formations. Using Generic Criteria when Host-Rock-Specific
Criteria would have sufficed unnecessarily complicated matters. The development of
new guidelines should anticipate this situation. Adding Host-Rock-Specific Criteria
that are disposal-concept specific would simplify and make more transparent the tech-
nical basis for DOE’s decisions in the future.

Therefore, the Board recommends that the 1984 Siting Guidelines be supplemented
with Host-Rock-Specific Criteria that are applicable to the geology-specific concepts
(including relevant engineered barriers) that have been advanced for disposing of
HLW and SNF in salt, crystalline rock, or clay/shale formations and their associated
environmental settings.

3. DOE also used the 1984 Siting Guidelines to winnow the five potential sites for the
first repository down to three candidate sites. DOE exercised its legitimate discretion
to interpret ambiguous language in the rule and to determine how its multiattribute
utility analysis methodology should be carried out to distinguish among sites. In both
that case and the down-selection of prospective settings for the second repository,
charges of unfairness were leveled that could not be dispelled neatly and persuasively.
There is a fine line between protecting the discretion required for bureaucratic flex-
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ibility and enlarging the domain of discretion to the point that bureaucratic decisions
appear unaccountable. If new (or revised) guidelines are written, they must be scru-
tinized carefully to ascertain on which side of that line they fall. Erring on the side of
reducing discretion is a conservative approach but one that is more likely to be viable
in the long term.

Therefore, the Board recommends that, to the greatest extent possible, the develop-
ment of any new site-suitability criteria minimize the ambiguity that facilitates

the implementer’s discretion in applying them, helping ensure the objectivity of the
process and public confidence in its outcome. If, at any point during the siting pro-
cess, the criteria need to be changed, the implementer should use a transparent and
meaningfully participatory process to do so.

4. Asinvestigations related to siting proceed at the surface as well as in laboratories,
knowledge is gained about the potential performance of a proposed repository sys-
tem. That knowledge is usually supplemented with the construction of underground
research laboratories in the same hydrogeologic environment as the candidate site.
Thus, the chances of scientific and technical surprises arising are reduced even if they
cannot be completely eliminated. Communities asked to consent to the choice of site
generally are concerned about when a right of withdrawal can be exercised because
disagreements between the implementer and the community may arise over whether
any surprises encountered can be worked around or whether they automatically
disqualify a site. The 1982 Nuclear Waste Policy Act uniquely requires that investiga-
tions at depth be completed before a final decision on selecting a repository site can be
made. The implementer and the affected community/state both benefit from investiga-
tions carried out at depth where the repository will be built. Resources might not be
expended in vain. Giving consent or withholding it until the time of “full disclosure”
permits a more informed choice.

Therefore, the Board recommends that any new siting process preserve the require-
ment in the 1982 Nuclear Waste Policy Act that a final choice of site await extensive
underground characterization.

Designing a Process for Selecting a Site for a Deep-Mined, Geologic Repository for
High-Level Radioactive Waste and Spent Nuclear Fuel: Detailed Analysis









INTRODUCTION

eventy years into the nuclear enterprise, no nation has put into place the means for

managing over the very long term the toxic by-products of that activity: high-level

radioactive waste (HLW) and spent nuclear fuel (SNF). As a consequence, respon-

sibility for controlling those materials on a temporary basis has been handed down
from one generation to the next and then again to the next and then again to the next, with
the hope always being that one cohort would find a way out of the tangle that its predecessors
had never discovered.! Box 1 provides the legal definitions of HLW and SNE.

High-level radioactive waste is defined as “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 other highly radioactive material that the Nuclear Regulatory
Commission, consistent with existing law, determines by rule requires permanent isolation.”

Spent nuclear fuel is defined as “fuel that has been withdrawn from a nuclear reactor
following irradiation, the constituent elements of which have not been separated by
reprocessing.”

Nuclear Waste Policy Act (42 U.S.C. 10101), Section 2, Paragraphs 12 and 23.

Box 1. Definitions of high-level radioactive waste and spent nuclear fuel

This state of affairs has historical roots that even today frame and constrain the work of
dedicated individuals in the United States and abroad. In the beginning, the scientific and
engineering communities believed that radioactive waste management was a relatively
straightforward technical task and not a socio-technical challenge. By simplifying what
needed to be done, the communities provided a rationale for policymakers to do nothing
right away, other than taking essential palliative measures. Later on, as the complexity of
the issue became better appreciated, not only by specialists but by affected constituencies
as well, the political environment that deferred to the authority of expertise had undergone

! Of the two dozen discrete attempts to find a site for a repository, just six—in Canada, China, Finland,
France, Sweden, and Switzerland—have not been derailed. The nuclear power generating capacity in
those six nations accounts for 28.4 percent of the worldwide total (Nucleonics Week 2014).
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significant change. The notion of “scientific truth” was supplemented with the notion of
“scientific uncertainty.” The idea that the values of technical specialists represented well
the values of the larger society came to be viewed as outmoded and was ultimately discred-
ited. As the social consensus on the worth of the nuclear enterprise weakened, waste-man-
agement efforts struggled, often quite unsuccessfully, to remain above the fray.

In the atmosphere that now surrounds discussions of the vexing problem of what to do
with HLW and SNF, the technical community has advanced several creative long-term
strategies to isolate, contain, or transmute the by-products. So far, every nation that

has selected an approach has opted for disposal in deep-mined, geologic repositories.
Reflecting this agreement, the Radioactive Waste Management Committee of the Nuclear
Energy Agency (NEA), an international organization, held that constructing a repository is
“technically feasible” and would provide “a unique level and duration of protection” (NEA
2008:7). In the United States, the Department of Energy (DOE) currently has the responsi-
bility to develop a deep-mined, geologic repository. The Nuclear Regulatory Commission
(NRC) must approve any application that DOE submits to develop such a facility.

In 1987, Congress established a third organization, the Nuclear Waste Technical Review
Board (Board or NWTRB), as an independent federal agency. Its mandate is to evaluate the
technical and scientific validity of subsequent actions taken by the Secretary of Energy to
implement the 1982 Nuclear Waste Policy Act (NWPA). As part of its ongoing oversight,
the Board has written this report to apprise policymakers and the public about one crucial,
but challenging, element common to all national nuclear waste-management programs:
selecting a site for a repository.” To develop insights into how to design such a process and
to describe the socio-technical challenges that have arisen, the report relies on the histori-
cal record, including two dozen siting experiences in ten countries.

It is no secret that this country is in the midst of a repository-siting debate. In 2002,
Congress passed legislation accepting President George W. Bush’s recommendation that

a site at Yucca Mountain in Nevada be chosen for the nation’s first deep-mined, geologic
repository for HLW and SNF. Although DOE submitted a license application to NRC in
2008 to construct this facility, the project is now in limbo. The Obama Administration
determined in 2010 that the Yucca Mountain project was “unworkable” and that a new sit-
ing effort should be initiated. At the direction of the President, DOE appointed the Blue
Ribbon Commission on America’s Nuclear Future (BRC) to review policies for managing
the back end of the nuclear fuel cycle. Among its recommendations, the BRC called for

the development of a consent-based process for siting nuclear waste-management facili-
ties (BRC 2012). Further, DOE recently prepared studies supporting the view that separate
repositories should be developed to dispose of many types of DOE-owned HLW and SNF
(DOE 2014b; DOE 2015). Subsequently, President Barack Obama signed a memorandum in
2015 finding that a separate repository at least for defense HLW was “required” under the
NWPA (Obama 2015). DOE has indicated that it will launch a process to site such a facility
(Moniz 2015).

As a technical body, the Board takes no position in these repository-siting debates. However,
because the NWPA places a legislative limit on the amount of HLW and SNF that can be
disposed of at the first facility (wherever it is located), a second one might have to be devel-

* In particular, the report does not discuss how a siting process to implement deep borehole disposal
might be structured.
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oped even if the proposed repository at Yucca Mountain were to be constructed and begin
operation. Thus, regardless of the outcome of the ongoing national discussion, this analysis
can help inform all interested parties about how site selection has been carried out in this
country and around the world and what lessons might reasonably be drawn from those
past experiences.’

This report strives to make comparisons of siting efforts across nations and among siting
efforts within a single nation. Consequently, it does not tell each country’s story in separate
chapters or sections. Rather, it examines a given activity—such as screening as many as
200 locations to identify five or six that might be technically suitable—and details how that
activity was carried out in various nations. By learning how different countries tackled the
same task, the reader may gain some understanding about the range of possibilities that
present themselves and their efficacy.

The report begins with a discussion of siting as a process and the framework that will be
used to structure the historical record. A brief description of strategies for the disposition
of HLW and SNF—disposal concepts—that have been the subject of considerable scientific
attention follows. The concepts envision a repository system composed of both natural
and engineered barriers. Such a system would be constructed deep underground using
conventional mining techniques. The report then turns to an analysis of how those respon-
sible (mainly implementers such as DOE) evaluate the technical suitability of possible sites,
sometimes more than once. It then considers how implementers, the political estate, and
interested and affected parties determine whether a site is socially acceptable. Although
these two activities are largely independent, they sometimes interact. The report therefore
explores the nature of those interdependencies.

If policymakers in the United States do decide to launch a new search for a repository,
many issues will have to be addressed. What kind of implementing organization would
carry out such activities? How would that organization be financed? How should the inter-
actions between the implementer and interested and affected parties be structured? These
are critically important questions, but this report focuses solely on how the location of a
repository might be selected. Moreover, consistent with its legislative charter, the Board
advances only recommendations related to the technical aspects of siting a repository.

* This report builds on two previous Board studies (NWTRB 2009; NWTRB 2011). Additional detailed
information about waste-management programs in 13 countries can be found in those documents.

Introduction






THINKING
ABOUT SITING

iting a deep-mined, geologic repository is an archetypical example of what social
scientists call a messy problem. Such problems possess these features (see, for
example, Ackoft 1974):

= Numerous parties are involved;

= Uncertainties (technical and otherwise) abound that may not be fully resolvable, even
in principle;

= Sharp conflicts persist over what values are important and what trade-offs should be
made; and

= Decision-making processes are often ill-defined, ever changing, and opaque.

Not surprisingly, then, the historical record clearly demonstrates that siting a repository is
a demanding and challenging activity. In virtually every country considered in this report,
the siting process broke down at least once and had to be reconstituted.*

Siting begins when an implementer decides to find a specific location suitable for develop-
ing a deep-mined, geologic repository. It ends when the implementer has explicitly cho-
sen that location and when that choice has been ratified either by a branch of the central
government (typically the legislature) or by a subordinate unit of government, such as a
municipality or a Native American tribe. It can also end if that choice is not ratified.

For implementers, the goal of any site-selection undertaking is winnowing down a large
number of possible locations to find a smaller number that are both technically suit-
able and socially acceptable. This process is prescribed in national laws and regulations.
It is typically designed to be phased and iterative, moving from one stage to the next.
The implementers generally address the technical and the social in parallel. However,
the laws and regulations that structure the process create separate decision points for
each stage. At those milestones, the implementer and the political estate make specific
determinations either of suitability or acceptability. In each of the ten countries that have

* The siting effort in Finland is the exception to this statement. The Finnish radioactive waste-management
program has moved forward for over 40 years without any serious interruption.
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In each of the fen countries that sought to choose a sife for

attempted to choose a site for a deep-mined, geologic
repository, the process has required decades of detailed
technical investigations and engagement with communi-

ar BpOSI'IOI'}; the process has r E[]Uif ed decades of detailed ties. Although missteps have occurred in virtually all of
fechnical investigations and engagement with communifies. those nations, four of them—Finland, France, Sweden, and

Although missteps have occurred in virtually all of those

the United States—have chosen sites.

nations, four of them have chosen repository sites. Any attempt to represent the siting process using a dia-

gram or schematic almost always will fail to capture some

element of its messiness. But perhaps Figure 1 provides

a good compromise. The light and dark blue areas depict sets of sites that are technically
suitable at early and late stages of the siting process, respectively, and the light and dark
red areas portray sets of sites that are socially acceptable at each of those two stages. Waste-
management programs need to find sites that belong to both the blue and red sets. At the
early stage, many locations, prospective settings, remain in contention either because avail-
able information is insufficient to eliminate them or because, at that point in the process,
the requirements for suitability and acceptability are looser. At the late stage, fewer loca-
tions, potential sites, remain in contention either because available information eliminates
many others or because the requirements for suitability and acceptability have become
more stringent. Ultimately, a handful of locations, candidate sites (not shown in Figure 1),
emerge from the winnowing process.

Technical Suitability Social Acceptability

Figure 1. Selecting a site is an iterative process. It involves successive evaluations of technical
suitability and social acceptability. Lighter shades denote early-stage judgments, and darker shades
denote late-stage judgments.

This figure has been intentionally drawn to show no overlap at the late stage because, as is
often the case, no site is both technically suitable and socially acceptable. Faced with this out-
come, the implementer has to choose between at least two fundamentally different courses
of action. It can suspend the site-selection process to obtain additional information or work

on the social aspects in the hope that improved or evolv-
ing knowledge about suitability and/or changes in attitudes

If the imp/emenler cannof il/ﬁ'”ﬁf}/ sites that are both toward acceptability would permit the selection of a site.
fechnically suitable and socially acceptable, it can eifher 1f that hope is not realized, however, the implementer may

restart the siting process or modify the requirements for

suitability and acceptability.

be forced to launch an entirely new site-selection process.
In Canada, France, Germany, Japan, Sweden, Switzerland,
the United Kingdom, and the United States, the imple-
menter did precisely that. Alternatively, the implementer

12
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could explicitly or implicitly decide to alter the technical suitability and social acceptability
requirements (or both) so that locations that had been (or might have been) rejected are now
deemed satisfactory. In the United States, DOE revised the assumptions about the likelihood
associated with human intrusion at the Waste Isolation Pilot Plant (WIPP) in New Mexico.
Also, DOE changed the regulation regarding the suitability of the Yucca Mountain site.

Because messiness is an intrinsic property of a site-selection process, attempts to describe
and analyze the historical record must necessarily rely on intricate and complex argu-
ments and logic. Implementers have to juggle many balls, organizing a myriad of scientific
and engineering studies, and managing a dynamic and potentially hostile political envi-
ronment. To analyze the historical record in a way that allows meaningful comparisons

to be made, some simplification of the siting process cannot be avoided. The simplifying
framework used in this report has its origins in 1978, when President Jimmy Carter estab-
lished the Interagency Review Group on Nuclear Waste Management (IRG) to develop an
Administration-wide policy for managing radioactive waste.’

The IRG evaluated a wide range of strategies but concluded that the most promising one
was, in fact, disposal of HLW and SNF in a deep-mined, geologic repository.* When it
came to choosing a process for locating a site for such a facility, the IRG observed that
selection involves passing possible geographic areas through two distinctly different
“filters,” one technical and one social.” On the one hand, detailed and often quantitative
technical requirements have to be met. On the other, sites could be disqualified because of
considerations such as “.. lack of social acceptance, high population density, and difficulty
of access.” The Technical Suitability and the Social Acceptability Filters could be applied
in any order. In the IRG’s view at least, although the suite of locations eventually selected
might be different, depending on the order in which the filters were applied,

“... equally suitable sites should emerge from either approach ...” (IRG 1978:80, 81).
(Indeed, sometimes the order shifts as the process moves from one stage to the next.) At
each stage of the siting process, when implementers, the political estate, and interested and
affected parties make the specific and often legally mandated determinations, sites meta-
phorically “pass through” a filter. As the IRG recognized, the order in which they do so
will vary from nation to nation. But what is unavoidable is the necessity to ultimately pass
the proposed sites through both the Technical Suitability and Social Acceptability Filters.
See Figure 2 on page 14.

This representation of the siting process, it should be noted, reflects well the legal and
regulatory frameworks that have been enacted in all of the countries covered in this report:
passage through one filter is temporally separated (at least formally) from passage through
the other.®

* The IRG included representatives from 14 federal agencies. Dr. Frank Press, President Carter’s Science
Advisor, and Dr. John Deutch, Director of the Office of Energy Research at DOE, were appointed as co-
chairs for the group.

¢ The IRG considered partitioning and transmutation of the waste, shooting the waste into space, dis-
posing of the waste in the seabed, burying the waste in the Antarctic ice sheet, and placing the waste in
deep boreholes. DOE officially adopted the strategy of disposing HLW and SNF in a deep-mined, geo-
logic repository in 1980 with the publication of a Final Generic Environmental Impact Statement (DOE
1980a). Congress ratified the choice of this strategy in the NWPA (U.S. Congress 1982). Since that time,
systematic evaluations of potential long-term management strategies have been carried out in Canada,
France, and the United Kingdom. All have reached the same conclusion in favor of geologic disposal.

7 The Board first adopted this formulation in NWTRB 2011:35-47.

8 The site-selection processes considered in this report are illustrated in Appendix 1.
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Few Sites

Many Sites

Filter 1 Filter 2

Stepwise or Staged Process

Figure 2. A simplified interpretation of the siting process. Possible locations must pass through both
a Technical Suitability Filter and a Social Acceptability Filter to be selected as a site for a deep-

mined, geologic repository.

At each stage in the siting process, then, the implementer,
the political estate, and interested and affected parties

The implementer winnows a large number of prospective . - down the number of sites that remain in con
S&ffill_l]S down fo a smaller number of ,00/8/7]70/ sifes. These  tention. Prospective settings (either areas or sites) are

are further reduced to several candidate sites,

typically considered at the first stage in the process. Each
actor renders very preliminary, often cursory, judgments
on whether the settings might be suitable or acceptable for

14

the development of a repository. In some cases, more than
200 settings have been appraised. These prospective settings are then further narrowed,
both technically and socially; the sites passing this second stage emerge as potential sites.
These locations undergo more systematic assessment so that a plausible argument might
be made about their suitability and acceptability. Candidate sites are locations that have
undergone extensive evaluation in the third stage to the point that they can be compared

and a choice made.’

% It is conceivable that only one potential site will be considered. In that case, its passage through both
filters will essentially be a “go-no go” exercise. Regardless of how many sites emerge from the process,
however, additional steps must be taken before any location can be developed as a deep-mined, geologic
repository. Those steps, which are inherently governmental and regulatory, and thus highly country spe-
cific, are beyond the scope of this report.
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APPROACH

his report provides a traditional historical analysis that is aimed at “reconstruct-

ing” how siting processes have unfolded over time. To do so, it examines two

dozen cases in the United States and abroad where implementers of national

waste-management programs sought to identify locations for hosting either a
deep-mined, geologic repository or an underground research laboratory (URL) that would
pave the way for a repository.’® A short description of each of these cases is provided in
Table 1 on the following pages."

The report relies on several different types of evidence, including official publications;
internal memoranda and evaluations prepared by the implementer; secondary sources,
especially peer-reviewed scholarship; and interviews with key participants. Every effort
was made to reconcile the conclusions and inferences drawn from multiple sources. Social
scientists especially understand, however, the difficulties of reconstructing historical
events, particularly when heavy reliance must be placed on official public records. Those
documents may not always be available. Even if they are, they may not describe events and
judgments candidly. Alternative narratives, including those where the motivations of those
involved may be more mixed and complicated than what was manifested, often cannot be
conclusively dismissed.

10" All the initiatives but one involve attempts to site a deep-mined, geologic repository for HLW and SNF.
The exception is the siting of the Waste Isolation Pilot Plant (WIPP), which currently can accept only
transuranic waste originating in the U.S. nuclear defense complex. The inclusion of WIPP is dictated by
the fact that it is the only operating deep-mined, geologic repository.

! For the reader interested in the history of repository siting in only a few of the ten nations considered
in this report, headings in the so-called scholar’s margins can be used to find where those nations are
discussed. In addition, timelines for the siting activities that took place in the ten countries are included
in Appendix 2.
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REPOSITORY
SYSTEMS AND
DiSPOSAL CONCEPTS

shared vision about deep-mined, geologic repositories has emerged in the

more than half century since a panel convened by the National Academy of

Sciences (NAS) first advanced the idea.”? The facility would be located 300 to

1,000 meters beneath the surface in a stable host-rock formation and would
be constructed using conventional mining techniques. The repository system would have
both natural components—the host rock and tunnels (drifts) where the waste would be
emplaced—and engineered components—the waste form, waste package, and drift seals.
Both components would contribute to the isolation and containment of the HLW and
SNF, although performance would be allocated among the barriers differently, depend-
ing on the particular disposal concept. A repository would probably look something like
Figure 3 on page 20.

The implementer’s objective in selecting a site and designing the facility is to delay and
then limit the radionuclides in HLW and SNF that reach the accessible environment,
mainly through transport by groundwater. A wide range of rock types have been con-
sidered as host formations for a deep-mined, geologic repository. One early study identi-
fied evaporites, such as salt, anhydrite, and gypsum; other sedimentary deposits, such as
clay, shale, limestone, and chalk; and metamorphic and igneous rocks, such as granite,
gneiss, schist, basalt, and volcanic tuff, as potentially suitable geologic hosts (IAEA 1977).
Notwithstanding this diversity, mature disposal concepts have been developed only for a
repository constructed in salt, crystalline rock, clay/shale, and volcanic tuff formations.
Each of those concepts posits different means for achieving waste isolation and contain-
ment. (See Box 2 on page 20 for more information about disposal concepts.)

The amount of flexibility a nation has in choosing a disposal concept depends as a very
practical matter on how geologically heterogeneous it is. For example, in some countries

12 The concept traces back to a 1957 study. The focus then was on the disposal of liquid HLW. Although
the study group noted that additional research was still needed, it concluded that “radioactive waste
could be disposed of safely in a variety of ways and in a number of sites in the United States” (NAS
1957:16). In 1968, the Atomic Energy Commission (AEC) promulgated a regulation that required the
solidification of the liquid HLW within five years of its production at a reprocessing plant (AEC 1968).
This report focuses solely on the disposal of solidified (vitrified) HLW as well as SNF.

Repository Systems and Disposal Concepts
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Figure 3. Layout of a generic deep-mined, geologic repository. The black lines represent drifts where
the waste will be emplaced; the green, blue, and red lines are shafts and ramps. (Source: Nuclear-
News Net 2013)

The basic requirement for any repository system is its ability to contain and retard the
movement of radionuclides sufficiently so that socially acceptable risk levels specified in
national regulations are met. Most disposal concepts for designing the repository system
rely on a set of independent and often redundant barriers—both natural and engineered—
to restrict the dissolution and movement of radionuclides and thereby provide a high degree
of assurance that exposures will remain at these acceptably low levels.

The geologic formation is the most important natural barrier in a disposal concept. The rock’s
properties may prevent radionuclides from moving either physically or by chemically bonding
with the radionuclides (sorption). The formation’s hydrogeologic properties, which control storage
and rates of flow of underground water through pores and fractures, and its geochemistry, the
elemental composition and oxidation state of minerals in the rocks and of solutes in the
underground water, can also limit radionuclide concentrations by reducing their solubility or
mobility.

Engineered barriers to limit the release of radionuclides to the geologic formation generally
include one or more of the following: (1) the waste form itself, (2) containers into which the
waste is encapsulated, and (3) special radionuclide- and groundwater-retarding material
placed around the waste containers and in the drifts, commonly referred to as backfill.

Today, the most mature disposal concepts have been developed for a repository system
constructed in salt, crystalline rock, clay/shale, or volcanic tuff formations.

Box 2. Disposal concepts for designing repository systems

such as Sweden and Finland, bedrock granite and gneiss underlie virtually the entire coun-
try. In Belgium and Switzerland, the only practical option seems to be a repository built
in some variety of clay-rich rock or sediment. Other countries, such as Canada, China,
France, Germany, and Japan, conceivably could construct a repository in at least two dif-
ferent host-rock formations.

Designing a Process for Selecting a Site for a Deep-Mined, Geologic Repository for
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Because it has significant occurrences of the rock types that have been considered for host-
ing a repository, the United States has more flexibility than most nations when it comes

to selecting a disposal concept. DOE has invested significant resources in characterizing
(investigating) the volcanic tuff at Yucca Mountain (DOE 2008). It is now building on the
work carried out abroad on disposal concepts that envision a repository constructed in
salt, crystalline rock, and clay/shale formations (DOE 2011).

A Disposal CoONCEPT FOR SAIT HosT-Rock FORMATIONS

For more than one-half of a century, disposal of HLW and SNF in salt has been explored in
detail in several countries, but especially in Germany and the United States. Indeed, when
the NAS panel first proposed developing a repository, its leading host-rock candidate was
salt formations (NAS 1957:4-5 and Appendix F)."

As originally articulated, the salt disposal concept appears elegant in its simplicity: if

the salt is there, water flow, the predominant mechanism for transporting waste to the
biosphere, is probably not occurring at rates of concern for waste disposal. It is then just

a matter of finding a large enough and properly placed formation, inside of which drifts
would be carved. Waste would be lowered and emplaced into the drifts, perhaps in bore-
holes or on the drift floor."* The shafts leading to the repository, the drifts themselves, and
the boreholes would then be sealed with crushed and compacted salt.

Under lithostatic pressure, the salt would flow slowly, closing around emplaced disposal
packages and healing any fractures or voids that may have formed during the repository
construction phase. Waste packages are not considered long-term barriers for isolating
and containing HLW and SNF in salt environments because localized brine inclusions
can cause them to fail. Even so, since the environment in the immediate vicinity of the
emplaced waste will evolve over several hundred years from oxidizing conditions to its
natural reducing condition, the radionuclides in the waste will remain in a relatively insol-
uble form.

This description of the salt disposal concept disregards some critical issues. Salt formations
can contain sedimentary layers, such as thin beds of clay, which can release water and also
possibly undermine a formation’s structural integrity. Under the influence of heat, brine
inclusions can migrate and possibly create pathways that challenge waste isolation and
containment.

Nonetheless, generic (non-site-specific) analyses have been carried out to evaluate how well
a deep-mined, geologic repository in salt might isolate and contain HLW and SNF. Those
generic studies address a range of questions, including the effect of heat on brine migration
and whether pressures become too great when hydrogen is generated should small amounts
of water contact the waste. The results stemming from site-specific modeling work support
the proposition that an undisturbed salt repository holding non-heat-generating waste will
maintain its integrity for long periods of time (EPA 1998). Additional modeling based on a
potential site in Germany appears to support the proposition for heat-generating waste as

"* A very similar concept was used by DOE in developing WIPP in New Mexico.
' Thermal limits would probably have to be set for any HLW and SNF disposed of in a salt repository.
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well, although that claim has not been subjected to a formal empirical or regulatory test."
But at least some participants in the German program believe that an undisturbed deep-
mined, geologic repository in salt will have zero release to the biosphere of the constituents
of heat-generating waste (radionuclides) for at least one million years (Krone et al. 2008).

The operative word here of course is “undisturbed.”’® Human intrusion is especially a
concern for the salt disposal concept because salt deposits often occur in association with
extractable resources, such as potassium, oil, and natural gas. Future exploration for these
valuable resources may lead to drilling that could intersect the geologic repository, thereby
creating fast and direct pathways that would allow the waste to migrate to the accessible
environment. Indeed, for WIPP, a deep-mined, geologic repository for transuranic defense
waste in New Mexico, the human intrusion scenario is responsible for the largest potential
future radionuclide release (Westinghouse 1995).

A Disposal CoNCEPT FOR CRYSTALLNE HosT-Rock FORMATIONS

Originally proposed in 1977 and modified twice over the next five years, a disposal concept
for a repository located in Sweden’s granitic basement rock was advanced by the utility-
owned Swedish Nuclear Fuel and Waste Management Company (SKB) (SKB 1983). The
so-called KBS-3 concept also has been adopted by Finland, and variants are under consid-
eration in Canada, China, and Japan.

Crystalline rocks, such as granites and gneiss, are not impermeable; fractures permit
groundwater to flow within a typical formation. The foundational premise of the KBS-3
concept, however, is that a repository can be sited in an anoxic environment where the spe-
cific chemical (slightly basic pH) and electrochemical (reducing) properties of the ground-
water are such that objects made of elemental copper resist corrosion (SKB 2006). Taking
advantage of this insight, SKB intends to place the SNF in five-centimeter-thick canisters
fabricated out of that material. Within the copper canister is a nodular cast-iron insert,
which is designed to increase the mechanical strength of the waste package (Hedin 2008).
The chemical and electrochemical conditions also greatly enhance the durability of the
UO, in the SNF, making the waste form, as well as the canister, a significant barrier to the
release of radionuclides.

Rings of bentonite clay and sand would be used to line the boreholes where the pack-

ages are emplaced."” This material would limit the exposure of the copper canisters to
groundwater, filter colloids that might be generated from the corrosion of the SNF and its
cladding, protect the canisters in the event of small movements in the rock, and delay the
spread of radionuclides that might escape from the waste package. The repository would be
designed so that the drifts also can be backfilled with bentonite.

!> Beginning in 2005, a joint project sponsored by the German Ministry of the Economics and Technology
(BMWi) and the Ministry of the Environment, Nature Conservation, and Nuclear Safety (BMU) assessed
the salt disposal concept using the full catalog of features, events, and processes; appropriate scenarios; and
numerical analyses. Eventually, the project used site-specific information gathered at the Gorleben site to
perform the evaluation. In 2012, however, “the project objectives were modified in such a way that no suit-
ability statement for the Gorleben site would have to be given ...” (Bollingerfehr et al. 2013:11).
1°“Undisturbed” in this context means that inadvertent intrusion has not breached the host-rock forma-
tion down to the repository level.

17 Because bentonite degrades at elevated temperatures, thermal limits would probably have to be set for
the disposal of HLW and SNF in a crystalline rock repository. Most evaluations suggest that the benton-
ite would have to be kept below 125° C.
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Finally, the crystalline host rock provides two additional barriers: matrix diffusion traps
radionuclides in the “dead ends” of the microfracture system and the surfaces of minerals
sorb radionuclides, particularly actinides.

Figure 4 portrays the elements of the KBS-3 disposal concept.

Fuel pellet of Spent Ductile iron insert Bentonite clay Surface portion of final repository
uranium dioxide  nuclear fuel

500 m

Cladding tube BWR fuel Copper canister Crystalline Underground portion of
assembly bedrock final repository

Figure 4. The KBS-3 method. It involves encapsulating the SNF in copper canisters that are then
emplaced, surrounded by a buffer of bentonite clay, in deposition holes in a tunnel system at a
depth of 400-700 meters in the bedrock. (Source: SKB 2011b)

In SKB’s view, this system of multiple compatible natural and engineered barriers lim-
its sharply any release of radionuclides into the environment. That assessment has been
endorsed in several international peer reviews (NEA 2000; NEA 2012). Nonetheless, the
implementer’s claims about copper corrosion in anoxic environments have been chal-
lenged by researchers, notably from Stockholm’s Royal Institute of Technology (Szakalos
et al. 2007; Swedish National Council 2014b), and its claims about the stability of the
bentonite rings have been questioned by the Swedish National Council for Nuclear Waste
(Swedish National Council 2013).'8

A DisposaL CoNcerT FOR CLAY/SHALE HosT-Rock FORMATIONS

A repository mined from a formation of clay sediments or clay-rich rocks (mudstones,
claystones, argillite, shale) may be an effective approach to isolating and containing HLW
and SNFE.” Three countries are actively investigating the possibility of developing a deep-
mined, geologic repository in clay formations found within their borders: Belgium (Boom
and Ypresian clays), France (Callovo-Oxfordian argillite), and Switzerland (Opalinus
clay). In addition, Canada, China, and Japan have kept open the possibility of developing
a repository in clay. Although some important differences exist among the countries’ dis-
posal concepts and the types of waste they will dispose of, the similarities in the concepts

'8 In a February 11, 2015, statement to the Finnish Ministry of Employment and the Economy, the
Radiation and Nuclear Safety Authority, STUK, concluded that the SNF encapsulation plant and final
disposal facility designed by Posiva Oy based on the KBS-3 concept can be built to be safe.

' This report shall use the term “clay” generically to refer to clay sediments and clay-rich rocks.
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are more substantial.”® For the purposes of the discussion below, Switzerland’s national
program serves as an illustrative example.

Like salt, clay is ductile, so fractures at depth seal over time. Consequently, advective
groundwater flow in the clay host rock is very limited, meaning that the waste form

and the steel waste package are likely to remain intact for at least several thousands of
years.”! Once released, the radionuclides would have to travel first through the benton-
ite clay, which backfills all the drifts, and subsequently into the undisturbed host rock,
which maintains reducing conditions in an anoxic environment. The radionuclides
would move at a very slow rate, controlled by diffusion. Some of the radionuclides would
be sorbed on the Opalinus clay, preventing any further movement.

Thus, in the view of the Swiss implementer—the public-private consortium, National
Cooperative for Disposal of Radioactive Waste (Nagra)—many hundreds of thousands
of years after the waste has been emplaced, only the most mobile and longest-lived
radionuclides would have reached the edge of the host-rock formation. Exogenous
events, such as significant climate change, borehole penetration of the repository, and
deep groundwater extraction at the site, trigger the only scenarios that are likely to
result in any radionuclide release to the biosphere (Nagra 2002a). An international peer
review supported the major pillars of the Swiss safety case (NEA 2004).

A Disposal CoNcEePT FOR VolcaANIC TurF HosT-Rock FORMATIONS

The United States is the only country that has considered disposing of HLW and SNF in a
deep-mined, geologic repository located in the volcanic tuft found in the unsaturated zone
(above the water table) at a specific site, Yucca Mountain, Nevada. Initially, the disposal
concept took advantage of the fact that very little precipitation falls on the site. A large
fraction of what does fall returns to the environment by evaporation, plant transpiration,
and runoff; only a small amount of water infiltrates below the root zone and even less
seeps into the repository drifts. Calling the site “dry,” DOE maintained that radionuclide
transport to the accessible environment would be minimal. Consequently, up until the
mid-1990s, DOE saw little need to employ robust waste packages. (For a critique of that
position, see NWTRB 1992.)

Because some investigations carried out at that time suggested that seepage into the drifts
might be significantly greater than originally anticipated, the disposal concept was modi-
fied (DOE 1998).% The new concept now rested on two main supports. First, engineered
barriers would minimize the amount of water that could come in contact with the HLW
and SNF. Second, transport of radionuclides to the biosphere would be limited by the
amount of water leaving the drifts (Abraham 2002:20-23).

The location of the proposed repository lies in an oxidizing environment, where constitu-
ents of SNF, mainly UO,, would react with oxygen and become more mobile. To limit the
release of radionuclides, corrosion-resistant titanium drip shields would be installed to

 France is the only country planning to dispose of the vast majority of its high-activity radioactive
waste as HLW embedded in a glass waste form. Consequently, it has conducted extensive research on
how this waste form will interact with argillite over millennia.

! Because the clay and bentonite degrade at elevated temperatures, thermal limits would probably have
to be set for the disposal of HLW and SNF in a repository constructed in clay host rock.

22 For a discussion of the bureaucratic activity surrounding that shift, see Metlay 2000.
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divert the water that enters the drifts, protecting the waste packages that rest underneath.
The packages themselves would be fabricated with an outer layer of a nickel-based, corro-
sion-resistant material, Alloy 22, and an inner layer of stainless steel. According to DOE,

the packages will degrade very slowly in the environment of the proposed repository. The
revised volcanic tuff disposal concept for Yucca Mountain is illustrated in Figure 5.
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Figure 5. The disposal concept adopted for the proposed Yucca Mountain repository (Source:
DOE 2008)

As with the other disposal concepts, questions remain about the performance of the pro-
posed repository. The NWTRB, for instance, has noted that there is only a poor under-
standing of how fast water moves in the unsaturated zone (NWTRB 2008:30-31). It also
has suggested that deliquescence-induced localized corrosion could lead to more rapid
waste package degradation than DOE assumes (NWTRB 2008:25-28).>* Nearly 300 issues
have been raised collectively by supporters and opponents participating in the licensing
hearing convened by NRC. These contested issues might eventually be resolved in the
course of such a proceeding. For the moment, however, that inquiry has been suspended.*

Table 2 on the following page summarizes the characteristics of the four disposal con-
cepts that have been investigated in the United States and elsewhere. The table makes clear
that the performance of a repository system grounded in any of these disposal concepts
depends not only on the properties of the host rock, but also on the capability of the engi-
neered barriers, such as metal canisters, waste forms, buffers, and drip shields. This joint

2 This type of corrosion is caused by the absorption of atmospheric water vapor by a solid salt to the
point that the salt dissolves into a corrosive saturated solution.

2t In January 2015, NRC staff released the last of its five-volume Safety Evaluation Reports on Yucca
Mountain. It concluded that DOE’s license application demonstrated compliance with all relevant safety,
environmental, and security regulations (NRC 2015).
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dependence complicates the site-selection process especially when locations in different
geologic formations must be compared. If the implementer is ultimately concerned about
the performance of the entire repository system, what sense does it make just to contrast
the isolation and containment properties of, for example, a salt and a clay formation? As
will be discussed later in this report, DOE addressed this question by positing that, for the
purposes of the down-selection of sites, the engineered barriers associated with all the con-
cepts would have a constant, but minimal, level of performance.

In April 2014, DOE issued a report evaluating different rock types as options for the per-
manent disposal of HLW and SNF. These included the salt, crystalline rock, and clay/shale
disposal concepts as well as deep borehole disposal.?” The analysis concluded that all of
the options considered were viable strategies for the long-term management of HLW and
SNE.* In particular, the report maintained that, with the possible exception of a small
amount of DOE-owned SNF, deep-mined, geologic repositories grounded in the three dis-
posal concepts “could be designed, constructed, and operated to provide safe and robust
isolation of the [existing] waste forms” (DOE 2014a:xvii).

DOFE’s evaluation focused on only generic options. Its conclusions do not go much beyond
recapitulating what has been learned over the past 30 years in the United States and
abroad. By design, DOE’s report does not address a critically important question: how do
you identify specific sites where an implementer has confidence that a proposed repository
can satisfy both the technical and social requirements? This report is intended to provide
information to policymakers about how that gap was addressed historically, and how, in
the United States, it might be filled in the future.

2 A discussion of the disposal concept for volcanic tuff host-rock formations was not included.

26 Tt seems to suggest, however, that deep borehole disposal was only technically feasible for specialized
waste forms that could be placed in small packages.
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TECHNICAL
SUITABILITY FILTERS

ecause the projected postclosure performance of a deep-mined, geologic reposi-

tory will be highly dependent on where it is located, technical suitability is the

sine qua non for the choice of any particular repository site.”” But hypothetically

promising locations, however, are not equally suitable, whether in terms of per-
formance margins or confidence levels. Consequently, there are often calls from interested
and affected parties to find the “optimal” or “best” site. Yet the workability of seeking
ever-better sites is quite problematic: it is impossible to look everywhere and to compare
an unlimited number of possible locations. So almost by default, national waste-manage-
ment programs have either explicitly or implicitly adopted a common approach, which
was articulated by the International Atomic Energy Agency (IAEA): “It is not essential to
locate the best possible site, but to provide an overall disposal system that can be convinc-
ingly shown to comply with safety and environmental protection requirements [emphasis
added]” (IAEA 1994:3). What follows describes how the Technical Suitability Filter is con-
structed and applied.

UsING THE TECHNICAL SuITABILITY FILTER TO IDENTIFY PROSPECTIVE
SETTINGS AND POTENTIAL SITES

Implementers design Technical Suitability Filters to differentiate among sites. This filter
typically defines a set of requirements—collectively termed “site-suitability criteria.”

Starting in the 1960s, most national programs focused on a single disposal concept. Then
the implementer evaluated sites using both Exclusion Criteria, which disqualified at the
start certain locations, as well as Host-Rock-Specific Criteria, which were associated with
the relevant disposal concept, to winnow broad areas, prospective settings, down to poten-
tial and candidate sites. These criteria include extensive fracturing, water chemistry, homo-
geneity, and sorptive capacity (see, for instance, ORNL 1972; TVO 1982; and SKB 1989).

%7 This report focuses almost exclusively on siting considerations that directly affect a repository’s post-
closure performance. Undeniably, characteristics of a site may also affect a repository’s preclosure or
operational performance.

Technical Suitability Filters

29



30

Spurred on by a fundamental paradigm shift that began in the mid-1970s, national waste-
management programs recognized that it might be possible to pursue multiple disposal
concepts. So in addition to Exclusion Criteria, Generic Criteria were crafted that would
arguably portend a site’s suitability. For instance, the site had to possess a “low hydraulic
gradient” in and between the host rock and the immediately surrounding geohydrologic
units or it had to have “good temperature compatibility.” The implementer then applies
Generic Criteria to screen and compare potential sites found in different host rocks. (For
examples of proposed Generic Criteria, see IAEA 1977, 1994, 2011; NAS 1978; CEC 1980;
NEA 1981; DOE 1984c¢; and AKEnd 2002.)

More recently, national waste-management programs have employed Exclusion Criteria
by themselves for another purpose: to inform communities possibly interested in hosting
a repository about what factors would almost certainly disqualify a site.”If a community’s
real estate is promising, it can then engage with the implementer to determine, based on
more extensive investigations, whether particular sites might be suitable for developing a
repository (NUMO 2002a; DEFRA 2008b; and NWMO 2010). As the process moves for-
ward, potential sites are evaluated against increasingly more detailed and exacting techni-
cal criteria (see, for instance, NWMO 2013).

Box 3 elaborates on the differences among the three types of site-suitability criteria.

% The “permeability” of these Exclusion Criteria is likely attributable to two complementary consider-
ations: not wanting to narrow prematurely the pool of volunteers and not wanting to create the perception
that a particular candidate site has been selected prematurely.
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Implementers in the United States and abroad have collectively created three types of
site-suitability criteria, that is, sets of requirements used to determine whether a particular
location might be developed as a deep-mined, geologic repository. What distinguishes the
types is that they are crafted to serve different purposes.

Exclusion Criteria are applied to eliminate sites whose geologic (and sometimes
logistical, operational, and social) characteristics almost automatically preclude the
development of a repository. For example, implementers can use Exclusion Criteria to reject
locations that may be too close to extractable resources, that may lie in tectonically unstable
zones, or that may be situated beside active volcanos. In nations where volunteerism is a
hallmark of the siting process, implementers also use Exclusion Criteria to provide guidance
to communities that might be interested in exploring the possibility of hosting a deep-mined,
geologic repository. By evaluating locations against the Exclusion Criteria early on in the
siting process, the implementer minimizes the continuing demands placed on communities
that might wish to volunteer but do not have control over an acceptable site.

Host-Rock-Specific Criteria are used when the implementer seeks to identify sites where
only one type of geologic setting is available and, therefore, where only one disposal
concept might be realized. Because these site-suitability criteria are concept specific, it is
possible to include quantitative rock properties that would indicate how well a repository
developed at a particular location might perform. For example, the earliest work to find a
possible repository site in a salt formation in Germany required that it be 400-500 meters
thick, that the top of the formation be at least 300 meters below ground, and that the
formation have a surface area of at least six square kilometers. Those same German criteria
also included attributes that were not associated with specific quantitative ranges or limits,
such a “homogeneous rock salt” and “low permeability of overburden.” But, because only
one concept was involved, the validity of comparing sites using those more qualitative
criteria was relatively straightforward and not likely to be contested.

Generic Criteria are employed when the implementer has the option of adopting more
than one disposal concept and must compare sites in different geologic environments.
Because these criteria must be applied to more than one type of host rock, they typically are
generic in nature, thereby making it extremely difficult (although not impossible) to quantify
the values for the various rock properties. For example, in the United States, the first site-
suitability criteria set was largely generic and included language such as “low hydraulic
gradient,” “good temperature compatibility,” and “the host rock and surrounding units shall
be capable of accommodating thermal, chemical, mechanical, and radiation stresses.” How
those criteria would be compared across geologic settings presents significant
methodological and empirical challenges.

Box 3. Three types of site-suitability criteria

Table 3 on page 32 records the Exclusion Criteria that have been explicitly adopted by
several countries discussed in this report. Tectonic activity, that is, the potential for active
earthquakes or folding, is the only circumstance that leads implementers in all these
nations to reject a site. Fast groundwater flow, significant faulting, and the presence of
natural resources in the proximity of a possible site, however, can raise significant ques-
tions about the viability of a particular location. But regardless of how Technical Suitability
Filters are designed, they seem to eliminate relatively

few prospective settings from consideration at the start.

For example, in Canada, of the 22 communities that Regardless of how Technical Suitability Filters are designed,

expressed an interest in exploring the possibility of host- . . . . . .
P . »POTINg e possyl T they seem to eliminate relatively few sites from consideration
ing a repository, 21 passed the initial suitability test. In

Finland, more than 100 locations passed through the ini- 0f 1€ start. In most countries, repositories can be constructed
tial Technical Suitability Filter. In most countries, poten- /7 many /0[0’['0[]5'
tial repository sites can be found in many locations.
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United States

Fast and/or

significant

ground-
water flow

Unfavorable

ground-

water
chemistry

Tectonic
activity

Inadequate
depth and/
or extent of
the host-
rock
formation

Significant

faulting in

the host
rock

Presence of
natural
resources

Volcanic
activity

*Prior to 2002.
Red cells indicate that a site possessing the condition must by rule be excluded from consideration.

Table 3. Exclusion Criteria that disqualify a site for development as a deep-mined, geologic repository

The following subdivisions of this report consider how Technical Suitability Filters were
applied in the early stage of each of the 24 siting efforts. The subdivisions are organized
first by the type of site-suitability criteria, then by disposal concept, and then by country.?

Host-Rock-SpeciFic CriTeRIA (SINGLE Disposat CONCEPT)

Because of a country’s underlying geology or land-use restrictions, some national waste-
management programs reach at least a tentative conclusion early on about the choice of
disposal concept. Then, searches for prospective settings and potential sites are guided by
the Host-Rock-Specific Criteria that influence the capability of that particular disposal
strategy to isolate and contain HLW and SNF.

Disposal Concept for Salt Host-Rock Formations

For more than 15 years, the 1957 NAS report had a profound effect on the strategy of the
waste-management program in the United States. A series of studies, experiments, and one
abandoned siting effort were all directed at developing a deep-mined, geologic repository

» The discussions of Host-Rock-Specific Criteria and Generic Criteria also include a description of how
the implementer applied Exclusion Criteria. The discussion of Exclusion Criteria is limited to those
instances where the implementer provided guidance to communities interested in possibly volunteering
to host a repository.
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for HLW in a salt formation (see, for instance, Geotechnical Corporation 1958; Pierce and
Rich 1962; Bradshaw et al. 1969; and AEC 1971a).*° As Figure 6 depicts, the focus on salt is
not unexpected, given the widespread domestic presence of salt formations.

Williston Bank

Idaho-Utah
Wyoming QPowder River Basin

Green
@ river Northern Denver
Savier Picea&ce
Valley

4
Eagle Valley

@jv

Delaware Basin

Appalachian

Virgin
Valley o Red Lake Paradox
Supai Cj

@
Luke

saltville &)

Gulf Intefior

|:| Area underlain by bedded salt

Southern
Florida

|:] Area of salt domes or salt anticlines

Figure 6. Distribution of salt formations in the United States (Based on Lomenick 1996)

Initially, the siting criteria were quite general, requiring only a sufficient volume of rock,
impermeable enclosing beds, and suitable purity (Lomenick 1996:9). Once the Atomic
Energy Commission (AEC) decided to develop a demonstration repository, these general
requirements became more specific and new ones were added.

The AEC’s Oak Ridge National Laboratory (ORNL), the Kansas Geological Survey (KGS),
and the University of Kansas all suggested Host-Rock-Specific Criteria. Typically, the bed-
ded salt host rock had to be (1) approximately horizontal, relatively undisturbed structur-
ally, at least tens of kilometers in areal extent, and located no less than 150 meters but no
more than 600 meters below the surface; (2) tectonically stable; (3) relatively pure; and (4)
away from potentially valuable reserves of petroleum or other mineral resources (see, for
example, Culler 1971). Based on available data, prospective settings along the Gulf Coastal
Plain; in Utah and Colorado (Paradox Basin); in New Mexico, Texas, and Kansas (Permian
Basin); and in Michigan, Ohio, Pennsylvania, and New York (Salina Group) were evalu-
ated. As this report discusses below, the AEC’s attention soon focused on potential sites in

central Kansas and on one site in particular located near the small town of Lyons.

Buttressed as well by the publication of the NAS study, the German Federal Institute of
Soil Research in 1963 prepared a report enumerating the reasons why salt formations were
particularly suitable host rocks for a deep-mined, geologic repository and proposed six

3% For a well-scrubbed early history of the siting process in the United States, see Lomenick 1996. A more
nuanced, albeit less comprehensive, analysis can be found in Carter 1987 and Vandenbosch and Vanden-
bosch 2007.
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geotechnical site-suitability criteria.’ These criteria generally pointed to the same geo-
logical features that were being considered in the United States. The Federal Ministry of
Research and Technology then asked the Federal Institute to identify potential sites for a
facility. Seven salt beds and domes (all but one in the Land [State] of Lower Saxony) were
proposed. Sites at Krummendeich and Bunde/Jemgum were considered “particularly
suitable.”*? The site at Leutesheim was given a negative ranking on account of the relatively
high seismic hazard in the area. Field investigations began in 1965 at the two favored sites
but were terminated a year later.

In 1973, however, the German government launched an initiative to create a nuclear waste-
management center, consisting of a commercial reprocessing plant, a centralized vitrified
HLW storage facility, and a deep-mined, geologic repository. The Federal Ministry for
Research and Technology commissioned the private Nuclear Fuel Reprocessing Company
(KEWA) to evaluate potential sites. Suitability for a repository was only one out of 11 crite-
ria considered. KEWA recommended ten potential sites, but none of those proposed by the
Federal Institute for a repository were included. The sites, again all but one in Lower Saxony,
were chosen mostly on the basis of land-use planning and nature conservation. Three of
them (salt domes at Wahn, Lutterloh, and Lichtenhorst) appeared particularly promising.”

By 1976, this process had bogged down largely due to local opposition, prompting the
Lower Saxony government to ask the central government to suspend its efforts until the
Land could designate a site on its own. The Lower Saxony government then began a four-
phased evaluation that initially considered 140 prospective settings. Fifteen parameters,
including six heavily weighted geotechnical ones, were first used to assess different salt
domes.* Potential sites at Wahn and Lichtenhorst survived this winnowing process, as did
a salt dome at Hofer and another one at Gorleben. As this report describes below, Gorleben
eventually emerged as the presumptive choice. Figure 7 shows the six potential sites con-
sidered in Lower Saxony and one in Schleswig-Holstein.

! The source material supporting this description of the early efforts to develop siting criteria for a
repository in salt is available only in German. Consequently, what follows relies mostly on BMWi 2008.
%2 Starting in 1964, additional support for the salt disposal concept emerged from tests conducted at the
Asse IT underground research laboratory in Lower Saxony. Although the waste type studied at Asse was
low- and intermediate-level (including some plutonium), not HLW and SNF, the German government
appeared comfortable extrapolating the results for non-heat-generating waste types to heat-generating
types.

A salt dome at Litau, although technically promising, was dropped from consideration because its
location was too close to the border of the former German Democratic Republic.

* A complete listing of these parameters, based on BMWi 2008:51, is provided in Appendix 3.
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1. Krummendeich 3. Wahn 5. Hofer 7. Lichtenhorst*
2. Bunde/Jemgum 4. Lutterloh 6. Gorleben *Lichtenhorst is in Schleswig-Holstein.

Figure 7. Location of potential sites in Lower Saxony and Schleswig-Holstein (Based on BMWi 2008)

Disposal Concept for Crystalline Host-Rock Formations

In 1977, the Swedish Parliament passed the Nuclear Power Stipulation Act.*> Among other
things, the law required owners of the six nuclear power plants then under construction or
whose fuel had not yet been loaded to show how and where those reactors’ HLW and SNF
could be disposed in order to guarantee absolute safety. Lacking significant salt beds or
domes, SKB was charged with finding the “best granitic bedrock.” Within a few months, it
developed an approach that culminated in the adoption of the KBS-3 disposal concept.

If the concept allowed SKB to address the Stipulation Act’s “how” requirement, satisfying
the “where” requirement was not nearly as straightforward. In October 1978, the Swedish
government rejected an application to fuel the Ringhals 3 reactor because SKB had failed
to identify a specific site for the repository. However, it left open the possibility that SKB
could conduct supplemental geologic studies to demonstrate whether “there exists a suf-
ficiently large rock formation at the required depth and with qualities that the [SKB]
safety analysis ... gives as necessary prerequisites [emphasis added]” (quoted in Sundqvist
2002:87). Data from investigations into the bedrock near the town of Sterno on the south-
east coast were included in an amended application.

% This law was replaced by the Nuclear Activities Act in 1984.
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From the review of that submission arose the first de facto siting criteria in Sweden. In 1978,
the regulatory authority, then the Swedish Nuclear Power Inspectorate (SKI), convened an
advisory committee and asked it to determine whether the Host-Rock-Specific Criteria influ-
encing the viability of the KBS-3 disposal concept had been satisfied at the nominal site:

= Degree of seismic activity

= Frequency of faults and crush zones

= Sufficient depth to avoid large-scale erosion effects during periods of glaciation
= Composition of groundwater

= Density of rock

= Transportation time for the groundwater

= Absence of valuable and exploitable minerals

Although SKI specified some of the parameters only qualitatively, it did observe that SKB
had already concluded that others, such as the pH and transport time for the groundwater,
had to fall within a restricted range (SKB 1977; also see Sundqvist 2002:89-90).

The committee vigorously debated whether the Sterné data were adequate to demonstrate
whether the “where” requirement in the Stipulation Act could be met, at least in principle.
SKI, however, adopted a different line of reasoning in explaining its decision to approve
the fueling of Ringhals 3 in 1979. It embraced a system perspective, arguing that the natu-
ral barrier could not be evaluated independently of the engineered barrier. “The impor-
tance of the requirements on the geological barrier [should] not be exaggerated, and the
long-term processes in the rock are not that important anyway, as long as the other barri-
ers are good” (quoted in Sundqvist 2002:91). In effect, instead of requiring SKB to find the
“best bedrock,” SKI gave the implementer wide latitude to select a site for a repository as
long as the rock was suitable enough.

Having cleared the pressing hurdles set in place by the Stipulation Act, SKB began a series of
site investigations designed to collect a broad body of geoscientific data in bedrock of differ-
ing types, ages, and deformation. Between 1977 and 1985, boreholes were drilled and logged.
“Particular emphasis was placed on determining the hydraulic permeability and the chemi-
cal composition of deep groundwater” (SKB 2011a:122). The locations of what many parties
believed to be prospective settings are shown in Figure 8 (Elam and Sundqvist 2009:978-979).

During that period, SKB rejected advice from several government oversight bodies that recom-
mended a systematic winnowing exercise to identify sites that might be suitable.* Instead, it
relied on and amplified SKT’s system perspective and made explicit the perspective’s primary
message. As one report to the Swedish government noted, “There are many sites in Sweden
that meet the requirements that can be made on the geology at a final repository. The only pre-
requisites are low groundwater flow and favorable groundwater chemistry” (SKB 1989:67-68).

After local opposition forced those early studies to end before any final determinations
could be made, the system perspective led SKB to reevaluate its siting approach and to
ask municipalities to permit feasibility studies. These studies would eventually identify
a set of potential sites. Figure 9 indicates where this second round of investigations was
carried out.”

% For a detailed discussion of the back-and-forth between SKB and its overseers on the need for more
specific site-suitability criteria, see Sundqvist 2002:113-125.

37 Oskarshamn, Osthammar, and Nykdping host nuclear facilities.
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Finland

The Finnish implementer—a utility-owned corporation, Posiva Oy—chose to adopt the
KBS-3 disposal concept and its underlying system perspective.®® Although the gneiss that
dominates in Finnish bedrock differs slightly from the granitic bedrock in neighboring
Sweden, the fundamental conditions are sufficiently similar in the two countries that the
concept still appears to be fully applicable (Posiva Oy 1999b).

The Finnish effort initially advanced at a slightly slower pace than the Swedish one. Between
1982 and 1985, studies classifying the rock mass in Finland and the parameters that influ-
enced its suitability for disposal purposes were published (Ninni et al. 1982; Vuorela and
Hakkarainen 1982).% In addition to the parameters noted by SKI, these two analyses pointed
to formation size, homogeneity, and sorption as critical variables. Groundwater flow, but not
groundwater chemistry, was considered in a third study (Salmi 1985).

Site-identification surveys, which considered 327 target areas, led Posiva Oy to propose to
its regulator, the Radiation and Nuclear Safety Authority (STUK), and to the Ministry of
the Environment, that 102 prospective settings should be more intensively investigated.*’
The authorities eliminated 16 areas and, after discussions with the affected communities
and evaluations of geologic factors, decided on five potential sites in 1987. In 1997, after the
SNF from the Loviisa reactors could no longer be repatriated to Russia, Posiva Oy added
the site at Hastholmen, where those reactors are located, to the mix. Figure 10 shows the
location of the six potential sites.

% Two utilities, TVO and IVO (Fortum after 1999), each own two operating reactors in Finland. IVO’s
Loviisa reactors are Soviet-built and are located in Hastholmen; TVO’s Olkiluoto reactors are designed
by Westinghouse and are located in Eurajoki. IVO’s contract included take-back of SNF and disposal
of the reprocessed HLW in the Soviet Union. TVO, after unsuccessfully attempting to export its SNF,
launched a waste-management program that focused on identifying a domestic repository site. A 1994
amendment to the Nuclear Energy Act prohibited both the import and export of HLW and SNF. The law
halted the export of IVO’s SNF to Russia and directly led to the formation of Posiva Oy in 1995, which
is owned 60 percent by TVO and 40 percent by IVO. Importantly, Posiva Oy maintains that it has no
responsibility for disposing of the SNF generated by Fennovoima, a new utility seeking to construct a
nuclear power plant in northern Finland. The Finnish government has urged the two parties to negoti-
ate, but as of May 2015, no agreement had been reached.

% The source material supporting this description of the early efforts to develop siting criteria for a
repository in crystalline rock is only available in Finnish. Consequently, what follows relies on McEwen
and Aikés 2000:13-24.

% Although Finland’s 1987 Nuclear Energy Act considers issues related to radioactive waste manage-
ment in considerable detail, it does not contain guidance about selecting potential or candidate sites. The
only disqualifying factors listed in STUK’s 2001 regulatory guide, YVL 8.4 (3-3), state that “an area hav-
ing a feature that is substantially adverse to long-term safety shall not be selected as a disposal site.”
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Figure 10. Potential sites in Finland (Source: Posiva Oy 1999b)

Disposal Concept for Clay/Shale Host-Rock Formations

In Switzerland, the initial focus of Nagra was on developing a deep-mined, geologic
repository in granite (Nagra 1985).*! In its 1988 review of the scientific and technical inves-
tigations, the Swiss Federal Council concluded that the concept’s safety and engineering
feasibility had been adequately demonstrated. But the Federal Council believed that it was
not possible “to say with confidence that sufficiently large areas of crystalline rock with

the required properties [tectonic stability and low faulting] could be found in Switzerland.
... [TThus, siting feasibility was not fully demonstrated” (cited in Nagra 2002a:7). (See Box
4 on page 40 for additional information about this decision.) The Federal Council then
instructed Nagra to focus on sedimentary formations, most notably Opalinus clay and the
Lower Freshwater Molasse (marly mudstones).

Over the next 14 years, Nagra intensively investigated a broad swath of northern
Switzerland. Because formal guidelines or disqualifying factors had not yet been promul-
gated, Nagra structured its investigations through informal consultations with the regula-
tory authorities.* Publicly, Nagra articulated six siting “principles” (Nagra 2002a:36):

4 The Swiss disposal concept considered differed from the Swedish KBS-3 approach in that the canister
would be made out of steel, not an outer layer of elemental copper.

42 The Swiss government eventually did impose several requirements: (1) clay depth had to be 400-1,000
meters, (2) thickness had to be at least 100 meters, (3) bedding had to be tectonically undisturbed,

and (4) there could be no indication of neotectonic activity. Only in 1999, however, did the regulatory
authority publish formal criteria for demonstrating “siting feasibility.” For the most part, it adopted
Nagra’s principles but added (1) low-permeability rock, (2) sufficient volume of host rock, and (3) no con-
flicts with natural resources (HSK 1999).
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In 1978, motivated by the Swedish program, Nagra launched Project Gewdhr (loosely
translated as “guarantee”) to investigate the possibility of developing a deep-mined,
geologic repository for HIW and SNF (as well as long-lived, intermediate-level waste) in
crystalline rock. The following year, it applied to construct a URL in the Grimsel region
outside of Bern.

Three technical criteria guided the search for potential sites: tectonic stability, low faulting,
and ease of construction. Crystalline rock formations satisfying these criteria can be found
only in northern Switzerland in a relatively small area covering the cantons of Solothurn,
Aarau, Zurich, and Schaffhausen. Between October 1982 and February 1985, six
boreholes were drilled. These surface-based investigations produced one especially
surprising result. The crystalline basement rock was intersected by a large sedimentary
trough, the so-called Permo-Carboniferous Trough. Although this discovery strongly called
into question the claim that there was a large body of non-fractured crystalline rock in
northern Switzerland, Nagra continued to promote the development of a repository in
granitic host rock for another ten years (Nagra 1994).

In 2004, the Swiss regulator, HSK (now ENSI), concluded that the granite concept might be
safely implemented for HLW but that the likelihood of finding a suitable site had not
increased over the previous decade and a half.

Box 4. Searching for a granite site in Switzerland

= Host-rock stability

= Favorable host-rock geologic properties
= Avoidance of detrimental phenomena

= Insensitivity to detrimental phenomena
= Explorability

= Predictability

Studies carried out in the Opalinus clay formation and the Lower Freshwater Molasse led
the latter to be classified as a “reserve option” primarily because of its greater heterogene-
ity, higher permeability, and substantial obstacles to characterization (SFOE 2008:18). (See
Figure 11.)
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Figure 11. Prospective settings in Switzerland (Source: Nagra 2002b)
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Opalinus clay emerged as the preferred host rock because (Nagra 2002a:63-64):

= The geological environment is simple, with predictable structural, hydrogeological,
and geochemical properties over a scale of several kilometers.

» The formation is tectonically stable on a timescale of the next few million years.

s The mechanical properties of the clay ensure that repository-induced or natural dis-
continuities are self-sealed.

= The formation has very low hydraulic conductivity.

s The overburden does not contain significant natural resources.

= The geochemical environment has been stable for millions of years, is reducing, and
has strong sorptive capacity.

= The formation has good engineering properties, facilitating repository construction.

Based on three-dimensional seismic soundings and an exploratory borehole near Benken
in the Ziircher Weinland, Nagra proposed that a site in that area be selected.

The Federal Council concluded that, along with safety and engineering feasibility, siting
feasibility had now been demonstrated. But recognizing that a choice of one is no choice, it
asked the Federal Office of Energy to develop a more comprehensive, transparent, and par-
ticipatory process to find sites for two deep-mined, geologic repositories: one for HLW and
SNF, and the other for long-lived low- and intermediate-level radioactive waste.

The resulting Sectoral Plan established a three-stage process (SFOE 2008). Stage 1 con-
cluded at the end of 2011 when the Federal Council accepted Nagra’s recommendations

of five regions in the Opalinus clay. Shortly thereafter, the implementer proposed as many

as 33 possible sites where the surface facilities for the repositories might be located (Nagra
2012). As Stage 2 progressed, those 33 sites were reduced to seven. Figure 12 below shows the
regions and the remaining surface-facility sites.
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Figure 12. Selected regions and proposed sites for a repository’s surface facilities in
Switzerland (Source: SFOE 2014b)
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Belgium

Policymakers in Belgium have not officially determined whether a deep-mined, geologic
repository will be the centerpiece of the country’s strategy for the long-term management
of HLW and SNF. Nonetheless, the country’s public sector implementer, the National
Agency for Radioactive Waste and Enriched Fissile Material (ONDRAF/NIRAS), has been
concentrating since 1974 on two poorly indurated clay formations: Boom and Ypresian.®
This interest was stimulated both by a study undertaken by the Commission of European
Communities (CEC 1980) and by the practical constraint that suitable salt or granite for-
mations are difficult, if not impossible, to find within the country.**

ONDRAF/NIRAS will prepare safety cases for facilities in Boom and Ypresian clay. In
doing so, it will use site-specific data from Mol-Dessel and Doel, respectively. The imple-
menter, however, will also evaluate the advantages and disadvantages of extending the
prospective settings to a larger zone. Recently, ONDRAF/NIRAS received some draft site-
suitability criteria from its regulator, the Federal Agency for Nuclear Control. Belgium’s
upcoming response to a 2011 European Union directive may become the vehicle for pursu-
ing a geologic repository.

GeNEerIC CRITERIA (MuttipLe DisposaL CONCEPTS)

Using Host-Rock-Specific Criteria to screen for prospective settings and potential sites is a
strategy best fitted for countries where, for a variety of reasons, only one disposal concept
can practicably be deployed. In other nations, where multiple concepts might be success-
fully adopted, a fundamentally different approach is needed. How such site-suitability cri-
teria came to be fashioned and implemented is described in this subdivision of this report.

Throughout the 1960s and early 1970s, discussions about siting deep-mined, geologic
repositories for HLW and SNF were singularly focused on the host rock as opposed to the
wider hydrogeologic environment and the engineered barrier system. Perhaps the most
striking illustration of this was the four-volume “Technical Alternatives” study prepared
for the U.S. Energy Research and Development Administration (ERDA).* Only one thin
chapter in that massive report was devoted to “non-salt” alternatives (ERDA 1976). Within
two years, however, that perspective would undergo a fundamental shift both in the
United States and internationally: the singular focus on the salt-centric disposal concept
gradually broadened as other possibilities emerged.

One sign of the shift was that several international organizations initiated exploratory
assessments to identify Generic Criteria that suggested site suitability. The IAEA, for
instance, engaged a German and an American scientist to develop criteria for evaluating
sites. The specialists concluded, however, that “because of the complexity of the overall
concept and variations in the properties of the radioactive waste and of the geological
formations, it was not feasible to develop specific criteria” (IAEA 1977:1). Instead, they pro-

# These formations are quite different from Opalinus clay in Switzerland and the Callovo-Oxfordian
argillite in France, especially when it comes to their geomechanical properties.

44 The shale in southern Belgium is much more complex than Opalinus clay or Callovo-Oxfordian argil-
lite, has rather limited continuity, and is difficult to characterize from the surface. Thus this host rock is
being held in reserve as a fallback position. Having to utilize the shale concept would impose significant
costs to develop new knowledge to support a novel disposal concept and would lead to programmatic
delays.

45 In 1984, Congress abolished the AEC and transferred its energy-development responsibilities, includ-
ing radioactive waste management, and its nuclear weapons production responsibilities to ERDA. In
1987, Congress abolished ERDA and transferred its responsibilities to the new Cabinet-level DOE.
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posed the listing that is provided in Box 5 below. Although it had little immediate impact,
the listing framed discussions that would take place over the next five years.*

1. Spatial distribution of the rock—characteristics of the containing rocks

a.  Homogeneity of the rock mass
b.  Three-dimensional geometry
c.  Geological structure including faulting

2. Fluid-flow factors—possible mechanisms for transport of radionuclides away from a
repository
a.  Rock parameters, including permeability,* porosity,* and dispersiveness*

b.  Regional hydrological and hydrogeological conditions

3. long-term stability of the rocks—integrity of the repository and containment of the wastes

a.  Solubility f. Diapirism

b.  Plasticity g.  Geodynamic conditioning

c.  Mechanical integrity h.  Seismicity

d.  Thermal integrity i. Volcanism

e.  Radiation integrity i Operational safety and stability

4. Geochemical parameters—influenced by the operation of the repository and influencing
the effectiveness of the containment

a.  Sorption properties (adsorption and absorption)
b.  Thermal effects

c.  Gas and liquid inclusions

d.  Mineral constituents of water

5. Future geological events—external to the repository site

a. Erosion
b.  Glaciation
c.  Flooding

6. Resource potential—possibility of human intrusion

* Subject to modification by secondary thermal and mechanical effects.

Box 5. Generic Criteria that can affect repository performance (Source: IAEA 1977)

In the United States, even as scientists at the Pacific Northwest Laboratory were working
on the “Technical Alternatives” document, a compounding sequence of events led first
the AEC and then ERDA gradually to embrace the shift away from site-suitability criteria
based on Host-Rock-Specific Criteria to those relying on Generic Criteria.*’ That shift is
described below.

The AEC’s attempt to develop a “demonstration repository” in Lyons, Kansas, was termi-
nated in 1972 because technical miscalculations and blunders reverberated in the politi-
cal sphere. (These will be discussed in greater detail later in this report.) The agency’s

¢ Although some discussion of directly disposing of SNF had taken place by this time, the prevailing
presumption was that the solidified HLW would be the waste form that would be emplaced in a reposi-
tory. It was only after 1980 that the possibility of direct disposal of SNF became an important policy
option.

7 For a fuller discussion of the events leading to that shift, see OTA 1985:209-212.
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first reaction was to propose the creation of a Retrievable Surface Storage Facility (RSSF),
essentially a concrete pad where canisters holding HLW and SNF accepted from com-
mercial reprocessing plants and reactors could be held in dry storage casks until they
could be disposed of in a deep-mined, geologic repository.*® The agency issued a draft
Environmental Impact Statement (EIS) in support of this initiative (AEC 1974). But the
RSSF never enjoyed much political support, and strong criticism from the Environmental
Protection Agency (EPA) served up the coup de grace for the proposal.

A major concern in employing the RSSF concept is the possibility that economic fac-
tors could later dictate utilization of the facility as a permanent repository, contrary to
the stated intent to make the RSSF interim in nature. ... [I]t is important that [envi-
ronmental factors] never be allowed to become secondary to economic factors in the
decision-making process. Vigorous and timely pursuit of ultimate disposal techniques
would assist in negating such a possibility.*

Prudently, at the same time it was advocating the construction of the RSSF, the AEC
launched its Geologic Storage Alternative Program. A major component of that project
was exploration of the bedded-salt Salado Formation in the Los Medafios area, some

30 miles southeast of Carlsbad, New Mexico. More detailed geologic, petrologic, strati-
graphic, structure/tectonic, and hydrologic studies were conducted. With the encourage-
ment of the town’s leaders, although with some resistance from state officials, this area was
ultimately chosen as the site for a deep-mined, geologic repository to dispose of transura-
nic waste from the nuclear defense complex.* Box 6 provides a brief description of how
that siting choice was made.

The AEC’s expanded program also supported investigations in areas previously dis-
counted prior to the setback in Lyons, Kansas. Disposal in salt still remained the domi-
nant focus. But serious attention was paid for the first time to the salt formations outside
of the Permian Basin. The AEC sought to explore prospective settings in Michigan,
Pennsylvania, Ohio, New York, Utah, and along the Gulf Coastal Plain. (See Figure 6

on page 33.) It sponsored studies by the U.S. Geologic Survey (USGS) in the Pierre Shale
in the Upper Midwest. It also began to investigate possible basalt sites on the Hanford
Reservation in eastern Washington and the volcanic tuff formation at Yucca Mountain on
the Nevada Test Site.”!

EPA’s letter criticizing the RSSF arrived at AEC headquarters a mere 59 days before the
agency would be disbanded in January 1975. With an important element of the nation’s
waste-management policy no longer viable, the newly established ERDA decided to rein-
vigorate and significantly expand the repository-siting projects that it had inherited from

8 “If the problems of gaining public acceptance of the concepts of storage [sic] in geological formations
cannot be overcome in the near future, an available option is retrievable storage in carefully engineered
man-made structures.” AEC, “High-Level Waste Management,” SECY-2271, January 25, 1972, 3.

¥ Letter from Sheldon Meyers, Director, Office of Federal Activities, EPA, to James Liverman, Assistant
General Manager for Biomedical and Environment Research and Safety Programs, AEC, November 21,
1974, Enclosure at 2.

*® The resistance from state officials will be discussed in greater detail when the WIPP siting effort is
considered in the section of this report dealing with the Social Acceptability Filter.

*! The land at both locations was owned by the federal government, and each site had played important
roles in the U.S. nuclear weapons program.
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The technical and political controversy surrounding the Lyons site caught the attention of
Carlsbad, New Mexico's State Senator Joe Gant, who recognized a promising
opportunity. Mobilizing community and state officials, he launched a sophisticated
lobbying effort over the next 18 months to site a repository in the Delaware Basin. (See
Figure 6 on page 33.) That effort meshed well with the AEC’s redirected waste-
management program to develop a facility, called the Bedded Salt Pilot Plant, to
demonstrate the safety of deep-mined, geologic repositories.

In August 1972, the AEC announced that it would investigate sites in southeast New
Mexico, and six months later Oak Ridge National Laboratory concluded that the geology
in that area “appears to be most promising.” The laboratory, however, cautioned about
the potential for future petroleum exploration but observed that its adverse impact could
be mitigated by careful site selection. Within a year, a location approximately 30 miles
east of Carlsbad, ERDA-6, was chosen for exploratory work and field evaluations. The
strong support of the Carlsbad community encouraged two successive New Mexico
governors to maintain a neutral position toward the decision to site WIPP.

In June 1975, a borehole drilled at ERDA-6 encountered pressurized brine and revealed
that the bed dipped steeply up to angles of 75°. Almost immediately, that site was
abandoned. A new area seven miles to the southwest, ERDA-9, was selected, but only
after the guideline on how close the site could be to existing oil and gas boreholes was
reduced from two miles to one mile.

In 1976, ERDA requested that the Bureau of Land Management withdraw from public use
a 17,200 acre land tract around the site to prevent the drilling of new oil and gas
exploratory boreholes. That request was swiftly approved and renewed two years later.

Technical challenges to the suitability of the site were advanced, including one by Roger
Anderson, a professor of geology at the University of New Mexico. The critics maintained
that evidence had been found of flowing water dissolving the salt and creating “collapse
features” below the site. A review committee empaneled by the NAS, however, disagreed
with this interpretation and recommended that site investigations continue.

In April 1979, ERDA issued a draft EIS to support the construction of a deep-mined,
geologic repository for the disposal of both commercial HIW and SNF and defense-origin
transuranic waste. Congressional opposition to the former activity forced WIPP’s mandate
to be limited to the latter.

The IRG recommended that WIPP not be developed simply to dispose of defense-origin
transuranic waste. President Carter accepted this recommendation. But his decision to
terminate the project was rebuffed by Congress, which authorized the construction of
WIPP in the 1979 DOE National Security and Military Applications of Nuclear Energy
Authorization Act. In 1992, Congress passed the WIPP Land Withdrawal Act, clearing the
way for the site’s selection. Six years later, EPA certified that the planned repository met
the regulator’s requirements.

Box 6. Siting the Waste Isolation Pilot Plant (WIPP)

the AEC. About a year later, the National Terminal Waste Storage program, managed by
the Office of Waste Isolation located at ORNL, began its work.”

ERDA’s new program was to have surveyed prospective settings in different host rocks
found in 36 states and, through a four-step winnowing process, was to have constructed
six regional repositories by 2000.> However, from the start, the agency encountered local

32 The Office of Waste Isolation oversaw all of ERDA’s siting work except for the pilot repository at Carls-
bad, which reported to the Albuquerque Operations Office.

3 A detailed description of ERDA’s hoped-for program is found in Lomenick 1996:31-34 and Lomenick
1996:Appendices C and D.
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opposition, some of which was based on the claim that the Federal Government lacked
the legal authority to evaluate potential sites without permission from the affected state
(Carter 1987; EPRI 2010a).%*

That opposition forced a pause in activity, which allowed a strong technical basis for the fresh
perspective on siting to be established and to be consolidated through an unprecedented
political process led by the White House. (Carter 1987:135-139 summarizes these events.)

A study group convened by the American Physical Society and a critical essay authored by
scientists from the USGS laid the first technical foundations for the new paradigm (Hebel et
al. 1978; Bredehoeft et al. 1978). Those studies argued that, while the ability of the host rock
to isolate and contain radionuclides was invaluable, other geologic factors could play a criti-
cal role. This perspective supplied the rationale for considering host rock other than salt.

It was the IRG, however, that most authoritatively pointed out the limitations of a site-
selection process that focused solely on a repository’s host rock.

The fate of radionuclides over thousands of years in a repository will be determined by
the cumulative effect of the hydrogeologic, geochemical, and tectonic characteristics of
the environment and by future human activities as well as by the physical and chemi-
cal properties of the host rock chosen for waste emplacement, the waste form, and
other engineered aspects of the repository. No single property, characteristic, or human
action alone will determine the fate of the radionuclides. Therefore, the waste form, the
repository, and the environment of the repository are best viewed and analyzed as a sys-
tem [emphasis added] (IRG 1978:Aiii).

After more than three years of debate, Congress adopted this “systems perspective” when
it passed the NWPA in December 1982. Once the properties of the host rock receded in
importance for site selection, however, creativity would be needed to find an alternative
framework.

The NWPA did establish a firmer legal basis for any future repository site-selection pro-
cess. Not fully appreciated at the time, however, the law also contained within it the seeds
of its own collapse: it sought to establish a technically driven, objective strategy for iden-
tifying potential sites and for choosing among them, but enacted unrealistic schedules for
doing so. As one observer noted:

While potential host states were given the assurance of a rational, participatory sit-
ing process, this assurance was effectively denied, at least in the case of the potential
hosts for the first repository. ... Congress had in a sense grandfathered the sites in the
Department’s existing inventory—sites which the host states had no voice in selecting
(Carter 1987:229).%

** Between 1977 and 1983, few on-site investigations were conducted. During that time, ERDA-directed
activities revolved around reorganizing the National Waste Terminal Storage program as management
contractors came and went, shuffling responsibility for studying different host rocks among various
operations offices and preparing a Generic Environmental Impact Statement (DOE 1980a) ratifying the
choice of a deep-mined, geologic repository as the preferred method for the long-term management of
HLW and SNF. The reasons for the inactivity are considered in this report's section on the Social Accept-
ability Filter.

% This “new” paradigm was clearly foreshadowed when the AEC expanded its siting efforts beyond bed-
ded salt in 1972 and by the KBS-3 method, which was just gaining international prominence.

¢ The conflict that Carter refers to is between Section 112(a) and Section 116(a) of the NWPA.
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This report details in the section on the Social Acceptability Filter how the contradiction
permeated efforts to site a repository for a quarter of a century.

The newly created DOE Office of Civilian Radioactive Waste Management (OCRWM) had
two urgent matters to address when it opened for business in January 1983. Within 90 days
of the passage of the NWPA, it had to recommend “potentially acceptable sites.” Within
180 days of the passage of the Act, it had to “issue guidelines for the recommendation of
sites for repositories.” How did OCRWM juggle these two pressing tasks?

Beating the enacted schedule, DOE designated nine sites as potentially acceptable in
February 1983. The NWPA required only that the sites had to be chosen “after geologic

38 This condition

studies and field mapping but before detailed geologic data gathering.
could easily be met because, as this report notes above, previous work by DOE and its pre-

decessor agencies had, in fact, created a portfolio of prospective settings.*

Most of the settings were in either bedded or domed salt. Along the Gulf Coastal Plain,
125 salt domes were studied. Based on the depth of the salt, the lateral extent cross-sec-
tional area at repository depth, and existing competing uses, seven locations were con-
sidered as potentially acceptable. Three of these were dropped from further consideration
because of their small size and a fourth was eliminated because of conflicts with known
petroleum reserves. What remained were the formations at Cypress Creek and Richton in
Mississippi and Vacherie Dome in Louisiana.

In the Paradox Basin, four areas were considered. Two were deferred because the salt for-
mations were too close to zones of mapped surface faults. In a comparison of the Gibson
Dome and the Elk Ridge salt beds in Utah, the former seemed more suitable because of its
thickness and distance from salt dissolution features. Three specific sites within Gibson
Dome were then evaluated, and Davis Canyon and Lavender Canyon survived the win-
nowing exercise.

Finally, in the Permian Basin, three sub-basins were screened. One was eliminated because
of extensive oil and gas drilling.%° Six locations in two sub-basins were studied in greater
detail. Based on the geomorphology, absence of natural resources, limited numbers of
existing boreholes, low population density, and land-use conflicts, two potentially accept-
able sites, in Deaf Smith and Swisher Counties, Texas, were chosen.

The AEC and ERDA’s timely decision to expand their search for prospective settings also
led them to initiate studies at the federally owned land tracts at the Nevada Test Site and
at the Hanford Reservation in eastern Washington. Based on evaluations of geologic and
hydrologic suitability and environmental factors, five sites in the former location and nine

37 “Potentially acceptable sites” are synonymous with potential sites as used in this report. When dis-

cussing the siting history in the United States, the former construction, which is legally defined, will be
used.

> NWPA Section 116(a).

*> What follows draws on Lomenick 1996:115-116. As this report describes in greater detail in the section
on the Social Acceptability Filter, opposition from state officials typically prevented fieldwork at the pro-
spective settings in salt. Even after the passage of the NWPA, study of the Salina Basin in Michigan, north-
ern Ohio, and western Pennsylvania and New York was deferred “due to state/federal politics” (Lomenick
1996:113).

% The Delaware Basin was dropped from consideration because it had already been selected as the site
where transuranic-contaminated waste from the defense program would be disposed of at WIPP.
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in the latter were considered.®" Formal decision analyses were carried out, resulting in the
choice of Yucca Mountain (either in the saturated or unsaturated zone) and the “Reference
Repository Location” at Hanford (Lomenick 1996:115-117). Those studies enabled DOE

to satisfy the IRG recommendation that multiple host rocks be considered, and, more
important, the NWPA provision requiring DOE “to consider the various geologic media
in which sites for repositories may be located and, to the extent practicable, to recommend
sites in different geologic media.”?

Figure 13 shows the location of the nine potentially acceptable sites that DOE selected.

\
Hanford site

Yucca Mountain  Davis Canyon

%

Lavender Canyon

\ Deaf Smith li?e

Swisher site

Vacherie Dome

Cypress Creek Dome

o \

Figure 13. Potentially acceptable sites for the first repository in the United States (Based on
Lomenick 1996)

Even as OCRWM was working to recommend potentially acceptable sites, it was organiz-
ing a task force to comply with the second early NWPA milestone to develop guidelines for
recommending potential sites for repositories. Among other things, the guidelines had to:

... specify detailed geologic considerations that shall be the primary criteria for the
selection of sites in various geologic media. Such guidelines shall specify factors that
qualify or disqualify any site from development as a repository, including factors per-
taining to the location of valuable natural resources, hydrology, geophysics, [and] seis-
mic activity ... [emphasis added] (NWPA Section 112[a]).®*

¢! These criteria are provided in Appendix 4.
2 NWPA Section 112(a).
 The complete list of criteria is provided in Appendix 5.
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In February 1983, DOE published draft Siting Guidelines that codified the qualifying,
favorable, potentially adverse, and disqualifying conditions for determining whether a
particular site was suitable for development as a deep-mined, geologic repository (DOE
1983a).%* When ultimately finalized (more than 18 months late) in December 1984, the
Siting Guidelines rested on a three-element foundation (DOE 1984c¢):

= Implementation guidelines establish general rules to be followed in the process of
selecting a site for repository development.
= Technical criteria
o Postclosure guidelines govern the siting considerations that deal with the long-
term behavior of a repository.
o Preclosure guidelines delineate the siting considerations that affect the construc-
tion and operation of a repository.®

The implementation guidelines specify a three-step process beginning with identification
of a suite of potentially acceptable sites, nomination of at least five sites that are suitable
for characterization, and finally a recommendation to the President of three sites where
detailed investigations, including underground exploration, would be conducted.

The postclosure criteria include one system guideline, which mandates that the repository
system comply with the environmental standard established by EPA, and ten technical
guidelines.

Some of the technical guidelines detail geological characteristics affecting expected
repository performance (i.e., geohydrology and rock characteristics), while others seek
to minimize the likelihood of disruptive processes and events (i.e., tectonics and human
intrusion). For instance, a site located in the saturated zone would be expected to exhibit
a “low hydraulic gradient in and between the host rock and the immediately surround-
ing geohydrologic units” [DOE 1984¢:960.4-2-1(b)(4)(ii)]. Conversely, in regard to the
geochemical properties of a site, locations were to be avoided where “processes or condi-
tions ... could reduce the sorption of radionuclides or degrade the rock strength” [DOE
1984¢:960.4-2-2(b)(2)]. A favorable condition for a site would be that “no known natural
resources have or are projected to have in the foreseeable future a value great enough to be
considered a commercially extractable resource” [DOE 1984c¢:960.4-2-8-1(b)].

Importantly, the Siting Guidelines spelled out postclosure Exclusion Criteria that would
eliminate a potential site outright.

= Pre-waste emplacement groundwater travel time from the disturbed zone to the acces-
sible environment is less than 1,000 years along any pathway of likely and significant
radionuclide travel.

= Site conditions do not allow all portions of the underground facility to be situated at
least 200 meters below the directly overlying ground surface.

= During the first 10,000 years after closure, subsurface active rock dissolution resulting
in loss of waste isolation is likely, as predicted on the basis of the geologic record.

¢ For an excellent discussion of DOE’s Siting Guidelines, see EPRI 2010a:3-3 — 3-12. DOE’s Generic Cri-
teria are remarkably similar to those laid out in NAS 1978.

% Because DOE maintained that its evaluation of sites would, in the final analysis, “place primary sig-
nificance on the postclosure guidelines and secondary significance on the preclosure guidelines” (DOE
1984¢:960.3-1-4-3), the preclosure guidelines will be discussed only in passing in the rest of this report.
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= Based on the geologic record during the Quaternary Period, the nature and rates of
fault movement and other ground motion are expected to be such that a loss of waste
isolation is likely to occur.

= Previous exploration, mining, or extraction activities for resources have created sig-
nificant pathways between the repository and the accessible environment, or ongoing
efforts to recover resources would be expected to lead to an inadvertent loss of waste
isolation.

Among other things, the following two subdivisions of this report describe, respectively,
how the Siting Guidelines was finalized and how it was applied to narrow the nine poten-
tially acceptable sites for the first repository down to three that would be recommended
for characterization. For the moment, however, the focus is on how the Siting Guidelines’
technical requirements were applied to screen prospective settings and potentially accept-
able sites for the second repository.

The NWPA anticipated that a second facility would be constructed in a different part of
the country to supplement the one developed at a site already identified in DOE’s inven-
tory. Relying on the draft Siting Guidelines for its technical rationale, in April 1983 DOE
published a national survey that recommended further study of crystalline rock forma-
tions in 17 states concentrated in three regions, all east of the Mississippi River (DOE
1983b:81-82).%¢ DOE explicitly rejected possible sites in crystalline rock in seven western
states because the NWPA requires that consideration be given to the need for geographic
equity when planning for the second and subsequent repositories. ©’

Although criticized heavily by scientists from the affected states (Halstead et al. 1988), the
national survey tightly framed all subsequent discussions of the so-called Second Round.
A month after the review’s publication, DOE issued draft environmental and characteriza-
tion reports for each region.®® The objective of those reports was to support narrowing the
real estate from regions to areas. Altogether 235 prospective settings, called “rock bodies”
in the reports, were identified.

Because of the political controversy evoked with the reports’ releases, DOE decided to
develop a methodology for applying the site-suitability criteria contained in the then-draft
Siting Guidelines. The methodology would evaluate the Exclusion Criteria and 20 addi-
tional geologic and environmental variables to assess the suitability of each of the 235 pro-
spective settings (DOE 1985a). DOE invited state officials to three workshops to provide
preliminary input to a draft methodology report, which was released in September 1984.
Twenty-seven comments were received from state governments. Among the most signifi-
cant concerns raised were whether weighted or unweighted variables should be used and
how DOE would handle differences in the quality and comprehensiveness of available data
(DOE 1985a: Appendix A).

In April 1985, DOE circulated the final methodology (DOE 1985a). As one participant
recalled, “DOE adopted a number of state recommendations, but rejected many others,
and the final screening methodology was very controversial” (Halstead et al. 1988:902).

¢ North Central Region (Michigan, Minnesota, and Wisconsin); Northeastern Region (Connecticut,
Maine, Massachusetts, New Hampshire, New Jersey, New York, Pennsylvania, Rhode Island, and Ver-
mont); Southeastern Region (Georgia, Maryland, North Carolina, South Carolina, and Virginia)

¢ Arizona, Idaho, Montana, Oklahoma, South Dakota, Texas, and Wyoming.
% Because of strong state criticism, the draft characterization reports were reissued in December 1984.
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Part of the controversy undoubtedly arose because of the complexity of the final method-
ology. At the core of the approach was a geographic information system that mapped the
235 prospective locations onto a system of a 500,000 one-mile-square grid cells. Each cell
was evaluated by assigning a score (one to five) to each of the five elements of the Exclusion
Criteria and the 20 additional factors. The overall favorability was determined by calculat-
ing the arithmetic mean of all the variables.

Two workshops were convened to assign weights to each of the variables. The first was
attended only by DOE team members; the second included state, but not tribal, representa-
tives. The nine sets of variable weights thus generated allowed DOE to produce maps show-
ing aggregate suitability scores for each prospective setting. In January 1986, a draft Area
Recommendation Report was published (DOE 1986a). Using this methodology, 12 poten-
tially acceptable and eight candidate (back-up) rock bodies in seven states were selected.®

These are listed in Table 4.

Proposed Potentially Acceptable Sites

North Central Wisconsin Wolf River Batholith 1,094
Minnesota Undifferentiated Granites 300
Minnesota Undifferentiated Granites 113
Minnesota Archean Gneisses/Central 397

Minnesota Granites

Northeastern Maine Bottle Lake Complex 92
New Hampshire Sebago Lake Batholith 385
New Hampshire Cardigan Pluton 78

Southeastern Virginia Lovingston Massif 209
Virginia Virgilina Gneiss 307
North Carolina Rolesville Pluton 142
North Carolina Elk River Complex 105
Georgia Woodland Gneiss Complex 214

Proposed Candidate Areas

North Central Wisconsin Puritan Batholith 171
Minnesota Undifferentiated Granites 249
Minnesota Archean Gneisses 171
Minnesota Archean Gneisses 60
Minnesota Archean Gneisses 287
Minnesota Undifferentiated Granites 70

Southeastern Virginia Fredericksburg Complex 64
Georgia Lithonia Gneiss 67

Table 4. Area designations for the second repository in the United States
(Source: DOE 1986a)

% Nine of the 12 potentially acceptable sites were among the most favorable on all nine sets of variable
weights.
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France

The paradigm shift away from Host-Rock-Specific Criteria to Generic Criteria applicable to
multiple concepts independently took root in Europe as well. In France, the government-
established Castaing Commission provided a broad overview of site-selection criteria,
dose limits, and strategies for identifying potential sites (Castaing 1984). Three years later,
another group, led by the distinguished French geologist Jean Goguel, advanced a set of
Generic Criteria that could be used to site a repository (Goguel 1987).7

Like DOEF’s Siting Guidelines, Goguel’s group proposed a hierarchical set of requirements.
Only two essential criteria were suggested: the hydrogeological properties of the site (per-
meability of the host-rock formation and hydraulic gradient) and its geologic stability
(degree of seismicity, faulting, and erosion). Important criteria included mechanical, geo-
chemical, thermal, and groundwater properties as well as minimal depth requirements.
Finally, favorable factors, including dilution of the discharge and distance to the discharge
outlet, were suggested.

Based on recommendations from the French Bureau of Geological and Mining Research,
the then-implementer, the French Atomic Energy Commission (CEA), selected four sites
for investigation. (See Table 5.) The communities involved were not notified about their
selection until CEA researchers arrived (Mays 2004). The decisions were, as one analyst put
it, “public but not published.””*

Neuvy-Bovin Deux-Sévres Granite
Ségre Maine-et-Loire Schist
Champagne Septentrionale Aisne Clay
Sel Bresse Merdionale Ain Salt

Table 5. Proposed site investigations in France during 1987-1990 (Source: Kemp 1992)

Plans for preliminary investigations included deep drilling (up to 1,000 meters) and air-
borne and surface geophysical surveys: for example, 1,500 kilometers of airborne radio-
metric surveys at Deux-Seévres; 15 kilometers of helicopter-borne geophysical profiles plus
13 kilometers of ground measurements at Maine-et-Loire; 150 kilometers of seismic lines
from the area around Aisne; and 30 kilometers of gravity surveys near Ain (SKN 1992:43).

Demonstrations against the investigations followed. In their wake, the Prime Minister,
Michel Rocard, declared a moratorium and set in motion a parliamentary process to revise
France’s siting strategy. A new law governing the long-term management of HLW and SNF
passed in 1991. The next subdivision of this report describes how that law’s site-selection
process was implemented.

70 The group noted in the conclusion of its report that its “approach was to define, to the extent pos-
sible, the criteria or reccommendations common to all geological environments considered generically”
(Goguel 1987:57). The group did, however, suggest that some additional Host-Rock-Specific Criteria
might have to be considered as well. A complete listing of the criteria suggested by Goguel’s group is
found in Appendix 6.

7! The choice of the schist and salt sites was dictated by the fact that very few places met the minimal site-
suitability requirements. The granite site was picked because it was large and had few fractures, and the
clay site was chosen because it was relatively close to Paris, where the unit within the CEA responsible
for repository siting has its headquarters.
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In 1999, the Federal Government sponsored an initiative that proposed stepping away
from a siting strategy focusing only on salt as a host rock and moving to a more generic
one (Appel 2006). Even today, however, it is unclear where that road might ultimately lead.

Confronted with more than two decades of technical and political controversy over des-
ignation of potential sites in the Lower Saxony salt domes, and, in particular, the pre-
sumptive choice of Gorleben, the Federal Minister of the Environment in 1999 created

a Committee on a Selection Procedure for Repository Sites, colloquially called AkEnd,
(AKEnd 2002). As one study put it, the committee was established to propose a “siting pro-
cess designed to identify the best-possible repository site in Germany without any spatial
pre-selection and predetermination of the host rock” (COWAM 2006:46). In effect, from a
“white map” of Germany, candidate sites would be pinpointed.

Starting with ten requirements, such as “no or slow radionuclide transport” and “good
temperature compatibility,” AkEnd developed Generic Criteria that included, among oth-
ers, the following requirements:”?

= The rock types and their characteristics should spatially be as evenly distributed as
possible within the isolating rock zone.

= The specific hydraulic gradient in the isolating rock zone should be low (less than 10-).

= The sorption capacity (K,) of the rocks should be as high as possible. The K, value for
the majority of the long-term-relevant radionuclides should be greater than or equal to
0.001 m’/kg.

Five Exclusion Criteria would remove a site from any further consideration (AkEnd
2002:21).

= The repository area must not show large-area uplifts of more than one millimeter per
year on average during the predictable period.

= There must not be any active fault zones in the repository area.

= In the repository area, the expected seismic activity must not be higher than in
Earthquake Zone 1.

= In the repository area, there must be neither Quaternary nor any expected future
volcanism.

= In the isolating rock zone, there must not be any young groundwater. The groundwater
must therefore not contain tritium or carbon-14, isotopes possessing short half-lives.

AKEnd deliberated for three years. Ultimately, even its sponsor concluded that the politi-
cal landscape was too inhospitable to move forward with the group’s proposals (Hocke and
Renn 2009).

By July 2013, however, the environment had apparently changed; the German Parliament
approved by wide multi-partisan majorities the Repository Site Selection Act. A cornerstone
of that law is the creation of a Commission for the Storage of High-Level Waste, which has
been directed to develop the basic principles and scientific criteria for a site-selection proce-
dure by the end of 2016. The 32-person commission, made up in equal parts of Federal leg-
islators, representatives of the Léinder, members of civil society, and experts, got off to a slow
start, holding its first meeting in May 2014. In early 2015, the group recommended that the
organizations of both waste-management implementer and regulator be restructured. On

72 For a complete listing, see Appendix 7.
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China

the surface, the multi-partisan consensus appears to be holding two years after the law’s pas-
sage. But the ultimate fate of this initiative still hangs in the balance.

China has a long-standing program to site a deep-mined, geologic repository for vitri-
fied HLW. Initially, focus was placed exclusively on prospective sites in granitic host
rock.” A stepwise process was initiated. The Host-Rock-Specific Criteria used to guide site
selection include the geology of the granite formation, hydrogeology, geochemistry, and
the future evolution of the facility (Rui 2014). Up until now, the site-suitability criteria
have not included single features that would automatically eliminate a site from further
consideration.

The organization that first led the siting effort was the Beijing Research Institute for
Uranium Geology (BRIUG), a subsidiary of the state-owned China National Nuclear
Corporation. BRIUG investigated six regions scattered throughout the country, including
in Xinjiang and Gansu Provinces in the northwest, Inner Mongolia, and central, eastern,
and southern China. The Beishan area in Gansu Province emerged as the leading region.
The next step in the process would have been to narrow seven potential sites at Beishan
down to one.

Recently, the repository siting process has changed. The new process calls for the iden-
tification of 12 potential sites for a repository, which, through some yet-to-be-defined
methodology, would be narrowed to three candidate sites. BRIUG continues to evaluate
prospective settings in granite in Gansu Province to determine their suitability both for a
URL and for a deep-mined, geologic repository.”* The East China Institute of Technology
is just starting to evaluate prospective settings in clay host rock in Inner Mongolia,
Quinghai, and along the Gansu-Shaanxi border.” It is unclear at this time whether clay
will emerge as a viable contender to granite.” Figure 14 shows the location of the Beishan
site in relation to some of China's major population centers.

ExcLusioN CRITERIA (SINGLE AND Muttipte Disposal CONCEPTS)

The discussion above on how Technical Suitability Filters were used to identify prospec-
tive settings and potential sites also illustrated how the implementer employed Exclusion
Criteria. However, by the turn of the 21st century, it had become increasingly clear that
siting processes driven solely by the judgments of the implementer were encountering
significant political obstacles. Volunteerism, in various forms, emerged as an essential
component of national waste-management programs that were either initiating a new sit-
ing effort or trying to reinvigorate an old one. Of course, not all volunteers control suitable
real estate, so implementers put in place Exclusion Criteria to inform localities considering
hosting a repository that the presence of certain site characteristics posed formidable, if
not insurmountable, challenges to developing a facility.

73 The disposal concept proposed by the Chinese is similar to the Swedish KBS-3 approach, except that a
steel canister substitutes for the copper one.

7 Work in Xinjiang Province has been suspended.
7 Sites in salt are not being considered because the mineral is considered to be a valuable resource.
76 Specific site-suitability criteria are under preparation.
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Figure 14. Prospective setting for a repository in China (Based on Wang 2014)

France was the first nation to experiment with a site-selection process in which volunteerism
was an essential feature. The 1991 law, Research in Radioactive Waste Management, fun-
damentally restructured the country’s approach to long-term management of HLW. The
legislation established a three-pronged, 15-year research program. It gave the responsibility
for conducting studies of transmutation/partitioning and long-term interim storage to the
CEA. Tt assigned investigations for siting, designing, and operating a deep-mined, geologic
repository to a new implementer, the public sector National Radioactive Waste Management
Agency (ANDRA), which was made independent of the CEA. The law also established mile-
stones for the waste-management program, including setting a 2006 date for the Parliament
to review the status of the effort and to take the next step. Finally, the act sought to promote
local consultation, dialogue, and monitoring through the creation of Local Information

and Oversight Committees (CLIs). The 1991 law also created the National Commission for
Evaluation (CNE) as a technical overseer of the research program.

Subsequent decrees specified how the legislation would be implemented. In 1993, the

law’s chief author, Christian Bataille, was appointed mediator and charged with creating a
sustainable consensus and a responsible, democratic, and transparent process. He told Le
Monde, “I propose to verify the geological feasibility of the projects that will be volunteered
by interested regions, and not, as was done before, attempt to convince populations of the
sites [that were] pre-selected for their geological qualities” (quoted in Mays 2004).

One of Bataille’s first orders of business was to solicit from local elected officials expres-
sions of interest to host one of the two legally required URLSs; thirty positive responses
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were received. The Bureau of Geological and Mining Research screened the locations using
Exclusion Criteria developed by the regulatory authority.”” Potential sites in eight départe-
ments were identified. Bataille conducted well-publicized meetings in those localities,
some of which subsequently decided to withdraw. Ultimately, four volunteer communi-
ties remained; each recognized that, if the geology was favorable, they could very well end
up hosting not only a laboratory but also a disposal facility. Their locations are shown in
Figure 15.

Meuse

Haute-Marne

Vienne

Gard

Figure 15. Potential sites for an underground research laboratory in France (Source: ANDRA 2013)

Because the two sites in the northeastern part of the country overlay a single argillite for-
mation, ANDRA decided to construct a URL along the border between the two départe-
ments (Meuse and Haute-Marne) near the community of Bure. Another clay site, Gard, in
the south was eliminated ostensibly for technical reasons. It was located just seven kilome-
ters from the French nuclear complex at Marcoule but nonetheless aroused strong opposi-

tion from local winegrowers.”

The fourth potential site was located in west-central France in the Vienne département. That
site sat on top of a granite formation. ANDRA planned to construct a second URL there.
However, the CNE concluded that “the difficulties, in order to demonstrate convincingly the

77 “Basic Safety Rule, Number II.2.f,” Direction de la Stireté des Installations Nucléaires, June 10, 1991.
These requirements were virtually identical to the recommendations advanced by Goguel’s group.

78 The winegrowers feared that a “stigma effect” would be attached to their product. The political con-
sensus Bataille had hoped to form proved to be unsustainable. This stigma effect is discussed in greater
detail in the section on the Social Acceptability Filter. See Barthe and Mays 2001:423-427.
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feasibility of a repository on this particular site, are much greater than on the other sites ...
[and that] the assessment of this site leads us to outline the existence of negative aspects that
appear today to be unavoidable” (CNE 1997). Subsequently, the site was officially rejected.
However, because the 1991 law envisioned a URL constructed in granite, an extensive effort,
ultimately unsuccessful, was initiated to find another volunteer site in crystalline rock. The
story of that attempt is described in Box 7.”

The so-called Granite Mission, composed of three senior civil servants, was chartered by
Government in 1999. It differed from the Bataille effort in three important respects:

= Out of concern that pressure was being put on poorer communities to accept a
repository, the Granite Mission downplayed significantly the economic benefits that
might accrue.

= Rather than negotiating with local elected officials, the Granite Mission engaged local
residents more proactively.

= “Indisputable scientific bases,” not just Exclusion Criteria, had to be used to identify
potential sites.

Once again, the Bureau of Geological and Mining Research identified 15 extensive
granitic zones in 15 départements, mainly in Brittany and central France. Under the
aegis of ANDRA, a committee of national and international experts was constituted to
advise the implementer on its geological exploration activities and to orient future
reconnaissance and construction work on the site(s) selected (Le Bars 2000).

As this report details in the section on the Social Acceptability Filter below, the mission’s
carefully orchestrated engagement strategy was undermined when senior officials in the
Environment Ministry leaked the location of the potential sites to the press. Although the
mission visited three départements, it was met with unrelenting opposition and boycotts
and was forced to continue its consultations in Paris.

One after another, towns and regions passed resolutions prohibiting the disposal of
radioactive waste within their borders. In May 2001, barely a year after starting its
work, the mission was terminated and disavowed by Government.

Box 7. Searching for a granite site in France

Perhaps with the French experience in mind, the Japanese Diet passed the Specified
Radioactive Waste Final Disposal Act in 2000. Two years later, the government-run imple-
menter, the Nuclear Waste Management Organization (NUMO) issued a blanket invitation
to all the 3,239 Japanese municipalities to consider whether they would be willing to host a
repository for HLW and SNF (NUMO 2002b).

NUMO described a selection process that would proceed through three stages. In the first
stage, localities would volunteer to be evaluated as “preliminary investigation areas.” To
qualify, an area could not fail any of four requirements set forth in the Exclusion Criteria
(NUMO 2002a:5):

= There should be no records of significant movement in geological formations due
to earthquake or fault activity, igneous activity, uplift, erosion, and other natural
phenomena.

= The possibility of significant movement in the future due to earthquake or fault activ-
ity, igneous activity, erosion, and other natural phenomena should be small.

79 This discussion draws heavily on Mays 2004.
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United Kingdom

= There should be no record of unconsolidated deposits that have been deposited during
the Quaternary Period (i.e., in the past 1.7 million years).
= There should be no record of economically valuable mineral resources.

Sites that passed would then be assessed against more detailed “national evaluation fac-
tors” and “site-specific evaluation factors” (NUMO 2004).

To date, no community has agreed to participate in the site-selection process. By 2013, the
Japanese Government decided to abandon the process created in 2000. In May 2015, the
government approved a new approach. NUMO would no longer adopt a reactive stance.
Instead, the government would nominate multiple suitable areas based on site-suitability
criteria crafted by an expert group empaneled by the Ministry of Economy, Trade, and
Industry (METI) (Nuclear Fuel 2015).

In the United Kingdom, a five-year public consultation effort culminated with a Government
White Paper adopting the “Managing Radioactive Waste Safely” (MRWS) program (DEFRA
2008b). A six-stage process was planned, which was initiated with invitations to communi-
ties to express an interest in hosting a deep-mined, geologic repository for HLW and SNF.

At Stage 2, a “subsurface suitability” test would be applied to eliminate volunteers that con-
trolled technically suspect areas. These Exclusion Criteria were drafted, more or less in paral-
lel, by two Government-appointed groups of scientists (DEFRA 2007).%

The list of requirements included in the Exclusion Criteria that the two groups recom-
mended contains few, if any, surprises:

= The absence of earthquakes and faults, uplift, erosion, and other geohazards, including
those linked with future climate and environmental changes

= The absence of exploitable groundwater resources and specific complex or dynamic
hydrogeological environments

= The absence of specific natural resources, including coal, oil, gas, geothermal energy,
and metalliferous ores

By 2009, one county council (Cumbria) and two borough councils (Allerdale and Copeland)
in West Cumbria, England, where the nuclear facility at Sellafield is located, had expressed
an interest in hosting a repository, thereby triggering Stage 3. The British Geological

Survey (BGS) concluded in 2010 that, within West Cumbria, at least some sites—unspeci-
fied—would pass the three exclusionary tests (BGS 2010:1-5). In January 2013, however, the
Cumbria County Council voted to withdraw from the MRWS process, bringing it to a halt.

In the wake of this collapse, Government announced in July 2014 that it was modify-

ing its site-selection strategy and moving away from an approach that relied solely on
Exclusion Criteria to one that appeared to rely more on Generic Criteria (DECC 2014c).
These will be drafted by the implementer with advice from the BGS and scrutinized by the
implementer’s technical overseer, the Committee on Radioactive Waste Management. An
independent review panel established by the Geological Society will evaluate the new site-
suitability criteria, which will be the subject of a public consultation.

8 QOriginally the governments of England, Scotland, Wales, and Northern Ireland subscribed to the
MRWS process. Subsequently, after a change in government, Scotland withdrew. Scotland does not sup-
port any attempt to develop a repository in that country. Wales has taken a wait-and-see stance.
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In 2002, the Canadian Parliament gave the responsibility to implement a nuclear waste-
management program to what became the utility-owned implementer, the Nuclear Waste
Management Organization (NWMO). In 2007, the Government of Canada accepted
NWMO’s recommendation to launch the Adaptive Phased Management program for sit-
ing a repository. Canadians are “committed to seeking an informed, willing community to
host the long-term management facility. ... It is against the backdrop of the community’s
own vision for its future that we will proceed” (NWMO 2005:40).

In 2009, NWMO released a draft nine-step process for selecting a repository site (NWMO
20092).8! NWMO’s Exclusion Criteria were substantially more nuanced and comprehensive
than the ones adopted in other nations. In addition to the requirements pertaining to the
availability of land, the absence of groundwater and natural resources, and a location out-
side of protected areas and parks, NWMO maintained that the site must “not be located in
areas with known geological and hydrogeological features that would prevent the site from
being safe” (NWMO 2010:30). NWMO identified six technical factors affecting safety:

»  Containment and isolation characteristics of the host rock
» Long-term stability of the site

= Repository construction, operation, and closure

=  Human intrusion

= Site-characterization challenges

= Transportation

But rather than leaving these requirements ill-defined and opaque, NMWO specified at
least one “performance objective” and several “evaluation factors to be considered” for
each factor. NWMO emphasized that its site-suitability criteria “were selected in order to
ensure that the requirements of Canadian regulators, as outlined in legislation and guid-
ance documents, will be addressed throughout the site assessment process” (NWMO
2010:32).82

NWMO is unique among implementers that have articulated an explicit site-selection
strategy. In addition to the six technical factors, NWMO identified five factors that “go
beyond safety” to consider the well-being of the community and its neighbors. These fac-
tors include:

= Social, economic, and cultural effects
» Long-term sustainability

= Respect for ecologically sensitive areas
= Impacts on infrastructure

= Transportation effects

NWMO’s public pronouncements and its subsequent decisions make clear that these
“beyond safety” factors also could disqualify an otherwise technically suitable site.

Twenty-two localities initially expressed interest in learning more about the Adaptive
Phased Management process and obtaining a fuller understanding of what hosting a

81 After receiving public comment, NWMO finalized its site-selection process a year later (NWMO
2010).

82 The Canadian site-suitability criteria are described in Appendix 8.
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repository might entail.** Based strictly on the technical Exclusion Criteria, NWMO
suspended studies in one community, Red Rock, Ontario, in 2011. The locations of the
remaining 21 communities that have expressed an interest in learning more about hosting
a deep-mined, geologic repository are shown in Figure 16. These sites sit on top of both

crystalline and sedimentary rock formations.

SASKATCHEWAN
(1)
(2)
MANITOBA
(3]

Communities in Step 2
Learning More/Initial Screenings (4)
21. Central Huron
Communities in Step 3
Preliminary Assessments

1. English River 11. Wawa

First Nation 12. Blind River

2. Pinehouse 13. Elliot Lake

3. Creighton 14. The North Shore
4. Ear Falls 15. Spanish

5. Ignace 16. Arran-Elderslie

6. Nipigon 17. Saugeon Shores

7. Schreiber 18. Brockton

8. Manitouwadge  19. Huron-Kinloss

9. Hornepayne 20. South Bruce
10. White River
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Figure 16. Communities interested in learning more about the implications of hosting a deep-
mined, geologic repository in Canada (Source: NWMO 2013)

Under the terms of the Adaptive Phased Management program, the 21 communities

moved into Step 3, Preliminary Assessment, which is divided into two phases. In both

phases, four fundamental questions are posed:

= Is there potential to find a safe site?

= Is there potential to foster the well-being of the community through the implementa-
tion of the project, and what might need to be put in place to ensure this outcome?
= s there potential for citizens to continue to be interested in exploring this project

through subsequent steps in the site-selection process?
= Is there potential to foster the well-being of the surrounding area and to establish the

foundation to move forward with the project?

Assessments undertaken in the second phase build on those conducted in the first,

expanding the evaluations based on the available literature to include field studies and

eventually borehole investigations as well as more detailed exploration of the potential to

# So great was the expressed interest that in September 2012, NWMO announced a suspension of addi-

tional expressions of interest (NWMO 2012).
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foster well-being through the project in the community and surrounding areas (NWMO
2013). The structure of Phase 1 Preliminary Assessment is presented in Figure 17.

Phase 1 Preliminary Assessment

S

Geoscientific SoP i Environment Social,
S Engineering Transportation Economic and
Suitability and Safety Cultural
Is there the Is there the
potential to: potential to:
Is there the Is there the Is there the
potential to: potentialto: potential to: Manageany Foster the
environmental well-being of the
Finda Safely construct Safeand secure 2223:: f‘gglg" f:g'g:uggz ?g?ay
itable site? ility? ion? 0
suitable site the facility transportation and safety of the foundation for
people and the moving forward?
environment?

Figure 17. Structure of Phase 1 Preliminary Assessment under Canada’s Adaptive Phased
Management site-selection process (Source: NWMO 2013)

In November 2013, NWMO completed Phase 1 Preliminary Assessments at eight com-
munities: Creighton, Ear Falls, English River First Nation, Hornepayne, Ignace, Pinehouse,
Schreiber, and Wawa. NWMO concluded that all of the communities satisfied the require-
ments for engineering, transportation, and environmental protection during construction
and operation. The jurisdictions differed, however, in terms of geoscientific suitability and
projected community well-being during the implementation of the project. Consequently,
only four communities—Creighton, Hornepayne, Ignace, and Schreiber—moved into
Phase 2.%* Importantly, NWMO emphasized that this determination does not necessarily
confirm any of the communities “as suitable for hosting” a repository (NWMO 2013:21).

In January 2014, NWMO informed two additional communities—Arran-Elderslie and
Saugeen Shores—that “its studies were concluded” and that it “will work closely with
[them] to assist [their] transition out of the siting process.” In June 2014, the Township
of Nipigon withdrew from the siting process after NWMO informed its mayor about the
presence of “substantial geological uncertainties” and evidence suggesting that the “val-
ues and aspirations” of the community might not be aligned with the development of a

8 NWMO’s discussion of this decision appears to illustrate its sensitivity to community reactions. Not
until the 20th page of a 27-page document does the reader learn which communities advanced into
Phase 2. The four localities that did not move forward are never explicitly named. Moreover, NWMO
avoids discussing beyond generalities the specific reasons for why a community did not remain in the
siting process.

8 Letter from Kathryn Shaver, Vice President, APM Public Engagement and Site Selection, to Paul
Eagleson, Mayor of the Municipality of Arran-Elderslie, and to Mike Smith, Mayor of the Township of
Saugeen Shores, January 16, 2014.
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repository.® In December 2014, Phase 1 Preliminary Assessments were concluded in three
communities in Bruce County. Two of them—Huron-Kinloss and South Bruce—passed
into the next phase. The site at Brockton did not (NWMO 2014). In the following month,
NWMO determined that four sites—Blind River, Elliot Lake, Manitouwadge, and White
River—had a strong potential for meeting the site-selection requirements. Sites at Spanish
and North Shore did not NWMO 2015). In March 2015, NWMO informed the mayors

of the Town of Creighton and the Township of Schreiber that geoscientific investigations
undertaken as part of Phase 2 Preliminary Assessments “reduced the likelihood of find-
ing a suitable repository site” in their areas.®” As of May 2015, nine communities, all in
Ontario, remain involved in Canada’s site-selection process. Importantly, none of the com-
munities that are no longer involved chose on their own volition to withdraw. Table 6 sum-
marizes the decisions that have been taken as of May 2015.

English River First Nation

Arran-Elderslie

Saugeen Shores

Brockton

Huron-Kinloss

South Bruce

Central Huron

December 2014
December 2014

Pinehouse

Creighton November 2013
Ear Falls

Ignace November 2013 March 2015
Nipigon

Schreiber November 2013
Manitouwadge January 2015
Hornepayne November 2013
White River January 2015
Wawa

Blind River January 2015
Elliot Lake January 2015
North Shore

Spanish

I Community continues to be evaluated

B Community was dropped from further study

[ 1 No decision has yet been made

Table 6. Results of Phase 1 and Phase 2 Preliminary Assessments for communities participating in
Canada’s Adaptive Phased Management site-selection process

8 Letter from Kathryn Shaver, Vice President, APM Public Engagement and Site Selection, to Richard
Harvey, Mayor of the Township of Nipigon, June 11, 2014.

8 Letter from Kathryn Shaver, Vice President, APM Public Engagement and Site Selection, to Bruce
Fidler, Mayor of the Town of Creighton, and to Mark Figliomeni, Mayor of the Township of Schreiber,
March 2, 2015.
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DESIGNING AND DEVELOPING TECHNICAL SUITABILITY FILTERS TO
IDENTIFY PROSPECTIVE SETTINGS AND POTENTIAL SITES

Developing a deep-mined, geologic repository at any location inevitably carries with it
both benefits and costs. Consequently, siting is the step in the repository-development pro-
cess that is most likely to spark initial public interest and involvement. As one IAEA report
put it: “Members of the general public and representatives of local communities recognize
that they have a clear stake in the outcomes of [siting] decisions and almost always seek to
have their views taken into account by the policy elites” (IAEA 2007:40). For this reason,

it is instructive to examine how the site-suitability criteria, which strongly structure the

entire siting process, came into force.

Implementers enlist scientific and engineering specialists to craft site-suitability criteria.
The logic of that choice is indisputable. If the ultimate desired outcome of any site-selection
process is the development of a facility, whose long-term performance must satisfy regula-
tory constraints, then technical expertise is essential. But whose expertise counts?

Based on the historical record, implementers have almost always relied on their own
expertise. Siting efforts in Sweden and Finland, for instance, have proceeded without for-
mally adopted, predetermined criteria either for site suitability or site disqualification.®
Instead, internally directed scientific and engineering judgments were applied by SKB

and Posiva Oy to weigh the merits of a particular site at
the screening stage. Early attempts to devise siting rules . o L .
in France (Goguel; Bureau of Geological and Mining The development of site-suitability criteria typically has been
Research; Granite Mission), in Germany (Institute of Soil @ closed process. The implementer rarely accepis substantive
Research; KEWA; State of Lower Saxony), in Japan, in re(ommeno’af/'ons ﬁ-om 8X76’fﬂﬂ/ pﬂffi&.f.

Switzerland (Project Gewéhr), and in the United States
(AEC; ERDA) lacked any element of what today would be
called transparency. The efforts were organized by the implementer, early versions were

revised based solely on the implementer’s views, and the final product was released by the
implementer to an unaware and often unsuspecting public as dictum.%

Several exceptions to this pattern, however, can be found in the historical record. In the United Kin gdom
United Kingdom, the implementer proposed Exclusionary Criteria in 2007 and solicited

public comments; nearly 80 were rec