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UNITED STATES
NUCLEAR WASTE TECHNICAL REVIEW BOARD
2300 Clarendon Boulevard, Suite 1300
Arlington, VA 22201-3367

October 30, 2000

The Honorable Nancy P, Pelosi
Speaker of the House

United States House of Representatives
Washington, DC 20515

The Honorable Robert C, Byrd
President Pro Tempore

United States Senate
Washington, DC 20510

The Honorable Steven Chu
Secretary

L5, Department of Encergy
Washington, DC 20585

Deear Speaker Pelosi, Senator Byrd, and Secretary Chu:

The U8, Nuclear Waste Technical Review Board submits this report, Survey of National
Pragrams for Managing High-Level Radioactive Waste and Spemt Nuclear Fuel, in accordance with
provisions of the Nuclear Waste Policy Amendments Act of 1987, Public Law 100-203, That law
directs the Board to report its findings and recommendations to Congress and the Secretary of Energy
at least two times each year. Congress created the Board to perform an ongoing independent
evaluation of the technical and scientific validity of activities undertaken by the Secretary of Encrgy
related o the management and disposal of high-level radioactive waste and spent nuclear fuel.

The Administration recently announced its intention to consider allernative waste management
strategies. The enclosed report surveys and describes 30 technical and institutional attributes of
nuclear waste programs in 13 countries. The report does not evaluate or make judgments about any of
the programs. Rather the Board hopes that this survey and future reports on lessons leamed from
experiences in the United States and other countries will provide useful factual information for
Congress and the Secretary as they consider options for managing high-level radioactive waste and
spent nuclear fuel in the United States.

The Board looks forward to continuing its technical evaluation and to providing critical
technical and scientific information to Congress and the Secretary that can be used to inform the
decision-making process,

Sincerely,
{signed}

B. John Garrick
Chairman

conDéssl Telephone: THE-2535-4473 Faxt 708-235-4405
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OVERVIEW

he creation of high-activity, long-lived radioactive waste is an inevitable
consequence of generating electricity in nuclear power plants. It also is an
inevitable consequence of engaging in a set of activities associated with national
defense, ranging from propelling nuclear submarines to producing the fissionable
materials needed to construct nuclear weapons. Early in the nuclear era, the very-long-
term management and the ultimate disposition of those wastes was not a high priority.
By the mid-1970s, however, most nuclear-capable nations had begun to focus more intently
on developing plans to ensure over the very long term that the wastes would not endanger
public health and safety or do serious damage to the environment.

Especially within the last decade, those efforts have benefitted from increasingly fruitful
international cooperation and coordination. The International Atomic Energy Agency, an
autonomous organization with a working relationship with the United Nations, carries out
technical assistance programs and provides regulatory guidance to its members. It also
supports the implementation of the Joint Convention on the Safety of Spent Fuel
Management and on the Safety of Radioactive Waste Management, a treaty signed by 55
entities, including all but five of the 31 nations that now operate nuclear power plants.
Under the auspices of its Radioactive Waste Management Committee, the Nuclear Energy
Agency, part of the Organization for Economic Cooperation and Development, has
established a number of subsidiary bodies that sponsor multinational exchanges among 28
industrial democracies.'

Today, there is strong international consensus that a deep geologic repository used to
dispose of high-activity, long-lived radioactive waste “provides a unique level and duration
of protection™ of public health and safety and the environment. Such a system “takes
advantage of the capabilities of both the local geology and the engineered materials to

' Among those groups are the Forum on Stakeholder Confidence, the Advisory Bodies to Government, the
Regulators’ Forum, the Working Party on Decommissioning and Dismantling, and the Integration Group
for the Safety Case of Radioactive Waste Repositories.

*Nuclear Energy Agency, Radioactive Waste Management Committee, “Moving Forward with Geological
Disposal of Radioactive Waste: An NEA RWMC Collective Statement,” NEA-6433, OECD, Paris, 2008,
pp- 7, 14. The other two quotations in this paragraph come from the same source.



fulfill specific safety functions in a complementary fashion providing multiple and diverse
barrier roles.” Further, the international waste management community broadly agrees
that developing a deep geologic repository is “technically feasible.” However, the route and
pace in moving toward deep underground disposition of high-activity, long-lived
radioactive waste vary considerably among countries with nuclear programs. Only one
deep geologic repository is operating today: the Waste Isolation Pilot Plant in New Mexico.
Transuranic waste from the U.S. nuclear weapons production program is the sole material
that can be disposed of in that facility.

The purpose of this report is to provide Congress, the Secretary of Energy, and other
interested parties with up-to-date information on the status of selected national programs
to manage high-activity, long-lived radioactive waste.> The report is not intended to
provide a comprehensive and exhaustive survey of waste management programs in the 31
countries that now operate nuclear power plants. Instead the report examines programs in
13 selected countries, which account for 83 percent of worldwide nuclear power generating
capacity. These countries illustrate well the broad range of options and considerations that
structure national programs. Importantly, all of these efforts are relatively transparent,
thereby engendering some confidence that the information provided here is reliable. Other
countries that might have been selected were ultimately omitted from this survey because
their programs are in their infancy or because the status of their programs could not be
independently documented. In the future, the Board may update this survey and include
additional national programs.

For each of the 13 national programs, the Board gathered detailed information on 30
program attributes. Some of the attributes address the programs’ legal and institutional
arrangements; others describe technical approaches that the programs have taken. (A
definition of these attributes can be found starting on page 13.) These data are presented in
a series of detailed tables, which were reviewed for accuracy by at least one and in some
cases as many as three in-country experts. The rest of this section highlights the following
program attributes.*

o Context

o Organizational form of the implementer

o Independent technical/program oversight

e  Current practices

»  Geological investigations

o Status of the site-selection process

o Health and safety requirements for disposal

» Anticipated start of repository operations

*Most of this material consists of liquid and vitrified high-level radioactive waste (HLW) from reprocess-
ing plants and spent nuclear fuel (SNF).

*The information contained in the tables found in the Overview section as well as in the detailed tables
uses terminology provided by the in-country reviewers. Space limitations sometimes prevent expanding
on the information provided.

A Survey of National Programs for Managing High-Level Radioactive Waste and Spent Nuclear Fuel



CONTEXT Table 1
C.ommerc1a1 a.nd dfefense spent nuclear fue? (SNF), NUCLEAR-GENERATED ELECTRICITY*
high-level radioactive waste (HLW), long-lived heat-
generating waste, wastes from research and isotope OPERATING CURRENT PERCENTAGE
. . . NUCLEAR GENERATING OF TOTAL

production reactors are all potential candidates COUNTRY POWER CAPACITY ELECTRICITY
for disposal in a deep geologic repository. But the PLANTS (GIGAWATTS) PRODUCTION
magnitude of this task is best approximated by the United States 104 101.1 19.7
capacity of a country’s commercial nuclear power
plants. Belgium 7 57 53.8
The 13 countries considered in the survey vary Canada 18 12.7 14.8
significantly in that respect (Table 1). Belgium,
Finland, Spain, and Switzerland have few nuclear China ! 86 22
power plants; France, Japan, and the United States Finland i 27 P
have a substantial number. Further, the countries’
dependence on nuclear ranges from a small per- France 58 63.5 76.2
centage of national electricity production to a large
majority of it. Germany 17 20.3 283
In some nations, commitments have been made to Japan 53 462 24.9
construct a large number of new reactors, while,
in others, the commitments have been more mod- zi?::ﬁc of = 77 e
est. In still others, legal or de facto moratoria on Spain o 4 8.3
building nuclear power plants are in place. Finally,
in many nations, a linkage exists, sometimes infor- Sweden 10 91 42.0
mal and implicit, sometimes formal and explicit,
between finding a “solution” to the radioactive Switzerland 5 3.2 392
waste management problem and continued opera-

. . United 19 11.0 13.5
tion (or new construction) of nuclear power plants. Kingdom

*As of May 31, 2009.
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Table 2

ORGANIZATIONAL FORM OF THE IMPLEMENTER

COUNTRY

IMPLEMENTING
ORGANIZATION

ORGANIZATIONAL
FORM

United States

Department of Energy
Office of Civilian Radioactive
Waste Management

Government agency

Belgium National Agency for Government agency
Radioactive Waste and
Enriched Fissile Materials
Canada Nuclear Waste Management  Private corporation formed
Organization by the owners of nuclear fuel
waste
China China National Nuclear Government-owned
Corporation, provisionally corporation
Finland Posiva Oy Joint waste management
company created by the
owners of nuclear power
plants
France National Agency for Government-owned Public
Radioactive Waste Service Agency
Management
Germany Office for Radiation Government agency
Protection within the Federal
Ministry for the Environment,
Nature Conservation, and
Nuclear Safety
Japan Nuclear Waste Management  Private nonprofit organization

Organization

established by the owners of
nuclear power plants

Republic of Korea

Korea Radioactive Waste
Management Organization

Government agency

Spain Spanish National Company ~ Government-owned
for Radioactive Waste corporation
Sweden Swedish Nuclear Fuel Private corporation formed by

and Waste Management
Company

the owners of nuclear power
plants

Switzerland

National Cooperative for
the Disposal of Radioactive
Waste

Public/private consortium of
radioactive waste producers,
including the owners of
nuclear power plants and the
Federal State

United Kingdom

Nuclear Decommissioning
Authority

Radioactive Waste
Management Division

Non-Departmental Public
Body under the responsibility
of the Department of Energy
and Climate Change

ORGANIZATIONAL FORM OF THE
IMPLEMENTER

A broad international consensus exists among
countries actively considering the very-long-term
management of radioactive waste that establishing
health, safety, and environmental standards for
disposal and deciding whether a deep geologic
repository should be sited, constructed, or operated
are intrinsic governmental functions to be carried
out by an independent regulator.® There is
considerably less agreement on what is the most
appropriate organizational form for the
implementing entity responsible for repository
siting, construction, and operation. In the United
States, for example, even as Congress gave
implementing responsibility to the Department of
Energy, it authorized the creation of a special
commission to make recommendations about
alternative means for financing and managing that
responsibility.® No particular organizational form
dominates national choices (Table 2). Although the
language that individual countries use to describe
the organizational form varies, four distinct types
of organizations have been created: government
agencies, private corporations, government-owned
corporations, and public-private partnerships.

° Although the regulatory responsibilities and arrangements vary from country to country, in all cases the
regulator is an official governmental body. See Nuclear Energy Agency, “Regulating Long-Term Safety of
Geologic Disposal,” NEA-6182, OECD, Paris, 2007.

¢U.S. Congress, Nuclear Waste Policy Act of 1982, Section 303. See also Advisory Panel on Alternative

Means for Financing and Managing Radioactive Waste Facilities, “Managing Radioactive Waste—A Bet-
ter Idea,” December 1984.
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INDEPENDENT TECHNICAL/
PROGRAM OVERSIGHT

In addition to the implementer and the regula-
tor, in many countries, a third type of orga-
nization has been created: the independent
technical/program oversight body (Table 3).
These organizations can make findings and
recommendations to the responsible gov-
ernmental agencies and branches of govern-
ment or to the implementer; but they have

no authority or control over either the imple-
menter or the regulator. Some of these bodies
consciously were established to bolster the
credibility of other organizations charged with
programmatic responsibilities. Others were
created to institutionalize a “second opinion”
into what are often technically and politi-
cally controversial activities. Further, these
oversight bodies differ in their charters. Some
focus exclusively on technical matters while
others have a broader mandate, which includes
waste management’s ethical, legal, social, and
policy dimensions as well as its technical ones.

Table 3
INDEPENDENT TECHNICAL/PROGRAM
OVERSIGHT
COUNTRY OVERSEER ROLE

United States

Nuclear Waste Technical
Review Board

Advises Congress and the
Secretary of Energy

Belgium None
Canada Independent Technical Review — Advises the Nuclear Waste
Group Management Organization
China No decision made.
Finland None
France National Review Board Advises Government and
Parliament
Local Information and Advises National Agency for
Oversight Committee Radioactive Waste on the
operation of the underground
research laboratory at Bure
Germany Nuclear Waste Management  Advises the Ministry for
Commission the Environment, Nature
Conservation, and Nuclear
Safety
Japan None
Republic of Korea None
Spain None
Sweden National Council for Nuclear  Advises the Ministry of the
Waste Environment
Switzerland Nuclear Safety Commission Advises the Federal Council,

the Department of the
Environment, Transport,
Energy, and Communication,
and the Federal Nuclear
Safety Inspectorate

United Kingdom

Committee on Radioactive
Waste Management

Advises Government and
the Devolved Administration
Ministers

Overview



Table 4
CURRENT PRACTICES
MATERIAL INDEPENDENT
AUTHORIZED TO CENTRALIZED
COUNTRY BE DISPOSED OF IN
STORAGE FACILITY
A DEEP GEOLOGIC ESTABLISHED
REPOSITORY
United States* High-level radioactive waste, ~ No
commercial spent nuclear fuel,
naval reactor fuel, Department
of Energy spent nuclear fuel
Belgium High-level radioactive waste No
Canada Commercial spent nuclear fuel  No
China High-level radioactive waste No
Finland Commercial spent nuclear fuel No
France High-level radioactive waste No
and long-lived intermediate-
level waste
Germany High-level radioactive waste, Yes, at Gorleben and Ahaus
commercial spent nuclear
fuel, and heat-generating
intermediate-level waste
Japan High-level radioactive waste No

Republic of Korea

Commercial spent nuclear fuel

Envisioned, but no schedule
for beginning to site such a
facility has been established

Spain No decision made. A siting process for a
Centralized Temporary
Storage facility has been
initiated.

Sweden Commercial spent nuclear fuel  Yes, at Oskarshamn (CLAB)

Switzerland

High-level radioactive waste

Yes, at Wirenlingen

is the only form currently (ZWILAG)
considered waste.
United Kingdom High-level radioactive waste, ~ No

commercial spent nuclear fuel,
intermediate-level waste, and
low-level waste not suitable
for near-surface disposal.
Uranium and plutonium if
these elements are declared to
be waste.

*Does not include waste authorized to be disposed of in the Waste Isolation

Pilot Plant.

CURRENT PRACTICES

Until the mid-1970s, the nuclear power
community worldwide believed that the fuel
assemblies from commercial nuclear power
plants would be removed when spent, cooled
on-site for a relatively short period of time, and
then sent to chemical reprocessing plants. At
the reprocessing plants, the plutonium, created
by neutron absorption, and the remaining
uranium would be separated out and recycled
into either light-water or fast reactors. The
HLW from reprocessing plants would be
vitrified and ultimately disposed of in a deep
geologic repository. Adopting this approach
meant that the nuclear fuel cycle was “closed.”

In part out of concerns about nuclear-weapon
materials proliferation, some nations
subsequently adopted a nuclear fuel cycle that
was “once-through”—that is, the SNF removed
from reactors would be cooled, stored either
on-site or at an independent centralized
facility, and then disposed of directly in a deep
geologic repository.

There is considerable variety in materials
authorized for disposal in different countries
(Table 4). The variety is, to a large degree, a
reflection of nuclear-fuel-cycle choices, some
of which are still in flux. Countries also vary
in whether they have established an
independent centralized storage facility either
for HLW or SNF or for both forms of waste.

A Survey of National Programs for Managing High-Level Radioactive Waste and Spent Nuclear Fuel



GEOLOGICAL INVESTIGATIONS

An influential 1957 report by the U.S. National
Academy of Sciences’ National Research Council
identified geological disposal as a technically
defensible option for the very-long-term
management of HLW. Further, the report pointed
to salt as an acceptable host rock because the
presence of salt implied the absence of water and
because the plasticity of salt would seal fractures
that otherwise could preferentially conduct water
flow through the waste emplacement zones.” This
report provided the technical rationale that led the
United States to focus almost exclusively until the
mid-1970s on identifying a site in salt for a deep
geologic repository.

Finding a salt formation where a repository might
be sited was not an option, however, for many other
countries. Sweden, for example, began to explore
the possibility of disposing of its waste in granite,
which underlies most of that country’s landscape.
Out of that exploration eventually came the KBS-3
approach: SNF first is encapsulated in copper, and
the copper canisters then are placed in granite
basement rock at a depth of about 500 meters and
surrounded by bentonite clay. The acceptance by
the radioactive waste disposal community that a
combination of geological and engineered barriers
might provide sufficient protection of public health
and safety and the environment opened the door to
investigate a large number of potential host rocks.®
Indeed, even countries that are thinking about or
actually developing a deep geologic repository in

Table 5
GEOLOGICAL INVESTIGATIONS
INDIGENOUS
EN\?IER%Ll?l\ﬁéf‘ITS UNDERGROUND
COUNTRY NN RESEARCH
LABORATORY
INVESTIGATED Ry

United States

Salt, basalt, granite, tuff, clay,

and shale

The Exploratory Studies
Facility at Yucca Mountain
served the function of an
underground research
laboratory (tuff).

Belgium Clay and shale Mol (clay)

Canada Granite and sedimentary rock  Pinawa (granite)*

China Granite None

Finland Granite, gneiss, grandiorite, Construction of ONKALO

and migmatite underground rock

characterization facility in
Eurajoki began in 2004 and
is continuing (granite).

France Argillite and granite Bure (argillite)

Germany Salt Gorleben (salt)

Japan Granite and sedimentary rock  Tono (granite)

Mizunami (granite)
Horonobe (sedimentary rock)

Republic of Korea

Granite

Korea Underground Research
Tunnel (granite)* *

Spain

Granite, clay, and salt

None

Sweden

Granite

Aspé (granite)

Switzerland

Clay and granite

Mont Terri (clay) and Grimsel
(granite)

United Kingdom

No decision made.

None

“In the process of being decommissioned

At shallow depth only

clay, and thus believe there is no need for a robust engineered barrier system, take a

systems approach in developing their safety cases.

Numerous types of rock have been considered or have been investigated, and many

countries have constructed an indigenous underground research laboratory to carry out

in situ investigations of a formation’s potential to isolate and contain radioactive waste

(Table 5).

’National Research Council, The Disposal of Radioactive Waste on Land, (Washington, D.C.: National
Academy of Sciences Press, 1957).

#The United States abandoned its salt-centric siting strategy in 1976. Studies by the U.S. Geological Survey
and the American Physical Society argued that what matters is the performance of the entire system of
geological and engineered barriers. This view was adopted for the most part in 1979 by an interagency
group created by President Jimmy Carter to develop an Administration-wide policy on managing radio-
active waste. See Interagency Review Group on Nuclear Waste Management, Report to the President,
(TID-29442), Washington D.C., 1979.

Overview



Table 6

STATUS OF THE SITE-SELECTION PROCESS

COUNTRY

STATUS

United States

Site at Yucca Mountain was selected. *

Belgium Formal siting process not initiated.

Canada Siting process initiated.

China Preliminary investigations underway at Beishan in the Gobi
Desert.

Finland Site at Olkiluoto near the municipality of Eurajoki has been
selected.

France Site near the village of Bure has been selected. ™ *

Germany Siting process on hold.

Japan Siting process initiated.

Republic of Korea

Formal siting process not initiated.

Spain

Formal siting process not initiated.

Sweden

Site in the municipality of Osthammar was selected.

Switzerland

Siting process initiated.

United Kingdom

Siting process initiated.

“The Administration recently indicated its intention to terminate funding for the Yucca
Mountain repository program and to appoint a Blue Ribbon Commission to consider

nuclear waste management alternatives. To date, licensing hearings before the Nuclear

Regulatory Commission continue.

A 250-square-kilometer area has been identified. The selection of a specific location

within that area for development as a deep geologic repository is under way.

STATUS OF THE SITE-SELECTION
PROCESS

Experience over the years in many countries has
made clear that potential deep geologic repository
sites have to pass through both a technical filter
and a political filter. Some countries identify
potential sites based first on technical
considerations and then determine whether
political realities will permit the site’s
development as a repository. Other countries
reverse the order, looking first for volunteer
communities and then evaluating a site’s technical
merits. Still other countries have concluded that
moving forward at this time is simply premature.

Experience over the years also has made clear that
a siting process can get bogged down because
either technical or political obstacles have arisen.
In some countries, programs have had to be
altered fundamentally to overcome either barrier
or both barriers. These reorganizations have, at
the very least, resulted in significant
programmatic delays. In other countries, technical
or political controversies, or the prospects of
them, have lead policy-makers to defer for many
decades the development of a deep geologic
repository. Table 6 provides information on the
status of the site-selection process in the 13
nations considered here.

A Survey of National Programs for Managing High-Level Radioactive Waste and Spent Nuclear Fuel



HEALTH AND SAFETY REQUIREMENTS
FOR DISPOSAL

Although a deep geologic repository can provide a
unique level and duration of protection, questions
remain in many countries about what the protective

Table 7

HEALTH AND SAFETY REQUIREMENTS FOR
DISPOSAL

COUNTRY

DOSE
CONSTRAINT

RISK LIMIT

COMPLIANCE
PERIOD

United States 0.15 mSv/year Not specified Less than 10,000
level should be, how standards should be formulated, years
how long the duration should last, what methodol- 1.0 mSv/year* Not specified Greater than
. . 10,000 years but
ogy should be used to judge compliance, and what less than 1,000,000
the spatial domain should be where the regulation years
is enforced. Further, in some countries, the regula- Belgium Expected o be Not specified May be as much os
. L di h h 0.1-0.3 mSv/year 1,000,000 years
tions are very prescriptive, and in others, t €y are Canada An upper limit of Not specified Not specified
very general, providing only broad guidelines for the 1.0 mSv/year
. tablished;
implementer. o ’
0.3 mSv/year
d.
Three aspects of the regulations seem to be of par- propoe
. ) P 8 . p China No decision made.  No decision made. No decision made.
ticular importance. In the terminology used by the
. . . Finland Less than Not specified First several
radioactive waste management community, the 0. Sk e
minimal acceptable protective level is measured by Release limits
either a dose constraint or a risk limit. The dose con- for various
o i i radionuclides
straint is the effective dose or the equivalent dose to established.
individuals that may not be exceeded. The dose con- Impacts should be  Not specified Beyond first several
L . s s 9 comparable fo those thousand years.
straint is usually measured in millisieverts per year. arising from natural
No consensus obtains on the definition of a risk radioactive materials
.. . . but should i
limit. Typically, however, the term is taken to mean -
insignificantly low.
the prObablhty of a person thng in the vicinity ofa France 0.25 mSv/year for  Not specified 10,000 years
repository suffering genetic or serious health effects, normal scenarios. .
including cancer, during the course of his or her life- Germany Moz k::;:tizglz S/c lg:z::s Lo} el
time as a result of radioactive material released from Less than 10°/lifetime
the repository.!® The risk limit is always measured in for less probable
. scenarios
terms of the pl’ObabllltY peryear, for example, one Japan No decision made.  No decision made. No decision made.

in a million or 10-%/year. Finally, the duration over

Republic of

No decision made.

No decision made.

No decision made.

which the regulation applies is measured by a com- Korea
pliance period. These regulatory choices represent Spain No decision made. ~ No decision made. No decision made.
social judgments informed by technical analyses." Sweden Not specified Less than 10%/year 100,000 years

. . . . i C | N ified 1,000
Some of the 13 nations discussed in this report have Switzerland c;nToF:::em of specitie e year
not yet established radiological health and safety 0.1 mSv/yearfor  Not specified As much as
requirements for the disposition of radioactive waste. probable scenarios 1,000,000 years
Among those that have, there are some important Not specified Less than 10%/year for  As much as
similarities and differences (Table 7). If one looks less probable scenarios 1,000,000 years
only at the first 10,000 years after repository clo-

. United No decision made.  Guidance calls for less  No decision made.
sure, all the countries regard as acceptable a dose Kingdom than 10%year.

°One millisievert (mSv) equals 100 millirems.

*Applicable only to a repository constructed at Yucca Mountain.

" This definition is consistent with how the term is used by the International Commission on Radiological
Protection and the regulators in Germany and the United Kingdom.

"Tn addition to satisfying regulatory requirements for protecting public health and safety, the implement-
ing organization typically has to prepare environmental impact assessments and have them approved by
relevant governmental authorities.

Overview 9



constraint that falls within a range of 0.1-0.3 mSv/year. However, some of those countries
require that the dose constraint also be satisfied for compliance periods that extend as far

out as 1,000,000 years. Risk limits span a similarly large range—10~ to 10%/year—depend-
ing on the compliance period and the likelihood that a particular scenario evolves.

Table 8 ANTICIPATED START OF REPOSITORY
OPERATIONS

Three of the four countries that have selected a site

ANTICIPATED START OF REPOSITORY OPERATIONS

COUNTRY DATE for a deep geologic repository—Finland, France,

United States No decision made. * and Sweden—have announced when they

anticipate the start of operations: they all expect to

Belgi Anticipated i hly the 2040 time-frame. . . . . 1
clgium riepared novary e metrame begin emplacing radioactive waste within roughly
Canada No decision made. the next 10 to 15 years (Table 8). Three other
China Anticipated in roughly the 2050 time-frame. countries have projected a time 30 to 40 years
from now, although only one of them, Switzerland,
Finland 2020 . .\
has initiated a formal siting process. The
France 2025 remaining seven nations have made no decision
Germany No decision made. about when repository operations will begin,
either because the timing depends on finding a
Japan No decision made. . .
volunteer community and reaching an agreement
Republic of Korea No decision made. with it or because a formal siting process is on
Spain No decision made. hold or has not been initiated.
Sweden 2023
Switzerland No sooner than 2040

United Kingdom  No decision made.

"The Administration recently indicated its intention to terminate funding for the Yucca
Mountain repository program and to appoint a Blue Ribbon Commission to explore
nuclear waste management alternatives. To date, licensing hearings before the Nuclear
Regulatory Commission continue.

10 A Survey of National Programs for Managing High-Level Radioactive Waste and Spent Nuclear Fuel



A CoNcLUDING COMMENT

When the radioactive waste management community in the United States and abroad
began work on developing a deep geologic repository, the task was perceived to be a simple
one. A technically suitable site would first be identified. Then scientific and engineering
talents would be mustered to complete what was viewed as a relatively straightforward
construction project. Since then, it has become clear that performing convincing technical
analysis in the face of considerable temporal and spatial uncertainties is more complex and
challenging than earlier anticipated. Creating a supportive institutional environment—
founding credible implementing and regulatory agencies, creating trusting relationships
with local communities, and putting into place legitimate decision-making processes—has
proven to be challenging as well. That many national programs have had to be reconsti-
tuted in fundamental ways is testimony to the difficulties encountered over the years.

With only the three countries identified above close to implementing a technically and
politically accepted effort to develop a deep geologic repository, it is difficult to infer what,
if anything, is a “magical recipe” for success. This question, however, will be explored in
greater depth in a subsequent Board report. At this point, we simply note that these 13
countries are strongly committed to managing radioactive waste for the very long term in
ways that do not impose burdens on future generations. The precise path taken by each
will strongly depend on its technical and political cultures. In the end, it may very well be
that the many paths all lead to the same outcome: successful disposal of long-lived, high-
activity radioactive waste in a deep geologic repository.

Overview
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DETAILED TABLES

he Board identified 30 key attributes associated with national radioactive waste

management programs. Half of them relate to the institutional arrangements that

have been established in each country. The other attributes relate to the technical

approaches that have been adopted. Detailed tables containing information about
the attributes, which appear as column headings, were then constructed using official doc-
uments released by each nation. Most helpful were a series of reports submitted to the
International Atomic Energy Agency as part of the Third Meeting held under the provi-
sions of the Joint Convention on the Safety of Spent Fuel Management and the Safety of
Radioactive Waste Management.

Drafts of the detailed tables were sent out to in-country experts for peer review. At least
one expert from each country, and as many as three, reviewed the tables and provided
comments. (Reviewers that wished to be recognized are acknowledged in the beginning
of this report.) The comments were incorporated, and the tables were revised. Typically,
the comments filled in “blanks” on the draft tables, updated the information contained in
the drafts, and provided more information than could be found in the official documents.
Every effort was made to harmonize the various table entries so that their meaning would
be consistent across countries. To achieve that end, definitions for the 30 attributes were
developed. These definitions are provided below. '?

To facilitate the viewing of the detailed tables, they are laid out so that the information for
three countries is grouped together. The attributes related to institutional arrangements
for each group are presented first followed by the attributes related to technical approaches.
With the exception of the United States, the nations are grouped in alphabetical order.
Each group is color-coded so that the reader can quickly locate any country of interest.

2In the detailed tables, the reader will find two entries that appear similar on their face: “no decision
made” and “none.” When the first entry is encountered, it should be interpreted to mean that the country
has not addressed the particular attribute either implicitly or explicitly. When the second entry is encoun-
tered, it should be interpreted to mean that the country has made the decision indicated in the table.

13
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KEY ATTRIBUTES—INSTITUTIONAL ARRANGEMENTS

1. Legislation specific to radioactive waste management: Laws passed that establish the
rules under which radioactive waste will be managed.

2. Implementing organization: The entity charged under the law with the responsibility
for siting, constructing, and operating facilities for managing radioactive waste.

3. Independent regulator: The entity charged under the law with the responsibility for
establishing health, safety, and environmental standards for managing radioactive
waste and for approving/disapproving or recommending for approval/disapproval the
licensing of facilities for managing radioactive waste.

4. Independent technical/program oversight: Entities that are independent of the imple-
menter and the regulator that provide advice on technical and other issues associated
with the management of radioactive waste. The entities can give their advice to the
Government, the legislature, or the implementer. They can be appointed either by the
Government or the implementer.

5. Dedicated funding source for repository development: Money, segregated from general
government revenues, that finances the siting, construction, and operation of a deep
geologic repository and other facilities. The source of the money may be payments by
waste generators directly or by the users of nuclear-generated electricity.

6. Regulations and decrees applicable to licensing a deep geologic repository—site-selection:
Rules and standards created by government agencies and Ministries that structure the
processes used to choose a candidate or final location for a deep geologic repository.

7. Regulations and decrees applicable to licensing a deep geologic repository—environ-
mental impact assessment: Rules and standards created by government agencies and
Ministries that structure the processes and the required analysis for evaluating the
environmental effects of developing a deep geologic repository.

8. Regulations and decrees applicable to licensing a deep geologic repository—health and
safety protection: Rules and standards created by government agencies and Ministries
that structure the processes and the required analysis for evaluating whether a pro-
posed deep geologic repository is likely to comply with applicable requirements for
protecting public health and safety.

9. Formal legislative/executive approvals required for developing a deep geologic reposi-
tory—selection of a waste management option: Decisions about whether to develop a
deep geologic repository or to adopt some other option, such as separation and trans-
mutation or storage, for the very-long-term management of radioactive waste. The
decision is made using political, as opposed to administrative, processes. It may occur
before or after a regulatory decision or the submission of regulatory advice to the legis-
lature or Government.

10. Formal legislative/executive approvals required for developing a deep geologic reposi-
tory—site-selection: 'The decision to choose a candidate or final location for a deep
geologic repository. The decision is made using political, as opposed to administra-
tive, processes. It may occur before or after a regulatory decision or the submission of
regulatory advice to the legislature or Government.

A Survey of National Programs for Managing High-Level Radioactive Waste and Spent Nuclear Fuel



11.

12.

13.

14.

15.

Formal legislative/executive approvals required for developing a deep geologic repos-
itory—facility construction and operation: The decision to permit the construction
and operation of a deep geologic repository. The decision is made using political, as
opposed to administrative, processes. It may occur before or after a regulatory deci-
sion or the submission of regulatory advice to the legislature or Government.

Interactions with local jurisdictions—local veto: Legally prescribed rules under which
either a locality must give its approval before an action is taken (usually the selection
of a site for a deep geologic repository) or the locality can reject a decision after it has
been made.

Interactions with local jurisdictions—limitations on local veto: Legally prescribed rules
under which any veto power held by local jurisdictions can be overridden or otherwise
modified.

Interactions with local jurisdictions—benefits to be provided to local community for
accepting a facility: Benefits include, among other things, dedicated tax and other pay-
ments, increased governmental services, and infrastructure development. Benefits may
be legally prescribed or established through negotiations.

Explicit adoption of a staged decision-making process: Almost by necessity, the
development of a deep geologic repository must take place in stages. However, some
national programs are designed to require at every step intensive deliberation, recur-
sive safety case evaluations, and explicit consideration of the option of not proceeding.

KEY ATTRIBUTES—TECHNICAL APPROACHES

Operating nuclear power plants/generating capacity: The number and gross generating
capacity (in gigawatts electric) of plants operating as of May 31, 2009. The number of
plants under construction is defined as the projects that have broken ground as of May
31, 2009. The generating capacity of those plants is the nominal capacity reported to
authorities.

Reprocessing included in fuel cycle: Whether SNF has ever been reprocessed, either in
the country or in a facility located outside of the country.

Transportation system in place to move SNF/HLW to a deep geologic repository:
Transportation options available for those countries where a site has been selected or
where particular sites are being actively considered.

Independent centralized interim storage facility established: Facilities that fall into
this category store SNF or HLW from more than one generator. Such facilities are
distinguished from storage installations at either operating or shut-down nuclear
power or reprocessing plants.

Geologic environments considered or investigated for a repository: Host rocks that
appear to be potentially suitable for a repository. The hosts rocks may have been
considered or investigated in bench or desk studies, by surface investigation, or by
at-depth exploration.

Detailed Tables
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10.

11.

12

13.

14.

15.

Indigenous underground research laboratories: Laboratories that have been created
(either operational or under construction) where experiments can be conducted to
evaluate the long-term suitability of a particular host rock to isolate and contain
radioactive waste. Experiments conducted in another country’s underground research
laboratory are not included.

Status of site-selection process: The stage of the national decision for selecting a site for
a deep geologic repository.

Long-term health and safety requirements: Specific regulations and standards
establishing dose constraints, risk limits, and compliance periods that must be
satisfied before a deep geologic repository can be licensed.

Requirements for retrievability: Specific laws or regulations establishing the time
period within which waste must be able to be retrieved from a deep repository. Also
specific laws and regulations establishing how the entire disposal process can be
reversed.

Requirements for defense-in-depth: Specific laws or regulations establishing the
degree to which various barriers must be able to isolate and contain radioactive waste
independently of other barriers.

Methodology for demonstrating compliance with postclosure standards: Approaches the
implementer must use to conduct its performance assessment or to advance its safety
case for licensing a deep geologic repository.

Engineered barrier system—design: How the man-made part of the deep geologic
repository system is to be constructed.

Engineered barrier system—importance to safety case: In comparison to the natural
system (host rock, near-field environment, hydrogeology, and other factors), the role of
the engineered barrier system in isolating and containing radioactive waste.

Waste forms authorized to be disposed of in a deep geologic repository: The type of
material that would be required to be disposed of in a deep geologic repository.

Anticipated start of repository operations: Year in which either the implementer or an
appropriate governmental authority has stated publicly that a deep geologic repository
will be available to begin to accept waste for disposal.

A Survey of National Programs for Managing High-Level Radioactive Waste and Spent Nuclear Fuel



UNITED STATES,
BELGIUM, CANADA




“JuswuIaA0S) Aq paroiddp
o|nWIoy ay4 o} p3lgns ‘puny
sy} ojui Asuow Aod sjuoid
Jemod IpsPNU Jo sIBUMQO
pung

1SN1] PV SISOAA [9n4 IDBPNN|

's10j019uaB ajsPM
Aq piod Ajny oq |jm Atopisodal
o Buidojensp Jo sis0)

pung wis|-Buo

._U_._:n_ 0..:
ojul wm;_Ur_Uhjw ‘_DO;.—_U;O_
1ed 100°0¢ P Aod Aouosje

1D8|dNU 4O sIojpIBUBL)

puny SISOAA 1030NN

juswdojarsg
Aioyisoday 1oy 921n0g
Buipung pajooipag

(uoypzIUPBIQ Jusweboupyy
SISDAA JD3JONN| Y4 SISIAPY/)
dnoig

MaIASY [0o1UYd3| Juspuadapul

(ABisug jo Aipjeideg
3y} pup ssa1Buo)) sasIpy)

pipog meiney
[21UYD3] BISPAA JPBPNN|

1ybisiaAQ wnibouy
/|P21uyda) juspuadapu

INETIINSIETRIING Lc_vccou

1pajonp| Joy AousBy |piepay

(sauj1opy s95UDY|

pup spiopupjs sjuswajdw))
uolsSILIWOD)

Aiojo|nBay 1oapnN|

(spappuDpys |ojUBWUOIIAUS $19G)
AouaBy
UOYDD}01J [DJUSWIUOIIAUT

Joyp|nbay juspuadapuj

"JUD|4 4O]Id UOUD|OS| BISDAA B} 1o} sjuswaBup.LID [PUOHNISUL SPN[DUL OU $80(] 4

(o4s0M
[on} Jpsjonu 4o s19UMO By} Aq
paw.oy uoypiodiod ajoALy)

suolsioap pup saioljod

A8y jo [paciddp juswuierog)
o} Joalqgns ‘uoypziupbi
{uswaBoUD Yy BISDAA JD3PNN|

(Aousbp juswuianos))

S|DLISID S|issly paydLug
PUD 3§SDAA SAIODOIPDY
10§ Aouaby |puoypN|

(AousBp juswuieros))

juswaBpubyy 9JSOAA
1D 0 YO

uonpziunbiQ
Buipuswa|duw)

(0002) oV
|04uoD) pup Ajeypg 08NN

(zooz)
1Oy BISOAA |on] IDBPNN|

[uoyp|nBay]

v661

judy G| jo mpT Aq payipow
‘8561 YPIPW 6T J0 MD]
[uoypjuswadu]]

Aol R

21 4o MD pup |44| Apnupp
LL 40 mp7 Aq payjipow

‘0861 #snBny g o Mo

(z661) PY Adijo4 ABiaug
(/861) PV suswpuswy
Aoljod @iSOA JDBPNN

(z86l)
Py Ad1jod BiSDAA IDBPNN|

juswabpupyy
SISDA\ SAIDDOIPDY Of
adg uoyp|siba

ppLUB)

wnibjag

+SOIDIS payun

VAYNY) 'WN19139 ‘SILVLS QILINN

SINAWNHONVIYY TVNOILNLILSN]

A Survey of National Programs for Managing High-Level Radioactive Waste and Spent Nuclear Fuel

18



UNITED STATES, BELGIUM, CANADA

‘pauinbai si uoyoo

18y4iNn} OU ‘BjSOM BAIDDI
/ssessod pup onusuod o}
SOSUSD|| JO UOISSILIWOD)
A940g 1092\ UDIPOUDD)
2y} Aq |proiddp ayj sayy

"95u9d1 uonpindaly ajig
3y} uo apap o} Ajoyino
[In§ @Y4 SDY UOISSILIWOD)
Aj940g 109NN UDIPPUDD)
ay} ‘Juswssassp
|PjUSWIUOIIAUS BY}
sanoiddo juswuoiiaug

3y} Jo JaysiuIy

|piopa4 8y} 92U

(£002)
‘peidopp som os|p ebpioys

punoiBiapun mojpys

jo ABaypys |ouoydo uy
‘Juswaboupyy paspyy
anidopy jo ABajous
|osodsip 0160|098 b
juswa|dw o} uoyoziupBIO
JuaWaBDUDYN BJSDAA
IosPNN 8yt Aq
UoYDPUBWWOD3I B
panoiddo juswuieros

"JUD|d 40|Id UOHD|OS| BISOAA BY} 10} sjuswaBup.LID [pDUOHNSUL SPNJDUL JOU $80(]

(o1y102ds

-9iSDM SAIODOIPDY)
0Z£-9 opino Alojojnbay
uolssiwwoy)

Ajojog 102NN UDIPPUDD

[IENETS)]

1oV Juswssassy
|DJUSWILOIIAUT UDIPPUDD
ay4 Japun suoyp|nBay

(oy10ads
BISDM-BAODOIPDY)

(V]

3JSOAA

SAoDOIPDY [9A9TYBIH
10§ Aioyisoday p Bunig ul

SuolpIsSpIsUOC _Ou_mo_Omo

(o1y109ds-Ayj1ony 103NN

¥ pup ¢ sasnp|D
Py |oHuo)

pup Ajojog ID8|PNN|

ayj Jopun suoyp|nBay
uoISSIWLWO?)

Aj9§pg 109[2NN| UDIPOUDD

ppHLUD)

‘|044U0D) IDBINN] 404
AousBy |p1apa Jo 21ApD
S} U0 9a109(] |pAOY D
yBnouyy juswuiaros)

Aq pajup.B sasusdj|
Buypiado pup uoyonysuo))

‘sppw uoisdep ON

"apbw usaq soy

UOISIDBP OU §nq ‘S|DLIBIDY
1SSI] PAYdLIUT PUD SISDAA
aAloDOIPDY 10§ Adusby
[puouDN| Aq UD|d BISDAA
0 4o juswdojarsp sy}
pa19B6i (900z Apnigey
4O £ MD7) juswssassy
|ojuswuOlIAUg 01B3jD1G

(o1y100ds
-9iSOM SAIDDOIPDY)

L00C-44O

100C
AIn[ 0z Jo @a109( [pAoy

|o14u0D) JD3PNN|
1oy AouaBy |piepay

(oyoads
-9JSDM SAODOIPDY)

(900¢ A1oniqay
JO £| MD7) juswssassy

[pjuswiuoIAUg D1B8j0UG

(o1y100ds
-9SDM SAIODOIPDY)

Kiopsodar NS

/ATH 104 Mp| o10ads oN|
soyis

Bunissjun|oa JpsPNU-UOU
1o 1psjonu o} Aloyisodal
3iSDM |9AS]-9jDIPaWIB}UI
PUD -MO| D 10} SSHIALOD
Buiys Buyiw) siaisiuipy jo
[IPuno) sy} Aq uoisioaq

wnibjag

‘pauinbai si uoyoo

I8yLIn} OU ‘SjSOM BAI9D3I
/ssessod pup nusuod o}
$5USD| O UOISSILIWOD)
Aiojo|nBay 10NN

ayy Aq |proiddp Jayy

(z00z) tuspiseid
Aq uoyppuswiwodal ayis

UIDJUNOy DIINA BY} O
joroiddo puoisseibuor)

(z86l)

PV Adl1jog BISOAA 109NN
(0861) tuswaypig jondw
|DjUSWIUOIIAUT DLIBUSS)
ABiaug jo Juswpindag

(o1y10ads
-9§SDM BAODOIPDY)

6134007 PUP 16144007
AousBy

UOHDO8}0I4 |PUSWUOIIAUg

€944001 PUP 0944001
uoIssIwLwWo?)

Alojp|nBay 108NN

[IENETS)]

005134007
Ajpn®
_D_CQECOL_>:m H_O __UCDOU

(oy10ads
-94SPM BAOPOIPDY)

€96344001

puL 096d4001
ABisug Jo juswyindag

09344001
uoIssIWWo?)

Alojp|nBay 1osjonN|

*SOIRIS pajiun

uonpiadQ
pub uolONISUCD)
Ayjrooy

uolds[aS-3lIg

uondo
juswabpupyy
9iSDAA JO UOIO3|9g

uoldajoig
Ataypg pup yyjoaH

juawissassy jonduw|

|PjUsSWIUOIIAUg

VIYTRETITE YIS

Kiojisoday s160j099 daag p Buidojanaq 10}
pa4inbay s|paocaddy aAlndIax3z/aA1D|SIBAT [PW.IOY

Kiopisoday s160j099 daaqg p
Buisuadi] o} s|gnijddy saaudag pup suoun|nbay

SINIIWAONVIIY TVNOILNLI

United States, Belgium, Canada




"9ADISY PUD B|qIXaY}
a4 || ssad01d By} joyj si uoyodadx]

ssa%o0.d
Bupjpy-uoisPaqg pabnis
o jo uoydopy y1dxz

‘SpPW UoIsIdBP ON

"a1n§ny 8y} Ul syyeusq
Aoid ynogp BuioB-uo aip suoissnosiq

“Aji|1oDy |0sOdSIp 8iSOM [aA8]-8jpIpaULIBUI

[PuD -MO| 10§ 8jop O} _uw_u_>o‘_n_ auoN|
‘A1ojisodal
4NS/AMITH 10§ oppw uoisidap oN|

'spyouaq pajsanbal
19ABU SDY DPDASN| "oy SjUSWPUSWY
A1|0d SISDAA JDS|INN| Y4 Ul papnout

spm Alopsodal b 1o Ayjiony aBoioys
wuajul pazipyued o Buysoy aquy 1o
3jpjs AUD O} pUD DPDASN| §O B}DIS By}
o} syyouaq Buipiaoid 1oy ejnpayos

Ajijpo4 o Bulydsdny
104 Aunwiwo)) [P0 o)
papirold aq o} spyauag

“JUD|d JO|Id UOHD|OS| SISOAA Y} 10} sjuswaBuD.LID [puOKNSUL SPNRUL Jou $80(]

‘sppw uoisdep ON

"A194os ooy A|asiaApb 4pyy
Ajjunwwod |poo| 8y} Aq suoisiosp
ojoA upd Isjuswaldwi ‘sdojersp
joaloud sy} sy "Jussuoo Ajunwwoo
NOY4Mm pajis 9 Jou ||m Ajjiony
|osodsip 9iSOM [9AS]-9JDIPaWIBUL PUD
-MO| D §pYy} Juswealbp s ubwejusg),

‘A1ojisodal
4NS/MITH 104 eppw uoisioap oN|

ss216u07) Jo s8SNOH Yjoq Ul 840A Ajolow
Aq ueppii1aA0 8q UDD 0jaA |joroiddp
s,55916U07) 10§ Byis SpPUBWILIODA] juspisaly
usym Ajuo pasioiexe aq Upd OjoA SjDig

OJ3A |P207 UO SsuolpHWI]

SUOIPIPSLING [P0 YHM SUOHIDISU]

‘palepisuod aq
m Alopsodai 0160|098 b ysoy o} Buijjim
sallunwwod Ajuo ‘ABajous Juswebouoyy

pasoyd ®>_+O_U_U< ayj lepun

"a4is [sOdSIp a4sOM |aAs|
-94DIPaULIdJUI PUD -MO| D §sOY O} paaibp
(Jesse@) Aunwwod JD8|PNU J88juUN|OA

(8] €] Je [ jan
Ajij1opy [psodsip ayj ‘diyssaupind [poo)
2y} Jo yuawaaibp sy} Inoyum ing “os
|osodsip 9jSOM [9AS]-9JDIPaWIBUI PUD
-MO| 104 0}aA Jo 4yBil |oBa)| [puLio) oN|

wnibjag

‘Aioyisodau
4NS/MIH 10} 8powW UoIsIoap ON|

«S9IDIS papun

1ouseroB Aq ‘sep

OJ3A |P207

VAYNY) 'WN19139 ‘SILVLS QILINN

SINHIWAONVIIY TVNOILNLILSN]

A Survey of National Programs for Managing High-Level Radioactive Waste and Spent Nuclear Fuel

20



UNITED STATES, BELGIUM, CANADA

yo01
Alipjuswipas 1o ajlupnio)

a|pys pup Ap|D

3|pys puo
"Aojo ‘ayupiB ‘yny ‘jjosnq ‘}og

Aiojisoday
D 10} paypbisanu|
1o palapisuo)
sjuswiuodiAug d160j0a5)

paystiqnisy
Ayij1on4 abouoyg
-wiLIsu| pazijpapua)
juspuadapuy

"9pDUW UOISIAP ON|

‘SpoW UOIsIOSp ON

DJUNO

DODNA Y4 10} S|D|IDAD I
waysAs uoyopodsupiy |10
oN ‘padojeasp si Atoyisodal
8y} a1eym uo spuade(

Aiopisoday o160j0995)
daaQg o o} MIH/4NS
SAOW O} 92D|d Ul
wa}sAg uolppodsuna)

Jup|d {O|ld UOHD|OS| SISOAA By} 10§ ﬂc@E@@thO |ouUONiSUl SpPN|DUl JOU S80(

‘|9ssa(
ur ojwsyd01ng Ayjiony jojid
oy Aq passaooidal som JNS

|PI2JBWWOd &O junow |pws

WA {2 [IRMmeD)

ays Aq g4 Ul pauluod
pup £661 Ul painsul som
sopu0od Buissedoidas
M3U UO WNLIOJDIOW
"anBp} o7 o passeooidal
SOM NS [PIRJaWWo)

"INS [PI2JaWwwod ssad0idal
Ajua11nd jou sa0p g Y|

"pajoiado Jersu

inq papnusuod a1em syup|d
Buisseooidal [prosewwod
18y40 om] "A'N “AS||PA 1S9
1D passaooidal alem NS
|DIDISWWIOD JO SJUNOWD ||oWg

‘woiBoid uoyonpoud
wniuojn|d suodpam sy jo pnd
sD JNS passeooudal ‘g ay|

924 |eng ul
papnjpu| Buissadoiday

(oMo £zl )
sjup|d Jemod uosjonu g|

‘€00c U!
pay d a1em sjup|d Jemod
1p3jonu Buysixe 1oy s1094 O
puoAeq uoypiado pup sjup|d

Jamod 1psjonu [puoKIppY
(oMo £6)

sjuojd Jemod Ipsjonu usreg

(eMmo ')
"UOHINLYSUOD Japun
st juojd sJemod JpsPnu sUO

(oMo L'LoL)
sjup|d Jemod Josjonu 0|

Aypodony Buypisusg
/SIUD|d Jomoy
ap3pnN Buypiadp

ppoUD)

wnibjag

+SeIDIS pajun

SHHOVOidddy TVOINHOHT,

21

United States, Belgium, Canada



"JUD|{ 40|id UOUD|OS| BISOAA BY} 10} SjuswaBuD.LID [DUOHNSUL SPN|DUL JOU $80(] 4

‘suoyp|nBal
ojul pajpiodiodul usaq jeAk
jou soy juswalinbau siy|

,Buioyluow ainsopysod
4O UOHDINP PUD WO}
sjoudoiddp sy} puo ainsopd UDsA /ASW €0
‘ssoooud pPPDUD
|oul 8y} Uo UoyDUILLIBIEP s1 juIpysuod asop pasodoud d P o]
D saypw A}e100s 21njny O D 40 3|dwDX® Uy JuIPHSUOD UOLOB|BS-B4IS By} 8j9|dWod o}
. {95 U9aq sPY 8|NPayds oN| (Buiuorssiwwooep
s awy yons yun ‘poriad asop 1o a|puoyp. epiaoid d
‘swajsAs jJuppunpai puo papuajxe up 1o} [any pasn ayy o} pauinbai si 1sjuswaldw) ‘ayis o Buyosyes jo sseooud ayj u))
s1a11Dq 9|dyjnw Jo an|pA ayy Jo Ayijigpasiial 1oj |oyusiod,, ID9A /AW | Jo jiwi| 8sop o1jgnd Joj sseooid b pasodoud soy (enupi9)
seziuBooai upjd juswaboubyy sepnjoul uojd juswaboupyy o paljioads soy UolssIWWOD) uonpziupbiQ juswaboupyy ‘DqOjIUD Yy
pasoyy aaudopy ey pasoyg aandopy sy Al940g 109[2nN| UDIPPUDD) SISDAA 13NN BY | ur Alojpioqo] PMDUlY

"suoyo|nBal ojur pajojsupy usaq
1eA jou soy uoyiuBooau siy|

si0ak 501 5P Buoj

‘uoldUNY 181D
S e sp aq Apw pouied soupidwor)

ur Aouppunpai jo 9a16ep
awos pup yydep-ur-esusyep sk /AW €'~ |0 @Bupi sy} ul
sopnjoul Aydosoyiyd Ajejog aq o} papoadxe juipisuod aso(

N0 paLInd (Ao|D) wnibjog

Buteq Atoysodar JNS/MITH ‘low ui
"apbW UoIsIdap ON| "apbW UoIsidap ON| "apbW UoIsidap ON| © 10§ ssa001d Bulyis 9A4OD ON| y/61 i paouiul palold s3avH

"9NUNUOD UOISSIWWOT)
AiojojnBay 10aRnN 8y} a10jeq
sBulpay Buisuaor seAypuIsyD
juswaBoubw 8jsom JDs|PNU
a10|dxe o} uoissiwwoD) uoqqry
an|g o juioddo o} puo woiboid
Aioyisodas uiojunoyy padNA
's10ak ay4 104 Buipuny sjoujwiay o} xSOIDIS papiun
00001 {0} 109K /ASW G0 uoyuajul sji pajodIpul Ajusdal (1)
:a41s Jayjo Aup 1oy SDY UouDSIUIWPY By | Aiojo10qo|
'sI09k 000’000 | [Hun ‘2002 yoipasal punoiBiepun up
dn Jayoaiay) ipek /ASW | !sipak u ssa1buo)) Aq penoiddo 4O UoHOUN} BY} PaAISS BYis
‘pauinbau (passsuiBus puo jusweop|dwa ajsOM JO 00001 10§ 10oA/ASW G0 SDM PUD PaZLIjoDInYD Usaq uIDJUNOy DIINA B} 4D Ajj1oDg
|oanyou yYiog) ssaung sjdiynyy HDJs B} Woy sIDaA G UIYHAA {UIDJUNOYN DODNA O] SDY 9JIS UIDJUNOY DOINA BY| salpnig Alojoiojdxg ay)

“Aouppunpai o yydep
-u-esuajep oy juswaiinbal oN|

SOLIOJDIOQDT YdID3saY
punouibispun
snouabipu|

©
=]
(1
—_
o
<@
19
=)
z
c
0]
Q.
n
o
c
[S]
o
2l
=
o
=
G
o]
.0
S
o
(24
©
>
[0
-
=
2
g
(o)
RE
()
o
=
2
—_
42
w
IS
()
o)
2
(=
©
=
.2
S
z
.
o
>~
[9)
>
—_
=]
n
<

yideqg-ui-asusjeqg AqjigpAs LIy sjuswalinbay Ajo30g ss220.4d
104 spuawialinbay 104 spuawalinbay pup yjpaH wusj-buoq UOI}09]9G-84IS JO SN§NLS

SHHOVOUdddY TVOINHODA],

aYNY) ‘Wn19139 saLvis a3




UNITED STATES, BELGIUM, CANADA

‘SppW UoIsIdBP ON

4NS |PIBWWOD

‘SppW uoIsIdBP ON

U_Om_ SJSDAA ®r= ;_O* mhcw_.twmcctc _Ur_ njlsul wT:_UC_ Jou se0(] ,

‘SppW UoIsIdBP ON

suoyp|Nd|Pd
ousijiqogoud Jo dusiuiwisieq

SUOHD|ND|DD BAHDAIBSUOT)

soupw.opied
JO S9jPWISS J59q DUYSI|DAY

sjuswissassp Buipunog
sjuaussasso Buidoog o

12500 Ajojos

syt Buidojeasp ui saibojopoyew
Buimoj|oy ay4 Buown ssooyd ubd
AKioysodau 0160|096 b sypiado
10 ‘pnujsuod ‘ayis o} jundjddo

up ‘0z e-9 oping Alopo|nBay
uoissiwwo)) Ajayog IpsjonN
upbipoupby) 8y} of Buipiodoy

ppHLUD)

.mEc.;.mE:
070T @44 ut aq o} Ajy1)
.m_uDE CO_w_UO_O ON

"JNS PUP AATH Yioq 1o} [psodsip
|po16ojoab \A_uEm SN s|pLBjD Y
3|IsS1] PAYDLIUZ PUD DISDAA
SAIODOIPDY 104 Aousby [puoKON|
'IOASMOH ,'9ISDM, PaISPISUOD
jou s1 NS 9snpdaq ANTH AlUO

(z-414vS)

“Aojo woogq jo Ayondod
JUSWUIDIUOD PUD UOKD|OS! By}
AjeAisnjouod pioddns jou op
sjuawssasso Ajajos Aipujwijaid
yBnoyio ‘uppodwiun AjeAuojay

‘s|oLajow

SNOULUSWAD YHIM P3[R q

PUD S|P pPaul|-8}21ouoDd Ul
paop|d si Jeuipjuodiadng
P3||D2-0s BY] “94I0U0D DIy}

Aq papunouins yondisno [oajs
uoqupo B pup AATH Buipjoy
$19JSIUDD |93}S $SO|UID}S SI9PISUOD
Z-4l4VS Jop padojersp

uBisap @oualejel juslInD

sipak 501 1509
{D O} JNO PALLIDD SUOLD|N[DY) o

{UIDISUOD 850p IDAA/AGW €°( o
sjuswaje oysijiqoqold swog o

SOLIDUSDS pPaldyb pun
OlIDUBDS |pwWIoU _—0 UOHDNIDAT o

(1002)

N0 paLIpd udaq spY (Z-YI4VS)
juswssasso aoupwiopad (Ao

woog) oy1pads yo0orsoy \y

‘|ppw uoIsidsp ON

wnibjag

‘sppw uoisidap ON

NS 304 PUP ‘INS
AADN| "YNS [PIRI8WWOd ‘ATH

9SUSIBP PUD |DIDIBWWIOD PBILIPA

Juppioduwi A1ap

pletys dup

wnjupyy {(1suul) [93)s UOGIDD PuUD
(424n0) zZ Ao||y 4o pesodwiod
aBoyond sjspm pajjays-a|qno(

JUSWISSISSY SOUDWIOLI]
waysAg |pjo] ousijigogold o
Aq paypiausb suoypzijoal
ODD) SJUO JO BN|DA UDBN

«SOIDIS pajun

asn)
Ayoyng 0} @dupnpioduw)

ubisaqg

suoyntado
Aioyisoday jo
Hnjg pajpdpyuy

Kaopisoday s160j039
daaq p ui jo pasodsiq
aq o} paziioyiny
swiI04 9ISOM

wdysAg J911upg pasaauibug

SHHOVOidddy TVOINHOHT,

SPADPUDLS 2.4NSO[I}SOd
Yiim asupijdwo)
Buipajsuowaqg
a0} ABojopoyiow

United States, Belgium, Canada







(an)
==
—
s>
-m
—
—
-
=
=
-m
rad
=
—
(an)
rm

CHINA, FINLAND,
FRANCE




oy Butuupid 9007 oy

1apun paysi|qpise UOISSILIWOD
juspuadepul ub Aq pasiasedns
S YDIym ‘pung D O} 8jNQLYUOD
isnw siojpiauab ajsom ay|

‘Aloyisodai

o Buisojo pup ‘Buypiedo
‘Bunonysuod \mc_cm_wmv 4O s§s00
ajpullsa ysnw juswaboubyy
SISDAA SAHODOIPDY 10}

AousBy |puoyppN| 8y|

‘pa1enodal oq

upd sjuswAod ss90x7 °s
ur 8q upd juswApy ‘pung ay} ui
Busixe junowo pup jebipy puny
usamjaq eoualayIp 8y} Ajpnuun
Aod Asy] ‘Buiuoissiuwodsp
juo|d Jemod 1psjonu puo
|osodsip 9jsom SAIIDOIPI
JO 4SO BJDWIHSS SIOJDIBUDL)
puny
juswaBoUD Yy BJSDAA IDBPNN|

‘SpoW uoIsioep ON

juswdojarsqg
Aiojisoday 1oy a21n0g
Buipung pajpoipag

(“A1oypi10gD|

yoipasas punoibispun uo

jo uoypiado ay} oy Buypb|as
$ONSSI UO PBY|NSUOD 8 JsNiA)
QajIwwo’)

1yBisiaAQ pup uoypWLIOU| [PI0]
(tuswpijiog

PUD JUBWUIBAOL) SBSIAPY/)

plioog MIIASY |PUOHPN

‘SpoW uoisiosp ON

1ybBisionQ wnibouy
/|P21uYd9) yuspuadapul

Auoyiny Ayoypg 1pspPnN|

(saujopy pesodoud jo Ajeyps
S} UO JUSWILIBAOK) SSSIAPY/)

Aioyny
bw&cw ._Uw_UDZ TCU CO:U_TUN_

uolpoajoly
|ojuswuoIIAUT Jo Alsiuly
Sy} UIYHM UOKDLSIUILIPY
Ajgjog 108NN [PUOHDN|

Joyp|nBay juspuadspuy

[GEIEIERNEIS
Nd PRUMO-UBWIUIBAOS))

yoipasay pup ‘Ausnpul
'JUSWILOIIAUT JO SBLSIUI By}
o} Buiiodas JuswaBouoyy
SISDAA SAIODOIPDY

10§ AouaBy |puoypN|

(1AO pwiop

uspnnsi||os] pub AQ joaH
pUup J9MOJ Wi} ‘sdl

Aq G661 Ul peppaid Aundwod

juswaBoubw ajsom juiof)

AQ PAIsoq

(uoypiodioo
PAUMO-JUBWUISA0D))

uoyoiodion
D3NN [PUOHDN| PUIYD

uonpziunbiQ
Bunusws|dw)

(9002) pleid JpapnN ay
ur Ayundag puo Aouaiodsuoi]

(9002) @1soM

PUD S|DLIBIDYN SAODOIPDY
jo juswaBoupyy s|qoUIDSNG
ay4 Buluieouo) oy Buiuupyg

(1661 ) PV tuswaBouoyy
SISDAA SAODOIPDY UO YdInasay

(8002
‘00T '7661) siuswpuawy
Py ABisuz 1osjonN|

(8861) 92199 ABiaug 1oajonN

UOKN||O4 SAIDDOIPDY O [O4JUOD
puD UOHUSASIJ UO DUIYD) JO
ol|qnday s,8/doay sy} jo Mo

juswabpupyy
SISDA\ SAIDDOIPDY O}
oidadg uoyp|sibe

adunIy

pubjuiy

JINVYS ‘ANVINIA YNIHD

SINHIWAONVIIY TVNOILNLILSN]

A Survey of National Programs for Managing High-Level Radioactive Waste and Spent Nuclear Fuel

26



CHINA, FINLAND, FRANCE

ERVER]]

3y} jupiB upd ByoyS Jo
|1DUNOY) By} ‘PIDMIBHY oW
9 0} 8ADY Oy} SUOKIPUOD
Ajjiqisienal aquosald ||im
juswDIlIDg ‘payiwgns si
uoypoy|ddp asusd|| b Jayy

(9007) aisom puo
S|PLSJDY\ SAHODOIPDY JO
juswaBoupyy a|qouIDISNG
ay4 Buluieouo) py
Buiuup|g ey} ur uoibas
SUIDIN-8JNDH /asnay

ay4 ur aing o abpj|IA ay
Ipau ayis b Jo [pAoiddy

(L66l)
Py EwEwmccUE QYSDAA
®>2000_T0~_ uo r_uhowmow_

[RINEELH

-2iSDM SAIODOIPDY)
suoloWIO

o160j0ag) dea( u| aispA
aAlPOIPDY jo Psodsiq
|oul] o} aping) Ajajog
Aaoyiny Ajeypg JpsPnN|

[SIEIETS))]

selylely
pup [Z11S8PHY
jusWUOIIAUT §O 8POD)

(o1y10ds

-2iSDM SAODOIPDY)
suoloWIO

o160joag) dea( u| ajspA
aAlPOIPDY jo [Psodsiq
|oul4 o} aping) Ajajog
Aaoyiny Ajeypg JpsPnN|

2Juniy

‘Aoyiny Aaypg

1D3ONN| PUD UOKDIPDY JO
9DIAPD 9y} UO JUSWIUISAOL)
oy} Aq pajupiB a1p sasuad)|
Buyoiedo puo uoyonysuo)

(z00z 1002)
juswoiping Aq a|dioutig-ui
-UOISID(] §O UOHDWIHUOD

(0007) tuswuiaros)
Aq s|dpung-uruoisipeq

(800 ‘v661
'/861) Py ABisuz JospnN

(oy10ads
-9iSDM SAODOIPDY)

S8 1AA
4N 104 Alijiony [psodsip
|ouy 8y} jo uoyoiadQ

7’8 1AA

4N 4o [psodsip

Jo A9ypg wispBuo]
Auoyiny Aaypg
1D3|ONN| PUD UOKDIPDY

9ISOAA ID3JONN Jo [psodsiq

a4t §o A9jog 2yi U0 800T
-Q €/ 92109(] JUBWIUIBA0L)

[CIEIETS))]

$9INpad0.g
Juawssassy Jondu|
|PJUSWIUOIIAUT UO 83108(]

(oy100ds
-9§SDM BAODOIPDY)

7’8 1AA

4NS jo |psodsiqg

Jo A9yng wispBuo]
Auoyiny Aaypg

1D3JONN| PUD UOKDIPDY
9ISOAA ID3JONN Jo [psodsiq

a4t §o A9jog 24 U0 800T
-Q €/ 92109(] JUBWIUIBA0L)

pupjuiy

‘sppw uoisdep ON

‘dppW UoIsIdEP ON

(e002)

co_—:__On_ m>:000__ucw_ *O
_O:COU 1:0 :0=cw>whn_
uo pulyD 4o dljqnday
w\m_n_own_ 9y} Jo Mo

[RIMEELH
-2JSOM SAODOIPDY)

LOV4VH
INETIINETNYVY

aAoPOIPDY U suoyp|nbay

L004VH

suolp||ojsu| Jo3PPNN|

D Joj josuo)

Ajayog ayj uo suoyp|nbay
uoypUSIUILPY

Ajoyog 103NN [PUOHDN|

[SIENETS))]

uolodjoIyg
|DJUSWILOIIAUT UO 93109(]

(oyoads

-2iSPM BAIODOIPDY)
90/907-avH
Aioysoday |po1Bojoac)
SISDAA SAODOIPDY D

Jo Buyig uo sauieping
uoypUSIUILPY

Ajoyog 103NN [PUCHDN|

uoyniadQ
pun uodNISUO)
Ayjioog

uolyo9[8S-alIg

uondo
juswabpupyy
SISDMA JO UOI9|ag

uoloajo.d
Ayayps pup YooY

juswssassy poduwy|
|PrUBWILOIIAUY

uoloa|ag-alIg

Kiojisoday s160j099 doaag p Buidojaraq 10}
pa4inbay s|paoaddy aAlpndax3z/aA1D|S1697 [PULIO]

Kiojisoday s160j099 doaag p
Buisuadi] o} a|qnaijddy sea.daqg pun suonn|nbay

SINANWHONVIYY TVNOILNLI

China, Finland, France




"SUOHD||DISU| JD3JONN|
2lsDg UO XD} PajpIPap b Buipnpul
‘juswdojersp p20o| yioddns o} seinspaw
JO sauies b sauyap oy Buluupld 900Z YL

"AQ DAISO{ O} pajual pup

PaIDAOUSI SOM SWoY Jawioy 8y | “Alap|e
S} 10J SWOY M3U D §ONLYSUOD O} UDO| D
Buipnour ‘|owiuiw s spyauq Jo 9|PIs Y|
6661 Ul lAQ pwiop uspnnsijjos] pup AQ
pAISOd pup diysumo] pjolping usamiag
pajoyobau som aBo3yond syyeusq

‘SpoW UoIsiodp ON ‘Sppw uoIisidoep ON

Ajioo4 o Buiydadoy
10y Ajlunwiwio)) |p20oT o)
paplAaolgd aq o} siyauag

ssa%0.4d
Bupjpy-uoispaqg pabnis
D jo uondopy #d1jdx3

a|qooijddo joN|

‘UsppLIaA0

2q jouupd oje ‘Aloysoda sy uo

a|diou 15128 D $S9DUW USWILIBAOS)
34 210j2q PasIoIaxa aq ||PYs O}A

‘Sppw uoIsidoep ON

OJ3/ |P207 UO SUOHDIWIT

SUOIPIPSLINS [P0 YHM SUOHIDIBU]

‘woiBoid

uoyozLB}PDIDY-aYis punoiBiapun up 1oy
paiasjun|oA uoiBal suID\N-94NDH /asnaly
3y} Ul sjuawuIaA0B 00| By} Ing ‘BUON|

‘Aioyisodal JNS/MTH P

jo Buyis sy} Buiojen jou Aqaiay; ‘Juswaiols
aAyisod b paroiddo Ayunwwod 1psjonu
pjolping sy ‘Puno) [pdidiunyy Aq ‘sep

‘SppwW uoIsioep ON

OJ3A |0207

2duDnI4

pupjuid

JINVYL ‘ANVINIA ‘YNIHD

SINHIWAONVIIY TVNOILNLILSN]

A Survey of National Programs for Managing High-Level Radioactive Waste and Spent Nuclear Fuel

28



CHINA, FINLAND, FRANCE

aj1upib pup ay)|iB1y

ajowbiw puo
‘api0lpounib ‘ssioub ‘ajupio

ajIolp pup
‘auoispnw ‘Yny ‘o|pys ‘S4uDnI

Aiojisoday
D 10} pajobisaau|
10 paiapisuo)
sjuswuodiaug d16oj0a)

Pays!|qois3
Ajij1po4 abnuoyg
-WILISJU| PazZI|pIUSD)
juspuadapuj

"seApuIaj|o a10|dxe

o} Aom Japun 810 salpnjs nq
yonyy Aq Ajuo 8|qisseo0D si
uoiBal suID\N-94NDH /asnaly

‘|04 pup
“onu} ‘pas apnjoul suoydo
9|qP|IPAD A|IpDay ‘opow
uoypiiodsupbyy ynogo spow
u9aq SDY UOISIOaP DUl ON|

‘SppwW uoIsidoep ON

Aioyisoday 2160|035
daag p o}y MTH/ANS
SAOW 0O} 92D Ul
wiaysAg uonppodsuna)

‘oLoc Ul
uoypiado uiBaq o} pajoadxe
S DUIYD) SOMULIOU Ul PBJDOO)

juo|d Buisseooudau ows

BN

8PA) |eng ul
papnjpu| Buissadoiday

(smo 9'1)
‘uolPNIISUOD J9pun
st juo|d semod IpsPNU BUQ

(emo §'€9)
sjuo|d Jemod 1psjonu g¢

emo 9°1)
"UOHONLYSUOD Japun
st juojd Jemod JpsPnu BUO

(oM £77)
sjup|d Jemod 1psjonu inoy

(Mo 0'91)
"UOHINISUOD Jopun
2o sjupjd Jamod uosjonu 9|

(oMo 978)

sjupjd Jemod upsjonu ||

Aypodony Buiypiausg
/SIUD|d Jomod
Jp9pnN Buipiadp

2Jun.iy

pupjury

SHHOVOidddy TVOINHOHT,

29

China, Finland, France



L'9 pup |G sididoy)
suoyow.io 216ojoss)

daag uj aisDAA SALODOIPDY JO
10§ aping) Ajejog

paiinbay

‘Ajoyos wiisy

-Buoj azipindoal jou |im suo ut
Aousipyap D joyj} 0s I1BY0 Yona

juswa|dwod pjnoys siaLupg 8y |

‘SpoW UoIisiosp ON

yideqg-ui-asusjeqg
1o} sjuswaiinbay

qoASLI}I |D21UYD8) salinbas
{py4 jdeouoo jusweboupw
o s1 Ajijiqis1onay 'si0ak OO |
{SD3) J0 10§ 3|qIsIoNal,,

si J1 joyj os pauBisep

aq 4snw Aiopsodal ay)

"95USDI| UOKONISUOD

D Joj uoyodddo up spwgns

41 Usym ajspm oy Bulrsiiel

104 8jpwysa 502 pup up|d D

juasaid o} ajdidung-uruoispa
000 @Y4 1opun paiinbai

SI DAISO{ ‘I9ABMOH "800T U!

pajoulwije som AjijijqoALIRI

1oy uswaiinbal Aiojojnbai ay|

‘SpoW UoIsiosp ON

Ay[iqoAaLijey
1o} sjuswaiinbay

pouad soupydwo)

'SOLIDUSDS |pWIOU

10§ IDaK/AQW GZ°Q S! Hwl| 950

‘M| Aj4updl
UIDWaJ P|NOYS §nq $92UDISGNS
SAPDOIPDI |0INJOU WOl
Buisiio asoyy o s|qpipdwod
aq upd sppdul ‘si0ak pupsnoyy
|D19ASS 511y Syt puokeg

‘PaYysi|gpise sepijonuolpDl
asps|ey

*SjUSAS |DWLIOU 10§ IDBK/ASW |
upyj s8] SI jwl| 8s0p ‘sipak
puUDSNOY} [DISASS ISl By} 104

‘SpoW UoIsiosp ON

sjuswalinbay Ajaj0g
pup yjpaH wuisj-buoq

‘pais aq pjnoys Aioyisodal
8y} ‘aing Jo yiou paip
,W0GZ b ‘auoz uoyisodsuoyy
ayj Ul a19yMm ‘sd
[POO] YiiM UOHD}NSUOD Ul
‘Buiposp s1 juswaboupyy
BISDAA SAIODOIPDY 10}
AousBy [puoypN| 8y]

“yidep 4o pazusjoninyd

Buteq sty *(100) tuswoiog
Aq pup (000Z) tuswuiaros) Aq
panoiddo usaq soy ‘appowbiw
ur pjolping 4o ayis  ‘oNoIYO

'0C0C 10429

paipdidiuD jou s UoHD[aS-BHIS
‘oulys

SOMUHION] Ul 82UIAOI] NSUDS)
ur piese( 1909 ayy ut (ayunib)
ayis upysiag ayy 4o Apm Jepun
2.p suoypByseaul Aiouiwijeld

$s920.4
UO1§29|9G-3}IS JO SNIDIS

6661 Ul uobaq aing jo ebp
8y} Ipau Ay|1oDy SUIDIN-BINDH
/3SN3B\ 3y} JO UOKONLSUOD)

(empwBIN)

“UoIINLSUOD

Buinp pajonpuod Buiaq si yiom
[pjuswiiadxg Buinuyuod si

pup $00g u! upBaq pjolping

D} UOHDZ1I8}ODIDYD

201 punoiBispun

O1VINO jo uohonysuod

S91104DI0DT Y2ID3SIY
punouibispun
snouabipu|

2Jun.ig

pubjuiy

JINVYS ‘ANVINIA YNIHD

SHHOVOidddy TVOINHOHT,

A Survey of National Programs for Managing High-Level Radioactive Waste and Spent Nuclear Fuel

K10)



CHINA, FINLAND, FRANCE

0G0¢ punoly

suoyntado
Aioyisoday jo
1DJS papdnpyuy

3ISOM [9A3]
-ajpipawajul paAlBuo| pub AATH

4N [plIaWwwWo)

K1ojisoday s160j099
daaq p ui jo pasodsiq
aq o} pazioyiny
swi104 3ISOM

"soBoyond [os)s ssajuIDys
uiyym paoojd ajsom p

"ajluojusq pajooduiod

9 || ||PM 001

1UDD 8y} usemiaq

SN|NUUD By} {(JduUUI) UOIIHSPD pup
(+24n0) seddod jo pesodwiod

juppiodwr A1op aBo3yond sjspm pajjays-ejgqnoq

‘SpoW UoIsIodp ON ‘SpoW UoIsIodp ON

asp)

A@yps 0} duppodw| ubisaqg

wajsAg J9L1upg pasaauibug

“Auipgiaoun jo poduwi sy
94DN|DAS O} PASN BID SUOKD|ND|DD
AJIAISUSS DUSIUIWIBIEP ‘U

[DI9ASS JO UOHDN[DAS Dlfs
ay4 yBnouiy} umoys st soupidwo))

‘uipyIEdUN
00} 21D 10 9|qISD8Y JOU 310
sesA|joup aAyDjUDND JeAsUByM
juswBpnl padxe aaypypnb

Aq pajuswis|dwod aq ||im pup
salpnjs [pjuswiadxa uo pasnq
SISA|DUD [DOLIBWNU D 4O SiSISUOD
9500 Ajajos ay| “Ajeyps wiey-Buo)
Buyosyjo sjusas aaydnisip Ajayijun
pup suounjors pajoadxe ayj

410q sas51pPD oy} 3SDD Aj940S
SAIDAISSUOD ‘DUsIUILLISIOP D

Jo subaw Aq pajpisuowsp

aq o} s eoupidwo))

‘appW uoIsiap o

SPADPUDS 2.4NSO[I}SOd
Yim asunijdwo)
Buipajsuowaqg
103 ABojopoyiow

adupn.g

pupjury

SHHOVOUdddY TVOINHODA],

31

China, Finland, France






(=x)
m
=
=
=
—
s_<
—
=
-
p—
=
ad
rm
o
[ )
oo
=
(g
(=]
-
-~
(=}
acd
rm
p—

GERMANY, JAPAN,
REPUBLIC OF KOREA




‘|osodsip 1o abpioys

pazi|pijuad 104 pajdaddD si
ajspm Jayo Ajuo sAod Jojoisush
sy} joyy jdeoxe uoyojuswa|du
Uo SpDW UOISISP ON|

pung juswaBoubyy

SISDAA SAHODOIPDY

Py ABisug ojwoyy ui pajdopo
a|dipund sAnd Jejnog,

(uoissiwwo)) Aypg

Ip3PNN| PUP A484pg I03RNN|
JO ajnylsu| D310y Aq pasiApy)
ABojouyos] pup

'90us10g ‘uolpINP3 Jo AusIul

(AousBy juswuianog))

uoyoziupbiQ Juswaboupyy
SISDAA SAODOIPDY DIIOY

(800Z) Mp1 juswaBouoyy
BISDAA PAIODOIPDY

(8861) oV ABisug ojwopy
8y} Jo 92109(] juswadiou]

(8861) oV ABisug ojwoypy

P3.40)|
jo d1yqnday

‘puUN} SISDAA DlUDINSUDI|

ay4 ul yisodep of peau Aeyj
yonw moy sjupjd uoyboLiqoy
|en} epixo-paxiw pup spup|d
Buisseooudai jo s1oumo ayy
sayiou Aysnpuj pup ‘epoi]
‘Awou0d3 Jo Ausiuly ayj ‘DISOAA
o1UDINSUDI] Of Joadsal YIAA 'SOA

‘Pung oJsPAA [2A97-yBIH ay4 ul
yisodep o} pasu Asy} yonw moy
sisumo jup|d Jamod Ipajonu
sayiou Aysnpu| pup ‘epoi]
‘Awouoo3 jo Aysiulyy ey} 109k
Yo0a ‘ANTH ©Of Joadsal YA S

“Aouaby

AjoJog [pLISNPU| pUD I0BINN|
9y} s9SIAPD UoISSILIWOY) A19jog
ID8PNN 8y} yBnoyyp ‘suoN|

\C.G:_uc_ pup

‘appi] ‘Awouod] jo Ausiuiy
Sy} uIypm jiun o ‘Aousby
AjoJog [pLIsSNPU| pUD J0B|INN|

(stupjd sJemod JpsPnu
JO s1aumo ay} Aq paysigpise
uoypziunBio jiyoiduou ajoALd)

uoyoziuoBi
JuswaBDUD|y BISOAA JDBJONN|

(esPM D1UDINSUDY

puR AATH jo [Psodsip ayj 1oy
wajsAs uoyp|nBai Ajajos o
ysi|qpisa 0} /00T Ul papuUsWD
'/G6 ) M1 uoyp|nBay iojonay

(2002
‘0002) 1PV S2ISOAN dALROIPDY
oyadg jo psodsiq puly

'siojpsauab ajspm ayy

wouy paiarodal aip Aloysodal
D 10} 5}500 juswdo|arsp

pUD Y21D3s31 §nq ‘SUON|

(hiepos

ID3PNN| PUD ‘UOKHDAISSUOD)
QUNJoN| ‘JUBWUOIIAUT By}

10§ Auysiunyy ayj sasiapy/)
uoISSIWWO?)

juswaBouUDy BISDAA ID3|PNN|

Py Buluyy |oispay

sy} Japun sayuoyinp Buiujw
8jo}S jusjedwod pup ‘uoyodsjoird
puD 5N JajoM 10} SBHLIOYIND
ajo}S Py ABisug olwopy ayy
Jopun saLsIUI (18pup1)
9D} :sauoyino Buisuadr]
INETIS

ID3PNN| PUD ‘UOKHDAISSUOD)
aINJD| ‘JUsWIUOIIAUT B} 10}
Ausiulyy |piepa4 isauljepinb
pup s3|n1 4O IOY4ND pup
Aoyinp Asosiaiedng

(AousBy juswuianog))

saliojisoday

3JSPAA §0 uoypiadQ pup
uoyonsuoD) ay} 1oy Aundwo)
201AI8G UDWIBS) 3jpAld By
sp yons ‘saiind pliyy, Jo asn
aypw Apw Ajeypg J0sPNN|
PUD ‘UODAIBSUOD) BINJON|
‘JuswiuouAug 8y} 1oy Ausiuny
[PISP34 B} UIYHIM UOHDBJOIY
uoypIpDY 10§ 82O |PIepa4

(1007)
GUCCC_V._O CO__UG_O._n_ :0:0:00«

(9861 ) 1Py uouosjolg
uoypipoy Alpuoynooalg

(z861) @oupUIPIQ SspuewApy
9DUDAPY [0s0dsi(] BISDAA

(0861) oy Butuiy [o1epay

(££61) ®2upuipIO
ainpadoly Buisuaor] sosjonN|

(6561 ) Py ABieug o1wopy

Aubuwiag

juswdojarsg
Aioyisoday 1oy 901nog
Buipung pajooipag

1ybisiaAQ wnibouy
/|P21uyd3) juspuadapuy

Joyp|nbay juspuadapuy

uonpziunbiQo
Buyuswa|dwy

juswabpupyy
9JSDAA SAIIDOIPDY O}
oiy1padg uonn|siba

A Survey of National Programs for Managing High-Level Radioactive Waste and Spent Nuclear Fuel

SINAIWHONVIYY TVNOILNLILSN]

40X 40 2179Nd3¥ 'NVAVI ‘ANYWYI9




ERMANY, JAPAN, REPUBLIC OF KOREA

"9poW UOISIDaP ON|

"9pPW UoISIdaP ON|

(8861 ) Py ABisug oiwopy

ﬁu_tum%.m_m_o\s SAIODOIPDY)

ABojouyos] pup eousidg
jo Ausiutw syt ‘Apoq
J10ssedspaid s ABojouyos]
pub ‘@ouaiog ‘uoyponpy
jo Ausiutw eyt Aq
pawBjnwoid /|-600Z pup
Z1-8661 +oquinN #oHoN|
as0Q

SAfODOIPDY 10} PLBIID

ABojouyas) pup ‘@dusidg
‘uoyponp3 jo Ausiuipy

(o1y109ds-a4s0M BALODOIPDY)

8¢-800¢ 42quINN 924ON
solI|1ob4 JD3PNN|

4O AjuidIA 8y} Ul sisAjpuy
poodw| pup Aeaing
UOKDIPDY [DJUSWIUOIIAU
sy} uo uoyp|nbay

ABojouyas] pup ‘@dusidg
‘uoyponp3 Jo Ausiuiy

(o1y109ds-a4s0m BALODOIPDY)

“Asoysodal NS /MIH
10} opoW UOISIAP ON|

8G-800¢ JequINN 940N
H[1o04

obBpi0jg wiaju| [an4
juadg 1oy pusp) Bug

ABojouyos] pup ‘@dusidg
‘uoyponp3 jo Ausiuiy

P3.10)]
jo d1qnday

‘|]oroiddo

anIB Jsnw Aysnpu| pup
‘appu| ‘Awouody jo
JajsIUI By} ‘)euigp)
34 §O JUBSUOD YIAA

‘J]oroiddo

aniB jsnw Aysnpu| puo
‘appu] ‘Awouooy jo
JajsiuIy 8y} ‘)ouIgoD
S} JO JUSSUOD By} YHAA

(£00¢ ut pasiaa1 '000Z)
~U< wwﬁwc\,\/ 0>_.—UUO_T_U~_
oly10adg jo [psodsiq puly

(oy10ads-ajspM aAODOIPDY)

[DLBID [9n4 JD3JONN|
10§ [psodsiq SISPAA

| A1oBajp)) Joj se|ny

Alajog

ID3[ONN| PUD ‘UOHDAISSUOD)
2INJD|N] JUBWUOIIAUT

Sy} 104 Ausiul [pIapay

‘SpoW uoIsiosp ON

"MOJ|04 4snW uoyozIupBIO
JuawaBouD Yy BISOAA
1D3ONN| Y4 Joy}
(suoyp|nBau jou) sauijepinB
paysijqnd soy uolissiuwoD)
Ajoyog 109dNN| Y|

suoN|

Germany, Japan, Republic of Korea

JUBWUISAOL) [0ISPa] By}
Aq uoisiatadns o} palqns
'Pajpd0| I BjIs By} dIAYM

ajpig 8y} Aq [paoiddy upig

‘SppW uoisiosp ON

(6561)
Py ABiaug olwopy

(o1y10ads-a4sM BAODOIPDY)

QISOAA
aAljopoIppy Buypisuss
-paH jo |psodsiqg

[oul4 ey} Buluieros
sjuswalinbay Ajejog

NETIS

ID9PNN| PUD ‘UOKDAISSUOD)
INJDN ‘jusWUOIIAUT

oy} 104 Ausiul |p1apay

[IENETS)]

Py juswssessy
UCQE_ |PjusWIUOIIAUY

‘SppW uoIsioep ON

Aupwiag

uoyniadQ
pup uoldNISUOD)
Ay

uo1§>9|9G-3}Ig

uoydo
juswaboupyy
9ISDM JO UOID|ag

uolpajoly
Ayoy0g pup yipaH

juswissassy jooduw|
[PjUSWIUOIIAUT

uol1§o8[95-3}Ig

Kioyisodoay 2160j0939 doaaqg p Buidojanaq 40}
paJinbay sjpaoaddy aAlndaxg/aAlp|sIBaT [PwIO]

Krojisoday s160j099 doaag p
Buisuadi] o} a|qndijddy saaidaqg pun suoyn|nbay

SINHIWAONVIIY TVNOILNLILSN]




*90p|d Ul 51
|osodsip 9iSDM [9AS]-9jDIPaWLISUL PUD -MO)|
1oy ss@001d Bupypw-uoisiosp pabojs

‘Josodsip JNIS/MTH 104 @ppw UoIsIdap ON|

"9ISOAA SAHODOIPDY

Bulpiausg)-oa jo |osodsiq [oul4 ay4
Buiuierog) sjuswalinbay Ajeypg ayy Jepun
paippupw st uoyoziwydo asimdalg,

ssa%0.d
Bupjpy-uoisaq pabnis
p jo uondopy HdIjdx3

‘a|qissod a1p

syyouaq JayyO “uoypiado suiBaq Ayjiony
2y} 1oyp 1024 Jad uoy||iw Q| § SA19D8I ||IMm
Ajunwwod sy} ‘uoyippp ul ‘eys [psodsip
3ISOM [9AS|-0J0IPBWLIBJUI PUD -MO]| 10}
Aunwwod pdo| papiaoid uoljiw 00E$

‘Aioyisodau
JNS/MIH 104 eppw uoisioep op|

wGog
o} dn aai@81 [Im seyunwwod Bunoqybieu

Sil pUD }i ‘suoyoBlsaAul ayis paspg-9004INs
smo||p Ajjuanbasgns Ajunwiwod ayy 4|
‘uoljjiw g ¢ o} dn aatedal

I seyunwwod BunogyBieu sy puo §i
‘sojis [oiuajod Jo AeAins ainjoisy| O Ul
papn|oul aq o} s9216D Ajunwwod [P20| D 4|

‘SpoW uoisioep ON

Apioo4 o Buidedoy
1o} Ajlunwiwo)) [P0 o}
papirold oq o} sjyauag

"ayis [psodsip ajsom
|9AS]-ojDIPaWISUI PUD -MO| D 10} SUON]|

‘Aioyisodau
S/MIH UO appw uoisioap oN|

‘SpoW uoIsidep ON

OJ3A |P207 UO SUOHDHIWI

“o)1s
[osodsip 94sOM [9AS]-jDIPaLISUl PUD -MO|
D §s0Y O} wnpuaiajal b ul paaibo (nluoshko
/nlBuoAy) Aunwwod 1psjonu J9sjun|or

‘Aioyisodai

S/MTH 1o} eppw uoisiap oN|

'ssaooud Buyis sy} ul sjodidiyiod
0} 93.1BD JSNW I0UISAOL) |ONYOB§RIJ
3y} pup AJlunwwod 4soy 4o JoAD\\ 8y |

‘SppW uoIsidep ON

OJ3A |0207

SUOIPIPSLING [P0 YHM SUOHIDIBU]

P3.10)|
jo d1qnday

Aubwiag

VI¥0) 40 JI19nd3¥ ‘NYdYI ‘ANYWYI9

SINHIWAODNVIIY TVNOILNLILSN]

A Survey of National Programs for Managing High-Level Radioactive Waste and Spent Nuclear Fuel

36



GERMANY, JAPAN, REPUBLIC OF KOREA

ajlupI

X201 \A‘_U_C 9S PUD BjIUDIS

Aiojisoday
D 10} pajpbiysau|
10 palapisuo)
sjuswuoiiaug d160joan)

"Paysi|qpisa usaq sy
Ajj1opy o yons syis o} BujuuiBaq
10§ 8|npayps ou ing ‘paucisiaug

'sjupjd Jemod pajonu 4p palojs
94 0} DY 4N [PII8WWOD
700 ul oy ABisug olwopy
Sy} O} SjUSWPUSWI By} 1pUN)
"uaga|io9) o

paiols st AATH INIS [P12J1aWwod
JO SJUNOWD ||[oWs S10Js SNDYY

pup usqgd|I0L) o saI|1dD4

paysiiqnisy
Ajij1po4 abnuiojg
-WiIdju| pazijpius)
juspuadapuj

‘sppw uoisdep ON

‘sppuw uoisidep ON

‘SppwW uoIsioep ON

Aioyisoday 2160|099
deaQ b o} MTH/ANS
SAOW O} 92D Ul
wajsAg uolppodsuna)

‘|ony 4pys Jo Buisseooidal

ay} yiwsad o} pasnjal sby "g
ay] “uibuo “g'M 4O I s10joal
JajomyBi| ut pasn 4NS ||V

-a1d jo synsa1 ay} Buipuad
‘pup 1030 4o Ay
ur 9op|d seypy Buisseooidal
‘uoyippp uj ‘wopBury
pajiun 8y} pup aoupig Ul
passedoidal usaq soy undof

“dynisppy pup ‘DIWIHDOYNA

‘p|eyo)|eS 4o passeooidal atem
sjunow Ja|jows yBnoyyo
‘anBpp D] jo BUOpP SDM

4NS |PI0ISWWOD UPUIIRS)

Jo Buisseooidal ayj jo jsopy

‘Pauqiyoid som ‘500z

‘| Ajn[ 1eyp syupjd Buissedoidal
0} NS [PI2I8WWOD Jo iodsupyy
700 ut oy ABisug olwopy
8y} 0} sjuswpuBWD JBpUN INS
|p1o18wwod sy} Buissedoidal
jo uoydo ayj poy sisumo jun|d
1emod io3PNU ‘GOOT ‘0€ dunf
pup ‘66| ‘| Apnupf usemieg
‘passedoidal aq o} poy 4N
|DI2IBWWOD ‘P44 | d104eg

aPAD |ang ul
papnjpu| Buissadoiday

(amo £9)
"UOHONLYSUOD Japun
a1 spup|d Jemod 1oapdnu xiIg

(oMo ££1)

sjuo|d Jemod 1psjonu g

(a0 L€)
"UOHDNLYSUOD Japun
a1p syupjd Jamod 1paponu sa1y|

(4MO T'97)

sjuo|d temod psjonu ¢¢

(oMo €07)
sjup|d Jemod upsponu /|

Aypodon) Buiypisusg
/SIUD|d Jomoy
JppnN Buyniedp

37

P3.10)|
jo dnqnday

Germany, Japan, Republic of Korea

Aubwiag

SHHOVOUdddY TVOINHOAT,



‘uolduNy 191D
w ur Aouppunpail jo ea16ep
awos pup yydep-ur-asusjep
sapnjoul Aydosoyiyd Ajejog

'SSOUBADDYS ||y

119y} apiaoid jou ||im s1a1iing
[DNPIAIPUI JOY} 950D Y4 10§ USAS
ADM Jusioyns D Ul pauIdjUIDW
aq p|noys Ayijpuoiouny ayj
‘UoHIPPD U ‘9oUDUSJUIDW

Aup jnoyjim pup AjeAissod
pa||yIn} 9 p|noys wajsAs siy4
JO suoyouny 8y “wajsAs Ja1IDg
papriB pup jsnqos o yBnoayy
paindas aq o} sy aINso|P
Atopsodai Jayo Ajayos ay|

yidaq-ui-asusjeq
10§ spuswaiinbay

‘pouiad sjpulwisiepul

UD 10§ 3|qPABIIR] 8q O} pPPY
sebBoyond ajsom ‘ubisag
9oualejey |oAsPNidedouod
|y} ul ‘jnq ‘sppw UoIsIBP ON|

"apPW UoIsIdaP ON|

‘sjuswdojarsp

a|qpgoud junooob ojur Buiyoy
‘a1nso|o Aoyisodal Jayp si0ak
006 jo pouiad b ioj [oASLIRI
a|qissod 1oy a|gqoaboupw

9 ||1M 34SOM Y} DY} OS
paajupionB aq o} soy uolDIPDI
Buiziuol sy} jo Buipjaiys
“1oAemoH "jdeouoo psodsip
ayy ul papiroid aq jou pasu
4NS PUP AATH Jo Aljigoasiey

Ayjiqoasiiey
104 spuawialinbay

“uolsnujul upwNy 1oy
109K /AgW | Isjusre aAydnisip
ousijigqpgosd ‘_otcmi\o,o_ jo

1w ys1 ‘sjusAe [puLiou Joy
109K /ASW |°Q ‘|osodsip ajspm
|9AS|-2jDIPaWIB}UI PUD -MO| 104

‘|osodsip NS
/MH 10§ spow uoisidsp oN

"apPW UoIsIdaP ON|

suowny

10§ sID2A Q| SUPBW BwRy|

's109K

501 st pouad soupyjdwo)

, 'SOLDUBDs a|qoqoud

§59| Joj dwRy|/. 0| UPY

$$9| 9q snw aBpwop Yijoay
SNOLIBS JO

4 'SOLIDUSDS

a|qoqoud Joj suiey /.0 UPY

$$9| 9q snw aBpwop yijoay

sjuswalinbay Ajoy0g
pup y}jpaH wisj-6uoq

"ajis [psodsIp 9jsoM [9A3]
-9}DIPAULISIUI PUD -MO| D §SOY O}
peaibp sy (nluosAs) /nlBuoAy)
AlUNWWOD 1D3[ONU J93JUN|OA \f

"pPaysi|qoise uaaq
sy Aloyisodal JNS/MTH P a4
o} BuluuiBaq 1o} sjnpayos oN|

"a1njny 8y} Ul sapis Buikyuapl
ur 8|01 aAlopoId B10W D 83D}
Aow juswiuiarob [puoyou ay|

"MaIpyiim usy} inq ojpdioyind
0} paaiBp Ajjpoyiul (oyd-oko) )
UMOJ 9UQ "$3JIs JOPIPUDD
Buipuy 10§ yooouddo Aipjunjoa
pup juaindsupiy o pajdopo soy
uoypziupbBiQ Juswaboubyy
SISDAA JD3ONN| Y|

00 Ut sseo0id uonoses

-a4is ay4 1o} ydaduod b paysignd
Aj940g 103NN pPUD ‘uoy
-DAISSUOT) SINJDN] JUSWUOIIAUT
ayy 1oy Ausiuiy [p1opa] 8y
"sioumo jup|d Jemod iosjonu
S} PUD JUBWILIBAOS) By} Aq O}
pea1Bo som uoisuadsns ay|
'sIpak (| upyy 1eBuoj| ou Ioy
000 u! papuadsns som ‘ajis
USQaI0S) By} UO PASNO0) YIIYMm
‘ssa001d uoloa|ag-ag ay|

ssadouy
uo1§23|9G-34IS JO SN

(snui9)
r_—o_m_u MO||DYs {o |duun]
youpasay punoibispun paioy|

‘(Yoou Aipjuswipas)
8qOUOIOH pup Aw__cQQ
1WDUNZI (UOLDNILSUOD
1apun 81D $81I0JDIOGD| OM|

(enuniB) ouoj

Aubwiag

(HPs)

‘000C

papuadsns spm Inq 984 Ul
PayouND| SOM Bjis USGS}I0D)
ay} jo uoypiojdxa punoibispun

SOLIOJDIOQDT YoInasay
punouibispun
snouabipu|

VI¥0) 40 JI19nd3¥ ‘NYdYI ‘ANYWYI9

SHHOVOUdddY TVOINHODA],

A Survey of National Programs for Managing High-Level Radioactive Waste and Spent Nuclear Fuel

38



ERMANY, JAPAN, REPUBLIC OF KOREA

‘SpoW UoIsIodp ON

4N [p1eWwwWo)

‘jupgrodul A19A SOM WaysAs
Jelnq pasesuiBus ay; ‘uBiseq
aoualeey |oAsPNidedU0D By} u|

"ajiuojuaq

Aq papunouIns aq P|NOM SI9§SIUDD
ay] 1eddoo pup ‘|oajs sso|uIDys
‘shojjo [exp1u-yBiy s1em siejsiupd
8y} 104 pasepisuod suoydo
‘uBise @oualeey Y4 U 5,066
a4p| ayy ul padojarsp som ubisaq
9oualajey [oAsH{PNdedUOD vy

‘SpoW UoIsIodp ON

‘spouiad juanbasqns 1oj jno
PaLIDD sjUBWSSaSSD SARDYIPNb
Yim ‘pauoisiauG si s109Ak 000’0 |
o} dn 1oy yopouddp aaypyyuoNnb v

‘SppW uoIsidoep ON

[EITHN
jo dqnday

‘SpoW UoIsiosp ON

‘sI0oA 0L 40 [1D} 0} pauwinsso
a1am saboyond ||p ‘Juswssasso
soupuwiopad z| H ayj u|

‘SpoW UoIsiodp ON

"ajiuojuaq

Aq papunouins s joy} yopdisro
|934s UOQIDD D Ul Jo pasodsip
S1 SI9UIDJUOD 93]S $SO|UIDIS

Ul 9§SOM PBYLIA JUSWSSDSSD
soupuwiopad z| H ayj u|

‘SpoW UoIisiosp ON

UDsA /AgW |0
UDY} $59| SDM 9SOP 03] o
‘siDak 0L 4509
{D O} JNO PALLIDD SUOKD|ND[DD) o
"Ajuippsoun passaippo
SUOKD|ND|DD AYAHISUSS o
“A||oousIuIWIBIOp PajoN|DAS
SOLDUBDS Jo 9BuUbI Y/ o

‘Peepow 3201 jsoy U_tumo_m ON o

(6661 ) o paLud
usaq spy (| H) juswssasso

soupwioypiad oususb v

‘SppW uoIsioep ON

‘SpoW UOIsIodp ON|

oisPM
|oAs|-ajpipawsiul Buypisusbpay
pup ‘JNS |PI21aWwod ‘AATH

‘SpoW UoIsIodp ON

‘SpoW UOIsIodp ON

‘siejowpind

indul so san|oA ubipaw
‘a|dwpxa 1oy ‘Buisn ‘a|qissod
sp A||poysipal so Bujepou jo
$1S0Q 9y} UO JNO PaLIDD 8] Of
SADY SUOYD|ND|DD DlsiuIULIB(Q

Aubwiag

asn)
Ayoy0g o} aduppioduw|

ubisaqg

suonpsado
Kioyisoday jo
1ip}s papdnpiuy

K1ojisoday s160j099
daaq p ui jo pasodsiq
aq o} pazioyiny
swi104 3ISOM

wajsAg J9L1upg pasaauibug

SHHOVOidddy TVOINHODHT,

SPADPUDS 2.4NSO[I}SOd
Yim asunijdwo)
Buipajsuowaqg
103 ABojopoyiow

Germany, Japan, Republic of Korea







w
o
=
—
w
=
m
[ =]
m
—
w
=
—_
N
m
=]
=)
p—
—
[ =)

SPAIN, SWEDEN,
SWITZERLAND

41




'SI8UMO

jup|d 1emod ips|onu sy} Aq
Ajjpnuup oy piod 81D BjSPAA
aAoDOIPDY Jo [Psodsiq oy}
1o} aAp1adoor) [puoHDN| By}
Aq paunout sasuadxe jusiiny

‘peonpoud inoyHomojny

yope 1oy 8Bipydins b puny ayy
ojui Aod Ayouposje pajoisush
-I09[2NU O SIaWNSUOD)

SUOYD||DJSU| JDB[ONN] 104 puny
[psodsiq S4SOAA SAHODOIPDY

(e1pi0padsu|

Aj34pg 103NN |PI8p4 By}
pup ‘sUOHODIUNWWOY) PuUD
‘ABisu3 ‘piodsupi] ‘juswiuoiiaug
Jo juswyinda(g |piepay
‘lpunoy) |pispay sasIApY)

uolssiwuwo) bwu_cw 1082NN|

uolissiwwo)) Ajgypg IpsjonN|
|p19pa4 8y} pup 9ypIopPadsU|
Ajeypg 1psdNN| [PISpa4 By}
Aq pasIApD ‘suoypOIUNWWOD
pup ‘ABisug ‘podsupi]
‘juswiuoliAug jo juswiinda(

(-e4p4g |p19pa4 By}t pUD

sjup|d Jemod ups|PNU Jo sIBUMO
ay4 ||o Buipnjoul ‘s1ieonpoud
34SDM SAODOIPDI JO WINYIOSUOD
a4paud /o11gnd o s1 9sDAA
aAPDOIPDY Jo |osodsiq ayy

10§ aAypIadooy) [puoyDN| 8Y])

3ISDAA SAODOIPDY 4O [psodsiq
ay4 104 eaypiadoo)) |puoHPN|

(8002)
puny juswaBouDyy BiSDAA pUD
Bujuoissiwwossg uo soubuIPIO

(£002)
Py ajpiopadsu| Ajeypg IpsPNN|

(r00z)
soupulpiQ ABisug uospnN|

(200Z) @isom eaopOIPDY
*O COZUO__OU ®_.t uo OUCOC_T‘_O

(r661) @2upulpIO
uolajold [pa1Bojolppy

(1661)
oy uolosjoly |po1Bojolppy

(e861)
Oy UODSJOI( [DJUBWUOIIAUT

(€00Z Ul PV
ABisug ipsjPNN By} 0} palyjipow
6561 ) Py ABiaug olwopy

puplIaZiIMG

‘|psodsip

JO 1500 pajowilisa |0jo} SY4 pUL
pung ays ojui piod Asuow
US9M}S 9DUSIBHIP Y} J9A0D O}
99junionb D spiroid siBUMQO

‘jup|d o} yuoid

WO} [[9M SD SSLIDA pUD ID3A 0}
1034 woly salbA 934 8y “INIS

jo Buisodsip jo sjs00 pajpuiyse
3y} uo pasnq 994 o Aod sjup|d

Jemod IpsPNU Jo s1BUMO

pun4 SISOAA 10319NN

(tuswuouiAug
a4 Jo AUSIUIW BYj saSIAPY/)

3JSOAA
ID3|PNN] 10§ [1PUNOD) [DUOKDN|

"aj010§29dsu| 1omOy J03INN|
Sy} PUD B§NjIsU| UOKDBJOIY
uoypipoy sy} Buibisw Aq 800¢
Ul Paysi|qpisa SOM ‘JuswuolIAug
ay} Jo AusiUuIW ayy uiynm
‘Aoyiny Alajog uoypipoy

(ssupid
19mod 109INU JO SIBUMO By}
Aq pauw.o} uoypiodiod sjpALY)

Aupdwo?) juswaBoubyy SJSPOAA
puD [an4 1092NN YSIPOMS

(8661) @p0D [PluBWIUOIIAUZ
(8861 ) 1Y uoudal0I4 UOHDIPY

(v86l)
oY JD3PNN] Uo Py

usapamg

(1uswaBoubw ajsOM SAODOIPLI
pup syupjd Jemod Ipajonu jo
Buuossiwwodsp yjoq s19A0D)

's1eonpoid
ajspm ayy Aq ojur piod puny
Buluoissiwwoda( J09PNN|

QUON

‘|ouoipuod o aAlpBau
st 4l 4t podai s |puno)) Ajeypg
103[2NN| Y} UINEISAO jOUUDD
ing uoisap |ouly 8y} seypW

A||pBa| oppi| pup ‘wstinoj

‘Auysnpul jo Ausiuiy ay|

|ouno’ bwﬁcw hUw_UDZ

(uoypiodio)
paumo-usWUIBA0S))

SISDAA SALODOIPDY

10§ Aundwo)) |puoypp ysiundg

£002/€€ MoT Aq payipow
‘0861/G1 Mp1 ‘Jounoy
Aypg Jo3RNN ay Buypai) py

$00Z/¥¢C
Mo Aq payipoul 'y961 /ST
mp7 ‘py ABleug 1ospnN

juswdojarag
Aioyisoday 1oy 321n0g
Buipung pajpdipag

1ybisiaaQ wnibouy
/|p21uyd9) juspuadapu

Joyp|nBay juspuadspuj

uoypziunbiQo
Buyusws|dwy

juswaboupbyy
9JSDAA SADDOIPDY O}
oidadg uoyp|siba

©
=]
(1
—_
o
<@
19
=)
z
c
0]
Q.
n
o
c
[S]
o
2l
=
o
=
G
o]
.0
S
e
(24
©
>
[0
-
=
2
g
(o)
RE
(o)
o
=
2
—_
42
w
£
()
o)
2
(=
©
=
.2
S
z
.
o
>~
[9)
>
—_
=]
n
<

SINAIWHONVIYY TVNOILNLILSN]

ONVTYIZLIMS ‘NIQIMS ‘NIVd




PAIN, SWEDEN, SWITZERLAND

*SUOIDIIUNWWIOY)

pup ‘ABieug ‘podsuni]
‘juswuoliAug Jo
juswyinde( [piopay

Aq pajupiB sasusdy|
Buypiedo pup uoyonisuo)

‘WNPUSISJOY SAHDY|NOD4
|ouoypu o Ul pabus|pyd
aq Abw 85U [PIBUSS)
‘Juswpljing Aq paaoiddo
puD [12UNOY) [pISpa4 Aq
pajupib asusor] [pIsuss)

€00 PUP 6561
jo spy ABiaug JoapRnN

(e66l)

LZ-¥ISH seop(da1 (6007)
€09 BUIBPING S4SOAA
aAopOIPDY Jo [Psodsiq sy
104 seAoalqQ uoyosjold

ajpiopadsu|
Ajgyog 103dNN| |piepa4

“SJUSWISSOSSY
joodw| |ojuswuolAug
SMBSIASI JUSWUOIIAUT

ay} ,_Ou_ ®U_to |PI8pa4

“(upjdyoog)

UD|d |PI0§OBG By} §O
ideouoo ay} paroiddo
800 u! |1PunoD) |pIdpay

puUDIBZHIMS

‘JuswIIRg J0 840A Buipuiq
-uou b aq Apw os|p 818y |

‘uoypoy|ddp asusdy|
ay4 erouddo of Jayeym
SPIOBP ||IM JUBWILIBAOS)

3y} Junodop oyul Buijni
§,41N0D) [DjUSWUOIIAUT By}
pup 321ApD 5 AjLIoyiny
Alayog uoypipoy ayy Bupp]
‘uoyooy|ddpo sy} uo s|ni

||\ $IN0D) |DjUSWIUOIIAUT UD
‘Ajuaiinouo)) “Ayjiqpideoon
SiI UO JUSWIUIBAOS) By}
SSIAPD puD ‘00T Ul
paHiwqgns aq o} pa|npayos
‘uoypoy|ddp ssusol| D
Mmalral ||Im Ajioyinyy

‘Kioyisodau

o Buidojersp 1oy s|qpyIns
a1om Aayj sayjaym
SUIWISIOP Of UWDYSIDYSO
PUD IDWWDYSO Ul Sos
ajpBuysaaul of Aunduwior)
juswaBDUD SjSDAA PUD
[on4 1032NN] YSIPOMS By}
Aq |osodouid b paroiddo
JUsWUIBA0S) BY} | 00T Yl

‘Atojisodal

o Buidojeasp Joy supjd

sji ut asn o} Auodwo?)
juswaBDUDY 3iSDAA PUD
[9n4 ID3ONN YSIPaMS
ay} Joy sisoq 9|qpjdedoD
up paw.oy yopoiddo
€S9 8yHipyi psplosp
JUSWUIBA0S) Y} ‘£84| Y|

L *¥00¢C S4IXS

L+ 200¢ S4IS

1:8661 S4IS

G-G00¢ S4ISS

L8661 S4ISS

“Aoyiny Ajajog uoypipoy
sy} Aq pajdopp usaq
9ADY ajpIopadsu| Jemog
ID3ONN| Y4 PUD 34njusu|
uoyoajoly uoypipoy Yt Aq
paiobjnwoid suoyo|nbay

‘uolun uoadoing ayj wouy
SOADRUIQ YHM JUSISISUOD
s1 ssao0ud juswssassy
oodw| |pjuswuoliaug ay|

auoN|

uapamg

Spain, Sweden, Switzerland

"9poW UoIsIaP ON|

"9poW UOISIDaP ON|

"9poW UOISIDaP ON|

oD4 SAKODOIPDY
pup IpajonN| uo uoyp|nbay
[IPunoD) Ajoyng J09dNN|

8002/G¢ 99109 [oAoy
Aq payipou ‘6661 /981
89109(] |0Aoy

8007/ | @2199Q |pAoy

‘Aioyisodai

ANS/MIH P 10} sppw
uaaq spy uois|dap ON|

"Ajj1ooy eBpioyg Aipsodws)

pazijpyua)) sy} Buyis
Joj ssedoid paysijqoise

9002/ @0198( |pAOY

uonpiadQ
pup uoldNISUCD)
Ayjiooy

uolds|ag-3lIg

uonydo
Juswsboupyy
9ISDA JO UOIPI|3S

uoldajoiy
Aa4pg pup y}|PaH

juawissassy yonduw|

|PjusWIUOIIAU]

VTTTRETET- YIS

Kiojisoday s160j039 doaag p Buidojanaq 10}
pa4inbay s|paoaddy aAndax3z/2A1D|SIBAT [PW.IO4

Aiojisoday s160j039 daag p
Buisuadi] o} s|qnaijddy saa.dag pun suoun|nbay

SINHIWAONVIIY TVNOILNLILSN]




.wwmchm B3Iy} SUIDJUOD UD|{ |PIOOSG Y|

‘uiBaq ||im uoypiado ipjnBai

‘uolypiado DL JO SIDIA [DISASS ISYY
"Ajj1ooy o Jo Buisuadi| ||ny 8y seAjoaul dejs
isdiy ay] "sdays om} Ui pajupib aq |Im {NS
1oy Asoyisoday [po1Bojoab b 1oy asusdl| v

‘Atoyisodal
4NIS/AIH P 10§ 8ppwW UOIsId>8p ON|

ssa%04d
Bupjpy-uoisaq pabnis
D jo uoydopy 1jdxz

"ubld
[p10pag By} jo ¢ 9Bpjg Ul papiosp aq o]

w 09$ eA1@d8l ||Im ‘popaes
Ajunwwod sy} UowwpyYisQ ssed0.d
Bus sy ul Buypdidyind oy uoljiw 08| §
‘aBoyopd enjpA-pappL UD Ul ‘BAI88.
‘pajoajas Jou Aunwwiod sy} ‘uwoys

‘Aloyisodai
ANS/MIH P 1o} spow uo|

Ayjion4 o Buiydasoy
Joy Ajlunwiwio)) |p20o7 o)
paplArolg aq o} siyauag

SUOIPIPSLINS [P0 YHM SUOHIDIBU]

a|qoayddo joN|

“}1 yde20D o} Buljjm slow Ayunwwod
o Ul Alojisodal sy} 10§ UOHDIO| SAHDUISYD
U s1 819y} 1 A|UO OJ9A JO SPLIISAO [DUOHDN

‘Aloyisodal
4INIS/AATH P 10§ 8ppW UoIsIP8pP ON

OJ3/ |P207 UO SUOHDIWIT

"UD|4 |PI0JO8G By} Jo sabDys
|o 4o pasinbai 810 SUOKDYNSUOD [DWIIO}
pup uoyodidiind jowiojul yBnoyy|o ‘suoN|

‘ajis O
JO 9210y aYy} O}A UDD AHUNWWOD D07

*SaLIUNWWOD
|020| Aq uoypdioyind Aiojunjoa salinbal
Ayjiopy oBplojg Aniodws| pazijpyus)
ayy Buys 1oy paysigpyse sseooud ay|
‘Aloyisodai

ANS/MIH P 10§ sppw u

OJ3A |0207

PUBI2ZHMS

uapamg

ANVTYIZLIMS ‘NIQIMS ‘NIVdS

SINIIWAONVIIY TVNOILNLILSN]

A Survey of National Programs for Managing High-Level Radioactive Waste and Spent Nuclear Fuel

44



SPAIN, SWEDEN, SWITZERLAND

aj1up1b pup Ao|D

sjiubie

"UoHPIBPISUOD
Japun Ayuaiind aip
sjuswuoliAua |p21Bojosb oN|

}|os pupo xc_u ‘ajluni)

Aiojisoday
D 10} paybbiysau|
10 paiapisuo)
sjuswuoiiaug 2160|095

INS
PUD MIH SPIoY 'iupld 1emog
._Um_UDZ nouzag mr_ﬁ ioau

‘uebBuuain ut (OVTIMZ)
Ayj1op4 Bpuoyg joyue) v

‘G864 Ul pauolssiwwod
SOM :Eo;mhov_wo ul
Aoy gD Byt ‘sen

"uasoYD Usaq SDY BYIS ON|
“Ajj1ooy oBpioyg Aipsodws)

paystqoisy
Ayj1o04 96pU10Ig
-WiLIdjU| pazijpius)
juspuadapu

'910¢ 1sP3] Jo [un passaooidal
aq jou Abw zoQg Ut @2p0|d

ur spopuuod Buissesoidas Aq
palaa0d Jou NS pabipydsiq
‘SOl qWIassD XOW oW

0} pasn usaq soy wniupIn
pajopIixe swos pub wniuon|d
PaioDIXe BWOG "PUDISZIMS
0} pauINal U] SDY AATH
swog ‘wopBury pajiun sy}
puD 92UDl4 Ul passad0idal

‘SppW uoIsioep ON us3q spy 4N |ploIdwwon

‘USPaMG Of PAUINIDI SOM DJSDM
payLyiA ou ‘wopBury pajiun
Sy} pUD 92UD.4 Ul Passad0Idal
US39q 9ADY NS [PI2JaWWOD

. > ’,
ukBis oy ‘diys poublsap Jo sjunown ||pws yBnoyyy

A||p1oads b Aq ayis JDWWDOYISO
S} O} pPaAOW 8q UDD BISDAA oN

‘Buissaooidal

|ouonippp Aup ajpjdwejuod jou
saop Aoljod [puoypu jusiind
‘Preyp|IeS 0

passedoidal som juojd puoIDS
9P DDV DJUDG By} Woly

4NS [PI0I8WWOD [DUOHIPPY
‘anBop 07 jo passedoidal

som jupid | so||9puUPA By}

‘SppW uoIsid>ep ON woly NS |PIdI8Wwod swog

Aioyisoday 2160|009
daag o o4 MIH/ANS
SAOW O} 92D|d Ul
waysAg uoiyppiodsunap

924D |ang ui

pubI9ZiIMg

(emo T°€)
sjuo|d sjemod ipsonu aAl

uapamg

(GO 1'6)
sjuo|d Jemod 1psjonu (|

(Mo 7£)

sjuo|d 1emod ipsjonu yybi3

Aypodon) Buiypisuasg
/SIUD|d Jamog
JpapnN Buipiadpo

SHHOVOUdddY TVOINHOA],

45

Spain, Sweden, Switzerland



‘|oA9] 4pjnoyind

Aup Ayioads jou op suoyo|nBai
ays ‘pasinbai si  seyuippedUN
0} AJIALjISUSSU] BINSUS O}
Aouppunpai, swos yBnoyyy
's181110q Ajeyps anissod jdiyjnw
Jo waysAs b Aq painsus aq ||PYs
Aloysodai o jo Ajeyos wisBuo|
sy} joyy a1inbau suoyojnBai sy

‘uoypiado

sppjs Aloyisodal ayj a10§eq
9|0os || b uo sjuswiiadxs ul
pajolsUOWap 8q O} SDY BjsbM
ayy Buinaiiyal jo Ajjiqispay
|oo1uyosy ay| “Alopsodas ayy
Buiubisep usym paispisuod aq
0} SPY AATH JO AljiqoasLal 8y

RI[eEYS ,0L 10§ 4no paLiod

aq ||M SjuBWssasso Ajayos
‘Joypw _cu__uEQ D SO 'JISASMOH
JJusupwiad, s1 juswuoliAua
ay4 pup uow jo uoyosjoid ay|

'si094 000’1
1oy pasinbai si juswuipjuod

ajojdwo)) "soupusds
Ajjiqoqouid-1amoy 1oy _omx\o.o—
40 1oBupy ysi1 Lpak /AW |°0
solpuads Ajjiqoqoid-ybiy

O} JUDAS|D] JUIDIISUOD 350(]

‘|osodsiq aISPAA 109joNN|

10§ UOISSIWWOY) 3y} puD
‘uolssiwwo)) Aypg IpsPNN|
|o19pa4 ay} ‘ajpiopadsu
Ajayog 103NN [piopa4 8y} Aq
PSSIAPD ‘SUOHDDIUNWWOY) PUD
‘ABisu3] ‘jJodsupi] ‘Juswiuoiiaug
jo yuswyindaqg Aq mainal
Japun a1 sjpsodoid ay]

"PUDJISZYIMS UIBYHIOU Ul B1D
pup Apjo snuijpdQ ul 81D ||y
‘uoypio|dxa Jayiiny 104 suolbal
991y} POPUSWILIODAI SDY DISDAA
SAIPPOIPDY Jo [psodsiq By

10§ aAypiadoo) [puoypN| Y|
‘solsHejopIDYD [0o1Boj0sb

119y} UO PasDq PaUIWDXS 9D
suoiBal [pyusjod yoiym ui

‘| @Bpyg 4o s1 Up|q [pIOJRG

(enuniB) uojuny
aulag 8y} Ul [aswlS) pup (App)
2UUDSIN JUIDG JDBU 1118] JUOWN

puDbI9ZiIMg

BEINITTe]
auo Ul aIn|ibj D 4o ayds Ul
pauipjuibw s Ajejos Aipsseosu
2y} ‘a|qissod sp by SO oy}

05 $1914IDq| [019ASs dsLdwod
[[PYs waysAs sa1iDg 8y |

'si0ak 501 uoyi

13Bu0| ou 10§ §no paLIPD aq
p|noys sisA|pup ysu 8y “si0ak
0L 404 109K/, O 40 s sty

'600¢
Ul PejO3|9s SPM JIDWWDYISO)

Jo Aypdiunw ayy ut ays

(snuni9)

'G66] Ul paedwod

SDM pUD 064 | Ul uobBag
uwoysioysQ ul A1o0jpioqp)
w%% 3y} Jo uoyoNYsUOD)

uapamg

‘SppW UoIsIdBP ON

‘SppW UoIsIdBP ON

‘Aiopisodai 4N

/ANTH 10 @ppow uoisipap oN|
‘solpueds Ayjiqoqoud

1amoj 104 si wa\o.o_ Jo hun
ysu ‘solpuads Ajjiqogoid-ybiy
10 108K /AGW |"() S! JUIDISUOD
9s0p ‘|psodsip aisoMm [9A3]
-94DIPaULIBjUI PUD -MO| 104

‘dppW UoIsIdBP ON

QUON

yidaq-ui-asusjeq
10§ spuswaiinbay

Ayjiqoasiiey
104 spuawialinbay

sjuswaiinbay Ajoy0g
pup yjjpaH wisj-buoq

$s920.4
Uo1§23|95-34IS JO SNIDIS

SOLIOJDIOQDT YoInasaY
punouibispun
snouabipu|

A Survey of National Programs for Managing High-Level Radioactive Waste and Spent Nuclear Fuel

SHHOVOidddYy TVOINHOHT,

ONVTYIZLIMS ‘NIQIMS ‘NIVd




PAIN, SWEDEN, SWITZERLAND

00T Upy} Jaijipe JoN

"Ab> ajiuojuaq Aq papunolins

91D $19§SIUDD BY] “JaJSIUDD By}

SpIsul ysDJf |99 $SO|UIDS D Ul

PaUIDIUOD SI AATH "UOII §SDD JO

N0 9pbW NG [PI2JAWWOD pup

“Aojo MTH 10} S184s1UDD SUOISIAUS

snuijpdQ 8y} o} paiodwiod silemyopusbunBiosjug josloig ui
juopodwiiun AjeAypjey paipn|oae jdeouod [psodsip ay|

"sask|puo

ols1[iqPqoId SWOS SI9M SUOLD|ND|OD
oysiuiwieiep oy Buyuswsjdwo)
‘Ajuipjiaoun Jo spoaye sy aio|dxe
O} PaJON|OAS BIOM ‘SOLIDUBDSNS
Buiuiojuod Usyo ‘sOLDUDS (41
4DYM,, ) J8Yi0 Sl ‘UOKIPPD U] JnO
PaLIDD SOM |, 0LIDUSDG 9OUSISJRY,
D JO juswWssassp @duDULIo}ISd
oysiuiwIsep o ‘jdeduod psodsip
Aojo snuiipdQ ayj o Ayjiqispay ayy
Buyonipas ‘slemydpusBunbiosjug
joaloiy ‘Apnis o uj

‘SppwW uoIsidep ON

PUDBISZHIMSG

€¢0¢

4NS [PIsWwWoD)

"Aojo ajiuojuaq Aq papunouns si
194s1upd 8y “pioddns Joj piesul uoll
-4S0O D DY joy4 Jajsiupd 1eddod

juppioduw A1ap D ut paop|d st JNS [PIRI8WWOD)

‘suolUNy JBLIDG PUD

$19111Dq] [DNPIAIPUL JO 92UDdHIUBIS
3y} 94DLYSN||! IOY} SUOHIPUOD

pUD sjuaAe Jo seouanbas
SpPN|PUI—SOLIDUSDS [PNPISSY
‘JusA® Jo saouanbas

SAIDUISYD Y}IM OLIDUSDS UIDW
S} UO SUOHDLIDA BPN[oU|
'SHUIDLIAOUN JO UOKDN|DAS SY4 10}

paipdeid—sopusds sjqoqouid ssa]

‘suoydwinsso oysiwissad

10 oysipas Buisn suoypuod

|oUIalXa 8y} Jo uoun|oas s|qogoid
3y} UO PASDG—OLIDUADS UID o
:pajon|oAs
a4 0} 21D SOLPUADs Jo sadA} saly|

‘pasn aq upd seyopoiddo
olsijiqpgoid pup dusiuILLIBEP
yiog "eoupidwod Buyoisuowep
1oy ABojopoyjaw dlypads o
aquosaid jou op suoyp|nBal ay|

uspamg

‘SpoW UOoIsIosp ON

‘SpoW uoisioep ON

‘SpoW UOIsIosp ON ‘SpoW UoIsIodp ON

‘SppW uoIsidep ON

asp)

Ayo40g 0} @duppIodW| ubisag

suonntado
Kiojyisoday jo
HoIg pajpdpyuy

Kiojisoday s160j099
doaaqg p ui jo pasodsiq
aq o} pazuoyiny
SuLIOg 3ISOM

widishg JaL1ing patasuibuzy

SHHOVOidddy TVOINHOHT,

SPADPUDLS 34NSO|I}SOd
Yim asupijdwo)
Bunpajsuowaqg
103 ABojopoyiaw

Spain, Sweden, Switzerland







(=
=
=
m
=
=
=
D
=
(=]
=

UNITED KINGDOM




's4s00 |psodsip

pup juswabpupw 8jsoM Jo
21Dy ||n} 118y} 19A0D Of SpuNy
apisp jos sjup|d Jemod Jpspnu
MaU 4O s1ojpiado pup s1suUMO
1Py} S1 JuBWUIBA0S) By} 4o Adjjod
ay] "a4som AopBs| BuiBoupw jo
sis00 ayj And JUBWUISA0S)

auoN|

juswdojareg
Aioyisoday 1oy @21n0g
Buipung pajpoipag

(pupa1| UIBYLION] PUD ‘SB|DAA
'PUD|0DG 4O SUOKDLSIUILPD
PoA|OABP B4 4O SIBjsIUlW

PUD JUBWUIBAOL) SBSIAPY/)
JusWaBDUDY BISDAA
SAIODOIPDY UO SBHIWWOD)

1ybisiaAQ wnibouy
/|P21uyds) juspuadspu

iodsuny] Joj juswypindaq
aAN28x] Ao§pg pup yypaH

juswuolIAug
jo juswpnda pupjal| ussyLION|

AousBy juswuoliAug Ysioog

(s3|PAA pup pup|Bug J0y)
AouaBy/ JuswuoliAug

104p|nBay juspuadapuj

('ssostuIy

Usi0og o} 9|qisuodsal os|o

s1}l ‘suoyouny syt Jo sjoadso
awos 1oy ‘abupy)) ajpwi|D pup
ABiaug Jo yuswyindaq ayj jo
Ajjiqisuodsas ayy sepun Apog
21|qnd [Puswpndag-uoN)

wopBuny|
pajun
(es6l)
—U{ mmucgwﬁaw ®>=UOO__UO~_

(5961)
.G{ mco_tu__c._wc_ ‘_Um_uaz

ajpiopall jusweboupyy
9ISDAA SAODOIPDY
Aaoyiny
Buiuoissiuwosaq 10PN

juswabpupyy
SISDA\ SAIDDOIPDY O}
oynadg uonnisiba

uonpziunbiQ
Buipuswa|duw)

WOQINIX Q3LINn

SINANWNIONVIYY TVNOILNLILSN]

A Survey of National Programs for Managing High-Level Radioactive Waste and Spent Nuclear Fuel

50



UNITED KINGDOM

‘pauinbai si uoyoo
1ay4inj ou ‘aAyndexy Ajejog
pup yyoaH ays Aq Buisuady|

pup ‘jussuod juswdojersp
/uoissiwiad Bujuuoid
‘AousBy juswuouiiaug sy}
Aq uoypzLoYND 1oy

uonpiadQ
puDp UoINIISUOD)
Ayjiooy

“dajs jxau ayj

yim paaooid of Jayeym
apap ||m Ayunwwod
[p20]| 8y} 10} Apoq Buryow
-uoisap ayj ‘sseooid ayy
uols|es-ayis o abys yone
40 ‘yopouddo diysisupiod
PUD WSLIDJUN|OA By}

lapun ‘Jenemop

"ajis 8y} aroiddo
AJS4DW|N §SNUW JUSWUISA0S)

uolD9|ag-3lIg

(8002)
A|240G SISDAA SAHODOIPDY
BuiBoupyy uo Jadpyg oy

SIDYY |DINY

pup ‘poo4 ‘juswuoiiAug
Jo juswypindeq

(9002)

JuswaBoupyy SISDAA
SAIODOIPDY UO 99}IWWOD
8y} JO suoyppuUsWWOdDY
pup podey ayj o} esuodsay
SIDYY [DINY pUD

‘poo4 ‘juswuoiiAug

Jo juswypindeq

uondo
juswabpupyy
9iSDAA 4O UOID3|Og

Kioyisoday s160j099 daaqg p» buidojanaq 40}
pa1inbay sjpaocaddy aAnndaxz/aAlp|siBa [pPw.I04

(6002) uoupsiioyiny 1oy
sjuswalinbay jo soupping
1SOISDAA DALODOIPDY PIlOg

10§ pUD] UO $O
Josodsiq |oo1Bojoss

AousBy jJuswuoliaug

uoljdajold
Ayoypg pup YyjpaH

Kiojyisoday s160j039 daaqg p

suoyp|nBay (juswssassy
oodwy jpjuswuoiiAug)
Buiuup|g syt Aq wopbury
paiun ey} ul pasodsunyy
1oy jusWIsSassY

poduw| |ojuswuoliAug
uolun upadoing

juswissassy jonduw|
[PrUSWIUOIIAUG

wopbBuny|
paHun

uol23|ag-a}Ig

Buisuadi] o} ajqnaijddy saaidaqg pup suolp|nbay

SINHINWAODNVIIY TVNOILNLILSN]

51

United Kingdom



'saBpys xIs suipjuod woiBoid
A|24oS BisppA @AlRDOIPDY BuiBoupyy ay)

ssa%0.d
Bupjpy-uoisaqg pabnis
p jo uondopy dIjdx3

"Asuow Jo an|A sy}

pup ‘AjijiqopIoyo ‘spasu [020] JO junoddD
1SSILIWOD3 103NN

S} PUD JUBWILISAOS) ‘SBUIUNWWIOD By}
Buowp padojsrsp aq pjnoys aboyond
sijouaq AUD Joy} s9A91[q JUBWILISAOS) BY |

‘SpoW uoIsioep ON

Ayioo4 o Buiydedoy

104 Alunwiwio)) [0d07 o}
papiAoid aq o} spjouag

SUOIPIPSLINS [P0 YHM SUOHIDIBU]

‘uiBaq suoypiado

pup uoydNIsUOD punoiBispun joyy juiod
3y} [yun pasiolaxa aq upd ssad0id ay} woy
MDIPYHIM O} AUnWWoD ay4 4o JyBu sy

OJ3A |P207 UO SsuolpHWI]

. , D Ul Ajuo Aloyisodal b
Buiyis o} PaRILWIOD SDY JUSWUISA0S) Y|

OJ3A |P207

WOQINIX Q3LINn

SINHIWAONVIIY TVNOILNLILSN]

A Survey of National Programs for Managing High-Level Radioactive Waste and Spent Nuclear Fuel

52



UNITED KINGDOM

"9poOW UOISIDBP ON|

Aiojisoday
D 10} papbisaau|
1o palapisuo)
sjuswuodiaug d16ojoan)

paysiiqpis3
Ayj1on4 abnuoyg
-Wisju| pazijpiua)
juspuadapuj

"9poOW UOISIDaP ON|

Aioyisoday |poi6oj0an
deaQg p o4 MTH/4NS
9AOW O} 92D Ul
waysAg uonppodsuna)

"9§SDM SD PalYIssD[D
1ou st NS INIS @Y4 Jo sisumo
3y} o yuawbpn| |pioIswwod ayy
0} 49| 9q p|NOYs a1njny ay} Ul panun

ssa00udal o} uoIsIPap ay4 Joyi
st uolyisod s jJuswularog) ay|

wopbBurny

(oMo 0°LL)
‘P2YP|[S 40 ‘SBA sjup|d Jemod uosjonu ¢|

Ayopdoy Bulypisuag
/SIUD|d Jamod
Jo3pnN Buipiado

9PA) |ong ul
papnjpu| Buissadoiday

SHHOVOUdddY TVOINHOAT,

53

United Kingdom



“9ouppinB
Aiojo|nBai jo yuswaiinbai

yidaq-ui-asusjeq
10§ spuswaiinbay

‘paso|aioy aq jou

Ajijigpasiial jo uondo ayj joyy
auinbai eouppinb puo Bujuuoid
inq ‘appuw UoIsIo8p ON|

AjljiqpAsLiay
104 spuawialinbay

;cwx\o,o— jo

[9AS] W] YSH D YiiMm Judisisuod
aq p|noys su jsapoaib jo
asoyy Jo aAypjussaidal uosiad
by [psodsip o woy

s [po1Bojoipol ‘seouppInb
Alojo|nBai o} Buipioooy

sjuswalinbay Ajoy0g
pup y§paH wus)j-buor

|9S @y} 0} 9500 B1D
SOUI|DD0| B53Y} 4O ||y |PUNOD)
yBnoiog puquiny sy} woy puo
‘Ipuno)) ybnoiog s|ppus)y
ay} woy ‘puno)) ybnolog
pupjado)) sy} woly ‘ysassjul jo
suoissaidxa 921y} usaq aADY
919y} 'IDj 0 "SAUIUNWWOD

pup sjuswuIaAoB P20

woyy jsasayul 4o suoissaidxa
Pa1IdI|0S SDY JUSWUISA0L) By |

$s920.4
Uo1§23|95-34IS JO SNIDIS

SOLI0JDIOQDT YoInasayY
punouibispun
snouabipu|

wopbuny
paiun

WOQINIX Q3LINn

SHHOVOUdddy TVOINHOHT,

A Survey of National Programs for Managing High-Level Radioactive Waste and Spent Nuclear Fuel

54



UNITED KINGDOM

‘SpoW UOoIsIodsp ON

suoyniadg
Kioyisoday jo
11n}g paspdniuy

"9JSPM 8q 0} paID|dBp BID
sjuswa|e asayy yi wniuojnid puo
wniupin |osodsip 8o04ins-I08U
10§ 3|GDJINS JOU BISDM |SAS|-MO|
puD ‘8jSDM |2AS|-8}DIpaWIBUI
‘YN [PI2JaWWOD ‘AATH

K1ojisoday s160j099
daaq p ui jo pasodsiq
aq o} paziioyiny
SuLIOg 3ISOM

wopburny
paxun

‘SpoW UoIsIosp ON ‘SpoW UOoIsIosp ON ‘SpoW uoisiosp ON

9509 ubisag
Ayoy0g o} sduppoduwy| :

SPAPPUD}S 31NSO|2}SOd
Yyim asunijdwo)
Buipajsuowaqg
40} ABojopoyia

wdisAg JaL1upng pasaauibugz

SHHOVOidddy TVOINHOHT,

55

United Kingdom






(GLOSSARY'

analysis, deterministic A simulation of the behavior of a system utilizing a single-valued
set of parameters, events, and features. See also analysis, probabilistic.

analysis, probabilistic A simulation of the behavior of a system defined by parameters,
events, and features whose values are represented by a statistical distribution. The
analysis gives a corresponding distribution of results.

analysis, risk  An analysis of possible events and their probabilities of occurrence
together with their potential consequences.

argillite A compact rock derived from either claystone, siltstone, or shale, that is more
indurated than its constituent source rock but less laminated and fissile than shale and
lacking the cleavage of slate.

assessment, environmental impact An evaluation of radiological and nonradiological
impacts of a proposed activity where the performance measure is overall environmen-
tal impact, including radiological and other global measures of impact on safety and
environment.

assessment, performance An assessment of the performance of a system or subsystem
and its implications for protection and safety at a planned or an authorized facility.
This differs from safety assessment in that it can be applied to parts of a facility and
does not necessarily require assessment of radiological impacts.

"Most of these definitions have been taken from International Atomic Energy Agency, Radioactive Waste
Management Glossary, 2003 Edition, Publication 1155, (IAEA: Vienna, 2003). The definitions of some
terms have been altered to make them more applicable to this report, and other terms have been added.
The TAEA is not responsible for those changes. Definitions of geologic terms are derived from the Ameri-
can Geological Institute Glossary of Geology, Third and Fourth Editions (AGI: Alexandria, VA, 1987 and
1997).
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assessment, safety An analysis for evaluating the performance of an overall system and
its impact where the performance measure is radiological impact or some other global
measure of impact on safety.

backfill The material used to refill excavated parts of a repository (drifts, disposal rooms,
or boreholes) during and after waste emplacement.

barrier A physical or chemical feature that prevents or delays the movement of radio-
nuclides or other material between components in a system — for example, a waste
repository. In general, a barrier can be an engineered barrier that is constructed or a
natural geological, geochemical, or hydrogeological barrier.

barriers, multiple Two or more natural or engineered barriers used to isolate radioactive
waste in, and prevent radionuclide migration from, a repository. See also barrier.

basalt A dark-colored mafic igneous rock, commonly extrusive as lava flows or cones but
also intrusive as dikes or sills.

bentonite A soft light-colored clay formed by chemical alteration of volcanic ash.
Bentonite has been proposed for backfill and buffer material in many repositories.

characterization, site Detailed surface and subsurface investigations and activities at
candidate disposal sites for obtaining information to determine the suitability of the
site for a repository and to evaluate the long-term performance of a repository at the
site.

clay A sediment composed of rock or mineral fragments smaller than 4 microns. Clays
typically have relatively low permeability and relatively high capacity for sorption of
positively charged chemicals.

closure Administrative and technical actions directed at a repository at the end of its
operating lifetime — for example, covering the disposed of waste (for a near-surface
repository) or backfilling and/or sealing (for a geological repository and the pas-
sages leading to it) — and termination and completion of activities in any associated
structures.

compliance period The length of time over which a repository is expected to satisfy
either the dose constraint or the risk limit.

containment Methods or physical structures designed to prevent the dispersion of radio-
active substances.

crystalline rock  See rock, crystalline.

decommissioning Administrative and technical actions taken to allow the removal of
some or all of the regulatory controls from a facility. This does not apply to a reposi-
tory or to certain nuclear facilities used for mining and milling of radioactive materi-
als, for which the term closure is used.

defense-in-depth The application of more than one protective measure for a given safety
objective so that the objective is achieved even if one of the protective measures fails.

direct disposal Disposal of spent nuclear fuel as waste.

disposal Emplacement of waste in an appropriate facility without the intention of
retrieval.

A Survey of National Programs for Managing High-Level Radioactive Waste and Spent Nuclear Fuel



disposal facility Synonymous with “repository.”
dose constraint The value of the effective dose or the equivalent dose to individuals from
releases from a repository that may not be exceeded.

drift A horizontal or nearly horizontal mined opening.

engineered barrier system The designed, or engineered, components of a repository,
including waste packages and other engineered barriers. See also barrier.

environmental impact statement A set of documents recording the results of an evalua-
tion of the physical, ecological, cultural, and socioeconomic effects of a proposed facil-
ity (e.g., a repository), of a new technology, or of a new program.

fuel cycle All operations associated with the production of nuclear energy, including
mining and milling; processing and enrichment of uranium or thorium; manufacture
of nuclear fuel; operation of nuclear reactors; reprocessing of nuclear fuel; related
research and development activities; and all related radioactive waste management
activities including decommissioning.

fuel cycle, once-through Refers to the fuel cycle option where spent fuel is disposed of
directly after use and is not reprocessed. See also direct disposal.

fuel, spent nuclear (SNF) Nuclear fuel removed from a reactor following irradiation that
is not intended for further use in its present form because of depletion of fissile mate-
rial, buildup of poison, or radiation or other damage.

geologic barrier See barrier.
geologic disposal See repository, geologic.
geologic repository See repository, geologic.

glass (waste matrix material) An amorphous material with a molecular distribution
similar to that of a liquid but with a viscosity so great that its physical properties are
those of a solid. Glasses used in the solidification of liquid high-level waste are gener-
ally based on a silicon-oxygen network. Additional network formers, such as alumi-
num, or modifiers, such as boron, lead to aluminosilicate or borosilicate glass.

granite Broadly applied, any holocrystalline quartz-bearing plutonic rock. The main
components of granite are feldspar, quartz, and, as a minor essential mineral, mica.
Granite formations are being considered as possible hosts for geological repositories.

groundwater Water that is held in rocks and soil beneath the surface of the earth.
heat-generating waste See waste, heat generating.

high-level waste (HLW) See waste, high-level.

host medium/rock See rock, host.

intermediate-level waste See waste, low- and intermediate-level.

implementing organization The entity charged under law (and its contractors) that
undertakes the siting, design, construction, commissioning, and operation of a nuclear
facility.

Glossary
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in situ testing  Tests to determine the characteristics of the natural system that are con-
ducted within a geological environment that is essentially equivalent to the environ-
ment of an actual repository.

license An authorization issued by the regulatory body granting permission to perform
specified activities related to a facility or an activity. The holder of a current license is
termed a “licensee.”

lithostatic pressure Pressure due to the weight of overlying rock and/or soil and water.
long-lived waste See waste, long-lived.

long-term In radioactive waste disposal, refers to periods of time that exceed the time
during which active institutional control can be expected to last.

low- and intermediate-level waste See waste, low- and intermediate-level.

model A conceptual, analytical, or numerical representation of a system and the ways in
which phenomena occur within that system, used to simulate or assess the behavior of
the system for a defined purpose.

multiple barriers See barriers, multiple.

nuclear fuel cycle See fuel cycle.

nuclear waste See waste, radioactive.

once-through fuel cycle See fuel cycle, once through.

overpack A secondary (or additional) outer container for one or more waste packages,
used for handling, transport, storage, or disposal.

package, spent fuel A vessel containing conditioned spent fuel in a form suitable for
transport, storage, and disposal.

package, waste The waste form and any container(s) and internal barriers (e.g., absorb-
ing materials and liners), prepared in accordance with the requirements for handling,
transport, storage, and disposal.

postclosure The period of time following the closure of a repository and the decommis-
sioning of related surface facilities. See also closure.

probabilistic analysis See analysis, probabilistic.

regulator An authority or a system of authorities designated by the government of a
nation as having legal authority for conducting the regulatory process, including
issuing authorizations, and thereby for regulating the siting, design, construction,
commissioning, operation, closure, decommissioning, and, if required, subsequent
institutional control of nuclear facilities or specific aspects thereof.

repository, deep geologic A facility for disposal of radioactive waste located under-
ground (usually several hundred meters or more below the surface) in a geological
formation intended to provide long-term isolation of radionuclides from the biosphere.

reprocessing A process or operation the purpose of which is to extract radioactive iso-
topes from spent fuel for further use or to separate out various waste streams.

A Survey of National Programs for Managing High-Level Radioactive Waste and Spent Nuclear Fuel



risk A multiattribute measure expressing hazard, danger, or chance of harmful or
injurious consequences associated with actual or potential exposures. It reflects the
probability that specific deleterious consequences may arise and the magnitude and
character of such consequences.

risklimit The probability of a person living in the vicinity of a repository suffering
genetic or serious health damage, including cancer, during the course of his or her life-
time as a result of radioactive material released from the isolating rock zone.

rock A solid aggregate composed of naturally occurring substances including either one
or more minerals, glasses, or organic matter.

rock, crystalline A generic term for igneous rocks and metamorphic rocks as opposed to
sedimentary rocks. See also granite.

rock, host A geological formation in which a repository is located.

rock, igneous Rock or mineral that solidified from molten or partly molten material.
This includes plutonic rock such as granite and volcanic rocks such as basalt.

rock, sedimentary A type of rock resulting from the consolidation of loose material that
has accumulated in layers. The layers may be built up mechanically or by chemical
precipitation.

safety assessment See assessment, safety.

safety case An integrated collection of arguments and evidence for demonstrating the
safety of a facility. This will normally include a safety assessment but could also typi-
cally include independent lines of evidence and reasoning on the robustness and reli-
ability of the safety assessment and the assumptions made therein.

salt In geology, generally used to refer to naturally occurring halite (sodium chloride).

scenario A postulated or assumed set of conditions or events. Scenarios are commonly
used in performance assessments to represent possible future conditions or events to
be modeled, such as the possible future evolution of a repository and its surroundings.

sedimentary rock See rock, sedimentary.
shale A consolidated clay rock that possesses closely spaced, well-defined laminae.

site The area containing, or under investigation of its suitability for, a nuclear facility
(e.g., a repository). It is defined by a boundary and is under effective control of an
operating organization.

site characterization See characterization, site.

site confirmation The final stage of the siting process for a repository. Site confirmation
is based on detailed investigations of the preferred site that provide site-specific infor-
mation needed for safety assessment.

site selection See siting.

siting The process of selecting a suitable disposal site. The process comprises the follow-
ing stages: concept and planning; area survey; site characterization; site confirmation.

spent nuclear fuel (SNF) See fuel, spent nuclear.
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spent nuclear fuel management All activities that relate to the handling or storage of
spent nuclear fuel.

spent fuel package See package, spent fuel.

storage The holding of spent nuclear fuel or of radioactive waste in a facility that pro-
vides for its containment, with the intention of retrieval.

storage, interim See storage.

transuranic waste See waste, transuranic.

tuff A rock composed of compacted volcanic ash.

underground research laboratory A facility where in situ testing can take place.

vitrification The process of incorporating materials into a glass or glass-like form.
Vitrification is commonly applied to the solidification of liquid high-level radioactive
waste from the reprocessing of spent nuclear fuel. See also glass.

vitrified waste See waste glass.
waste Material in gaseous, liquid, or solid form for which no further use is foreseen.

waste, heat generating Radioactive waste that is sufficiently radioactive that the decay
heat significantly increases its temperature and the temperature of its surroundings.
In practice, heat-generating waste is normally high-level waste, although some types
of intermediate-level waste may qualify as heat-generating waste.

waste, high-level (HLW) The radioactive liquid containing most of the fission products
and actinides present in spent fuel — which forms the residue from the first solvent
extraction cycle in reprocessing — and some of the associated waste streams; this
material following solidification; spent fuel (if it is declared a waste); or any other
waste with similar radiological characteristics. Typical characteristics of HLW are
thermal powers that are above about 2 kW/m’and long-lived radionuclide concentra-
tions exceeding the limitations for short-lived waste.

waste, intermediate-level See waste, low- and intermediate-level.

waste, long-lived Radioactive waste that contains significant levels of radionuclides with
half-lives above 30 years.

waste, low- and intermediate-level Radioactive waste with radiological characteristics
between those of waste exempted from regulation and high-level waste and spent
nuclear fuel. They may be long-lived waste or short-lived waste. Many countries sub-
divide this class in other ways — for example, into low-level waste and intermediate-
level waste or medium-level waste, often on the basis of waste acceptance requirements
for near-surface repositories.

waste, radioactive Waste that contains or is contaminated with radionuclides at concen-
trations or activities greater than clearance levels as established by the regulatory body.
It should be recognized that this definition is purely for regulatory purposes and that
material with activity concentrations equal to or less than clearance levels is radioac-
tive from a physical viewpoint.

waste, transuranic  Alpha-bearing waste containing nuclides with atomic numbers
above 92, in quantities and/or concentrations above regulatory limits.
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waste, vitrified See waste glass.
waste disposal  See disposal.

waste disposal system Refers to the disposal environment as a whole, including the geo-
logical surroundings, the engineering system of a repository (e.g., barriers), and the
waste packages.

waste form Waste in its physical and chemical forms after treatment.

waste generator The operating organization of a facility or an activity that produces
waste.

waste glass The vitreous product that results from incorporating waste into a glass
matrix. See also glass.
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