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Where and how will we dispose of
spent nuclear fuel?
There is political consensus to dispose of spent nuclear fuel from Swedish nuclear power
plants in Sweden. No decision has yet been reached on a site for the final repository in
Sweden and neither has a method for disposal been determined. The disposal site and
method must be selected with regard tc safety and the environment as well xs with regard
to our responsibility to prevent the proliferation of materials which can be used to produce
nuclear weapons.
In 1983, a disposal method called KBS-3 was presented by the nuclear power utilities,
through the Swedish Nuclear Fuel and Wxsie Management Company (SKB). In its 1984
resolution on permission to load fuel into the Forsmark 3 and Oskarshamn 3 reactors, the
government stated that the KBS-3 method - which had been thoroughly reviewed by
Swedish and foreign experts - "was, in its entirety and in all essentials, found to be
acceptable in terms of safety and radiological protection."
In the same resolution, the government also pointed out that a final position on a choice
of method would require further research and development work.

Who is responsible for the safe
management of spent nuclear fuel?
The nuclear power utilities have the direct responsibility for the safe handling and
disposal of spent nuclear fuel.
This decision is based on the following, general argument: those who conduct an
activity arc responsible for seeing that the activity is conducted in a safe manner. This
responsibility also includes managing any waste generated by the activity. This argument
is reflected in the wording of major legislation in the field of nuclear power, such as the
Act on Nuclear Activities (1984) and the Act on the Financing of Future Expenses for
Spent Nuclear Fuel etc. (1981).
The Act on Nuclear Activities and the Act on the Financing of Future Expenses for
Spent Nuclear Fuel etc. stipulate that the nuclear power utilities arc responsible for
conducting the research which is necessary for the sale management of spent nuclear fuel.
This legislation stipulates that the utilities arc also responsible for the costs incurred in
connection with the handling and disposal of the waste.
There arc four nuclear power utilities in Sweden: Vattenfall AB, Forsmarks Kraftgrupp AB, Sydsvenska Värmekraft AB and OKG AB. Together, these four utilities own
the Swei' sh Nuclear Fuel and Waste Management Company (SKB). SKB's tasks include
the prac ,d\ execution of the work which the utilities arc responsible for carrying out.
The government has the overall responsibility for safely in connection with waste
handling and disposal. Three authorities - the National Board for Spent Nuclear Fuci
(SKN), the Swedish Nuclear Power Inspectorate (SKI), and the National Institute of
Radiation Protection (SSI)- arc responsible lordi I fcrentaspcclsol government supervision
of the utilities' waste activities. The government has also appointed a scientific advisory
board, the National Council for Nuclear Waste - KASAM, to deal with these matters.

Continued on the back inside cover.
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Preface
Siting for nuclear waste disposal changed in a major way during the 1980's.
Systematic technical screening using geographic data did not lead to successful
siting in many applications Construction continued for facilities sited before the
1980's, but stoppages and delays for new facilities were commonplace. In general
the reason was public opposition brought about by political and environmental
awareness, made powerful by new laws and regulations. Current siting strategies
which appear most promising are based on public involvement, with systematic
technical screening in a reduced role. Strategies which rely on heavy public
involvement are new, however, and have weaknesses which may limit their
application.
This paper surveys siting practices for deep geologic disposal in seven countries,
and attempts to formulate generalizations which could be useful for the upcoming
review of the Swedish plan for siting the SFL repository (R&D "92). Comparison of
projects in different countries is done with full appreciation of the technical, legal,
and cultural differences. The seven countries were selected for experience with
siting in crystalline rock, similarity of siting practices to Sweden, and the availability
of published information.
Local governments have demonstrated effective veto power in each of the seven
countries surveyed, although this power is exercised in different ways. This paper
shows how the siting strategy itself affects the ability and the inclination of localities
to block the project. It shows by example that public involvement, parallel vs.
sequential characterization, schedule for siting activities, and the existence of
interim waste storage capability have an impact on the success of siting.
The focus of this paper is deep geologic disposal. Shallow land disposal and nonradioactive wastes are not discussed in detail, with three exceptions: LLW disposal
siting in the U.S. and Canada, and the SAKAB incinerator projects in Sweden.
These provide insight into siting approaches and demonstrate that conclusions
regarding deep geologic disposal are supported by other experience.
It is assumed that the reader is familiar with spent fuel disposal terminology,
particularly the acronyms HLW, ILW and LLW (high, intermediate, and low level
waste) HLW includes residues from bomb production and spent fuel reprocessing,
and sometimes refers to spent as well. ILW refers to both short lived and long lived
wastes, which do not require as much radiation shielding.
This paper was prepared during a 6 month period in 1991, using mostly Englishlanguage sources. Information on waste management plans and practices in many
countries has already been compiled by others, and this paper makes heavy use of
those sources. Authorities in various countries have been contacted by the authors,
and their help is appreciated. Any errors in the description were perpetrated strictly
by the authors.
This study was completed under a contract from SKN- The National Board for Spent
Nuclear Fuel in Stockholm;Sweden as part of preparations for reviewing a proposed
site selection program assumed to be presented in the nuclear industries R&D- Plan
due in September 1992.

1. Summary of Progress in Siting for Deep Geologic Disposal
Status of Siting in Seven Countries
Several geologic disposal facilities are currently operational, or nearly so. The
Waste Isolation Pilot Plant (WIPP) project in the U.S. is ready to receive ILW and
may receive TRU waste depending on ongoing analysis. In Sweden the SFR
repository for reactor operating and decommissioning wastes is operational. In
Finland, construction of the VLJ repository for reactor wastes is substantially
complete. Siting for these facilities was completed and construction began prior to
the mid-1980"s.
Siting is actively underway for spent fuel/HLW disposal in Finland, Sweden, and the
U.S. The approaches vary somewhat and the programs are at different stages.
Finland has identified five possible repository sites for study, while in Sweden the
final list of possible repository sites is a few years away. So far there have been no
political barriers to spent fuel/HLW disposal siting activities in these Scandinavian
countries.
Switzerland will rely on interim storage of HLW for at least 40 years, meanwhile, a
siting process for HLW disposal has been initiated, and a decision will be made in a
few years as to what geologic media will be investigated. The type of investigation
and steps in the selection process to be taken at that time have not been
determined.
The U.S. Congress has designated Yucca Mountain as the primary site for a spent
fuel/HLW repository, but access to the site has been withheld for roughly four years
pending resolution of environmental and water rights disputes with the State of
Nevada. The Crystalline Repository Project or "second" repository in the U.S. was
completely cancelled by the Congress in 1987, mostly as a result of negative
publicity generated from an unsuccessful site screening process.
In Canada, siting activities for spent fuel disposal met public resistance in the early
1980's, leading to a restructuring of repository R&D by the federal government.
Technology development was separated from siting, so that projects such as
regional surface investigations and the Underground Research Laboratory (URL)
could continue unimpeded. Activities at possible repository sites were deferred,
pending an independent review of the concept for spent fuel disposal which is
expected to be complete in 1993.
A siting process for disposal of HLW from reprocessing in France has met with
strong local opposition, leading to a one-year moratorium on siting activities called
by the Prime Minister. The moratorium was followed by a decision to debate HLW
disposal policy in Parliament. A study "the Bataille study" was also initiated and the
process has now lead to a new law on nuclear waste management effective as of
December 1991.
In the U.K., siting activities for HLW disposal met with strong opposition in the
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late 1970's and early 1980"s This resulted in a government decision to rely on
interim storage and defer development of a HLW repository for at least 40 years
Attention was then focused on deep geologic disposal of ILW and LLW. Following
two attempts to define disposal concepts and initiate a siting process, a workable
solution has apparently been reached Deep disposal will be used for ILW and LLW
in the same facility, and the siting process has advanced to characterizing of two
sites located on nuclear reservations.
Siting activities for the Type A/B (I/LLW) geologic repository in Switzerland are
currently delayed pending resolution of access to privately owned lands for
preliminary investigations. The government instructed that the three original
candidate sites are to be characterized in parallel, and permission for access to one
of these has not been forthcoming from the local and regional governments. A
fourth candidate site is linked politically with the other three, so surface
investigations at all sites are now delayed pending federal expropriation procedures
for access to one site (McCombie, 1991, personal communication).
Siting activities for deep get logic disposal are also underway in other countries
including Germany, Belgium, and Japan which are not discussed in detail in this
paper
Siting Methodologies
The reasons for success and failure of siting projects are related to political and
legal factors, the type of waste, demographics, and even the technical quality of
sites available for disposal. Some aspects of various siting programs are compared
in Table 1 -1 One obvious difference among the countries considered is reliance on
systematic screening. Systematic screening did not fail to achieve desired results
every time it was used since the early 1980's, but it failed whenever used in a way
that imposed a selection on a locality. Systematic technical screening has been
effectively used for screening out unsuitable sites.
Some recent projects have adopted siting strategies that use public involvement to
help achieve acceptance, while the final siting decision remains with the
implementing agency subject to licensing by an independent authority (Table 1-2).
Public involvement means the agency elicits and uses input from the citizenry and
local government, and therefore goes beyond public information. This is essentially
what was done for LLW disposal siting in California and other states. Public
involvement is intended to engender trust in the competence and integrity of the
agency, to promote public acceptance. Public acceptance is simply defined as the
willingness of the pubiic and the political leaders in each jurisdiction that takes an
interest in the facility, to support the siting process and not resort to political or legal
means to block the project. Acceptance is generally based on a perception of
equity, that the benefits of the project exceed the cost and other detriments.
The maximum public involvement strategy relies on volunteerism, whereby localities
have full veto rights throughout the entire siting process, and may be full partners in
siting and technology selection (Table 1-2). This has been initiated for LLW
disposal projects in Canada and the U.S., and is essentially what is used in Finland
for spent fuel disposal siting. Volunteer strategies

Table 1-2. Basic approaches to facility siting
• Use of "objective criteria" with geographic data;
Technical screening
systematic implementation of "scientific rationalist"
approach.
• Surrogate data such as population density and land
use have been used to address public acceptance
concerns.
• Siting decision by implementing agency, subject to
licensing.
• Hearings and other consultations to inform the public,
and possibly elicit input.
• Available technical data are generally inadequate, and
public acceptance may be problematic.
• Use various possible mechanisms to elicit and use
Public involvement
input from the public in the siting process.
• Appropriate level of public involvement depends on
the extent of the need to build public trust.
• Final decision authority remains with implementing
agency, subject to licensing.
• Used where there is a strong local veto; can help to
avoid cost and delay associated with expropriation.
• Allow adequate time to develop pubiic relations;
success sensitive to errors and accidents.
• Volunteer communities can back out of the siting
Volunteerism
process at any time; process is typically highly
structured.
• Localities are generally involved with all parts of the
siting process including waste specification and
disposal technology selection.
• Used when local veto or legal challenges to siting
decisions are unacceptable to implementing agency.
• Typically involves a wide range of social, technical,
and financial services to interested localities.
• Uncertain outcome if no locality is found to accept
facility.
are appropriate where there is a strong local veto, or where there is a strong
political need to seek consensus as in the Canadian process. Volunteer strategies
may be applied by other projects in the near future such as the Type C (HLW)
repository program in Switzerland (McCombie, 1991, personal communication).
The various public involvement strategies differ in regard to whether they require
project acceptance from the selected locality, or whether a legal process to override
local objections is incorporated in the strategy as a last resort. The former situation
resembles the "strictly volunteer" process and has been used only recently. The
latter type is more common, and may be further differentiated according to the
degree of difficulty in overriding a local veto should it occur. Where a local veto
could result in failure of the siting process, heavy public involvement from the early
stages of the process seems most effective. Public involvement strategies require a
relaxed schedule to allow the public to form favorable opinions. Monetary grants are
8

also common so that the localities can perform independent assessments. Public
involvement strategies can fail if sufficient time or resources are not provided
The "nuclear oasis" approach may be taken to avoid a local veto, as in the UK.
(Blowers et a l , 1991) Siting a repository within an existing nuclear reservation may
help to ensure site access, but it can evoke strong political opposition from
nonresidents, and from those who live along routes for waste transport Such sites
may be much less desirable on technical grounds, and are inexorably linked to the
record of past activities at the nuclear reservations (Blowers et a l , 1991).
These and other generalizations are discussed further in the sections which follow.
Detailed descriptions of relevant waste disposal siting activities in the seven
countries are also provided.

2. Systematic Technical Screening
Systematic screening is the objective manipulation of data on the geographic
distribution of various technical and demographic variables, to "sift" large areas for
sites with relatively high technical suitability. This may be contrasted with a
nontechnica1 approach involving public cooperation and negotiation, that may not
produce a result that is nearly optimal on technical grounds.
Systematic screening on technical and demographic f?ctors was relied upon in the
1970's for siting the WIPP in the U.S., and for selecting bedded and domal salts for
the U.S. 1st repository program. In addition over 2 0 n salt domes in Lower Saxony,
Germany, were screened for HLW disposal, resulting in selection of the Gorleben
salt dome by the government in 1977 (Numark and Wonder, 1990). When the first
nuclear po«ver plants were put into operation in Belgium in 1975, an inventory of
geologic formations was performed, using selection criteria developed in
consultation with the National Geological Service. Shale and clay media were
identified, and The Boom clay formation was selected near the existing nuclear
industrial facilities at Mol (Schneider et al., 1990).
In the early 1980's systematic screening was widely applied, in the U.S. for regionto-area screening at Hanford and the Nevada Test Site, for the U.S. "second"
repository program, for the Type A/B repository in Switzerland, and for the spent
fuel repository in Finland. The Finnish program may have been the first to combine
technical screening with local public consultation before selecting sites for
characterization.
More recently, systematic screening approaches have been used for screening sites
in the U.K. for deep geologic disposal of I/LLW, and in Switzerland for a study of
suitable areas in sedimentary rock as alternatives to crystalline rock. The technical
optimality approach has "softened" somewhat in recent applications, which retain
flexibility to satisfy public acceptance demands. Some of the most recent projects
considered in this report have used technical screening only as an initial step, prior
to a process of volunteerism negotiated with landowners and/or local governments.
This approach is discussed in more detail below.
Nearly all of the projects considered in this report have used systems "t technical
screening in some way. Some projects in the 1970's made a final site selection
based on technical factors, with only a moderate level of site investigation and little
emphasis on public acceptance. Siting strategies developed in the early 1980's also
tended to rely on technical screening, but with increased effort for site
characterization prior to final selection. Projects such as the Type A/B repository in
Switzerland and the "first" repository in the U.S., continue to rely on systematic
technical screening performed in the past, but have been delayed because of
problems obtaining permissions for the necessary investigations.
More recent projects have reduced the role of technical screening in favor of
increased sensitivity to public acceptance (e.g. LLW disposal siting in the U.S. and
Canada). It is still not clear if, the process for SFL repository siting in Sweden will
use systematic technical screening at all prior to the announcement in 1992 of three
sites for preliminary characterization.
Discussion of Early Approaches to Systematic Screening
Systematic technical screening approaches have typically been silent on what to do
if none of the top ranked sites are accepted by the local public (and the locality has
the legal or political means to refuse the facility). If top ranked sites are rejected,
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then there is a clear political detriment to any other community accepting the facility
if that site was lower ranked originally. For this reason, a systematic process can be
self defeating if it goes too far, producing a ranking (either cardinal or ordinal) or a
set of preferred alternatives, that is too small and lacks a sufficient alternative set.
Problems inherent to systematic screening because of imperfect technical data are
discussed in detail for the U.S. "second" repository siting program (a following
section). Available technical data are typically nonuniform in quality or
completeness over the entire area being screened. As the U.S. effort showed, it can
be difficult both practically and politically to upgrade the input data to a level of
consistent quality prior to screening. Geographic information systems may
propagate errors through the sifting and mapping process (Openshaw et al., 1989).
Inadequate technical data and criticism of the screening process can undermine the
credibility of the implementing experts, particularly in the view of local technical
authorities.
The use of nonuniform, incomplete, or preliminary data for screening or as
surrogates for waste isolator performance, encourages criticism that sites cannot
be compared because of data uncertainty (in addition to uncertainty about the final
repository configuration, and theoretical uncertainty about performance).
A technically rational screening process is weakened if the siting criteria are
dominated by non-scientific factors, which tend to be institutional, such as proximity
to cities, proximity to national parks, etc. The criterion of remoteness is difficult to
define and use because it is related to present and future population distribution,
landscape preservation, land use planning, and aesthetic impacts. A corollary issue
is transportation routes, for which the importance to siting is difficult to define
quantitatively because the issue is really one of public acceptance (Openshaw et
al., 1989).
Screening is also weakened when the implementing authority chooses to override
the process, changing a ranking or including sites which may have been excluded
by the sifting process. This was the case for the 5-to-3 siting process in the U.S.
(Merkhofer and Keeney, 1987), and by NIREX in the selection of surface sites for
LLW disposal (Openshaw et al., 1989).
Systematic screening approaches have not succeeded in combining public
acceptance along with technical factors in the selection criteria. This can be
expected because political influences are difficult to resolve and subject to rapid
change. However, approaches which have combined systematic evaluation of
technical factors with negotiation for local acceptance, have shown indications of
producing results that may be adequate to site the facility and to provide
radiological protection for the public.
In summary, there appear to be two major shortcomings of systematic screening as
it has been applied for nuclear waste disposal siting in the past (McCombie, 1991,
personal communication):
• Technical breakdown, when the data available offer poor resolution over
the entire area, or the data are nonuniform giving the appearance of bias,
or the screening process tends to be based on expert judgment because
the needed data are unavailable.
• Political breakdown, when the process does not provide meaningful public
participation, or there are not sufficient safeguards to protect communities
which would become involved in the selection process but fear they would
not be able to withdraw if they deemed it necessary.

n

The approach used in Finland, whereby systematic technical screening was used
only at first, was inspired by the existence of strong local veto powers in that
country. The approach has so far succeeded in avoiding confrontation with local
authorities in Finland, but is not yet complete. The siting process for LLW disposal
in Illinois is nearly complete, and used technical screening at the beginning to
identify unsuitable sites, in conjunction with a volunteer strategy. Similar
approaches have been used for other LLW disposal projects in the U.S., and are
being considered by the Swiss HLW disposal program (McCombie, 1991, personal
communication).
Of course, there are examples which suggest that systematic technical screening
remains a viable way to conduct all stages of site selection, even at the present
time. However, among the projects and countries considered in this report, such
reliance on screening has only demonstrated success where there was no
significant possibility of a local veto, such as LLW disposal siting in California. The
application of screening for Type A/B (I/LLW) waste disposal siting in Switzerland
has not yet resulted in all of the needed permissions for site investigations. The
most recent application of screening for I/LLW disposal in the U.K. was not fully
disclosed public, and the sites which have been selected for characterization are
both located on lands controlled by amenable interests.
Lessons Learned from Systematic Screening
The general conclusion is that technical factors and public acceptance should be
combined in choosing candidate sites, at least wherever local veto is a significant
possibility. A screening process based on technical factors is used initially to verify
that technically suitable sites exist, and to identify technically unsuitable sites. This
step has the potential for demonstrating the competence and integrity of the
implementing agency, which is vital for public acceptance of the overall process
(Numark and Wonder, 1990).
Technical screening as it was conducted in the early 1980's can damage prospects
for public acceptance, if the technical basis is refuted by the public. Screening that
identifies suitable sites over a large area based on limited knowledge can evoke
negative reactions from many people rather than the relatively few who live near the
sites that are really preferred. This was demonstrated by the U.S. "second"
repository siting process which caused political furor in each one of the seven
states identified in the recommendation report.
After systematic technical screening has been used to identify unsuitable areas and
verify that suitable areas exist, then the alternative areas are evaluated on public
acceptability. This may be done by informal inquiries with local governments (e.g.
the Finnish spent fuel disposal program, or the Illinois LLW disposal program) or
possibly by a more structured process involving the public (e.g. LLW disposal siting
process in Canada). If possible siting should be pursued where there is a low level
of public opposition, since localities in most countries possess the legal means to
block any unwanted project.
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3. Legal Framework and the Local Veto
The political influence of local governments (regional, state, county, municipal) has
emerged as an important factor in all seven countries considered in this paper. All
have legal stratagems which can be used by local governments to deny permission
for characterization studies. Investigations for deep geologic disposal are currently
impeded in France, Switzerland, the U.K., and the U.S., either directly or indirectly
because of local opposition.
Siting processes mirror the style of politics and the legal framework in the respective
countries. Consensus politics are reflected in nonprescriptive regulations and
evolutionary siting development. By contrast, legal complexity and adversarial
politics are exemplified by the U.S. program, which has prescriptive regulations and
a highly structured siting process specified by law.
In the consensus-based framework the local veto may take the form of political
opposition raised to the national level, resulting in political influence on the
implementing agency to delay, change, or even abort the siting process. This
apparently occurred in Canada causing formation cf the joint federal-provincial
coordinating committee in 1978. Political opposition in the absence of prescriptive
siting regulations in the U.K. was a contributing cause for failure of the NIREX siting
announcements of 1983 and 1986. Similarly, although the central government has a
strong role in nuclear power policy in France, political opposition was apparently a
contributing factor to the current policy debate and the moratorium of siting activities
for HLW disposal.
The legal framework in countries such as Finland combines consensus politics with
a local veto law. It is thought that although a local veto could possibly be överriden
by the Finnish Parliament, the political ramifications make it extremely unlikely
(Aikäs, 1991, personal communication). Sweden effectively has a local veto right
under the Act of Conservation of Natural Resources, but also the legal possibility of
a Parliamentary override under the "national interest" law enacted in 1990. As
discussed in Section 8, the influence of local government was critical in the
disposition of plans to build a second SAKAB incinerator project in Sweden. A
strong local veto situation exists in Switzerland where the cantons are relatively
autonomous and can block a project on environmental grounds. However, a veto of
a federal nuclear prcjoct can be overridden if it is shown in federal court that the
veto is based purely on "anti-nuclear" grounds.
Although the siting process in the U.S. is designed to permit resolution in a highly
adversarial atmosphere, the complex environmental laws provide ample opportunity
for effective opposition Thus from a practical viewpoint, local acceptance is of great
importance to avoid delaying the project, even though resolution of siting conflicts is
explicitly addressed by the law controlling deep geologic disposal.
In summary, although the legal framework is very different among the countries
considered, all have some type of local veto capability in effect. An implementing
agency might asume that if it follows the law, meeting legal requirements and
obtaining required permits, that siting will proceed to successful conclusion.
However, experience has shown that this is not assured even if the local community
has no legal veto authority; the public can resort to other means including political
pressure, civil disobedience, or seemingly endless litigation. The power of the
public in a democracy "is not limited to the authority granted through either the
permit process or the legal system" (King et al., 1990).
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Implications of the Local Veto
The local veto is crucial to the success of all the siting strategies considered in this
paper. Systematic screening seems to have a better chance of success where the
implementing authority has recourse to preemptive powers. However, even where
such legal means are available, systematic screening has not been an efficient
strategy because conflict typically causes long delays. "Public participation"
strategies may fail because of delays, and "strictly volunteer" strategies can also fail
if no locality is found to accept the facility.
Siting for spent fuel disposal in Finland appears to have been a successful
application of systematic screening, in a legal system with a strong local veto.
However, the process is not complete; commitment by the localities has so far been
limited and they have retained their veto rights. As noted by Numark and Wonder
(1990) the volunteerism required for completion of the Finnish approach might not
be forthcoming if the quantity of waste were greater, or the nuclear industry were
held in lower regard by the public.
Some interesting steps have been taken to limit public opposition at the local level,
and gain access to sites for preliminary investigations. One approach was to
separate siting from pre-siting investigations (e.g. HLW disposal siting in Canada).
Another approach subjects the permitting of the pre-siting activities to essentially
the same legal process as the siting of a repository (e.g. the legal framework for
HLW disposal in Switzerland). These are discussed further in the Section 7.
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4. Public Involvement in the Siting Process
Public Information vs. Public Involvement
"Public information" refers to one-way communication to the public, while "public
involvement" strategies elicit and use public responses regarding values, needs,
etc. (Meier et al, 1990). Public information is essential because accurate infcrmaiion
about the disposal project and siting process must at least be available to the public.
Failure to provide accurate information could evoke public distrust.
For example, a public information campaign has been undertaken by Nagra with a
goal that the public in Switzerland should recognize that Nagra "works on their
behalf (Meier. 1991). Nagra public relations activities include a media campaign o!
long duration, trade exhibitions, an in-house publication series, and a policy of
informing important local and regional leaders by taking them on field trips to visit
disposal and research facilities in other countries. In addition, Nagra seeks to
establish a support organization composed of volunteers from influential posts in
government and industry. Similarly, British Nuclear Fuels Ltd. at Sellafieid has
allowed the public to participate through the interactions with the local communities,
a visitor center, local liaison committees, and support for various community groups
(Smyser, 1991).
Although public information is essential, it does not assure that the public,
especially the press, will use the information. Opinion research in Switzerland
showed that the public generally does not receive accurate or unbiased information,
and receives much of its information on nuclear issues from sensational reporting
(Meier, 1991; King et al., 1990). A 1989 international survey of siting for nuclear
projects produced a comment from Finland that the press reflects public attitudes in
general, which in turn form the positions of the political parties (Smyser, 1991).
Thus the press has a role in forming public opinion, and may distort or ignore
information provided by a nuclear agency.
The desirability of public information is questionable, from \'.-,e point of view of the
implementing agency It has been reported that greater knowledge may increase
public concern, and that education should be a carefully considered part of a larger
"outreach effort" (King et al., 1991). Education tends to help the public make better
decisions regarding benefits and risks, but such knowledge does not necessarily
contribute to the success of nuclear projects. Other "lessons learned" from public
information campaigns are listed in Table 4-1 (King et al., 1991).
In the 1989 international survey mentioned above, implementing agencies indicated
that hearings and inquiries, publications, news media, and local committees were
favored for information distribution. These activities are often undertaken with the
knowledge that if a siting proposal or the process leading to it are unacceptable to
the public, then even the best information campaign may not change public opinion.
This is especially true if the public was not involved in developing the proposal
(Freeh, 1991).
For these reasons it can be very difficult to achieve public opinion that is favorable
to a nuclear project. It has been advantageous to seek more robust siting strategies
which do not rely on public information. This is accomplished through greater
interaction and even cooperation between the public and tha implementing agency.
The public gets involved with the siting process and also in matters of disposal
facility design, construction, and operation.
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Public Involvement
One type of public involvement is the "decide-announce-defend" siting strategy, in
which the implementing agency makes a decision privately, then announces it to the
public. Other types of interaction go further; the agency elicits and uses input from
the public in the siting process. Possible mechanisms for public involvement are
listed in Table 4-2. These include national referenda, nonbinding voter initiatives,
volunteer siting stratogitrs, and pre-decision or post-decision consultation with the
public (Meier et al., 1990). Combinations and variations are possible so that no two
siting strategies are necessarily the same The term "public participation" is often
used to refer to the full range of possible public involvement strategies.
National referenda have been used in Sweden and Switzerland where the legal
frameworks emphasize political consensus In Switzerland heavy use is made of
referenda and plebiscites. Each citizen can vote directly on policy issues at all
government levels: local, cantonal and national (Meier, 1991). The process can take
many years, which seems consistent with the centuries-old tradition of land use
planning. Also, in 1984 the OECD effort developed a principle that there should be
only sparing use of referenda and voter initiatives, mainly because the forum does
not permit appropriate consideration of tradeoffs and compromises (Smyser, 1991).
Countries such as Sweden, Switzerland, and Finland have a long standing tradition
of political consensus building associated with major government decisions. In
Sweden, non-government institutions (i.e. study groups, "study circles" within
political parties and labor unions) are used as a way of shaping the national
consensus prior to siting decisions (Freeh, 1991). With this system it is possible for
laws, regulations, and the policy of the implementing agency regard-ing siting to be
of a general nature. Review of siting issues and decisions takes place at a more
detailed level in the public review process. Accordingly, consensus building is
identified here as a form of public involvement.
Without consensus-building it may be necessary to use other measures to promote
public involvement. In particular if the local community has a strong veto and the
inclination to use it, then public acceptance may be unobtainable unless the siting
process includes structured involvement.
In volunteer siting strategies, the affected local government, and possibly regional
and national governments take active roles as full partners in the siting process. As
described by Meier et al. (1990), all levels of government are involved, and the
public has access to decision making at each level. They point out that some levels
of government (e.g. state governments in the U.S.) have laws which require an open
process, whereas other levels do not. Partnership works when all parties cooperate,
and if one or more parties do not then it is pointless and a pre-decision consultative
approach may be better.
Siting approaches such as pre-decision consultation and volunteerism have been
developed relatively recently to address the issue of equity, or fairness in siting.
Kasperson (1990) identifies several dimensions of equity:
• "geographic distribution of positive and negative impacts from the waste
generating activity".
• "procedural fairness of the arrangements by which policy for waste disposal
is formulated and implemented, i.e., how risks are allocated".
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• "the burden of proof represented by the rules of evidence and the types of
findings which the implementing agency must use to support siting
decisions."
Where equity of geographic distribution cannot be achieved, such as for HLW
disposal in the U S where there are overriding political issues, compensating
emphasis can be placed on other dimensions. The goal is to maintain a perception
of equity at the local level Volunteer strategies use local public involvement to
address all dimensions of the equity issue. The local community can be assured of
procedural fairness and technical quality by its involvement in the siting process.
Economic incentives can be used to address the distribution of benefits, and also to
provide a mechanism to encourage acceptance at a site which is favored for
technical reasons (Freeh, 1991). The use of incentives may be viewed as coercion
of the local public into giving up intangibles such as a pristine environment, and this
may be the reason that incentives have not been offered in Sweden, Switzerland or
the U.K., although more direct impact mitigation schemes have been used (Freeh,
1991). Incentives are common in France where they have been used extensively in
association with siting of nuclear fuel cycle facilities. Freeh (1991) reports that
incentives may be of limited usefulness, based on Canadian experience which
shows that "incentives and other economic spinoff benefits are less important to
local acceptance than simple central over the project."
Pre-decision consultation emphasizes the identification of alternatives, such as
disposal or reprocessing technology, and alternative sites. As noted by Meier et al.
(1990) whoever controls the identification of alternatives has great control over the
final outcome In this approach, the implementing agency retains authority to make
the final decision, but does so after closure of dialogue with the public. Agency
credibility typically depends on honoring any commitments made to representatives
of the public. The community may be willing to accept a disposal facility even if it
has no influence in the siting process, when the perceived risk is offset by benefits
so that a perception of equity is preserved. Of course this assumes that the local
community has trust in the technical and managerial competence and integrity of
the implementing agency.
Post-decision consultation generally takes the form of hearings, but these have
fallen into disfavor with the public in the U.S. and elsewhere. The public tends to
regard hearings as rituals which are an obligation of the implementing agency, and
have no effect on the outcome of siting (Meier et at., 1990). In addition, hearings are
costly because administrators typically need to commit significant resources to the
closure of comments, questions, and commitments made in public. In the extreme,
post-consultation becomes the "decide-announce-defend" approach, when the
decision process has essentially been closed, and must be defended on technical,
economic, and political grounds.
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Table 4-1 "Lessons learned" in public outreach programs (based on King et al.,
1990).
Principle
Recognizing and address public
concerns.

Lessons
• The public always considers siting to
be a political process, regardless of
technical information.
• Public opinion is formed using
information from the news media and
not from the implementing agency.
• It must be proven to the public that the
facility is needed.
• The implementing agency must
demonstrate technical expertise to
design construct and operate a safe
facility.

Meet the communication and
participation needs of key parts of
the public.

• Different groups within the public
should be recognized and addressed
directly.
• Elected officials at all government
levels are included in the public.
• The implementing agency should
conduct an information campaign
using the mass media.

Create an effective siting process.

• Siting should be demonstrably
objective, clear, open, and systematic
to give the impression of equity.
• Time and resources must be allocated
to achieve effective public
participation; building trust with the
public takes time.
• Mechanisms should be put in place to
get interested citizens involved (e.g.
citizen task forces, independent site
assessment activities, information
exchange, etc.).
• Siting processes should include 2-way
information exchange that adapts to
feedback from the public.
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Recognize the limitations of public
communication and participation.

There should be a negotiated
agreement on monitoring, mitigation,
and possible compensation for impacts
from site characterization.
• Siting may be affected by side-scatter
from other events or policies, such as
industrial accidents.
• Any effort to revive a site which had
formerly been rejected for any reason
will likely fail because local
communities have long memory, and
opposition to a site (or one nearby)
can be remobilized easily.
• Differences between the implementing
agency and the local community
(values, interests, politics,
socioeconomic circumstances, etc.)
can be so great that no constructive
relationship is ever achieved.
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Table 4-2 Summary of forms of public involvement in facility siting (based in part on
Meier etal, 1990).
Involvement Mechanism
National referenda and non-binding
"voter initiatives"

Description
Results of a public vote that are binding
on governing institutions and
implementing agencies. Referenda
reflect the broadly held views of society,
and also judgment as to what public has
a stake in a particular issue. Where
permitted, "voter initiatives" may be
easier to initiate and therefore more
frequent and controversial.

Consensus building institutions in
politics

Structured public involvement process
in some countries that assures that any
controversial decision has been
reviewed beforehand, at many levels in
society. The process is nonbinding and
subject to controversy.

Regional-local referenda

Where there is a local veto, a local
referendum if held, could result in an
irreversible outcome.

Volunteer strategies
("partnership")

The implementing agency invites
participation of localities in the design,
siting, operation, and regulation of a
disposal facility. Localities have the
right to withdraw from the siting process
at any time, for any reason. Funds are
typically provided to the localities for
independent studies. Financial or
tangible incentives may be negotiated
as part of the siting agreement.

Pre-decision consultation

Discussions between the implementing
agency and local governments and
interest groups are held prior to major
siting decisions. Contacts may be
informal and closed, and/or official and
open to the public. A wide variety of
public involvement mechanisms are
available for use during the process.
The implementing agency reserves final
decision authority, often backed by
expropriation powers.
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Post-decision consultation

Public meetings or hearings are held
after a siting decision has already been
made, to inform the public. The siting
process is typically open, but with the
decision made solely by the
implementing agency. Post-decision
functions are open to the public.
Commonly used prior to the mid-1980's
but no longer considered effective for
controversial projects. Often combined
with activities such as publicity,
education, and demonstration to
distribute information.

" Decide-AnnounceDefend"

The implementing agency makes a
siting decision based on a closed
process, or one in which interactions
with the public are informal. Once the
decision is announced, it typically must
be defended on technical, economic,
and political grounds. Documentation of
the decision process is often sparse,
and may generated after the
announcement.

More Examples of Public Involvement
The mechanisms of Table 4-2 can be identified in the siting actions taken by each
project considered in this report. It is typical for each project to combine different
mechanisms for public involvement, and for siting programs to evolve over time.
Freeh (1991) describes volunteer siting for a toxic chemical waste treatment and
disposal facility in Alberta, Canada. Benefits of the project were estimated to include
employment for about 40 people. Initially 75 communities responded and after 30
months and the expenditure of less than $3 million (Canadian) on public
involvement programs, two communities wanted the project and the government
authority chose one of them.
Based on the success of the Alberta project, the "Opting for Cooperation" process
was developed for LLW disposal siting. This process is partly completed, and four
communities remain as volunteers. The national government is now considering
how to proceed. The Town of Port Hope where much of the waste is now located,
and which had formerly insisted that it be moved, remains a participant in the
volunteer siting process (Freeh, 1991).
All of the U.S. LLW "compacts" relied on volunteerism at the municipal and county
level. In most cases few localities volunteered and siting was difficult, however,
volunteerism ultimately worked probably because of the perception that the waste to
be disposed was generated locally or at least regionally, i.e., a perception of equity.
A good example of volunteerism is the Central Midwest Interstate Low-Level
Radioactive Waste Compact siting in Illinois. The municipality of Martinsville was
identified by the implementing agency as being close to possible sites, but the
county government voted in opposition along with every other county where suitable
sites were identified. Only the political support of Martinsville and adjacent
communities has made siting possible.
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The pre-decision consultation model has been used by many projects The
California LLW disposal siting process was highly structured, with a citizen's
advisory committee, and local committees for each site considered A series of
structured meetings was held, each moderated by a representative from an impartial
civic organization, the League of Women Voters Political resistance to the siting
process was slight, partly because of heavy public involvement which ensured that
there were few 'surprises" Other possible reasons for success include the high
quality of available sites, origination of the waste within California, and the fact that
the implementing contractor received no direct compensation from government or
other waste producers for any part of the siting process.
The siting process for HLW dispcsal in Finland has been conducted according to a
pre-decision consultation model. A veto from the local council can remove a site
from further consideration, but according to the law this veto can only come after
site characterization and final selection. At that time the local council will vote and
the process will be essentially volunteer. For the present however, each step in the
siting process is discussed with the affected local governments before decisions are
made. For example, before the preliminary investigation areas were selected,
discussions were held with 65 municipalities of which "about 15 to 20" expressed
neutral or positive positions toward the repository project (Äikäs, 1991, verbal
communication).
The process leading to selection by NIREX of sites at Seilafield and Dounreay was
based on a pre-decision consultation model following publication and review of the
"The Way Forward" document. However, public controversy over the first and
second rounds contributed to disagreement concerning the "The Way Forward"
(Blowers et al., 1991). As a result, implementation of the process was problematic.
Examples of post-decision consultation include: repository siting in the U S , the
HLW disposal siting program in France, and the first two rounds of siting for I/LLW
disposal by NIREX in the U.K. In the U S the laws controlling HLW disposal siting
dictate that there will be public hearings and various forms of cooperation with State
and local governments. The approach to public involvement resembles a predecision consultation model in its structure, but because no states or localities have
agreed to consider hosting a repository, pre-decision discussions have had little
effect on the siting process. The relationship of the implementing agency with the
State of Nevada is adversarial, although county and municipal governments have
shown some support It is apparent that without cooperation from State and local
governments, the pre-decision approach is effectively similar to an open, postdecision consultation approach.
Another example of public involvement that was effectively post-decision
consultation was the "second" repository siting process in the U S The
implementing agency produced a concept for technical screening of a major portion
of the eastern US. Public meetings were held to elicit input from local citizens on
the dimensions of the site screening model, in hopes of generating support.
However, the basic screening concept and the input geographic data were actually
provided by the implementing agency, so the effect of the pre-decision meetings on
the outcome of the screening process was probably negligible (Levich, 1991,
personal communication).
In France, major steps in the HLW disposal siting process have been announced to
'he public after the decision was made. Whereas the implementing agency has
followed the recommendations of review committees, and significant documentation
has been available to the public, the public has not been involved in the decision
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process For example, the 1987 selection of four sites for characterization was not
discussed with local communities prior to the announcement 3y late 1987T the
localities responded with a voter initiative and formation of a poiiiical campaign
opposed to the siting process.
The "decide-announce-defend" strategy is an extreme example of post-decision
consultation. An example was the 1986 action taken for I/LLW disposal siting by
NIREX in the U K The selection of three candidate sites for shallow land burial was
announced without prior notification to anyone, and the result was instant adverse
political reaction and distrust of the implementing agency. After the announcement,
officials admitted they were unable to explain the site selection process (King et al.,
1990). Major selection criteria apparently were government ownership of the land,
and proximity to rail transport.
Open vs. Closed Siting Actions
Where the public is concerned about risk, the modern public reaction is
unwillingness to defer decision authority to anyone else including technical experts
For this reason openness is a key element of public involvement strategies Steps in
siting may be publicized by meetings, hearings, public documents, or other records.
An open decision is one that can be attributed to a specific authority, and for which
the underlying reasoning is a matter of public record (whether justified or not).
Closed actions can involve representatives of the public but are made in private,
and the reasoning that is actually used is removed from public scrutiny. These
conditions make it possible that the decision basis could be misrepresented to the
public, which is the main reason that closed actions evoke negative public reaction.
Siting actions also differ as to whether they are official or unofficial Open
interactions between the implementing agency and the public are generally official,
so that commitments made by the participants are formal and a matter of record
Importantly, closed actions can be beneficial and may not conceal sensitive
information or wrongful decisions. Closed processes have the advantage of
promoting efficient, orderly meetings If the objective is to inform local leaders and
demonstrate the integrity and competence of the implementing agency, closed
meetings may be the right choice as demonstrated by the SAKAB-2 siting exercise.
Public meetings are easily disrupted, whether through disrespect or by questions
from the public Public meetings tend to be "hectic" and "one person can easily ask
more questions than all the technical experts can answer" (Äikäs, 1992, verbal
communication) However, closed processes risk negative public reaction the longer
they proceed. The SAKAB agency considered it important to conclude the closed
phase as soon as possible, and conducted an open process after that.
These definitions relate to deliberate public disclosure, but another factor that also
limits public information is the level of detail in the analysis and documentation of
siting decisions. An open decision can be reconstructed from public information,
however, this may be impossible if records are inadequate. For example, as
discussed above there was apparently little documentation available to support the
announcement by NIREX in 1986, of sites for shallow land disposal (King et al.,
1990). The desire for an open process can motivate post facto publication of
documents which justify the decision after it has already been made.
Other examples of closed processes include the decision by ANDRA to select four
sites as candidates for HLW disposal in France. The reaction of affected regions
and localitie' o this announcement, and the response of the central government,
indicates that perhaps for the first time the French public was unwilling to permit
allocation of nuclear risk by the national bureaucracy, in a closed process.
2.1

A contrasting example from Finland was the period of closed discussions between
the implementing agency and as many as 65 local governments. The purpose was
to determine which localities would not object to preliminary site characterization for
HLW disposal. The meetings were informal and the schedule was not announced.
In many cases local leaders invited the implementing agency to meet so they could
assess the project in a way that would be impossible if the press and public were
present (Äikäs, 1992, verbal communication). Some of the meetings were held at
operating TVO facilities. There has been no identifiable outcome from these
meetings except that preinvestigations have been accepted in the localities where
they have been conducted.
These closed actions tend to fall into categories: those in which the possibility of
further investigations has been discussed with the localities, and those in which
sites are selected by the implementing agency and announced to the public. The
former category is associated with heavy public involvement and tends to avoid
political controversy, while the latter tends to generate controversy and has
contributed to delays and redirection of disposal projects in France and the U.K.
Examples of open orocesses include HLW and LLW disposal siting in the U.S. and
Canada, Type A/B and Type C disposal siting in Switzerland, and the Finnish HLW
siting effort with the exception described above. Each project surveyed in this paper
had at least some open steps in the siting process, and all the siting processes are
referred to as "open" by the implementing agencies. There was considerable
variation in the use cf closed actions, which are generally undocumented so as not
to generate records which could be used later by the public to scrutinize the
decision basis. Where closed actions are used, there is a tendency for
implementing agencies to discount their impact en the overall siting process.
Summary
Public information campaigns are essential but there is no guarantee that they will
contribute to the success of a siting process. The press often has a strong role in
forming public opinion, and may distort c~ ignore otherwise accurate information
provided by the implementing agency. Public opinion is subject to rapid changes as
a result of politics or current events. Public involvement is a more robust approach
that brings the public into the siting process. Values, needs, and other inputs are
elicited from the public and used in the siting process.
Mechanisms for public involvement range from national referenda, to local
volunteerism, to different styles of consultation, to the extreme "decide-announcedefend" model. Meier et al. (1990) refer to this range as a continuum, which is
certainly true in comparing real projects which have used the mechanisms in
various combinations. Some of the "pros and cons" of open vs. closed siting
actions, and two categories of closed actions, have been identified. Closed actions
can be beneficial, but when key steps in site selection (e.g. identification of
alternatives) are closed and without public involvement, political controversy is likely
to result.
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5. Interim Storage and Schedule Flexibility
Countries which have existing capability for interim storage of the spent fuel/HLW
from nuclear power generation, generally have less demanding schedules for
repository siting and development. As indicated in Table 1, the U.K. with heavy
commitment to reprocessing and interim storage of HLW, has set the target date for
repository operation at least 40 yr into the future. In Switzerland, interim storage for
several types of waste is nearly online, and the program has a long term, flexible
(20 to 35 yr) schedule for Type C (HLW) repository development.
In Canada, Finland, and the U.S. most spent fuel is stored at the power stations.
Electric utility companies in Canada and Finland are responsible for storage until a
repository becomes operational. The schedule in each country calls for repository
operation by 2020, and in each country the agency that will implement the
repository will probably not be identified for several years. Canada has not planned
for centralized interim storage, possibly because of the large quantity of spent fuel
waste produced in Canadian CANDU reactors. Finland has constructed interim
storage at the Olkiluoto site, for spent fuel from the two reactors there. In the U.S.
the Department of Energy assumes financial responsibility for spent fuel waste in
1998, on a fixed schedule set by law, and is also constrained from constructing an
interim storage facility with capacity to handle spent fuel that has already
accumulated at the power stations. The current schedule for repository development
calls for operation by 2010, therefore the DOE will begin making payments to the
electric utility companies in 1998 for spent fuel storage unless the law is changed.
In the U.K. the NIREX schedule for siting and development of a deep geologic
repository for I/LLW has been criticized as too rushed, by the independent
Radioactive Waste Management Advisory Committee (RWMAC), and an
independent review panel from the IAEA (RWMAC, 1990). The schedule is
motivated by a shortage of temporary storage capacity for ILW, and unwillingness to
build more. The RWMAC is concerned that the safety case presented at the Public
Inquiry will be based on information from only two boreholes at each site. It is also
apparent that later phase field investigations will still be going on during the Inquiry,
which will preserve the prospect that new information could obviate safety findings
reached in the proceeding.
The foregoing examples show correspondence between the availability of interim
storage for spent fuel/HLW, and the schedule to begin repository operations. By
contrast, Sweden has the operational CLAB facility for interim storage of spent fuel,
and a target date similar to Canada and Finland, which have no centralized storage,
and Switzerland, which soon will. These trends may be related to the fact that
Switzerland and Sweden have held national referenda which decided that nuclear
power should be phased out over the life of existing power stations.
There is a correlation between the scheduled date to begin repository operation,
and public acceptance of siting plans. Siting activities have been blocked for the
"first" repository program in the U.S, and terminated for the "second" repository
program. Siting activities for I/LLW disposal in the U.K. have been restructured
twice since the early 1980's. Characterization of sites for Type A/B (I/LLW) disposal
in Switzerland have been impeded for several years. As indicated in Table 1-1,
these projects are the ones which have the earliest scheduled dates to begin
repository operation.
There appears to be a cause-and-effect relationship although it is conceivable that
every project will be blocked as the date to begin repository operation draws nearer.
This correlation tends to corroborate an earlier report of siting in Germany (IEAL,
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1S86), which maintained that local communities are likely to reject site selection if
they are rushed into participating in repository siting activities. Another possible
interpretation is that without the existence of sufficient interim storage capacity,
local communities may not trust the implementing agency to abandon an unsuitable
site if it means delaying the schedule for repository development. This argument
has arisen repeatedly in public debate on the "first" repository program in the U.S.
The earliest scheduled dates to begin repository operation are generally associated
with projects which do not have feasible interim storage to fall back on if no site
proves suitable and acceptable. It is difficult to state whether public acceptance is
more closely related to the schedule for public participation, or to the existence of
sufficient interim storage capacity. The conclusion of this discussion is that interim
storage can provide schedule flexibility for public participation or to assure the
public that a suitable site will be used, and that such participation and assurances
have a demonstrable effect on public acceptance of site selection.
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6. Sequential vs. Parallel Characterization
Two approaches may be followed for characterizing multiple sites: parallel and
sequential. Parallel characterization involves collecting the same level of
information from all sites at the same time. A decision is made only after the
information has been collected from all sites. In sequential characterization sites are
investigated one at a time, and a site may become the final selection at any time
after it has been investigated (Dlouhy and Thomas, 1981).
In practice, the early stages of any selection process may be parallel, because a
limited set of data are collected from many sites. The choice of parallel vs.
sequential is more important at the later stages, when characterization costs more,
takes longer, and political commitments are harder to obtain.
One aspect of sequential vs. parallel characterization that may be a factor in public
acceptance is the status of sites not selected for characterization first. In the U.S.
"first" repository siting process as laid out in the Nuclear Waste Policy Act, sites
passed over once are ineligible for further consideration. By contrast, in the Swiss
program for siting HLW disposal, the other sites are to be held in reserve
(McCornbie, 1991, personal communication). The NWPA approach may be
counterproductive because it requires final siting decisions (i.e. site disqualification)
too early in the process. Technical arguments must then be relied upon to support
premature decisions, and because early data are sketchy, public skepticism is
invited.
The use of sequential characterization introduces a time element into the siting
process that is not present for parallel characterization. The time element can be
exploited by localities opposed to the siting process. If siting investigations can be
delayed for any reason, then with sequential characterization it is possible that
another site will be investigated first, and perhaps selected. Whichever site is
characterized first has a stronger chance of being selected, especially if expediency
and cost savings have influence on the process. This strategy may have slowed the
progress of Type A/B (I/LLW) repository siting in Switzerland, except that if
characterization of the Wellenberg site is linked with characterization of the other
sites, then the process will be essentially parallel.
Another aspect of sequential vs. parallel characterization concerns the situation
when none of the sites is found to meet suitability requirements. Although this has
not yet happened, it is clear that if sites are characterized sequentially then each
site is evaluated at a different time. If siting requirements change over time, then it
might be necessary to revisit past evaluations, which would not be well received by
the public. Such reevaluation would be much easier to defend if the alternative sites
had been characterized in parallel.
Some important disadvantages of parallel characterization are: (1) it is expected
that more sites will be investigated before a selection is made, and thus higher
costs will be incurred; and (2) more localities will be directly involved in the final
characterization process which typically increases the intensity of opposition at the
national political level. The former concern was formally analyzed for the U.S. "first"
repository program, and the latter concern is relevant to siting in the U.S. and
Switzerland, as discussed below.
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Status of Parallel Characterization in the U.S. and Switzerland
The Nuclear Waste Policy Act (NWPA) process in the U.S. called for parallel
characterization of at least three sites for the "first" repository program, and a
similar effort on a slower schedule, to site the "second" repository. The "first"
repository process advanced to the 5-to-3 selection step in 1986, with the selection
of Yucca Mountain, Deaf Smith County, and Hanford. The NPWA dictated that an
exploratory shaft would be constructed at each of these sites.
At the same time the ongoing siting activities for the "second" repository were
deferred, partly because the States and others criticized the need to spend $600 to
$900 million on the second repository program before it was determined when and if
it would be needed (GAO, 1987). Another view of this action was that the
Department of Energy elected to postpone the "second" repository program,
violating the schedule in the NWPA, because of extremely negative public reaction
to the "second" repository area screening process, and the upcoming Senate
elections.
In 1987, the U.S. Congress amended the NWPA, focusing the "first" repository
program on Yucca Mountain, and eliminating alternative sites in bedded salt and
basalt media. By this time the cost of characterizing each of the three sites was
estimated to be around $1 billion, so a sequential approach was adopted (Keeney,
1987). The amendments cancelled siting activities for the "second" repository in
crystalline rock. The NWPA therefore represented an overall change from parallel
to sequential characterization.
In Switzerland, site screening for the Type A/B repository for I/LLW has narrowed
the field from 100 to 20 to 3 sites. A total of four sites are under consideration, with
the addition of the Wellenberg site to the three screened sites. Federal permits for
surface based investigations have been granted for all four sites. However, the
necessary local approvals have been obtained for only two of the original three,
plus the Wellenberg site. Federal permits for the original three sites were granted
on the basis that they be characterized in parallel, and the local government at the
Wellenberg site has indicated a preference for parallel characterization, so field
investigations at all sites are delayed pending local permission for studies at the
third (anhydrite) site). Federal expropriation procedures are underway for access to
this site (McCombie, 1991, personal communication).
The Federal Interagency Working Group on Nuclear Waste Management (AGNEB)
in Switzerland has issued its 1991 annual report, recommending that the
implementing agency (Nagra) pursue sequential characterization of the four sites for
a Type A/B repository (McCombie, 1991, personal communication). If approved by
the government, this change could make it possible to proceed with characterization
of one of the sites for which local permission has been obtained.
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Cost vs. Benefits of Parallel Characterization
Keeney (1987) analyzed the benefits of parallel characterization of the three "first"
repository sites in the U.S., against the ca. $1 billion cost of characterizing each
site. From the analysis leading to the 1986 selection of three sites (Merkhofer and
Keeney, 1987) it was apparent that the repository costs are much more significant
for differentiating the desirability of sites than preclosure health and safety impacts.
The cost (including characterization) for a repository at Hanford was estimated to be
several billions more than for Yucca Mountain, and the salt site was in between.
If it is likely that characterization would provide additional information for
differentiating sites, then it should be undertaken. However, Keeney (1987)
deduced that it is very unlikely, and that the cost of characterization becomes the
dominant factor in the cost:benefit analysis.
From the information currently available, Keeney (1987) inferred that
characterization would not be likely to significantly improve the ability to estimate
preclosure health and safety impacts. This is partly because the DOE assumes that
all appropriate measures will be taken for ensuring the safe construction and
operation of the repository.
With regard to postclosure releases of radionuclides, characterization again is
unlikely to provide significant resolution of uncertainty, for discriminating among
sites. The most likely scenarios for releases involve human intrusion, incomplete
sealing, earthquake activity, climate change, volcanic disruption, or other
unexpected conditions. Characterization (e.g. exploratory shaft) is unlikely to
resolve the uncertainty on these low likelihood events and conditions.
Keeney (1987) considered it possible that characterization could provide
information on whether the site has a disqualifying condition as defined in the DOE
siting guidelines (DOE, 1984), however, this possibility could not be used to
discriminate among the sites in the 1986 analysis because the available site
specific information was insufficient to apply the siting guidelines. This possibility is
currently being pursued by the DOE in a suitability analysis for the Yucca Mountain
site, which will be applied to scoping the appropriate effort for site characterization
(DOE, 1991).
A similar, qualitative rationale was used by McCombie and Thury (1989) to justify
plans for sequential characterization of sites for the Type C repository in
Switzerland. The first phase of regional investigations in crystalline rock was based
on single boreholes, and showed that the crystalline basement is more complex,
and the potential areas for siting are smaller, than expected. In the next phase, the
alternatives will be narrowed to two possible areas, and one of these will be
selected for detailed study. Within that area, locations of approximately 10 km2 will
be selected for detailed surface characterization. A sequential approach was judged
a "prudent application of staff and resources" for a nation with the size and
population of Switzerland, and it leaves open the possibility of arranged HLW
disposal outside of Switzerland.
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7. Siting for Deep Geologic Disposal in Selected Countries
7.1 Canada - Status of Spent Fuel Disposal Siting Activities
Background
Spent fuel disposal R&D was launched by the federal government and the province
of Ontario in 1978. Ontario Hydro, a public agency, was assigned responsibility for
interim storage and transportation. Atomic Energy of Canada Ltd. (AECL), a federal
crown corporation, was given responsibility for developing a disposal concept and
the associated technologies (Rosinger and Hancox, 1988). In 1981 the Canadian
government approved a 10 yr plan for HLW disposal R&D, with a target date of
2020 for an operational repository.
Ontario is willing to accept a repository, so federal-provincial relations have been
harmonious with regard to siting. There is no stipulation law in Canada, but
Ontario's Royal Commission on Electric Power Planning recommended in 1974 that
a moratorium on additional power stations should be declared in 1990, unless
progress on technical and social issues related to waste disposal can be shown
(criteria were not given). There is no land use veto, nor has there been a national
referendum on nuclear waste issues in Canada (Paige and Numark, 1985).
The waste under consideration is both the used fuel from heavy water (CANDU)
reactors, and HLW from reprocessing should it be implemented in the future. The
CANDU cycle uses nonenriched fuel, and the quantity of spent fuel waste per unit of
energy produced is several times that of light water reactors. A decision on full
scale reprocessing in Canada has not yet been made, and will be strongly
influenced by fuel cycle economics and the need for recycled products (Schneider
etal., 1990).
Spent fuel is presently being stored at the 18 operating CANDU reactors, in pools
sized 10 yr accumulation (Schneider et al., 1990). Four additional reactors are
scheduled to commence operating in the near future. Several methods for dry
storage have been developed, and are finding increasing application at the
operating stations. The appropriate age of spent fuel at the time of disposal is
thought to be 50 to 75 yr (Schneider et al., 1990).
Separating Research Activities from Siting
A test drilling project by AECL in Madoc, Ontario in 1977 produced such
controversy that a joint federal-provincial coordinating committee was created to
review applications for field research. The Madoc project was controversial because
there was no requirement to obtain local approval, or even to inform local
authorities prior to test drilling. A formal agreement was reached in 1978 requiring
field research activities in Ontario to be approved by the committee. AECL was to
negotiate with the locality, and if formal approval was received, then the proposal
was to be reviewed by the committee. Two research areas were approved this way
(White Lake and Atikokan). Under political pressure, the process was later
extended to minor work such as flyovers. Approval was required by the nearest
municipality, even when the work was to be performed in unorganized territory
outside any municipal jurisdiction.
Eventually, anti-nuclear organizations used the process to block all field activities
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proposed by AECL Local politicians had little reason to permit the research, and
intensive lobbying by anti-nuclear organizations gave them reason to reject it (Paige
andNumark, 1985).
In 1981 the governments of Canada and Ontario announced that research was
separate from site selection. This was accomplished in a politically acceptable
manner by instituting a special long term review and approval process for the
disposal concept without beginning the site selection process (Paige and Numark,
1985). General field research studies were subsequently reviewed only by the
coordinating committee and not by the municipalities. Two new research areas were
announced at that time without prior consultation with the localities.
The concept for waste disposal will have been thoroughly described and
independently reviewed when the siting process actually begins (Schneider et al.,
1990). The Technical Advisory Committee (TAC) was established by AECL using
experts selected from scientific and engineering societies, to provide continual
review of the concept development. A seven member Environmental Assessment
Panel was appointed in 1988 by the Minister of the Environment to review the
disposal concept proposed by AECL (NEA, 1990). This review will be conducted
under the provisions of the Federal Environmental Assessment and Review
Process, administered by the FEAR Office. AECL is to submit an Environmental
Impact Statement in 1991, and the review will occjr in 1991-92. In 1993 the panel
will issue its final report as to the acceptability of the concept and recommended
future steps for management of nuclear fuel waste (NEA, 1990). Based on these
reviews, the government is expected to decide on the acceptability of the disposal
concept.
No firm schedule has been developed for the siting process. In fact, it is not yet
established which organization will be responsible (Conlon, 1991, personal
communication). When siting is undertaken, economic incentives may be used in
siting negotiations to offset the antinuclear lobby (IEAL, 1986).
The siting component of the AECL research program has been responsible for
developing site screening, characterization, and evaluation methodologies
(Whitaker, 1987). Supporting field activities have included: (1) general field
investigations not related to specific sites, (2) investigations at designated research
areas, and (3) the Underground Research Laboratory (URL). These are discussed
below.
General Investigations Related to Siting
Investigations have included evaluations of disposal media which might be
alternatives to plutonic rock, and investigation of processes that could affect long
term performance (Whitaker, 1987).
When the Canadian waste management program was initiated in 1973, a decision
was made by AECL to focus resources on assessing the acceptability of the most
attractive disposal concept, rather than diffusing those resources (Whitaker et al.,
1986). It was expected that participation in international exchange would permit
AECL to stay abreast of possibilities for disposal in other media. An independent
federal agency (Energy, Mines and Resources, Canada) was requested by AECL to
examine the suitability of alternative media, with the result that piutonic rock in the
Precambnan Shield was recommended (Whitaker et al., 1986). The Precambrian
Shield is extensive, geologically stable, has low topographic relief, and is the
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dominant geology in northern Ontario, the province in which most Canadian
reactors are located.
Long term stability was used as a major criterion in the region/medium selection
(Whitaker, 1987). Major tectonism has not occurred in the Canadian shield, at least
the Ontario portion, for many hundreds of millions of years. A seismic monitoring
network has been operated in the Ontario portion of the shield for many years, and
a active areas are related to the configuration of known basement structures.
An initial survey of groundwater information from mines and large excavations in the
Canadian Shield revealed that significant water inflow (i.e. permeability) was found
to at least 1,100 m depth, although inflow was substantially reduced below 300 m
(Whitaker, 1987). High salinity was generally found in samples of deep groundwater
from the Canadian shield.
The Geological Survey of Canada was requested by AECL in 1975 to evaluate
geologic formations in Canada, with the constraint that the first disposal vault would
likely be in Ontario (Schneider et al., 1990). Geologic maps and geophysical data
were compiled, to prepare a map and inventory of 1,365 plutons in Ontario
(McCrank et al., 1981), of which 75% are granitic, 15% gabbroic, 8% alkaline, and
2% anorthositic. This was used to select a few plutons as "research areas" for
further field investigations. (After 1981 the sites were not considered potential
repository sites because AECL was given the mandate concept development.)
In the 1970's it was expected by AECL that a small number of sites from the
regional inventory would be selected for characterization, each centered around a
small pluton of around 1,000 km2. Initial characterization was intended to map the
boundaries of the pluton, estimate the depth, locate large scale faults or fractures,
estimate the general quality of the rock, conduct reconnaissance scale geological
and geophysical surveys, and characterize the general groundwater regime. The
results were to be used to select smaller areas up to 100 km2 in extent for more
detailed evaluation. Detailed geologic mapping and geophysics, drilling, and
extensive hydrogeological borehole testing were to be performed to determine the
geometry of the natural hydrogeological pathways.
Initial attempts to conduct this suite of characterization activities at a number of
sites were impeded by the problem of obtaining approvals for field work. After 1981
the suite of activities was completed at five research areas to gain experience with
siting investigations. Research area investigations were designed to provide
information that would be sufficient for credible environmental and safety
assessments.
Research Area Investigations
The five areas were: East Bull Lake, White Lake, Atikokan, Chalk River, and the
Whiteshell Nuclear Establishment. All of these are in Ontario except Whiteshell
which is in Manitoba. All are in the southern part of the Canadian shield, near the
sedimentary basins to the south. Each is located in a different geological
subprovince, and collectively they provide access to a range of plutonic rock types.
Geophysical and geological exploration have already been done throughout the
Canadian Shield for mineral exploration, so there was extensive information
available for identifying areas of interest. Regional reconnaissance used traditional
mineral exploration procedures to search for large and non-mineralized rock
formations (Whitaker et al., 1986). Three categories were noted: generally
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attractive, unattractive, and areas that could not be readily characterized. From this
experience it is anticipated by Whitaker et al. (1987) that in the repository siting
process, enough areas will be in the attractive category to "allow considerable
scope for using nongeotechnical criteria such as social and economic, to
recommend a group of sites for detailed evaluation."
In the regional investigations it was assumed that major topographic lineaments are
structural discontinuities. Geological and geophysical reconnaissance were
undertaken and some test borings were done. Surface investigations evaluated two
types of features: (1) features that may be the surface expression of major
discontinuities (e.g. lineaments on satellite images and aerial photos), and (2)
structural features that provide information on the stress field and potential
anisotropy in the bulk rock properties. For example, the East Bull Lake pluton was
identified as a potential selection, and a 9-day reconnaissance by helicopter and
ground traverse was conducted in 1980. Geologic cross sections, gravity profiling,
and shallow confirmatory borings were done to confirm the selection as a research
area (Whitaker, 1987).
Detailed evaluation involved drilling. Features of particular interest were:
variation of lithology and physical properties, nature and history of physical and
chemical alteration, character of fluids, and the nature of temperature, stress, and
piezometric fields. Initial borings at each research area were 76 mm diameter
coreholes, and subsequent drillholes were either coreholes or 152 mm diameter
percussion borings.
Siting and Characterization for the Underground Research Laboratory
The Lac du Bonnet granite formation (batholith) was identified as the site for the
URL, to be used to develop disposal facility engineering and methods of scientific
investigation. The batholith is located in the province of Manitoba which has no
nuclear power stations. In view of this fact and agreement between the federal
government and the province of Ontario, it is virtually assured that the URL will not
become the site of a repository.
Eight potential URL sites were identified on the Lac du Bonnet batholith from
reconnaissance geophysical and geological surveys initiated in 1978. Criteria for
the selection included the following (Whitaker et al., 1986):
- Rock block larger than 1 km2
- Good surface exposure in outcrop
- Undisturbed by previous excavation or drilling
- Near the AECL Whiteshell Nuclear Research Establishment
- Reasonable access to necessary services
- Within, but not close to well defined hydrological boundaries.
- Available for lease
The URL site was chosen in 1980 as the best fit to the criteria. A site evaluation
program was conducted from 1980 to 1983 in order to: (1) select the shaft location,
(2) provide geological and hydrogeological data to facility designers, (3) define
geologic structure and preexcavation hydrologic parameters, (4) establish a network
to monitoring effects from excavation, and (5) develop and calibrate models of the
site to predict response to shaft excavation.
Characterization of the URL lease area was carried out in stages. The first stage in
1980 consisted of detailed surface mapping, additional airborne and ground
geophysics, installation of piezometers in shallow surface sediments, surface water
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instrumentation, and meteorological monitoring. The second stage involved five
deep coreholes to check inferences drawn from surface investigations, and included
a shaft pilot hole. The third stage included five additional coreholes and 30
percussion holes to establish a hydrogeological monitoring network near the shaft
location.
Summary
The decision to focus on the Canadian Shield was based on a mix of technical and
political factors, and was made very early in the siting process. To limit adverse
political reaction to siting activities, a 1981 federal-provincial agreement
successfully separated research activities from repository siting. Since then
research activities such as the URL have not been impeded by legal challenges.
A number of research areas were selected and characterized to gain experience in
site investigations. The URL program has served to verify site predictions, in
addition to providing experience with construction and underground testing.
Further progress in siting activities awaits the outcome of the current review of the
AECL disposal concept. If the government approves the concept based on results
from the ongoing review, then repository siting activities will eventually resume. If
so, under the current system they will not be protected as research activities, and
may again be slowed by controversy.
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7.2 Finland - Spent Fuel and I/LLW Disposal Siting Activities
Background
There are two nuclear power stations in Finland, each with two reactors, and each
operated by a different utility company with its own waste management plan (TVO
and IVO). The utilities have established the Joint Nuclear Waste Commission (YJT)
to coordinate R&D. The national Ministry of Trade and Industry (KTM) oversees
waste management activities, and technical review of safety assessments is the
responsibility of the Finnish Centre for Radiation and Nuclear Safety (STUK).
Nuclear waste management facilities are licensed by the central government,
although Finnish law provides for a local veto (Koponen, written communication,
1991). A Principles Decision is required for licensing, and constitutes a
determination by the government that the project is compatible with the overall
needs of the nation and the community (Paige and Numark, 1985; Numark and
Wonder, 1990). The Principles Decision is submitted to the Parliament which may
reject or approve it without appeal. The government does not have preemptive
rights, and cannot grant a license without approval from the locality. The law
provides no recourse if no locality accepts the facility.
There is no formal stipulation law, but the equivalent is embodied in a requirement
for an acceptable waste management plan for any future reactor license. Public
hearings are required for licensing nuclear facilities.
Finland has not resorted to referenda to formulate nuclear energy policy. The STUK
has proposed a set of nuclear safety regulations, including one concerning the
safety of I/LLW disposal. These were to be considered by the government for
acceptance in 1990 (NEA, 1990).
Each power station will generate a complement of operational and decommissioning
wastes. Operational wastes are presently conditioned and stored on site. Plans call
for construction of a geologic repository for operational waste at each power station
site, which will be expanded in the future to accommodate decommissioning waste
(OECD/NEA, 1990).
The two reactors at the Loviisa station were purchased from the USSR with a
contract for spent fuel return, therefore spent fuel disposal concerns only that from
the Olkiluoto reactors. "Foreign services" for spent fuel disposal (i.e. international
repository or reprocessing) are considered the preferred policy option. The
government directed TVO to site and plan a geologic repository in case no other
country accepts spent fuel waste from Finland (OECD/NEA, 1990).
Approval for continued siting and technical development for a spent fuel repository
was granted by Finnish authorities in 1987. The preferred disposal concept is for
long lived waste canisters, emplaced in vertical holes in the floor of horizontal
tunnels (OECD/NEA, 1990).
Siting for I/LLW Disposal in Finland
Sites for geologic disposal of I/LLW, mainly from nuclear power generation, were
selected in the 1970's at the Loviisa and Olkiluoto power stations (Numark and
Wonder, 1990). Bedrock disposal was considered to be technically feasible at each
site from the earliest stages of siting. Feasibility was supported because the sites
had been characterized prior to selection for construction of the power stations
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(Tusa et al., 1986). Construction of the VLJ repository at Olkiluoto is complete, and
the Loviisa repository is scheduled to be constructed in the late 1990's (Numark and
Wonder, 1990). Siting strategy for these projects was similar to that used for the
SFR facility at the Forsmark power station in Sweden (Hedman and Arronson,
1986). Such strategies benefit from strong local support in the rural communities
where many nuclear power stations are located.
A preliminary suitability assessment was completed in 1982 and presented to the
local community and to the national authorities. The study included preliminary
geological investigations, repository design, and a safety analysis (Tusa et al.,
1986). In 1983 the plans were reviewed by the authorities in connection with
extension of operating licenses for the power plants Siting plans were approved in
principle by both local and national authorities. Additional site characterization
(limited to surface and borehole investigations) was conducted after 1982, and a
detailed design and preliminary safety analysis were published in 1986.
When siting actions were taken for the VLJ repository the law did not permit the
same type of strong local veto that is now possible (Aikäs, 1992, verbal
communication). Under the old law, the first official action taken by the local
community accepting the project was granting of the construction license. Following
technical review by the national authorities in 1986, a construction license was
granted by the local government in 1988. Construction of the VLJ repository at the
Olkiluoto site began in 1988 and completed in 1989. In 1991 the local community
issued an official statement that was positive in favor of the VLJ repository, which is
required for continuation of the project. Adjacent communities issued similar
statements.
Necessary permits for construction of the VLJ repository were granted on the basis
of surface based characterization (Äikäs, 1990). The design consists of two silos,
each 24 m diameter x 35 m high, for storage of LLW and ILW. During construction
of the VLJ facility there was detailed mapping of the underground openings,
additional borings, geomechanical monitoring, and hydraulic measurements. A pilot
hole was drilled through the hall above the silos, and downward angled boreholes
were drilled into the adjacent rock mass for hydrogeological monitoring. In 1992 the
final safety analysis is scheduled to be given to licensing authorities, and VLJ
repository operation is scheduled to begin (Passant, 1989).
Siting Activities for Disposal of HLW
The government of Finland determined the timetable and objectives for the spent
fuel/HLW disposal program in 1983 (Ryhänen et al., 1986). The program is to be
carried out by the utility TVO which owns and operates the Olkiluoto power station.
There are no plans for a Finnish underground laboratory per se, prior to selecting a
site for the repository. However, several measures are intended to provide input on
engineering and geoscientific developments. It is considered likely that many of the
same engineering measures used to develop and operate the I/LLW repositories at
Loviisa and Olkiluoto will be applicable for spent fuel disposal at depths of up to
1000 m (Lieb, 1988). One of the tunnels associated with the VLJ repository
excavation at Olkiluoto is intended for R&D, and has already been used for in situ
testing (Äikäs, 1991, verbal communication). Also, the Finnish disposal program
participates in international cooperative programs for waste disposal R&D.
The sequence of events for the ongoing siting process in Finland is as follows
(Rhyänenetal., 1986; OECD/NEA, 1990)):
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1985 Seiect preliminary investigation areas
1992 Perform preliminary field investigations at 5 to 10 of those areas ( a 5
yr effort ending in 1992), and choose sites for detailed study.
2000 Detailed field investigations on 2 or 3 areas (8 yr effort involving more
extensive surface studies), and select a site for a repository.
2010 Conduct supplementary surface investigations, and present technical
plans and safety reports for a permanent application.
2010 Start construction.
2020 Begin repository operation
The first step involved identifying regional blocks in Finland and screening them on
geological and environmental factors, then identifying potential investigation areas
and screening them on geologic factors (Table 7.2-1). The selection criteria used in
this process were taken in part from recommendations of the international nuclear
waste management community (e.g. OECD/NEA). However, such general criteria
tend to be nonselective when the geologic conditions are relatively uniform as they
are in Finland (Rhyänen et al., 1986).
The most important geological factor in the Finnish bedrock was determined to be
fracturing. A series of steps for evaluating geologic structure advanced from small
scale satellite photos and Landsat imagery, to detailed satellite photos and
geological/geophysical maps, to stereo aerial photos, topographic maps, and field
checking. The size of structural blocks was reduced at each stage. The basic idea
was to use the block mosaic structure in crystalline bedrock (Vuorela, 1990). All
reasonably available geological, geophysical, and satellite data for Finland were
incorporated in the process. Some structural blocks seem to be slowly moving as
evidenced by geodetic data. Resurveying of leveling lines since the 1970's was
used to determine that slight movements occur along old fracture zones.
Screening of 134 investigation areas to yield 101 potential investigation areas
involved field checking, and classification of the areas into four categories
according to their geologic suitability for field investigations (Rhyänen et al., 1986).
Only the 101 areas in the upper three categories were considered potential
investigation areas.
With regard to environmental screening of the 134 investigation areas, a number of
criteria were developed but not used systematically. The most significant
environmental factors were found to be population density, transport connections,
land use plans, preservation areas, and water supply protection (Rhyänen et al.,
1986). The regional blocks were plotted on road maps to study related population
density and transport connections. Road access received special emphasis given
that some parts of Finland are extremely remote (Äikäs, 1991, verbal
communication).
The process summarized by Table 7.2-1 produced "....a great many granite,
inland areas. Only a minority of the areas were migmatites, schists, or
gneisses ...on the other hand, if separate, detailed studies were made, they could
produce more investigiation areas, for example, in coastal areas or areas of ncngranitic rock" (Ryhänen et al., 1986).
The next step involved selecting five to ten potential investigation areas for
preliminary field investigations In 1985, the government (through KTM) provided
guidance on how to proceed with area selection, stipulating that five to 10 areas be
selected one at a time from the 101 potential investigation areas (Rhyänen et al.,
1986).
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Table 7 2-1 Selection process for spent fuel repository investigation areas, Finland
(after Ryhänen et al., 1986). Italics show criteria which were developed but not
used.
Stage in Selection
Process
REGIONAL
STUDY
EVALUATION OF
ENVIRONMENTAL
FACTORS

GEOLOGICAL
STUDIES OF
REGIONAL
BLOCKS
IDENTIFICATION
OF
INVESTIGATION
AREAS

Input

Assessed Data

Output

Bedrock of
Finland

• Satellite photo interpretation
• Identification of bedrock
blocks

327
regional blocks

327
regional
blocks

• Population density and
transport connections
• Preservation areas and
groundwater basins
• Land use plans

162
regional blocks

162
regional
bfocks

• Satellite photo detailed
interpretation
• Geological and geophysical
maps
• Field checking

61
regional blocks

61
regional
blocks

•Stereo interpretation of
aerial photos
• Interpretation of topographic
134
maps
investigation areas
• Classification of fracture
zones

Geological classification:
GEOLOGICAL
• Fieldchecking
CLASSIFICATION
• Compilation and evaluation
134
&
of data
investigation
STUDIES OF
Studies of environmental
ENVIRONMENTAL
areas
factors:
FACTORS
• Population density
• Land ownership
• Transport

101
potential
investigation areas

Discussions were held with many communities, and those that did not reject the
project were considered for selection. These discussions were not required by any
law, and the meetings were often set up by the local governments. None of the
meetings were announced to the public in advance, although many were reported
afterward in the press. About 15 to 20 municipalities, from a total of 65, expressed
positive or neutral views toward area investigations and possible siting of a
repository. A positive response from one community was received just prior to the
Chernobyl disaster, and only neutral responses were received afterward (Äikäs,
1991, verbal communication).
Five areas were selected in 1987, and by 1989 investigations were underway at all
five sites (Numark and Wonder, 1990). The selection of five preliminary
investigation areas emphasized areas with institutional ownership. Private land is
typically owned in smaller parcels than institutional lands. Each investigation area is
large and could involve many private landowners. In addition, private land is more
likely to change ownership during a long term waste disposal project, and private
landowners may be more likely to change their views about nuclear waste disposal
(Äikäs, 1991, verbal communication).
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For preliminary characterization, only the landowner's permission is needed, and
not that of the municipal government. A new law, the Nuclear Energy Act of 1989,
strengthens the local veto, requiring that the local community must make a positive
choice for the repository project before federal authorities can begin to review
technical aspects such as site suitability. As a practical matter, it is therefore
advisable to obtain implicit approval from the local government for all siting activities
leading up to the final application (Äikäs, 1991, verbal communication). Once
permission to construct a repository has been obtained from the local council, the
national Parliament has final authority to approve or disapprove the project. This
legal framework is considered unlikely to change in the forseeable future (Äikäs,
1991, verbal communication).
Preliminary investigations are expected to lead to selection of two or three sites by
1992, for detailed surface investigations (Numark and Wonder, 1990). A series of
safety assessments will evaluate whether each of the five preliminary investigation
areas is suitable. It is anticipated that each area will be "safe enough," thus allowing
for consideration of economic and social factors (Äikäs, 1991, verbal
communication). One important factor that will be used to select areas for detailed
characterization is the geologic and hydrologic simplicity of the area.
A site for final characterization will then be selected by the year 2000. The
government (through the KTM) recently required that TVO widen the range of types
of bedrock considered, to include basic plutons (e.g. diabase formations) on a
recommendation from the STUK (NEA, 1990). While siting activities progress, the
prospects for using "international services" (e.g. reprocessing or disposal) are also
being studied.
Discussion of Basic Rock Types
Basic rock formations (i.e. mafic or alkaline rocks) were eliminated from
consideration by TVO in the original screening exercise for investigation areas.
They comprise around 25% of the bedrock geology in Finland, but involve a greatly
disproportionate number of existing exploratory boreholes because of the economic
mineral potential of basic rock bodies and their immediate surroundings. Basic rock
bodies were avoided in the original screening process principally because the risk
from future human intrusion was thought to be "too high" (Äikäs, 1991, verbal
communication).
In response to the government's 1990 request that TVO again consider basic rock
formations, TVO has undertaken a limited, near term program to determine whether
basic rock offers significantly better radionuclide retention properties, less
fracturing, and adequate thermal properties for geologic disposal. In addition, a
survey will be done to determine if there are basic plutons of the necessary size,
close to the surface, for development of a repository. Current plans call for release
of the study on basic rocks in June 1993, after the results of preliminary
investigations are reported in 1992.
Methodology for Preliminary Field Investigations
The five preliminary investigation areas for HLW disposal are about 5 to 8 km2
each. Preliminary investigations will be used to decide which two or three are most
suitable for detailed investigation. Thus the sites need io be compared, and
possible differences or preferences identified.
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Preliminary field activities have been conducted using the same general program at
each selected area (Rhyänen et al., 1986). The program was tested at a site in
Lavia during 1984 and 1985, and consisted of a 56 mm diameter corehole to ca.
1,000 m depth, extensive borehole and airborne geophysical surveys, and special
methods for hydrochemical sampling and flow testing (Ahokas et al., 1990). Tube
wave methods were used for fracture detection. After initial studies, three to six
additional boreholes were drilled at each area for groundwater monitoring and
related investigations An automatic system was developed for piezometric
monitoring, and a large scale pumping test was conducted at each site (Ahokas et
al., 1990).
Goals for characterization included description of the extent and location of major
bedrock features, and their geological, hydrological, and physical characteristics. In
practice, the most important information for three-dimensional modeling of
structures found in boreholes, was borehole and crosshole radar, seismic methods,
and oriented core (Ahokas et al., 1990).
Summary
The approach used in siting geologic repositories for operational and
decommissioning wastes in Finland resulted in acceptance of siting plans in 1983.
The selection of sites was narrowed by an a priori decision to consider only
crystalline bedrock at the locations of the Loviisa and Olkiluoto power stations. (A
similar siting approach was used to site the SFR I/LLW disposal facility in Sweden,
during about the same time period.)
Siting for HLW disposal in Finland is essentially a volunteer process because of the
strong local veto. After initial technical screening, local communities were consulted
and only those with neutral or positive responses were considered for preliminary
investigations. For practical reasons, implicit consent from municipal governments
was obtained for characterization activities even though local approval is not
required until the final siting decision.
The HLW disposal siting process continues to be guided by the national
government, so there is good reason to believe that the final site selection will
receive the necessary local support. Although local governments do not act as full
partners in the siting process, the role of the national government helps to ensure
that local concerns are addressed. Examples include the upcoming government
review of sites selected for detailed characterization, and the 1990 request that
TVO reevaluate basic rock types. Interactions with local communities have been
handled the same way they will be for the final siting decision, with periodic public
meetings and a public information campaign.
Preliminary area investigations are nearly complete and the next step will be to
select two or three areas for detailed investigation. TVO will submit a selection of
sites and an updated technical plan to the government in 1992 for approval. A
special report on the merits of basic rock formations for geologic disposal is
scheduled to be released in 1993.
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7.3 France - HLW Disposal Siting Activities
Background
ANDRA is the National Radioactive Waste Management Agency, responsible for
siting and disposal. ANDRA was created by the government in 1979, replacing a
similar agency which was part of CEA, the French Atomic Energy Commission
(Paige and Numark, 1985). In the new act from 1991 ANDRA is solely made
responsible for siting of a HLW repository as an independent agency. Overall
coordination for nuclear matters is provided by the Interministerial Committee on
Nuclear Safety which is chaired by the Prime Minister. The Secretary of Health is
responsible for setting radiation protection standards and monitoring releases into
the environment.
The administrative elite of France comprise a homogeneous and technically
oriented group that controls the national bureaucracy (Blowers et al., 1991). The
CEA was established in 1945; the autonomous and secretive nature of the French
nuclear establishment stems from the effect of WW II on the national will to achieve
political independence and economic progress (Blowers et al., 1991). ANDRA is
controlled by the national government, and local interests are usually excluded in
decision making.
In France there is no stipulation law (Schneider et al., 1990; Paige and Numark,
1985). There is a local land use veto which can be overruled by the central
government. The Conservative national government exercised preemptive rights for
siting several nuclear facilities in the 1970's. A national referendum system exists
but can be used only to make constitutional amendments. Local referenda have
been held on nuclear issues, but were not legally binding.
France has 22 economic regions or provinces, further divided into 95 localities or
departments. At each of these levels is a Prefect appointed by the central
government, and a Local Council whose members are elected. At the lowest level
are communes and towns, in which an elect council appoints a mayor. In France the
release of information on nuclear projects is delegated to local governments,
although emergency and strategic communication is still routed through a federal
system (Smyser, 1991).
Parliamentary debate is preferred as the forum for nuclear energy issues. A formal
public inquiry process allows local governments to interrogate a project and express
opinions. A Commissioner of Inquiry is appointed to convene a public inquiry, and
"all interested parties can examine the [license] application and record their
comments...in an official register" (Paige and Numark, 1985). The Commissioner
then responds to the comments and attaches the register to the application, which is
submitted to the Prefect for review, and further submittal to the Minister of Industry.
A technical study is made at the national level and the application is forwarded to
the Interministerial Committee, then to the Minister of Public Health whose favorable
opinion must be obtained. Finally, the Prime Minister can sign a decree authorizing
the facility.
In addition, a new polling process has been instituted whereby communities within 5
miles of a proposed facility have the right to vote for or against. If the result is
favorable then the application needs only to be approved and authorized by the
central government. If unfavorable then the Parliament makes the final decision
based on whether the project is in the national interest (Paige and Numark, 1985).
France has the highest percentage of nuclear electricity generation of any nation in
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the world, and is heavily committed to fuel reprocessing. The nuclear industry has a
long standing pubiic relations program with tangible incentives such as tax benefits,
construction of community facilities, and until recently reduced cost electricity in
nearby localities Spent fuel is stored at the reactor sites, then in a centralized
storage facility, from which it is taken for reprocessing. Liquid HLW from
reprocessing is being stored for about 10 yr before vitrification. Canisters of vitrified
HLW will be stored in air cooled vaults until they can be disposed of in a geologic
repository, which could be 30 yr or more. Liquid HLW is currently stored in the
reprocessing facility at Le Hague, pending vitrification.
An immediate objective of ANDRA has been to supplement the existing LLW near
surface disposal site at the Centre de la Manche. In 1986 ANDRA announced that
Soulaines would be the site for the next shallow land burial disposal facility; there
was only limited prior consultation with local communities prior to this
announcement. ANDRA applied for a license to construct the facility, which was
granted in 1987. The Soulaines facility became operational in 1990 and will be the
largest of its type in the world with at least 106 m3 of solidified waste disposed of
there (Numark and Wonder, 1990; Lieb, 1988).
Siting for HLW Disposal in France
In the early 1980's ANDRA initiated a siting process for disposal of HLW and TRU
waste. The original schedule called for commissioning a geologic repository for
TRU wastes around the year 2000, and disposal of HLW in the same facility by
about 2010. There is an economic incentive for disposal of TRU waste as soon as
possible, because available storage is limited and significant quantities will be
ready for disposal in 2000. The HLW program will be delayed 10 yr because a
longer cooling period is needed (Numark and Wonder, 1990).
Siting investigations are the responsibility of ANDRA, including an underground
research facility in a gallery of a uranium mine near Limoges. The HLW disposal
siting issue was approached as an attempt to locate an underground laboratory
which could be transformed into an underground disposal facility (Lewi, 1989).
Considering the broad range of possible host rock media available in France, the
first step in the site selection process was to compile a national inventory of
possible sites, based on criteria including long term stability, low permeability, and
favorable geochemical properties. This was complete at the end of 1983 (OECD/
NEA, 1988). About 30 areas, involving four principal media (clay, granite, schist,
salt) were identified. Some of these sites have a combination of different media
which could further ensure waste isolation.
HLW disposal siting in France has been guided by the so-called Goguel panel
review in the 1980's, and another group called the Castaing Commission convened
in the early 1980's and consisting of 12 research scientists from the nuclear industry
and research institutes, and two independent critical scientists.
A "preselection" from the 30 areas was made, of sites where immediate
investigation was warranted (OECD/NEA, 1988). A total of eight sites from different
areas, two in each media, were identified by ANDRA in 1984 based on geological
evaluation and literature search. Implementation of the siting program was
publicized in early 1987 with the announcement of the four sites in different media,
for characterization. The following sites were announced with approval from the
central government: Deux-Sévres (granite), Maine-et-Loire (schist), Aisne (clay),
and Ain (domal salt). No consultation with local communities was held prior to this
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announcement (Blowers et al., 1991). By October, 1987, local mayors had
organized a voter initiative in which 75-95% of voters in the affected localities went
against the ANDRA proposal.
Preinvestigations were initiated to confirm the preliminary selection, and to meet the
objective of selecting a candidate by the end of 1990 (OECD/NEA, 1988).
Preinvestigation methodology included deep drilling (e.g. 1,000 m depth) and
airborne and surface geophysical surveys. Extensive geophysical data were
collected from the four sites including. 150 km of seismic lines from the area of
Aisne; 1,500 km of airborne radiometric surveys at Deux-Sévres; 15 km of
helicopter borne geophysical profiles plus 13 km of ground measurements at Maineet-Loire; and 30 km of gravity surveys near the Ain site.
The development schedule called for an underground In situ Site Validation
Laboratory (ISVL) to be constructed and operated at the candidate site from 1991 to
1995. The ISVL was intended to provide sufficient information to validate the
technical and economic feasibility of the repository, providing the basis for a
Preliminary Safety Assessment Report (OECD/NEA, 1988). In situ experiments
were to be conducted to evaluate isolation capability of the system of engineered
and natural barriers. Approval for repository construction was to be sought in 1995
to 1996, and repository construction was to follow in 1997 to 2000 if approval was
received. Preinvestigation methodology included several deep drillholes, and
geophysical measurements from the surface.
Present Status of HLW Disposal Siting Activities
Investigations at the four sites announced in 1987 have been stopped (NEA, 1990).
Surface studies and airborne geophysics were conducted from 1987 to 1989, and
deep boreholes were drilled at the Aisne site in late 1988. By late 1988, regional
opposition groups formed a national campaign, which was a fairly new development
in France. At the end of 1989, preparations for drilling had met lively opposition at
all four sites. This led the Prime Minister to ask in February 1990 that work be
stopped on all sites for one year, while various policy aspects of the nuclear fuel
cycle were evaluated.
The government asked for the advice of the Group for the Prevention of
Technological Risks, which consists of 12 independent experts and was created by
the government in 1989. In April 1990 after various interviews, the group made
public its first advice, emphasizing the necessity of deep disposal of certain wastes,
and recommending that no waste be irretrievably buried before the possibilities for
advanced reprocessing are thoroughly explored. In addition, the group made certain
specific technical recommendations, one of which was the establishment of
underground laboratories to support the best possible choice for underground
disposal (NEA, 1990).
Recently after the one year moratorium, the government decided to consider a new
law on the matter of HLW disposal, which will involve public debate in Parliament
(Faussat, written communication, 1991). Siting activities are suspended pending the
outcome of that process.
Summary
The French nuclear waste management program adopted a two stage, two site
approach whereby LLW disposal was developed before HLW disposal to build
confidence, and a research site was picked first and studied prior to disposal site
selection (IEAL, 1986). There is no linkage between HLW disposal and the
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continued commitment to nuclear energy and reprocessing technology in France.
Methods for gaining public acceptance of nuclear power plants have been applied
very limited in nuclear waste management, including: public discussions before site
selection, local incentives, public ownership and management of the nuclear
program and information distribution.
The near-surface site for LLW disposal at Soulaine was successfully licensed in the
mid-1980's. However siting activities for HLW disposal have been suspended by the
central government pending national debate leading to a new law. These events
demonstrate that the political process may be used to block a project where the law
permits only a weak local veto, even in France which has centralized authority over
nuclear fuel cycle activities.
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7.4 Sweden - Spent fuel and i/LLW Disposal Siting Activities
Background
The utility companies which own nuclear power stations in Sweden are responsible
for waste disposal, and together have formed the Swedish Nuclear Fuel and Waste
Management Co. (SKB). SKB is charged with R&D, interim storage, and disposal of
spent fuel. Legislation in 1981 and 1984 divided responsibilities for waste
management and regulation between SKB and several government agencies which
report to the Ministry of Environment and Energy:
- The Nuclear Power Inspectorate (SKI) is responsible for licensing
nuclear power and waste disposal facilities.
- The National Institute of Radiation Protection (SSI) prescribes and enforces
radiation protection regulations.
- The National Board for Spent Nuclear Fuel (SKN) has oversight
responsibility during R&D activities, including administering waste
management funds collected from nuclear power producers (the role of
SKN will be taken over by SKI as of July 1, 1992 based on a parliament
decision).
In 1984 and 1985 the Parliament approved the Nuclear Activities Act and the
Ordinance on Nuclear Activities, which streamlined the Nuclear Energy Act and
changed the 1977 stipulation law (Paige and Numark, 1985). The legislation
requires a comprehensive R&D plan for achieving waste management objectives, to
be updated each three years beginning in 1986, if the government is unsatisfied
with the plans and progress presented by the utilities through SKB reactor licences
can be suspended (SKN, 1987).
To investigate a possible repository site, only the permission of the landowner is
required. For a site to be approved for repository development, several laws must
be satisfied including, the Planning and Building Act, the Nuclear Activities Act, the
Radiation Protection Act, the Natural Resources Act, and the Environmental
Protection Law (Schneider et al., 1990). Permission must first be obtained from the
municipality under the Planning and Building Act. If permission is granted, then the
central government may approve with no possibility of challenge. If local approval is
not obtained, then the only recourse for retaining the site is the so-called "national
interest law" enacted in 1990. This law gives expropriation rights to the central
government, once a project has been found to be in the national interest. Such a
finding for a spent fuel repository site would likely involve a public debate, including
detailed analysis of alternative sites. The "national interest law" is relatively new
and has not yet been implemented for any purpose.
Sweden has regional or county governments, and municipal councils. The councils
have a local veto, which is related to the ancient Swedish tradition of decentralized
democratic government. In 1970 the municipality of Sannäs used the threat of veto
to block a planned nuclear fuel reprocessing plant. In 1977 the municipalities of
Skövde and Falköping vetoed the continued operation of the nearby Ranstad
uranium mine (Blowers et al., 1991).
Once the necessary permissions for repository development are obtained, SKB will
apply to SKI for a permit under the Nuclear Activities Act. All nuclear permits are
ultimately reviewed by SKI, which may approve and forward evaluations to the
central government where final licensing decisions are made. To comply with the
Environmental Protection Law, SKB must also apply for a permit from the National
Franchise Board for Environmental Protection, which will conduct public meetings
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during its environmental review. The Swedish court system is not a prominent
participant in the siting process, not even as a court of appeals to reverse a site
selection or licensing decision (Schneider et al., 1990).
Early Preparations for Repository Siting
In 1973 the Swedish Minister of Industry established a review committee called
AKA-Utredningen to evaluate HLW management strategies. They later were asked
to consider LLW and ILW also. The committee produced a report just before the
election of 1976 which ousted the Social Democratic government. The
recommendation was for a central facility for temporary storage of spent fuel, and
that final disposal for all waste types should be in bedrock at the same site (Blowers
et al., 1991). The centralized temporary storage facility (CLAB) has been
constructed and is now operating on the southeast coast of Sweden near the
Oskarshamn power station.
The nuclear issue was crucial in the national election of 1976, and the views of the
new government were reflected in the 1977 Stipulation Act requiring the owner of
any new reactor to prove that final disposal of spent nuclear fuel and other nuclear
waste is absolutely safe (Douly et al., 1987). In response to this the nuclear industry
formed a group called Kärnbränslesäkarhet (KBS) charged with proving the
possibility of safe disposal to satisfy the law.
The KBS project involved modeling and site investigations,, concluding that
exposure of the public to radiation from a waste repository would be very small
compared to background radiation. The KBS-I report (KBS, 1977) addressed the
disposal of spent fuel and reprocessing waste, and the KBSII report (KBS, 1978)
addressed direct disposal of spent nuclear fuel without reliance on reprocessing.
In the Swedish planning process, when a complex decision is to be made by the
government, relevant documents are circulated to various agencies, professional
organizations, trade unions, etc. for review. This so called "remiss" process was not
implemented in the conventional way for review of the KBS I report; the review was
mostly technical and did not much include public comment on whether the approach
was acceptable to the public at large (Blowers et al., 1991). For review of the KBS II
report a similar procedure was used, and it is reported that many of the strongest
critics of the KBS I report were not asked to review KBS II. Blowers et al. (1991)
state that the KBS I and II review processes showed that the consensus building
review process in Sweden was manipulated in such a way that it did not permit
consideration of "ethical issues or questions or value," and was cast as a choice
between technical alternatives. Permits for the commissioning of four reactors were
eventually granted based on the KBS II report, verifying that the 1977 stipulation
law was satisfied.
At the same time the government postponed further discussion of nuclear energy by
convening a special commission to evaluate Swedish energy policy alternatives.
The commission found that risk from nuclear power is less than from coal or oil fired
plants (Hansson, 1987). After the Three Mile Island accident in 1979 the
government established a new committee to review the risks from nuclear power
and analyze what measures should be taken to improve safety in Swedish nuclear
plants. This committee found that the foregoing commission had "insufficiently
penetrated" the question of risk from severe accidents (Hansson, 1987) At this time
the government announced that it favored a national referendum on nuclear energy
policy.
The 1980 referendum produced a nonbinding result that existing and planned
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nuclear plants should be completed and operated, but that a gradual phaseout
should result in complete shut down. The Swedish Parliament subsequently decided
to start no new nuclear plants, and shut down all nuclear power stations by 2010
(Schneider et al., 1990). After the 1980 referendum the local public opposed test
drilling at several sites, and several of these localities threatened use of the local
veto, howewer several sites were investigated successfully as part of the KBS III
study (Blowers etal., 1991).
Fueling of the last two planned reactors was approved in 1984, supported by a
license application that included the KBS III report on spent fuel disposal (KBS,
1983). KBS III included the results from a more comprehensive "suite" of
investigations at eight sites. Discussion of how to select from among such sites
began at that time (Scherman and Rydell, 1981).
Status of Siting Activities for the SFL Repository
The Nuclear Activities Act of 1984 made SKB responsible for siting the SFL (spent
fuel) repository. Siting strategy was described briefly in the 1986 R&D plan (SKB,
1986). In its review of the 1986 plan, SKN recommended to the government that
SKB adopt a formalized siting process which would begin with systematic screening
of geotechnically suitable areas (SKN, 1987). The process would have included
surveys of local acceptance at prospective sites, and field studies at a few sites
prior to selecting a site for final characterization. The process would have involved
SKN in a new role, and would have provided a way for the central government to
override a local veto by finding that the repository is a project of great national
importance (SKN, 1987). The recommendation received broad support, but in lieu of
passing it along directly to SKB the central government approved the 1986 plan with
a request that SKB propose a siting process in the next three-year plan.
In the 1989 plan SKB maintains that a large number of sites in Sweden are suitable
for spent fuel disposal, and that it is doubtful whether an optimal site could be found
(SKB, 1989). Accordingly, other factors will be considered such as land ownership
and public opinion. The plan further states that "there is no reason to demand a
more detailed selection process than demonstrating with general data that there are
no obviously more suitable areas than those finally proposed." Immediate siting
plans call for finalizing an inventory of possible sites, and overview studies which
will require no further field work. A new safety assessment will be issued in 1992
with the objective of showing that even sites with relatively high groundwater flow
and other characteristics which are unfavorable to waste isolation can still meet the
safety requirements, if the engineered barriers of the KBS III concept are used
(SKB, 1989).
The 1989 R&D plan states that SKB will select three sites for characterization in
1992 (SKB, 1989). The plan describes a conceptual process for selecting these
sites, that does not include it is still unclear if a national or regional systematic
screening exercise will be utelized in this process. Recent SKB actions may be
interpreted to suggest that at least one of the three will be in southeastern Sweden
in the vicinity of the Oskarshamn power station, the CLAB facility, and the Äspö
Hard Rock Laboratory (HRL). The 1989 R&D plan states that this is the most stable
part of Sweden, and SKB has conducted relatively intensive regional studies in this
area.
A reference program of preinvestigations will be performed at each of the three sites
from 1992 to 1994 if the needed approvals are obtained. Various documents are to
be published in 1994, including the results of preinvestigations, a reference
program for detailed characterization that will include an underground facility, and a
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preliminary environmenta! impact statement for each site which describes the
effects of detailed characterization. After a review period of 18 months it is
anticipated that the necessary permits will have been obtained to proceed with
detailed characterization of one site in 1996, and another site in 1997. Thus three
sites are considered in parallel until 1996, when one is selected for detailed
characterization, followed by selection of another site in 1997. Detailed
characterization of the two sites will be performed in parallel and staggered by one
year.
The final stages of detailed characterization are scheduled to be completed by
2001. The 1989 R&D plan states that during the period 1998 to 2001, the repository
system will be optimized to specific aspects of the site. Therefore, a final site
selection will be developed during this time. The plan leaves open the possibility
that some stages of detailed characterization would not be conducted at one of the
final sites. The final siting application would be prepared between 2001 and 2003,
and submitted for review in 2003 (SKB, 1989). Assuming that the review process
will take 3 years, final site approval could be granted in 2006. Pending the
necessary permits and approvals, construction of the SFL could begin in 2010, and
spent fuel disposal could begin in 2020 (SKB, 1989).
Siting Process for the SFR Facility
The SFR is an operating geologic repository for reactor operating wastes and
decommissioning wastes. It is situated 60 m under the floor of the Baltic Sea,
reached by two 1-km entrance tunnels. Rock vaults will handle LLW and
decommissioning waste, and silos will handle ILW. The siting evaluation relied
heavily on the principle that groundwater flow is minimal under the sea because of
uniform piezometric conditions, and there is little chance for human intrusion.
Early in the conception of the SFR it was decided that the facility should be located
in an underground rock cavern. It was also required that it be adjacent to one of
Sweden's five nuclear facilities (Numark and Wonder, 1990; Hedman and Aronsson,
1986). Potential sites "were evaluated on the basis of available data concerning
geological conditions" (Hedman and Aronsson, 1986). This step singled out the east
coast of Sweden, limiting the selection to Oskarshamn, Forsmark and Studsvik.
Available surveys at the time included geophysics and geologic mapping. According
to Hedman and Aronsson (1986), Forsmark "came out ahead when all aspects were
considered."
At that time, SKB started a program to characterize the Forsmark site. The
objectives of the technical program were:
- Locate fracture zones in the area and find an acceptable rock mass for the
silo, which involves excavation of large spans.
- Determine variations of hydraulic conductivity and measure hydraulic
gradients.
- Determine mechanical properties of the rock as the basis for a preliminary
study of excavation methods and reinforcement.
Six exploratory coreholes totaling 900 m were drilled from a jack-up rig in the sea,
and the cores were mapped. In situ stress was measured in one corehole, and
hydraulic tests were performed in all the holes. When SKB was granted the license
to build the SFR in 1983, a new phase of surveys started. Ten new exploratory
boreholes were drilled in the area for a total of 1,500 m. The survey confirmed the
rock suitability for the planned facility. During underground construction, additional
boreholes totaling 1000 m were drilled to verify earlier data.
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Waste emplacement at the SFR began in 1988. Restrictions on use of the silo
portion of the SFR for ILW are in force because of technical controversy, including
the effects of gas generation on silo containment. Antinuclear groups have formally
requested that the government review the basis for SFR licensing (NEA, 1990).
There have been some objections to the SFR project, including civil disobedience
on several occasions. Protesters have objected the siting process, and the nature of
SKB documentation on the site (Blowers et al., 1991). SKI has stated officially that
the Forsmark site is not the best from geological considerations because of complex
bedrock and certain major zones of weakness indicated from geophysical and
borehole data However, SKI concluded that siting at Forsmark could be
recommended and that the SFR would not be in conflict with international sea
dumping conventions (Blowers et al., 1991).
Summary
The structure of Swedish nuclear waste management regulations reflects the
consensus-building approach to government. Treatment of nuclear issues within
the consensus based system has been the subject of great controversy in the recent
past.
The nature of the local veto in Sweden, and the abundance of sites which appear to
be suitable for the SFL, make it important to emphasize local acceptance in the
siting process. The SFL siting strategy is designed to achieve consensus without
any explicit goal of optimizing repository site performance in the site selection
process, thus there is flexibility which could be applied toward achieving public
acceptance. Although federal expropriation rights exist under the"national interest
law," this is a recent development that has never been applied to nuclear waste
disposal siting.
The next major step in the SFL repository siting process will be the announcement
in 1992 by SKB, of three sites for preliminary characterization. This announcement
will be supported by analyses of a general nature, and is likely to be similar to
decisions made in the siting of the SFR, namely, to consider only existing nuclear
facilities, located on the east coast of Sweden based on "available data concerning
geological conditions" (Hedman and Aronsson, 1986). Land ownership and public
opinion will therefore be important factors in the SFL siting decisions (SKB, 1989),
from the beginning of the SFL siting process.
Numark and Wonder (1990) state that the SFL siting strategy is basically similar to
that used for the SFR, and it appears that collocation of the SFL with the existing
reactors and the CLAB facility at Oskarshamn is effectively the goal of the siting
process. Centralized temporary spent fuel storage and SFL collocation were
recommended by the 1976 AKA-Utredningen committee, and the first part of this
recommendation has been carried out. However, Numark and Wonder (1990)
speculate that if SFL collocation does not" prove practical, then [the SFR] and other
Swedish projects may be no preparation for the sequence of events."
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7.5 Switzerland - HLW and I/LLW Disposal Siting Activities
Background
Switzerland has no fossil fuel supplies, so hydroelectric and nuclear power are the
only practical alternatives (95% of the hydropower potential is already developed).
Spent fuel from Swiss reactors is transported to France and Britain for reprocessing.
The waste from reprocessing will be returned to Switzerland and stored for around
40 yr, before disposal in a geologic repository. Geologic disposal is planned for all
types of radioactive waste; no shallow land burial is foreseen because of the high
population density in Switzerland. Pre-siting investigations for disposal of I/LLW are
underway at sites situated in marl and anhydrite formations. For disposal of HLW,
further field investigations depend on a decision to focus on crystalline or
sedimentary rock, which will be made 2 to 3 years in the future.
The Swiss Parliament has legislated the following requirements on nuclear waste
disposal (RWMAC, 1990):
- All radioactive waste is to undergo final geologic disposal
- Waste producers are responsible for disposal
- Facilities must obtain a general license from the federal government
- Preliminary geologic investigations also require a license from the federal
government.
The utilities and the government agencies responsible for medical, industrial, and
research wastes formed Nagra (National cooperative for the storage of radioactive
waste) in 1972 for final disposal and related work. Authority for approval of Nagra
initiatives falls under the Federal Council, comprised of government ministers. The
Federal Council is supported by various organizations including the Federal
Commission for Safety in Nuclear Installations (KSA), the Federal Interagency
Working Group on Nuclear Waste Management (AGNEB), and the Nuclear Safety
Division (HSK) of the Federal Office of Energy in the Department of Transport,
Communication and Energy (EVED). The EVED is reponsible for regulations which
establish performance requirements for geologic repositories.
Nagra can submit an application for pre-siting investigations ("preparatory
measures") directly to the federal EVED, as they would submit a license application
for a repository (Egloff, 1988). The Federal Council may then act on the application
taking into consideration:
- Prevention of damage to the formations by premature and harmful activity.
- Alternative choices of plausible sites for government approval.
- The effects of preparatory measures on the human population and the
environment.
This procedure removes some legal and political impediments that could result from
applying directly to local or regional governments for permission to conduct
investigations for nuclear facilities (Egloff, 1988). If granted by the federal
government, the permit specifies a fixed duration. There is a possibility for legal
challenges in the federal court system. In addition to federal permission, the
applicant must obtain the various nonnuclear permits which are administered by
regional governments (cantons).
If the permits are not forthcoming from the affected cantons, then federal authority
for siting nuclear waste management activities is mandated by the Atomic Energy
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Act. revised by the Swiss Parliament in 1978 General preemptive federal authority
for siting nuciear facilities was revoked by that revision, and the cantons have land
use vetoes concerning water, zoning and construction (Schneider et a l , 1990).
However, the federal government has final authority, as discussed below. Also, the
present situation differs from that prior to 1978 when applications for pre-siting
investigations were administered under mining laws within the sole jurisdiction of
the cantons
There is no explicit federal authority to preempt actions by the cantons involving
nonnuclear permits (Schneider et al., 1990), but pre-siting investigations can be
forced through by expropriation if the federal government chooses to overrule the
cantons. This has not yet been done for any site, but is anticipated for obtaining
access to one of the sites under investigation for disposal of I/LLW. In principle the
cantons cannot deliberately block the siting of a nuclear facility on anti-nuclear
grounds, once it has been approved by the federal government. In practice, as a
minimum long delays can result if a project does not have the consent of the
cantonal government and the affected population (Kowalski et al., 1988).
The procedure to obtain a general license for a repository is the same as that
described above, with the additional requirement that the Parliament approve
decisions of the Federal Council (Schneider et al., 1990).
Switzerland has a highly developed, widely used referendum system. Referenda are
held at three levels of government, and are legally binding if they do not circumvent
higher law (Paige and Numark, 1985). One important referendum in 1957
established authority for nuclear legislation under the federal government rather
than at the cantonal level. National referenda in 1979 and 1984 would have halted
construction of new nuclear power plants, but were rejected by the voters. A1990
referendum was passed by the voters, and imposes a moratorium on new nuclear
power stations but continued operation of existing units.
A facility for interim storage of all types of radioactive waste will be constructed in
the community of Wurenlingen, which voted by a narrow margin to accept the
facility. Wastes to be stored there include operational waste from power stations,
HLW and TRU waste from reprocessing, and spent fuel in dry casks. The complex
will also include facilities for conditioning waste by cementing or iiicineration (NEA,
1990).

Project Gewähr
There is a stipulation that in order to license a new reactor, proof and guarantee of
final waste disposal must be demonstrated. The Project Gewähr study modeled
disposal feasibility using site specific data. The study was reviewed by HSK, KSA,
other government agencies, and outside experts It was accepted by the Federal
Council, such that nuclear power licenses remained in effect but further
investigation was recommended (McCombie and Thury, 1989).
Project Gewähr proposed concepts for both A/B-type (LLW and short lived ILW) and
C-type (HLW and long 'ived ILW) repositories. The C-type repository concept would
involve vertical access to a crystalline rock body. The preferred disposal system
consists of multiple barriers including a leach resistant vitrified waste form,
corrosion resistant steel canister, highly compacted bentonite buffer/backfill
material, the host rock, and overburden.
Massive steel containers would be used for ca. 1,000 yr lifetime, and to provide a
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chemical barrier (redox) to the mobility of certain radionuclides from failed packages
for much longer. The large canisters would be emplaced coaxially along
mechanically excavated tunnels, and surrounded by compacted bentonite backfill.
Long lived ILW would be embedded in cement blocks and emplaced in a cylindrical
concrete silo. The space between the silo and the cavern wall would be backfilled
with bentonite.
The concept for disposal of LLW and short lived ILW (A/B-type) calls for excavating
a tunnel, lining the openings with concrete, emplacing conditioned waste, backfilling
the emplacement tunnel with cement, then backfilling the remainder of the tunnel,
and sealing access tunnels. An alternative concept has been proposed for disposal
of TRU wastes with short lived L/ILW, consisting of a vertical shaft accessing a silo
situated below the horizontal layout of a A/B-type facility. Economy and land use
constraints preclude the construction of a dedicated facility or a near surface
disposal facility for disposal of A-type LLW.
Technical reviews of Project Gewähr were formally published in 1986. The Gewähr
study was reported to be adequate for its intended purpose, with the qualification
that it is not clear that a large enough rock body exists, based on information from a
single borehole. The value of sparse borehole information was questioned,
particularly for characterizing crystalline rock covered by sediments. Nagra and the
regulatory authorities agreed that proof of a sufficient rock body was not required of
Project Gewähr, and must depend on further field work which could take many years
(Kowalski et al., 1988). Nagra was advised by the HSK to further evaluate host rock
media and disposal concepts other than the crystalline rock repository concept
proposed.
There are two major departures of the current state of affairs from Project Gewähr:
(1) the HLW siting process now includes sedimentary rock in addition to crystalline
rock, and (2) the Type B repository will include short lived waste with the option to
include some long lived ILW depending on the suitability of the site selected. The
category of wastes which could be disposed of in either the Type A/B or Type C
repository is called "boundary waste," and includes research wastes, certain
decommissioning waste, and TRU waste from reprocessing.
Siting Activities for Disposal of HLW and Lonq-Lived ILW
The C-type repository concept involves vertical shaft accesses and mechanically
mined tunnels, at a depth of 1,200 to 1,300 m for crystalline rock and ca. 850 m for
sedimentary (RWMAC, 1990; Nagra, 1985). Clay, anhydrite, marl, and crystalline
rock formations were all initially investigated as host media for a HLW repository. A
decision was made in 1978 that crystalline rock was preferred, and investigations
were begun over an area of 1,200 km2 in northern Switzerland (Numark and
Wonder, 1990; Kowalski etal., 1988).
Field studies included a network of seismic lines and boreholes up to 2,500 m deep.
Currently there have been seven deep boreholes drilled in this region, typically
penetrating a sedimentary section to explore the underlying crystalline rock. (NEA,
1988).
Studies based on single boreholes have shown that the crystalline basement is
more complex, and the potential areas for siting are smaller, than expected
(McCombie and Thury, 1989). Tectonic and hydrological conditions in the explored
areas of northern Switzerland appear to be acceptable. However, a previously
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unrecognized Permocarboniferous trough (i.e. extensive depression in the
sedimentary-crystalline interface) was discovered during regional investigations,
indicating greater depth to crystalline rock than had been previously thought
(RWMAC, 1990). This reduced the extent of potentially suitable areas, and provided
impetus to the study of sedimentary rock.
In 1987 to 1988 Nagra initiated a study on available sedimentary host rock media,
to address the concern that was raised in the review of Project Gewähr. Seven
potential sedimentary host media have been considered, and narrowed to two
(RWMAC, 1990; Nagra, 1989): Lower Freshwater molasse, and the Opalinus clay.
The latter formation is highly consolidated and about 100 m thick, with joints that
may be conductive to groundwater. The former is 1,000 m thick; however, it is a
more complex fluvial deposit with extensive sand inclusions. The process for
selecting these two formations was as follows (Nagra, 1989):
• Northern Switzerland selected as an area for intensive investigation
(rationale discussed in Thury, 1980). The boundaries of the region are the
national border on the north, tectonic complexity and limitations on the
depth to crystalline bedrock on the south, and increased seismicity in the
east and west.
• Swiss Plateau and Tabular Jura selected. From the information presented it
is concluded that the Swiss Plateau and Tabular Jura in eastern and
northern Switzerland appear to fulfill the criteria for tectonic and seismic
stability.
• Opalinus clay and Lower Freshwater Molasse formations selected. A
formation with low permeability and good retardation properties is
desirable. From the geologic column, a total of seven layers were
characterized in terms of eight categories of information. Indices were
developed from these characterizations, and evaluated qualitatively.
Evaporites and carbonate rich clays were eliminated because of the
possibility for karstic circulation. The Opalinus clay and Lower Freshwater
Molasse were selected considering hydrocarbon potential, and the
possibility for open fractures, among other types of information.
• Regions within the formations selected. Six regions were identified within
the Opalinus clay, and two within the Lower Freshwater Molasse. These
were compared to one another (separately for each medium) and ranked in
terms of priority. The reason that different media were not ranked at this
stage was because "the functioning of the geologic barriers is very
dependent on the different properties of the host rock formations
themselves, as well as the. ..structural geology, hydrogeology, and
neotectonics. A cross comparison was not feasible on the basis of currently
available data" (Nagra, 1989).
• The Zurich Weinland and the Jura north of the Lägem were selected in the
Opalinus clay, and the others were eliminated because they were
potentially too shallow, in folded strata, etc. The easternmost region of the
two in the Lower Freshwater Molasse (east of the Limmat) was selected for
favorable structural geology, thickness and tectonics.
Future strategy for the Type C repository siting must first take the selected regions
and reduce them to areas and sites for investigation "There is relatively little
quantitative information available, and the margin for discretion is relatively large"
(Nagra, 1989). It is expected that subjective evaluation may be necessary, and
consultation with affected localities, for further selections. If a sedimentary formation
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is to be selected as an alternative to a crystalline formation, one of the deciding
factors wiii be ease of exploration and development, it shouid be possible to
characterize a sedimentary site in sufficient detail, in an acceptable time, at
reasonable cost. It is anticipated that the investigation concept will be first published
in an application for an investigation permit.
A synthesis and comparison of crystalline and sedimentary options should be
completed by 1992 or 1993 (Numark and Wonder, 1990). Thereafter, a single area
in one rock type will be selected, and a site of around 10 km2 will be selected for
detailed surface characterization (McCombie and Thury, 1989). A deep
underground laboratory will be required for final characterization. Final
characterization of one site, with an exploratory shaft and underground laboratory,
is scheduled for 1997 to 2010. Repository construction and operation are scheduled
for 2010 to 2025 (Lieb, 1988).
Detailed surface characterization and final characterization will be conducted at
only one site in one area, as appropriate. Other sites or areas may be characterized
in detail if necessary. This sequential approach is a prudent application of
resources for a nation the size of Switzerland, and also allows for the possibility of
arranged HLW disposal outside of Switzerland (McCombie and Thury, 1989).
Status of Siting Activities for I/LLW
A systematic process for A/B repository site selection was undertaken beginning
around 1978. Site selection proceeded in stages (Kowalski et al., 1986). First, a
decision was made as to the host rock types for consideration: crystalline rock, marl,
anhydrite, clay, and "shielded" formations. ("Shielded" referred to special
hydrogeological conditions, particularly where limestone occurs in anticlinal form
overlain by a protective layer of clay and marl, with the prospective repository
situated above the highest expected groundwater table.)
Because of population density in Switzerland it is virtually impossible to find any
areas with obvious advantages in terms of land use or environmental protection.
Transport routes do not rule any areas conclusively, and only a few areas can be
rejected for engineering reasons. The selection procedure therefore laid the
greatest weight on waste isolation criteria. There is some incentive to select a site
that is geologically simple, or for which there is more information currently available.
This is motivated because there is limited time available before the Type B facility is
scheduled for commissioning. This tends to focus attention on the pre- Alpine
regions because tneir geology is already relatively well known (Lieb, 1988; Nagra,
1989).
As stated by Kowalski et al. (1986) "the ultimate aim of the [A/B repository siting]
evaluation is to select a site offering the required level of long term safety, and no
attempt is made to find or select a best site."
The legal situation in Switzerland makes any detailed field work for site
characterization impossible until a lengthy licensing period has elapsed (Kowalski et
al., 1986). Therefore, selection of sites for more detailed studies was based on
public or otherwise available geologic information, and on nonlicensed
investigations.
A total of 100 potential sites located in five host rocks were evaluated from 1978 to
1981, using safety and engineering criteria, and geologic and hydrogeologic
information that were available at the time. A selection of 20 sites resulted, for which
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additional nonlicensed investigations were undertaken during 1982 and 1983.
A figure-of-merit exercise was used for screening from 20 down to 3 sites (Nagra,
1983; McCombie, 1991, personal communication). The operative technical panel
was comprised from the technical leads among Nagra staff, Nagra management,
and also the Geological Advisory Group, a group of experts from academia and
other affiliations, which is sponsored by Nagra. The group developed lists of criteria
for siting, which were ranked, and used to score the alternative sites. A semiquantitative approach was used to develop a "roll-up" score for each site. The
resulting ranking was not strictly ordinal, but contained some grouping of sites.
Criteria were established for further screening among the 20 potential A/B-type sites
identified:
• Geologic and hydrologic criteria:
- Extent of host rock, including predictability and complexity of
geology.
- Water flow through host rock, including flow rates, flowpath length,
and the possibility of strongly water bearing zones.
- Radionuclide retention capacity
- Hydrochemistry
- Predictability of geological and hydrogeological changes
- Tectonic stability, erosion, and glaciation.
• Construction and realization criteria:
- Rock mechanical stability
- Present state of knowledge, and extent of investigations required for
licensability.
- Scope, duration, and cost of exploratory work needed.
- Likelihood of geological "surprises."
- Time requirements and cost of construction
• Environmental and planning criteria:
- Nature and countryside protection, including water protection and
adaptation to the landscape.
- Impact to the environment during construction and operation
- Environmental consequences from dumping of excavated rock
- Likelihood and severity of transport leaks of radioactivity
The selection proceeded in two steps (Kowalski et al., 1986). Firstly, geological and
hydrogeological data were completed to a stage where comparison between the
sites was plausible. Some site independent but host rock specific studies were
made for constructability. Planning and environmental criteria were described and
interpreted in detail, and a first evaluation of the 20 sites was done. As a result of
this step, further evaluation of 9 sites was deferred indefinitely on geological,
engineering or other grounds.
In the second step, "appropriate construction variants" from the reference A/B
repository concept were selected for the 11 remaining sites (Kowalski et al., 1986).
Lists of the most significant gaps in knowledge with respect to each site were
prepared Generalized plans for exploring each site were developed, including time
and cost estimates. A generalized construction and operation program was
developed for each site, and the sites were reevaluated with respect to the
environmental and planning criteria.
The 11 sites were ranked considering the safety, engineering, environmental and
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planning criteria. The sites were grouped in categories of high, medium and low
utility, as appropriate considering the nature of the basis information. The funding
agency desired a selection of one site. The geologists involved strove for selection
of 7 or 8 sites because of unwillingness to express any sort of optimality for a
smaller number, based on available site specific data (McCombie, 1991, personal
communication).
Three highly ranked sites were chosen for detailed characterization by means of
licensed investigations. Five were chosen as "reserve" sites where nonlicensed
investigations may be undertaken. The other three sites were deferred (Kowalski et
al., 1986). The selection of three sites limited the number, while reducing the
possibility that all the sites would prove to unsuitable on technical grounds. The
three sites are in different media (crystalline, anhydrite, marl) for that reason.
The three candidate sites are Bois de la Glaivez (anhydrite), Oberbauenstock
(marl), and Piz Pian Grand (crystalline). The choice of one site in each of the main
linguistic regions of Switzerland has been explained by Nagra on the basis of
differences in regional geology (RWMAC, 1990).
At the time of the selection, it was proposed that the sites be characterized by
tunnels, mainly because some of the sites are in very rugged terrain. For practical
reasons it was considered better to excavate directly into the center of the formation
than to rely on surface based investigations (McCombie, 1991, personal
communication). Importantly, at the time of selection construction of the Type B
repository was scheduled for ca. 1985, when the existing storage capacity would
have been exhausted. (This situation was alleviated by construction of new facilities
for interim storage at two locations: Wurenlingen and the Beznau power station.)
For the three sites, Nagra prepared the appropriate applications for exploratory
drilling and tunneling, and submitted them to the government at the end of 1983.
Federal permits were granted in 1985, but only for surface investigations. Federal
permission for exploratory tunneling was postponed pending evaluation of results
from surface based investigations (Isslerand Kowalski, 1990).
In addition, federal permits were granted on the basis that the three sites be
characterized in parallel (RWMAC, 1990; Numark and Wonder, 1990). The first
phase of surface based field work at the Piz Pian Grand and Oberbauenstock sites
was completed in 1986 and 1987 (Issler and Kowalski, 1990; NEA, 1988). However,
local permission was never obtained for surface studies at the Bois de la Glaivez
site in the French linguistic region. Consequently, field investigations at all three
sites are now delayed pending access to the anhydrite site. Expropriation
procedures were recently initiated by the federal government to permit access for
surface based investigations. The procedure will involve around 500 parcels of
land, controlled by about 300 property owners (McCombie, 1991, personal
communication).
A fourth site was also selected, near Wellenberg in the Helvetic region of central
Switzerland not far from Oberbauenstock. The site is situated where the geometry of
the Vallingian marl could permit development of a horizontally accessible repository
for short lived waste, and a vertically accessed, deep silo repository for long lived
ILW (RWMAC, 1990). There is reasonably good access for surface based drilling at
the Wellenberg site, thus a more detailed site evaluation may be possible without
tunneling (McCombie, personal communication, 1991).
A federal permit was granted for a drilling program and the construction of a 2,000
m tunnel at the Wellenberg site, but not yet for investigation of the deeper part of
the marl formation. Site characterization efforts for the Type A/B repository are
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presently focused on the Wellenberg site because of technical advantages, and
because positive interaction with the local government has resulted in granting of
the required permits for drilling five exploratory boreholes. There is general
agreement that the local community should be compensated in some way for the
inconvenience of the development (RWMAC, 1990).
Verification of the technical characteristics of the Wellenberg site could result in
nomination of the site to host a Type A/B repository. This conclusion could be
reached without further characterization of the two sites (Oberbauenstock and Piz
Pian Grand sites) where field investigations have already been conducted. The
government did not mandate parallel characterization for the fourth site, but there
are indications that the regional government will demand it. Hence at present it
appears that construction of a tunnel at any of the four sites remains coupled to the
performance of surface based investigations at the anhydrite site (McCombie, 1991,
personal communication).
Summary
In Switzerland the implementation of a repository for I/LLW (Type A/B) has priority
over HLW disposal. Without further political delays, an application for a general
license for disposal of I/LLW could be forthcoming as early as 1992, with repository
commissioning around 2000. The concept for the Type A/B waste disposal facility
does not include TRU waste, for expediency in siting and licensing. A final decision
on the disposal of TRU waste depends on results from detailed investigations at the
candidate sites for both the Type A/B and Type C repositories. Sufficient data to
evaluate the suitability of the Type A/B repository site for TRU waste disposal could
be available as early as 1993.
For HLW, Nagra and the safety authorities agree there is ample time for extended
investigations (Kowalski et al., 1988). Because of the small volume of HLW and
TRU waste, the interim storage facility that is currently in preparation will remain
feasible for a long time. The intervening time will be used to evaluate alternatives
(e.g. sedimentary rock) and to leave open the possibility for disposal in an
international repository. A synthesis of information concerning crystalline and
sedimentary rock alternatives will be completed around 1992, and a single rock type
(one site) can then be selected for detailed characterization.
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7.6 United Kingdom - I/LLW Disposal Siting Activities
Siting activities are now underway in the U.K. for deep geologic disposal of both
LLW and short lived ILW. During the 1980's the siting process was restructured
three times. In 1983 the Nuclear Industry Radioactive Waste Executive (NIREX)
identified one site for near surface disposal of LLW, and another for deep disposal
of ILW. In 1986 NIREX abandoned the deep disposal site, and identified three more
possible sites for near surface disposal of LLW (Numark and Wonder, 1990). These
sites met with strong public opposition, so prior to the Parliamentary elections of
1987 the central government announced that the advantages of separate facilities
for LLW and ILW disposal were not as previously thought, and that they would be
combined in a deep repository with a new siting process. That has resulted in
selection of two sites, which are currently being investigated and are located within
existing nuclear installations. The final I/LLW repository is scheduled to become
operational around 2005.
HLW disposal siting activities were suspended in 1981 for at least 40 yr, on the
basis that deep geologic disposal had been shown to be technically feasible, and
that the waste can be vitrified and stored for that length of time.
Background
A proposal to extend or create a nuclear facility in the U.K. is first sent to the
relevant local planning authority for consideration under the Town and Country
Planning Act. Elected local representatives review the application and solicit input
from the public. If either the locality or the county council refuses permission, the
applicant may appeal to the Secretary of State who may convene a Public Inquiry.
The Secretaries for Energy and Environment generally share in responsibility for
review of the application, and can reverse the decision of the local or county council
(Paige and Numark, 1985).
One example of this was the Windscale Inquiry, in which British Nuclear Fuels Ltd.
(BNFL) applied to the Copeland Borough Council to build the Thermal Oxide
Reprocessing Plant (THORP). The matter was referred to the Cumbria Country
Council, but the Environmental Secretary then "called in" the application (Paige and
Numark, 1985). The Secretary convened a Public Inquiry which recommended
approval, but also that the issue be debated in Parliament. Accordingly, the
Environmental Secretary denied the application, and the House of Commons then
debated and approved the application. The Environmental Secretary issued a
special order giving necessary planning permissions (Paige and Numark, 1985).
A unique feature of the review system in the U.K. is that planning permission
suffices for a demonstration facility, which can then be built and operated, and used
as the basis to apply for a construction license by a similar procedure.
Authorization to operate a nuclear facility must be received from the Department of
Environment, and the Ministry of Agricultural, Fisheries, and Food (in England) or
the Scottish Office or the Welsh Office (as appropriate). A nuclear site license
issued by the Nuclear Installations Inspectorate is also required. The National
Radiological Protection Board advises on waste management, and the Radioactive
Waste Management Advisory Committee (RWMAC) provides independent advice
on all aspects of disposal. NIREX was formed in 1982 for management of LLW and
ILW, following the recommendation of a commission on nuclear waste matters
(Paige and Numark, 1985). NIREX does not have eminent domain or "compulsory
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purchase powers" (RWMAC, 1989).
In summary, local government considers the application first, but the central
government has authority to override a local siting veto. Appeals may be directed to
the ministerial level. The Secretaries for Energy and Environment can "call in"
controversial planning applications for decision, for which a Public Inquiry may be
convened. Final appeals may be debated in the Parliament, as for the THORP
project. There is no stipulation law in the U.K. Public referenda have not been used
in the U.K. except for entry to the EEC (Paige and Numark, 1985).
Back End Fuel Cycle Activities
Current government policy requires immediate disposal of accumulated ILW and
LLW to limit the expense of temporary storage. LLW has been disposed of in a
shallow burial facility (Drigg) since 1959, but this facility is nearing full capacity. ILW
has been stored temporarily pending deep geologic disposal. LLW and ILW from
nuclear power generation are presently being stored at the facility of origin, with few
exceptions (IEAL, 1986a).
The nuclear fuel cycle in the U.K. is heavily based on reprocessing. Plans are to
vitrify high level reprocessing waste, and store it for 50 yr before disposal. An
interim storage facility for vitrified HLW is under construction at the Windscale
reprocessing plant at Sellafield (Mogg, 1988). Spent fuel storage and deferral of
reprocessing have recently been proposed because dry stc.age has been
demonstrated as a cheap alternative to reprocessing for certain types of waste.
Nuclear fuel cycle development projects in the U.K. have met with stiff public
opposition. The public has little confidence particularly since radioactive releases
from Sellafield and other facilities were publicized. The nuclear industry in the U.K.
is represented by many different companies and government agencies, and three
different types of reactors are operating or planned. Public opinion is adverse even
though there have been well publicized inquiries and special reviews on
controversial programs. There has been a broad base of political support for
nuclear power in the past, but continued support is less assured (IEAL, 1986).
I/LLW Disposal Siting Activities Prior to 1987
In September 1983, the newly formed organization NIREX named a site near
Billingham (Teeside) to be investigated for deep geologic disposal of ILW. A site
was also named for near surface disposal of LLW in Bedfordshire (Elstow). This
was the first round in a siting process that would subsequently be revised and
redefined.
The LLW disposal site was rejected by the British Prime Minister because the public
regarded the urban site as unacceptable regardless of the technical arguments
(Openshaw et al., 1989). The Billingham proposal was withdrawn "on advice from
the government that a near surface site should be developed first" (Flowers, 1990).
This first round exemplified the shortcomings of the "decide-announce-defend"
siting strategy (Blowers et al., 1991). Subsequently, NIREX undertook a new
'nitiative to find alternative sites for near surface disposal of LLW.
The Department of the Environment issued guidelines in 1985 for disposal siting,
stating that "the developer will be expected to show a rational procedure for site
identification however he will not be expected to show that his proposals represent
the best choice from all conceivably possible sites" (Openshaw et al., 1989).
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Selection criteria were not specific, but were given as general headings such as
technical, countryside conservation, socioeconomic, etc. Factors such as geology,
hydrology, natural resource potential, and environmental monitoring were listed but
interpretation was left to NIREX. The guidelines specified that cancer risk to
individual members of the public be limited to less than 10-6 per year, and future
releases from the facility should not significantly increase the natural background
radioactivity.
In March 1986 NIREX named three other candidate sites for near surface disposal
of LLW and short lived ILW. Bradwell (Essex), Fulbeck (Lincolnshire), and
Killingholme (Humberside). All of these sites were on land controlled by the nuclear
power industry or the Ministry of Defence (Openshaw et al., 1989; IEAL, 1986a).
This was the second round of siting for ILW disposal, and would be rescinded
shortly thereafter.
Recommendations on the siting process were received in May 1986 from the
Commons Environmental Committee (Openshaw et al., 1989). As a result the
government stipulated that a near surface repository would not be used for waste
other than LLW. This was a new constraint because NIREX had previously
assumed that short lived ILW could be disposed of in a near surface facility.
Consequently, NIREX decided in May 1987 to stop work on the four candidate near
surface disposal sites, on the ground that significant savings would result from
developing just one large, deep disposal site for all I/LLW (Flowers, 1990).
NIREX was obliged to abandon the four sites because they were near surface clay
geology sites, and the emphasis was changed from shallow burial to deep geologic
disposal. The shift may have gained impetus because of leakage from the Drigg
disposal site, where clay underlies the facility but unlined concrete trenches have
leaked into a shallow water table (Openshaw et al., 1989).
Limiting cost was a major part of the rationale for abandoning the siting process for
a near surface disposal facility for LLW. However, this assertion has been
questioned by a scientific advisory committee (RWMAC, 1989) in light of estimates
that a deep repository for both ILW and LLW will cost £2.5 to 3.5 billion. High cost
estimates for near surface LLW disposal were the product of political pressure, such
that only elaborate disposal concepts were considered. The situation advanced until
there was no apparent cost penalty for deep geologic disposal of LLW (Ginniff,
1988).
I/LLW Disposal Siting and "The Way Forward"
Negative public reaction to the second round of siting for LLW disposal has been
attributed to the "bolt from the blue" nature of the announcement that three
additional sites would be investigated (RWMAC, 1989). Failure of the second round
has also been attributed in part to the assumption that shallow land burial would be
used for disposal of LLW and short lived ILW, without evaluating alternative
disposal concepts (Blowers et al., 1991).
A new NIREX initiative was launched in 1987 with the issuance of a policy
discussion document entitled "The Way Forward." Three technological options for
deep disposal were presented to the public for review and comment: geologic
disposal on land, offshore undersea geologic disposal, and coastal geologic
disposal with access from the land (Numark and Wonder, 1990). NIREX adopted a
new principle that "areas without prior experience with, and relative public
acceptance of, nuclear activities should be avoided."
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Over 60,000 copies of the "Way Forward" document were distributed and eight
months were permitted for public comment. One chapter discussed topics which
may have been "considered by the public to warrant broad debate" including the
following (Ginniff, 1988):
• Which of the engineering/design options support a deep continental,
coastal, or offshore subsea repository?
• Which factors should be taken into account in site selection?
• What weight should be given to the views of neighboring countries (esp.
regarding subsea disposal)?
• Should particular areas of high amenity value, such as national parks, be
eliminated from consideration?
• How important is the capability to retrieve waste containers?
• Should an adequate site which enjoys local support be preferred to an
apparently superior site which does not?
• What arrangements should be made for local liaison, and how else can
NIREX bring tangible benefits to the community?
A discussion period was scheduled for approximately six months during which
NIREX organized many public meetings. A British university was contracted to track
more than 2,500 responses and petitions received. The process of reviewing these
responses revealed little support for the offshore, undersea concept because of
concern that radioactive contamination of the sea should be avoided (RWMAC,
1989).
The "Way Forward" document made a commitment that NIREX would follow the
International Atomic Energy Agency siting guidelines (IAEA, 1983), the optimization
principle recommended by the International Commission for Radiological Protection
(ICRP, 1985), and limit individual dose to 0.1 mSv/yr (Ginniff, 1988; Hooper, 1990).
The IAEA guidelines suggest a three stage process: (1) national survey and
evaluation, (2) site identification, and (3) site confirmation. The first phase would
use technical data such ss general geology, transportation issues, etc. to identify a
total set of potentially suitable locations. The second phase would consider land
availability, and would involve more detailed desk studies of technical suitability. A
small number of sites would be selected for thorough investigation to confirm
suitability, followed by a decision to develop one site.
The site selection procedure detailed in the "Way Forward" document was as
follows (RWMAC, 1989):
• Suitable geological environments were defined by the British Geological
Survey to include: hard rock in low relief terrain, small islands where
groundwater conditions are independent from the mainland, seaward
dipping and offshore sediments, and inland basin environments.
• Environmental and planning constraints were included in the screening,
including population density, preservation of landscape, and natural
preservation.
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• Land ownership was defined in terms of availability of parcels, sized on the
order of 400 hectares (200 ha for a land based undersea repository).
• Using these sifting criteria, NIREX prepared maps of viable areas, and
reduced the number of sites under consideration to about 120.
• A short list of sites worthy of continued investigation was prepared but not
publicized (RWMAC, 1989).
For the final phase, an evaluation model was developed by a "consultant who had
experience with a similar project in the U.S." (RWMAC, 1989). Site attributes were
grouped under headings: safety, socioeconomic and environmental impact,
robustness with respect to uncertainties and known constraints, and direct costs. No
analysis or weighting of the importance of various environmental and safety related
siting criteria has been reported.
At this stage NIREX recognized that the sites fall in two categories: those where
there is clear local public support, and those where support is unknown or doubtful
(RWMAC, 1989). Accordingly, in March 1989 NIREX selected Sellafieid (Cumbria)
and Dounreay (Caithness) for investigation (Ginniff, 1990). There are existing
nuclear facilities in both these areas, and the selection was accompanied by a
commitment that other sites would be considered if neither "proves suitable."
After review of "The Way Forward" document environmental groups objected to the
omission of on site storage as an option to immediate disposal. This contributed to
the political controversy which has led to the choice of study sites located within
existing nuclear reservations (Blowers et al., 1991). The controversy caused the
local council at Caithness, in the north of Scotland, to reverse an earlier decision to
allow site investigations. After that, no attempt was made by NIREX to conceal the
political nature of the choice of the Sellafield and Dounreay sites for study. Steps
were taken by the central government to avoid Parliamentary debate, and to
minimize linkages with other nuclear projects. Initial applications to the local
communities for permission to drill were denied, and later approved after appeal
from the Secretary of State.
A tight schedule is proposed by NIREX for site characterization and repository
development, however, progress on site characterization studies has been slower
than expected (RWMAC, 1990). The timetable calls for completion of the first phase
of geologic studies at both sites in 1991, forming the basis for a safety assessment
for the two sites (Hooper, 1990). The planning application for the repository is
scheduled to be prepared in just three months in 1992, before the conclusion of site
characterization activities. The environmental statement and environmental and
safety reports will be prepared in parallel. The Public Inquiry can begin 3 to 6
months after all of these reports are completed, possibly in early 1993. A decision
by the Secretary of State may then be made as early as December 1994, although
this would be difficult to predict. Ten years are allowed for construction and
licensing, after which operations could begin as early as 2005.
Both sites are expected to have about 500 m of sedimentary rocks, mostly
sandstone, overlying crystalline "basement" rocks which are of interest for a
repository (NEA, 1990). At the Sellafield site, a 1988 seismic survey was used to
locate the first exploratory borehole. The first hole was lost at 773 m, and was
plugged with cement. A second borehole was drilled to 1,143 m and then lost at 602
m, and also plugged with cement. Permission for additional drilling was obtained
and drilling began in August 1990. At the Dounreay site, seismic surveys were also
used to locate initial boreholes, and a planning application for drilling was
submitted in April 1989, but was refused by the Highland Regional Council.
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Approval was granted in May 1990 following the aforementioned appeal by the
Secretary of State.
No specific position has been taken by the RWMAC on the site selection criteria or
their relative weight. However, the committee endorsed the choice to first
investigate sites located on existing nuclear installations (RWMAC, 1989). The
committee also reported that there is limited basis for the hydrogeological and
environmental assertions put forward by NIREX so far, and thus the assumptions
made regarding waste isolation performance of these sites may be found to be
optimistic (RWMAC, 1989).
A recent review by an IAEA panel criticized some of the assumptions used in the
first safety assessments for the two sites (RWMAC, 1990). The panel recommended
that the NIREX program include an exploratory shaft at one or more sites, and
prepare a strategic plan to ensure that performance assessment is included
appropriately in the characterization process leading to a license application.
The RWMAC is pushing for a two stage inquiry procedure with NIREX (RWMAC,
1990). The first stage would involve all conventional planning matters, and seek
approval for a deep shaft and sufficient underground exploration to verify in situ
conditions and support the case for further characterization. The second stage
would seek approval for substantive underground development, including waste
disposal vaults. The first inquiry would provide the forum at which technical matters
could be raised, and the second inquiry would provide the forum for responding to
those matters. The safety assessment presented for licensing would be based on
two stages of inquiry and characterization, and would be better supported than that
allowed by the current NIREX plan.
HLW Disposal in the U.K.
Some site specific work was done for 12 regions in the late 1970's, including
several crystalline and sedimentary rock areas. The drilling program proposed at
the time met stiff resistance and drilling permission was obtained for only a few
sites. The U.K. Atomic Energy Authority sought permission to investigate three
crystalline rock areas, and won permission for only one (IEAL, 1986a). The Institute
for Geological Sciences applied for drilling permission at three sites in southern
England, and received local permission for only one site (IEAL, 1986).
The program was cancelled by the government in 1981 in conjunction with approval
of the HLW vitrification plant at Sellafield. Vitrification reduces the waste volume
and renders it in a form that can be safely stored for 50 yr or more. Storage will
reduce the radioactivity and heat generation at the time of disposal, and allow more
time for site selection and disposal technology development. There currently is no
active effort to site a repository for HLW in the U.K., and the schedule does not
require HLW disposal siting for at least 40 yr (Numark and Wonder, 1990). The
HLW disposal research program in the U.K. was directed to emphasize the
applicability of findings from other countries. The government also maintained that a
demonstration facility for HLW disposal is not needed in the foreseeable future, and
that sufficient geologic data for the immediate needs of the disposal program were
available from existing sources.
Summary
Public acceptance of nuclear waste disposal siting activities in the U.K. has not
been forthcoming. Although the central government has final siting authority, at
least two rounds of siting for deep geologic disposal have been stopped by political
63

intervention since the early 1980's. Various institutional and historical reasons for
this rejection have been offered. The centra! government has taken a very active
role in redefining strategic objectives, including major changes in the disposal
concepts for different types of waste The decision to defer HLW disposal for at
least 40 years has quieted strong resistance to HLW disposal.
Based on past experience with public acceptance, NIREX now emphasizes siting of
deep geologic disposal for I/LLW in areas that are controlled by the nuclear
establishment (lEAL, 1986). Systematic screening was reportedly used in the most
recent round of siting, but the nature of the process and the results for all sites
considered have not been publicized The Sellafield and Dounreay areas are
currently being investigated, and could conceivably be developed either as land
based repositories, or coastal repositories with land access.
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7.7 U.S.A - Siting Activities for Geologic Repositories
Siting activities for disposal of spent fuel and HLW in the U.S. are currently limited
to characterization of Yucca Mountain, Nevada, and a search for possible volunteer
sites. Systematic screening was attempted for the Crystalline Repository Project in
the mid-1980's, however, this met extreme public opposition and was terminated by
the U.S. Congress in 1987. The Waste Isolation Pilot Project (WIPP) in
southeastern New Mexico is nearly ready to receive iLW from the nuclear weapons
program.
Background
Disposal of nuclear waste in the U.S. is primarily the responsibility of waste
producers, for example, all radioactive waste from defense programs is the
responsibility of the U.S. Department of Energy (DOE). Important exceptions are the
final disposal of spent fuel for which the DOE is responsible, and the
implementation of new regional facilities for LLW disposal, for which the States are
responsible (Section 8.3).
Technology development for disposal of spent fuel and HLW has been ongoing in
the U.S. since the 1960's. Two projects demonstrating geologic disposal were
performed by the DOE and its predecessor organizations:
- Project Salt Vault in an abandoned salt mine near Lyons, Kansas
(Bradshaw and McClain, 1971).
- The Spent Fuel Test- Climax, in crystalline rock on the Nevada Test Site
(Patrick, 1986).
In addition the WIPP facility was sited in southeastern New Mexico in the 1970's,
constructed in the 1980's, and is nearly ready for disposal of ILW from weapons
production. Extensive in situ testing has been conducted and is still underway at the
WIPP site.
The principal legislation affecting siting for deep geologic disposal is the Nuclear
Waste Policy Act of 1982 (NWPA) and the Nuclear Waste Policy Amendments Act
of 1987 (NWPAA). The legislation specified deep geologic disposal for civilian
wastes, and required the U.S. Nuclear Regulatory Commission (NRC) and the
Environmental Protection Agency (EPA) to produce regulations with technical
criteria for repository performance and licensing (NRC, 1983; EPA, 1985). In
addition, the NWPA required the DOE to produce regulations specifying site
selection criteria, which are known as siting guidelines (DOE, 1984).
The legislation and regulations comprise what is easily the most detailed and
prescriptive legal basis for disposal siting of any country considered in this report.
The NWPA dictates the schedule for siting activities, and also constrains what
geologic media are considered and how the sites are to be characterized. The
legislation was intended as a model of federal-state cooperation, and also includes
Indian tribes which together control large land area. The NWPAA restricts the
development of centralized interim storage for spent fuel, and also created the
Office of the Nuclear Waste Negotiator to pursue cooperation with States, Indian
tribes, and units of local government.
The DOE repository siting and development program must also comply with the
National Environmental Policy Act, the Air Quality Act, and other environmental
laws. Although the NWPA exempts DOE from preparing an Environmental Impact
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Statement (EIS) for site characterization, environmental permits are required for
field activities, these permits are administered by the State governments even
though the environmental laws and quality standards are federal. The situation is
maintained by agreements between the US. EPA and each state, and in principle
cannot be used by the States to deny environmental permits to unpopular projects.
In practice, however, the States can delay a project for years while permitting issues
are decidea in the courts.
There is no general local veto in the U.S. for projects on federally owned lands,
except for the environmental permitting process discussed above, and certain
special provisions of the NWPA. Once the President (acting on advice from the
DOE) has recommended the final site for a repository, the affected state may
formally disapprove, in which case the project can proceed only if it receives special
approval from Congress, within a time period specified by the NWPA.
The NWPA created the "first" and "second" repository programs, with the "second"
scheduled several years behind the "first." This effectively formed a political
compromise between populous states in the East which generate and use most
nuclear power, and states in the undeveloped West which have few nuclear power
reactors but attractive conditions for waste disposal. Sites considered for the first
repository were mainly in the West, and siting for the second repository was limited
to the East and Midwest. The need for two repositories seems assured under
current law, which limits the "first" repository to 70,000 metric tons (MT) spent fuel
or equivalent HLW. Siting activities for the repository program began before
enactment of the NWPA in 1982. Systematic screening for the second repository
was initiated in 1983, but was terminated by the NWPAA in 1987.
A reprocessing operation for spent fuel was operated at West Valley, NY between
1966 and 1972, but has been decommissioned. At least two other commercial
reprocessing ventures were started but never completed. A DOE program to
develop a Fast Breeder Reactor at Clinch River, TN was cancelled in the late
1970's. Two important reasons for the demise of nuclear fuel reprocessing in the
U.S. were: cost relative to that of once-through fueling, and federal policy to restrict
the availability of enriched fissionable material which might be diverted to
surreptitious bomb production. In addition, changes in the political milieu made it
difficult to win approval for nuclear facilities in the 1970's.
Nearly all spent fuel produced at the ca. 110 operating U.S. power reactors is stored
in reactor pools (Schneider et al., 1990). Reactor operators are currently trying
various approaches to spent fuel storage such as fuel rod consolidation, poisoned
racks, and dry cask storage. Interim storage is the responsibility of the reactor
operators, however, the NWPA dictates that after 1998 the DOE is obligated to
begin receiving spent fuel from the reactor operators, or to assume financial
responsibility for interim storage.
A federal interim storage facility for up to 15,000 MT of spent fuel has been
proposed by the DOE to receive waste from power reactors, however, it is in conflict
with recommendations from a special commission convened by Congress. The
Monitored Retrievable Storage Review Commission recommended in 1989 that a
federal emergency storage facility with capacity of 2,000 MT was justified, and that
another facility with 5,000 MT capacity could be justified if the costs were paid by
the commercial users. The MRS commission recommendations are currently under
consideration (Schneider et al., 1990).
There is no federal stipulation law or explicit linkage between development of
nuclear power stations ana nuclear waste disposal. However, there have been
stipulations in several states, such as the 1976 California law banning new nuclear
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power stations until a technology for spent fuel/HLW disposal is demonstrated and
reported to the legislature (IEAL, 1986a). There are no national referenda on
specific issues in the U.S., although such referenda are common in certain states
and localities.
Siting Activities for the "First" Repository
Siting activities for a national repository for civilian spent fuel/HLW were begun in
1977 when DOE regional offices (e.g. Nevada, Chicago, Hanford) were directed to
identify possible sites. The siting strategy consisted of systematic screening of
several hundred possible sites in salt formations, plus examination of certain areas
already controlled by the U.S. government. Of particular interest were
DOEOmanaged nuclear reservations where there was already nuclear
contamination, such as the Hanford Reservation and the Nevada Test Site.
For the screening exercises, hierarchal screening criteria were developed covering
most aspects of repository construction, operation and performance.
Criteria were developed from a literature of siting criteria (IAEA, 1977; National
Research Council, 1978), and from draft repository regulations (NRC, 1983) which
were first proposed by the NRC in July, 1981. Repository performance was
conceptualized in terms of multiple barriers, both natural and man-made, with
specific hydrodynamic, geological and geochemical characteristics to impede
radionuclide transport.
The U.S. Geological Survey (USGS) proposed a screening process which divided
the U.S. land area as follows (Bedinger and Sargent, 1981; GAO, 1987):
-

Geologic provinces (11 identified in the conterminous U.S.)
Regions
Areas
Locations
Sites (potentially acceptable)

Technical screening criteria including the following (Bedinger and Sargent, 1981):
-

Stable geology
Host rock with minimal permeability and .'arge sorptive capacity
Low groundwater velocity along downgradieni flow paths
Low hydrostatic pressure at depth

Institutional issues concerned public acceptance, and were incorporated in the
hierarchy along with technical issues. The following are representative of the lowest
leve! of detail for treatment of institutional issues:
- Minimize adverse socioeconomic impacts
- Minimize impacts on private land
- Cooperate with state governments
Alternative locations were "scored" numerically on the low-level criteria, and various
schemes were used to aggregate the different inputs into measures of favorability
(Sinnock et al., 1981). In simplest terms, importance weights were developed to "roll
up" the low level scores. Generally, the weight assigned to institutional issues was
very low, and was not influential in the screening results. Public acceptance was not
considered explicitly, as it has been in other analyses of HLW disposal system
planning in the U.S. (e.g. Stevens and Costin, 1991).

The size of the Hanford Reservation and the Nevada Test Site is on the order of
1,000 square miles, so they were designated a priori as screening areas. Area-tolocation screening was performed for the Hanford Reservation (Woodward Clyde
Consultants, 1981) and for the Nevada Test Site (Sinnock et al., 1981; Sinnock and
Fernandez, 1982). The Yucca Mountain site is a conceptual design that was based
on a location determined from this screening process.
A total of nine possible sites (Hanford, Yucca Mountain, and seven sites in bedded
and domal salt) were identified by the DOE in 1983. These sites were situated
mainly in the West for reasons discussed above. Subsequent selection among them
was conducted in accordance with the the NWPA (U.S. Congress, 1983), which
required the DOE to nominate five sites to the President and recommend three of
them for detailed characterization. In 1985 the DOE released environmental
assessment documents for five sites: Yucca Mountain, Hanford, Deaf Smith County,
Davis Canyon and Richton Dome (e.g. DOE, 1986). The documents described the
sites and compared their suitability using the DOE siting guidelines (DOE, 1984).
The objective of the comparison was to select three sites for detailed parallel
characterization. An early draft of the comparative analysis recommended the
selection of Yucca Mountain, Hanford and Deaf Smith County. The draft was
reviewed by a panel from the U.S. National Academy of Sciences (NAS) and found
to be methodologically deficient. In response the DOE conducted a new
comparative study using formalized multi-attribute utility (MAU) methods. The MAU
study incorporated technical, institutional, cost, and schedule objectives similar to
previous screening studies (Merkhofer and Keeney, 1987). The results ranked the
Hanford site at the bottom of the list, nevertheless, the Hanford site remained one of
the three recommended by the DOE to the President and selected for detailed
characterization.
The NAS panel also reviewed the MAU study, and the following quote describes
some of the results of that review (Merkhofer and Keeney, 1987):
"The [panel] believes that the MAU method used by the DOE is a
satisfactory and appropriate decision-aiding tool....the Board strongly
supports the DOE position that the methodology is best applied only as
a decision-aiding tool, and that additional factors and judgments are
required to make final decisions about which sites to characterize."
The disparity between the MAU study and the selection process shows that factors
in addition to those in the analysis were relevant to the decision (Merkhofer and
Keeney, 1987). A decision model may be rejected by decision makers if they feel
that the decision logic is inappropriate, if they disagree with the model inputs, or if
they feel that key objectives have been omitted.
One of the main reasons offered by DOE for the disparity was that a discounted
cost analysis would reduce the apparent differences in the costs associated with the
alternatives (Gregory and Lichtenstein, 1987). The use of discounted costs for
comparisons between money and other attributes such as future mortality has been
analyzed by many investigators (Karlsson and Svenson, 1988; Hansson, 1989;
ICRP, 1983). Discounting is generally not used for projects involving health risks,
because health effects are just as detrimental regardless of when they occur, unlike
economic losses for which the present value depends on when they will occur
(Gregory and Lichtenstein, 1987).
The NWPAA of 1987 suspended characterization of all "first" repository sites except
Yucca Mountain. This produced immediate and substantial cost savings, and was
done in response to political controversy and arguments such as those presented
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by Carter (1987) and Keeney (1987).
The 1987 amendments also created the position of an independent Federal
Negotiator, tasked with finding alternative sites with local public support, or with
instituting measures to obtain local support at sites that have already been
identified (Numark and Wonder, 1990). In the process of forming the negotiator
concept, informal offers of cash payments ranging from $10 million to $100 million
per year over the operating life of the repository, were made to the State of Nevada
and summarily rejected. At present the Negotiator has been appointed and funded,
but there has been no public announcement of any new siting initiative. The Office
of the Nuclear Waste Negotiator will be dissolved in 1992.
Siting Activities for the "Second" Repository
In parallel with the first repository program, siting activities were conducted for a
second repository in crystalline rock. The process began in 1979 with a nationwide
geologic screening of crystalline rock. The report identified eight regions in the
conterminous U.S. and found that three were favorable for further study: the Lake
Superior, southern Appalachian, and northern Appalachian/Adirondack regions. The
Lake Superior region was considered most favorable. These three regions span 17
states, each of which contains exposed or near surface crystalline rock (DOE,
1986a). The study was never released as a final report because it considered only
geotechnical factors such as geology and hydrology, and did not consider
institutional or environmental factors (GAO, 1987).
After enactment of the NWPA the DOE issued a screening report using
geotechnical data from the earlier report plus non-geotechnical factors (OCRD,
1983). The report found that other regions might also be acceptable. It was
determined that a suitable site might be found in any of the eight regions, but that
the three proposed originally appeared to be superior.
Workshops were held with representatives from the 17 affected states in three
regions, to elicit input on the screening methodology for region-to-area screening. A
total of 235 crystalline rock bodies were known to exist, and the next screening step
was to narrow those to 15 to 20. The workshops were supposed to give the States
adequate opportunity for comments on the screening process.
The siting guidelines (DOE, 1984) directed that the screening process begin with
large scale screening, to consider "large land masses." Within those masses,
screening activities were "to focus on successively smaller and increasingly more
suitable units."
The methodology was published in April 1985, and the Draft Area Recommendation
Report was released in 1986 for public comment (DOE, 1986a). It recommended 20
candidate crystalline rock areas. The screening criteria included ten disqualifying
conditions from the siting guidelines (DOE, 1984), and 16 geological and
environmental screening variables. A total of 22 crystalline rock areas were
identified, one was deferred as too close to the Canadian border, and two others
were consolidated. Of the 20 remaining, 12 areas in seven states were
recommended as "proposed potentially acceptable sites" for preliminary field work:
Georgia (1), Maine (2), Minnesota (3), New Hampshire (1), North Carolina (2),
Virginia (2), Wisconsin (1). The other eight areas were to be held in reserve (DOE,
1986a).
Early 1986 was designated as a comment period in which formal briefings and
hearings were held in each of the 17 affected states. Over 60,000 oral and written
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comments were received. The DOE planned to issue the final Area
Recommendation Report in iate 1986, but decided instead to postpone aii site
specific work, and the report was not finalized. The large number of negative
comments was cited by the DOE in the rationale for postponement.
Commentors were especially critical of the nationwide screening process. The
strongest criticism may have been that the regions and areas identified were all
located in eastern states, thus the report appeared to justify a fait accompli that the
"first" repository would be in the West, and the "second" would be in the East. For
example, Minnesota complained that the process was illogical in a way that made
the eastern regions look more favorable, and that the effort for collecting geologic
information was "inferior." (GAO, 1987) Other criticism of the siting methodology
included the following (R. Levich, 1991, personal communication):
• The geographic information system (GIS) screening approach is not
effective with a heterogeneous data base, and the DOE committed only
limited time and resources to verifying uniform, homogeneous inputs. The
reasoning for avoiding more detailed analysis of the technical inputs was
grounded in a desire for impartiality. Examples of flaws in the data base
include:
- Regions covered by glacial deposits, such as Minnesota, afforded poor
exposure of rock heterogeneity and thus appeared more uniform on
geologic maps. Larger rock bodies were therefore considered more
likely.
- Massachusetts had new maps, whereas New Jersey maps dated from
the 1920's. The style of mapping differed in the 1920's, with a
tendency to map ductile rather than brittle structures.
- Virtually all faults in Massachusetts (mapped in 1983) stop at the
border with Vermont (mapped in 1969).
- The GIS approach is apparently better suited to the siting of surface .
facilities than those that are deep underground.
• The DOE made commitments to the States that field work would begin
simultaneously at each area selected, i.e. that characterization would be
performed in parallel. Prior to completion of screening, therefore, geologists
were not permitted to visit any site to examine the candidate plutons. Again,
this was ostensibly done for impartiality, and to avoid political responses
near the time of an election. The result was to harm the credibility of DOE
scientists in the eyes of local experts.
• The screening process screened out rock formations with known extent less
than 100 square miles, which would have biased the search even with an
ideal geologic data base. The rule forced the exclusion of small "postmetamorphic" plutons many of which could be suitable for a repository.
These small bodies tend to be younger and less altered, deformed, and
fractured than larger, orogenically associated plutons. The rule eliminated
many otherwise attractive sites from the southeastern U.S., and contributed
to loss of confidence.
• Another rule used in the screening process was to "stay away from
population." This is arguably correct, but raises the issue of where future
population will be located, and has the immediate effect of alienating the
rural population, which infer that the repository is associated with bad near
term consequences.
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Public protest to the siting process was particularly severe and widespread in the
densely populated East (Numark and Wonder, 1990). The "second" repository
program became an election issue for the U.S. Senate campaigns early in 1986.
When the DOE recommended the three "first" repository sites to the President in
May 1986, it also announced the suspension of all siting investigations for the
"second" repository, stating that it was no longer needed as previously thought. This
was followed by Congressional review of the waste program (GAO, 1987) and
resulted in new legislation, the NWPAA, which directed the DOE to characterize
Yucca Mountain only and prohibited activities for the "second" repository.
The General Accounting Office report (GAO, 1987) gives a slightly different
account:
"The Director of OCRWM was greatly surprised at the number and
critical nature of the comments, especially because he was sure that
DOE's Chicago Operations Office had run a very strong inter-relations
program throughout the crystalline rock site screening process"
"The postponement decision was ostensibly based on reduced
estimates of the production of spent fuel, increased confidence in the
first repository program, and a growing expectation that centralized
interim storage would be approved by the U.S. Congress" [Also,] the
option for parallel characterization of first and second repositories was
deferred because the States and others criticized the need to spend
$600 to 900 million on the second repository program before it was
determined when and if the repository would be needed"
"When the postponement announcement was made by the Secretary
of Energy, it was also announced that the 20 sites were no longer
under active consideration, and that any further site specific work for a
second repository would begin from square one."
The "second" repository siting effort was driven by siting criteria which did not
explicitly incorporate local public acceptance (e.g., the DOE siting guidelines; DOE,
1984). The siting guidelines did not preclude additional consideration for public
acceptance and possible volunteerism, however, the importance of these aspects
was recognized several years later when they were included in the NWPAA.
Basis for Siting of the WIPP
Siting for the WIPP project was begun in 1973 by the Atomic Energy Commission
(AEC), Oak Ridge National Laboratory (ORNL), and the U.S. Geological Survey
(USGS). The first task was to choose disposal media, and the search was directed
toward rock salt in 1973. Regions where salt occurs in the continental U.S. were
evaluated using set of technical criteria that included: depth, salt thickness, lateral
extent, conditions to protect against dissolution, low seismicity, lack of salt flow
structures nearby, hydrologic and mineral resource potential, existing borehole
penetrations, population density, and land availability (federal lands preferred).
Further definition of the criteria included: no known existing boreholes within 2
miles, and available land area of at least 3 square miles plus a 2-mile wide buffer.
The drillhole avoidance criterion was developed from previous experience of the
AEC with Project Salt Vault in Lyons, Kansas. This facility demonstrated disposal
technology in rock salt using actual high level waste, but was later abandoned as a
possible repository because there were many "lost" boreholes remaining from oil
and gas drilling.
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Four salt regions were identified: gulf interior salt dome region, Salina region, Texas
portion of the Permian Basin, and the Paradox Basin. Bedded salt was preferred to
domal salt which is an obvious exhibition of salt flow behavior. Eastern New Mexico
was selected by the USGS and the ORNL because of the well known geologic
conditions, and exceptionally flat undisturbed bedding. There had been deep drilling
in parts of the Permian Basin, but relatively little in eastern New Mexico.
Three locations within the Permian Basin of eastern New Mexico were considered:
the Carlsbad potash area, Clovis-Portalis area, and the Mescalero Plains of Chaves
County. The Clovis-Portalis area was determined inadequate because the shallow
salt has relatively abundant clay, and the more pure salt beds are too deep. The
Mescalero Plains area has extensive oilfield development, and the search was
narrowed to the Carlsbad potash area.
Within the Carlsbad potash area, the Deleware basin was considered the most
desirable portion from geologic considerations. Outside the Deleware basin there
are nonuniform, water bearing rock formations beneath the principal salt formation,
and there is extensive oil and gas development. The designated area was shifted as
new oil and gas drilling encroached.
Preliminary investigations included surface geophysics and a few boreholes.
Structural complexity and pressurized brine were discovered, and could not be
predicted in proximity to an aquifer known as the Capitan Reef. The search was
therefore broadened to include more of eastern New Mexico, with an exclusion
criterion to stay at least 6 miles from Capi i Reef. Additional criteria were:
- Locate the central 3 square mile"-' me site and as much of the 2-mile
buffer zone as possible outside jf any known potash district.
- Locate the central part of the site at least 1 mile from any borehole
penetrating the Castille salt formation into underlying rocks. This was
reduced from the earlier 2-mile buffer criterion on the basis of a theoretical
study which argued that water and dissolution resulting from an unplugged
borehole would not travel more than 1 mile in 250,000 yr.
- Avoid known oil and gas trends.
- Locate the site at least 1 mile from the nearest dissolution front.
- Flat bedding was desired, with high purity over a thickness of 1,000 to
3,000 feet.
- A repository salt unit thickness of 200 feet or more was desired to confine
repository effects to the salt medium.
- Minimize the use of state and private land.
Screening of several areas in eastern New Mexico resulted in the identification of
two areas in the Deleware basin, one of which was favored because the salt is
deeper and the area lies farther from oil fields in which water flooding may
eventually be used for secondary recovery. The preferred area did not comply
perfectly with the criterion to avoid potash mining areas. The Los Medanos site was
selected in such a way that the central part of the site was outside the known potash
district. It was later learned from borehole exploration that the potash resources
encompass most of the repository site. In addition, a small fraction (0.02%) of the
U.S. reserves of natural gas lie directly beneath the site and the controlled zone
around it. However, these discoveries did not result in further changes; the Los
Medanos site has been the chosen WIPP location since 1975.
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Summary
Systematic screening has been used several times by the DOE or its antecedents
for geologic disposal siting: to select the WIPP site, to select among salt sites for
the "first" repository, and to screen crystalline rock areas for the "second"
repository. Steps taken to improve public acceptance have included:
-

Emphasis on government-owned, scientifically justified sites.
The schedule for siting activities was mandated by federal law
Institutional factors were included as minor criteria
Siting programs were open to public inquiry
Stringent quality control was applied

The first implementation was in the 1970's and resulted in selection of the Los
Medanos site for the WIPP project The next was in the early 1980's and resulted in
screening of 500 possible sites in salt formations. Three of these were nominated
by the DOE in 1986, and permits were granted obtained for preliminary
investigations. The Deaf Smith County site was recommended for detailed
characterization, however, activities at the site were terminated by the NWPAA in
1987 before permits for detailed characterization were obtained.
Region-to-area screening for the "second" repository program met with extremely
negative public reaction, culminating in a decision by the DOE to postpone the
entire process, and the subsequent NWPAA legislation which terminated the
crystalline repository program. A review of the siting process shows inherent
weaknesses in systematic screening, and the manner in which input from the public
was incorporated in the process.
Yucca Mountain is currently the only site under investigation for a spent fuel/HLW
repository in the U.S. Investigations have been delayed for several years pending
resolution of environmental permitting matters in the courts. The process mandated
by the NWPA and the NWPAA is in progress, although the schedule has been
revised many times. Relationships between local governments and the States are
different from those between the States and the federal government. The result is
that it will be exceedingly difficult for the federal government to locate a HLW
repository in any state, regardless of local support. By contrast, the States are able
to act in their own interest as shown by the LLW "compacts" (Blowers et al., 1991).

73

8. Examples of Siting for Other Controversial Projects
These cases are presented for additional insight on current approaches to siting,
and to demonstrate that principles derived from the survey of siting practices for
geologic disposal, can be supported by case histories for other types of projects as
well.
8.1 Canada - LLW Disposal Siting Activities
Background
The waste producer is responsible for disposal in Canada. Waste generated from
the use of materials for their nuclear properties is under the jurisdiction of the
federal government, and is regulated by the Atomic Energy Control Board (AECB).
Radioactive wastes generated as byproducts of other activities are regulated by the
provincial governments.
Most LLW in Canada is in temporary storage, although much of the least dangerous
waste is disposed of in wastewater, landfills, and incinerators. Nuclear power
wastes are the responsibility of the operating companies, which have I/LLW storage
capability. Ontario Hydro operates a centralized waste management facility for all
nuclear power wastes at the Bruce Nuclear Power Development (BNPD) site (P.
Conlon, 1991, verbal communication). LLW from hospitals, research and related
activities is stored by Atomic Energy of Canada, Ltd. (AECL) in a facility at Chalk
River.
A special problem is the so called "orphan waste" for which no capable party can
currently be identified as producer. Much of this resulted from radium and uranium
production in the early 20th century, including during the second World War. These
wastes are mostly located at the town of Port Hope, which has grown up around
piles of milling waste. In addition, wastes from mining and refining at the towns of
Port Granby and Welcome are a disposal problem for which the federally owned El
Dorado Mining Co. is responsible. The sites have recently been classified by
regulatory authorities as temporary storage not disposal, and closed at the direction
of the AECB. The federal Low Level Radioactive Waste Management Office
(LLRWMO) was created with a mandate to design, construct and operate a facility
for disposal of these wastes, with the possibility that other waste types might be
accommodated as well. The LLRWMO is an independent agency administered by
AECL.
Volunteer Siting Process
Initial activities by the El Dorado Mining Co. to site a disposal facility resulted in
political furor. The affected communities raised their concerns to the federal
government, which ordered siting activities to desist, and convened the Siting
Process Task Force in 1986 to develop a nonconfrontational process for siting
disposal facilities. Process development focused on volunteerism, which had served
well for siting of a hazardous waste disposal facility in Alberta (Integrated Special
Waste Management System). The process was based on five "essential principles
of site selection" (Armour, 1987; NEA, 1988a):
- A community should be able to volunteer and still have the right to "opt out"
of the process at any stage.
- The community should be a partner in problem solving and decision making.
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- The community should be compensated for unmitigated impacts, and to
enhance local benefits.
- The community should have the right to select from available disposal
technology options and measures for impact mitigation.
- The task force responsible for siting must assure that environmental safety
and human health are not "traded off' for any reason.
Safeguards were put in place to protect economically disadvantaged communities
(Rennick and Greyell, 1990):
- An explicit up-front impact management policy ensured that communities
were aware of all options available.
- Community selected advisors were employed to ensure that local interests
were protected.
- Site assessments and disposal technology assessments were developed
jointly by the community, Siting Task Force, and technical experts.
- A broad based community liaison group was established to work with the
Siting Task Force.
- Funding was provided to allow for community participation.
The Siting Process Task Force labelled the traditional approach to facility siting as
one of "technical rationality" which discounts socio-political factors, and reduces the
public's role so that it is secondary to the technical expert. Steps in the traditional
approach were identified as (Siting Process Task Force, 1987):
-

Goal Identification
Project Characterization
Select Site Evaluation Criteria
Site Assessment and Site Screening
Detailed Design

The failure of public acceptance of the traditional approach was attribute to four
major causes (Siting Process Task Force, 1987). First, the technical objectivity of
the experts is held suspect by the public because technical input always involves
assumptions and subjective judgments. Second, for the traditional approach the
concerns of the local communities which are most affected by the project, cannot be
taken into account until after candidate sites are selected. Third, the selection
criteria and value trade offs made by technical experts almost never coincide with
those of the community. Finally, the "top down" architecture of the traditional siting
process leads to the imposition of a decision on the affected community, which is
always resented by the affected population.
The process which was developed by the Siting Process Task Force can be
flowcharted in detail, and characterized in five general phases (Siting Process Task
Force, 1987):
Phase I.
Phase II.
Phase III.
Phase IV.
Phase V.

Establish guidelines
Regional information sessions
Community information and consultation
Project assessment
Implementation

Local interests are represented chiefly by the governing local councils, and also by
a Community Liaison Group formed in each affected locality by joint action of the
local council and the Siting Task Force. Importantly, the process requires
verification of continued interest from each local council at several steps in Phases
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II, III and IV. If positive feedback from the local council is not obtained at each step,
the community automatically "opts out" from further consideration. In Phase V the
community is asked to conduct a general referendum, verifying acceptance of siting
and disposal technology before the matter is taken to the Federal Cabinet for final
action.
Phase IV includes the key step in which a volunteer community proposes specific
sites and disposal concepts, and the sites are characterized in detail. Volunteer
communities can "opt out" of the process at any time including Phase V, regardless
of the site status or any level of investment in the siting process.
The Siting Process Task Force also found fault with "loose" regulations on LLW
disposal such as those administered by the AECB. The existing "no threshold" and
ALARA standards were found to be perceived by the public as ad hoc because
specific performance requirements must be developed for each site. This leads the
public to mistrust the regulators and to confront the siting process.
Siting Process Implementation
The Siting Task Force was convened by the federal government to implement the
program developed by the Siting Process Task Force for disposal of "historic" and
other types of LLW as discussed above. It is expected that the total waste volume
including soil contaminated with U, Th and As will be about 800,000 cubic meters.
The Siting Task Force was given an 18 month mandate to establish specific
guidelines through public consultation and community cooperation. The task force
was asked to identify potential volunteer communities. At the end of 23 months the
task force reported back to the government with details on interested communities,
feasible technology, cost implications, and indications whether any community will
request compensation (Siting Task Force, 1990; NEA, 1988a). Implementation has
progressed through Phase III, and the preliminary report has been issued (Siting
Task Force, 1990). The report identifies several communities which remain
interested entering Phase IV of the process.
The next phases will require a renewed funding commitment on the part of the
federal government (Conlon, 1991, verbal communication). The Siting Task Force
(1990) recommends that this commitment be expedited to ensure smooth
implementation. So far the process has required funding for the Siting Task Force,
Community Liaison Groups, public meetings, instructional materials, grants to local
communities, and any studies desired by the affected localities and performed by
their own consultants. The next phases will require site specific investigations and
engineering studies which are likely to be a major expense.
The time frame for the process was estimated by the Siting Process Task Force
(1987) to be 38 - 57 months. After roughly two years it was estimated that at least 3
more years would be required for resolution.
Other I/LLW Disposal Siting Activities
The AECB has recently imposed a requirement on operating licenses held by
Ontario Hydro for certain nuclear power stations, to provide plans for disposal of
I/LLW from the operation and decommissioning of nuclear power stations. The
action was motivated by concern for the amount of accumulated waste in storage at
the BNPD site, and the need to ensure that the cost of disposal or long term storage
is fully met by the producers. Several disposal concepts are under development by
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Ontario Hydro (P. Conlon, 1991, verbal communication).
An initiative to dispose of I/LLW from the Chalk River storage facilities has been
undertaken by AECL for approximately the past 10 years. This initiative has
included development of the IRUS disposal concept for wastes with hazardous
lifetimes less than 500 yr. The IRUS consists of a reinforced concrete bunker with
various engineered features to ensure separation of wastes from groundwater. The
IRUS was designed to function above the water table, in a groundwater recharge
area with free draining surface deposits. Such conditions are common at the Chalk
River site, so it is likely that LLW disposal will be collocated with storage (P.
Conlon, 1991, verbal communication).
As an alternative to separate facilities, it is possible that once a disposal facility has
been commissioned for wastes from Port Granby, Welcome, and Port Hope, it could
be expanded to accept short lived wastes from other sources. This would be done
through cooperation of the operator and local community, and would be regulated
by the AECB. The expansion could include wastes stored at the Chalk River site, or
wastes from nuclear power generation (BNPD, Ontario Hydro).
Summary
The new "opting for cooperation" siting process is progressing to disposal of
"orphan" and "historical" wastes, and possibly other types of LLW in Canada. The
process was developed by one independent government task force and is being
implemented by another. The Siting Process Task Force repudiated the traditional
approach to facility siting, developing a system for cooperation with volunteer
communities. The process permits permits communities to "opt out" of the process
at any stage right until the end.
The siting process does have apparent weaknesses. The structured process is
silent on measures to be taken if no community accepts the project. In this case the
process could revert to previously used siting methods, and much of the time and
money invested in the volunteer process would have been lost. Because the local
communities are full participants in the siting process and receive unrestricted
funding to conduct independent studies, cost and schedule for the siting process
may be difficult to control. Reports from the Siting Task Force indicate only
moderate departures from the desired cost and schedule so far. Conclusion of the
"opting for cooperation" volunteer siting strategy depends on continued financial
support from the Canadian Parliament, and continued volunteerism at the local
level.
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8.2 Sweden - The SAKAB Waste Incinerator Projects
Introduction
SAKAB is a company owned mainly by the Swedish state (96%) with the mandate to
receive, destroy, and ultimately dispose of hazardous waste. Currently SAKAB
operates one central storage and incineration facility (SAKAB-1) in Kumla, southern
central Sweden. The facility has been in operation since 1983.
Sweden produces about 500,000 tons of hazardous waste annually, corresponding
to about 1 % of the total Swedish waste production. SAKAB currently receives and
treats about 10% of the total annual hazardous waste volume, or 48,000 tons in
1989. This corresponds to the current demand on SAKAB by industry, for waste
disposal in addition to wastes which are treated by industry itself, or sent outside
Sweden for destruction, treatment, or recycling.
The types of waste received by SAKAB mainly consist of the following (for 1989):
Waste oils
Waste solvents
Waste from paint and lacquer
Waste from glue substances
Alkaline and acidic wastes
Cd-containing waste
Hg-containing waste
Other wastes containing heavy metals
Cyanidic wastes
PC B wastes
Pesticide wastes
Other types

14,000 tons per annum
8,500
9,500
250
3,100
3
27
8,800
300
1,100
250
2,100

The waste received by SAKAB is registered and sent to one of the following, a
central long term storage for treatment and future disposal, an interim storage for
temporary hold awaiting incineration, or directly to the incinerator. The installed
incineration capacity at SAKAB-1 is 33,000 t/a. Incinerated waste consists mainly of
oil wastes, solvents, paint and lacquer, flue substances, PCB containing wastes,
pesticides, and hazardous chemical substances. The incinerator is of rotary type,
with operating temperature above 1,200 °C.
The concession for SAKAB-1 stipulates several maximum release limits for
contaminant substances, and a monitoring program. Monitoring is done internally by
SAKAB, and by an independent specialist appointed by the Board of Concession
and having authority to suspend operations. In addition, regional monitoring is
carried out by county authorities and paid for by SAKAB. A total-system risk
assessment of the operation has been performed by the Swedish Defence
Research Institute.
Releases during normal operations are very small, however, the facility is one of
several which are perceived by individuals and interest groups as major threats to
the environment and public health.
Siting for the SAKAB-1 Facility
The SAKAB-1 incinerator was one of the first environmentally controversial facilities
to be sited in Sweden after the general shift of public interest to more environmental
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concern during the 1970's. Several "missteps" were made in the siting process, from
an institutional viewpoint (Håkansson and Lundgren, 1991, SAKAB personal
communication). The selection of Kumla as a preferred site was based on several
factors including technical, logistical, local employment, and political considerations.
SAKAB filed an application in 1978 in accordance with the Environmental Protection
Act. The Board of Concession for Environmental Protection approved the location in
late 1978, but the Swedish Environmental Protection Agency and others appealed
the Board's decision In 1979 the Swedish government appointed a one-man
commission to review alternative locations mainly along the Swedish coast, but no
better location than Kumla was found.
In 1980 SAKAB applied to the government to locate the facility in the municipality of
Kramfors in central Sweden, but the government rejected this location for the reason
that the Kumla site is more suitable.
In January 1981, the government decided to locate the facility at Kumla. In the
decision the government increased some of the requirements issued by the Board
of Concession in 1978. The government also approved the building plan for the
Kumla site.
Siting Activities for the SAKAB-2 Project
In 1988 SAKAB initiated another site selection process for a SAKAB-2 incinerator
project. The starting point for the siting process was that all locations in Sweden
were possible. In a first step it was decided that for logistic and economic reasons a
location in the southern part of Sweden was preferred. Based on technical and
environmental evaluations a wet smoke gas cleaning method was selected for the
incinerator This resulted in the necessity to release water from the facility with
elevated levels of chloride, so a coastal location was preferred.
After this stage all interested counties and municipalities were invited to join closed
discussions. Several municipalities contacted SAKAB with interest in the project at
this stage. The main reasons for having closed discussion were to give the
municipal and county officials a fair chance to evaluate the project before making a
decision to invite SAKAB for further investigations, and to iimit the institutional
controversy at those locations which would be investigated further. The discussions
with the municipalities were closed at this stage, and it was difficult to explain the
project and the siting process to the mass media which was trying to find out the
potential locations. Several attempts were made to discover which municipalities
had made early contact with SAKAB (e.g. by Greenpeace).
In the second stage, after initial contacts, three counties and three municipalities
were involved in more detailed discussions. From this stage forward the process
was completely open to the public and the news media. During these discussions
the municipalities introduced the possibility of incentives, and the government
proposed the possibility of locating a technological research center in connection
with a potential SAKAB-2 facility.
One interesting institutional practice different from most other controversial projects
was used for SAKAB-2 siting, namely, counties and municipalities had the lead in
public relations and information activities. SAKAB specialists and information
materials were made available as requested by the municipalities (Håkansson and
Lundgren, 1991, SAKAB personal communication).
Another practice was the handling of concerned scientists and representatives from
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opposition groups. Several times SAKAB took the initiative to invite such individuals
to open technical meetings where concerns and objections were systematically
discussed. This practice proved to be very constructive in resolving controversial
issues.
Because of less generation of hazardous materials in Sweden than projected, and
because SAKAB-1 provided the capacity requested by industry, the siting of
SAKAB-2 was never completed. It is not known if the process would have
proceeded to successful conclusion.

Summary
Some general observations given by SAKAB related to siting of controversial
facilities are summarized as follows:
• It may be advantageous for the first stage of a siting process to be closed to
the public so that the fundamental basis of the project may be discussed
with localities, and in order for elected officials to form opinions based on
available facts. This practice creates the possibility of balanced, factual
discussions before a decision by officials whether to permit further
investigations.
• An open process is necessary after the decision to initiate further
investigations at a small number of locations.
• Use "decision sharing" to resolve controversial siting issues, i.e., permit full
participation by representatives of the municipalities.
• Share responsibility with the municipalities, for informing the public and
news media, in order to build confidence and trust.
• Avoid siting in a municipality whc r " the majority opinion is against the
project, and which intends to use the municipal veto.
• Avoid siting in municipalities with a history of political instability.
Siting for the SAKAB incinerator projects was essentially done on a volunteer basis,
which is appropriate given the strong local veto in Sweden. The SAKAB-2 siting
process used especially effective measures for public participation. Although never
completed, the SAKAB-2 siting process is remembered as a model for effective
public interaction, for siting of controversial facilities in Sweden.
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8.3 U.S.A. - LLW Siting "Compacts"

Background
The U.S. Low-Level Waste Policy Act of 1985 (LLWPA) required each state to
determine the manner of disposal of LLW generated or stored within its borders.
The Act permits the states to join together in groups, or "Compacts" for joint
disposal, possibly in a common facility. As of the 1990 deadline for submitting waste
management plans to the federal government, 42 of 50 states had formed compacts
and the remaining eight planned to act independently. The LLWPA requires each
state to have the use of a facility by 1992, which must be licensed by the U.S.
Nuclear Regulatory Commission.
To comply with the LLWPA, siting activities were conducted in many states at the
same time. Various approaches were used, and the differences among them can be
attributed to:
- State population, size, and geography.
- Economic vitality
- Political influence of potentially suitable areas
- Generation of nuclear power
- Attitudes toward health risk and nuclear power
- Status as the host for waste from other states
- Quantities of waste involved
- The tradition of state-local government relations
All of the states and compacts relied on volunteerism to some extent at the county
and municipal hvels. Implementing authorities were created by legislative action,
typically with strong oolitically appointed directors. Eminent domain (expropriatory)
rights were granted by the state legislatures in only in a few cases. Advisory
committees were composed of experts and citizens, typically unpaid, with various
functions including siting methodology development. Siting for the following states
and compacts are discussed below: Central Midwest Interstate LLW Compact
(Illinois and Kentucky), Southwestern Compact (California and Arizona), and the
State of Maine. These were selected as useful examples of recently implemented
siting strategies.
Central Midwest Interstate Low-Level Radioactive Waste Compact
This compact consists of the states of Illinois and Kentucky. Illinois generates far
more LLW and wao designated host state for the disposal facility. The Illinois
Department of Nuclear Safety (DNS) was directed by the siate legislature to
produce regulations for site selection, design, construction, and operation. DNS
policy is not to locate the facility in a jurisdiction that doesn't want it. As the siting
process unfolded, it was necessary to make minor changes to the law and the
regulations. Six steps transpired in the siting process (Lash and Huffington, 1988):
• Statewide assessment. Using available technical data, the DNS and its
implementing contractors performed a statewide screening exercise to
identify suitaule areas. Counties within those areas and with possible
interest in hosting the facility were identified based on informal contacts. Of
the 102 counties in Illinois, 23 had expressed interest at cne point in time.
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• Potential candidate area identification. Technical screening of the counties
was performed with six exclusionary factors (free standing water,
earthquake intensity, 1OO-yr flood, etc.) and seven performance related
favorability factors which could affect licensability. Screening resulted in the
identification of 60 potential areas of 4 square miles each, located in two
counties which continued to show interest in the facility.
• The areas were screened for "technical excellence" (English, 1988), with
consideration of prime farmland, wildlife habitat, cultural and historical
resources, and related environmental concerns. Reconnaissance was
performed in the potential candidate areas, and eight potential sites were
identified.
• Based on field reconnaissance and limited characterization, the DNS
Director selected four sites for further characterization. These were located
in Clark County and nearby Wayne County.
• At this time it became clear that local support was a problem in both
counties. Based on technical and political factors, and with approval of the
local jurisdiction, the DNS Director selected the "Martinsville Alternative"
site of about 1,000 acres, which is located in a portion of Clark County
where local support was sustained.
• The final step is license application preparation by the implementing
contractor (Chem Nuclear, Inc.), and review by the DNS. The DNS has an
agreement with the U.S. Nuclear Regulatory Commission to review the
application with respect to federal regulations, and thereby eliminate
federal review.
After the DNS Director selected four sites in Clark and Wayne Counties, a
sequence of events occurred which helped determine the final outcome. Favorable
resolutions had been passed in various municipalities, but both Clark and Wayne
County governments opposed the project. Under State law a municipality may
accept a project that has been rejected by the county, if the site is within 1.5 miles of
the municipal boundary. Anticipating that the Clark County Board of Commissioners
would pass a resolution opposing the project, the Martinsville municipality passed a
resolution the day before, which effectively annexed the land area in question
(Eaton, 1992, verbal communication). This averted a "political stampede" which is a
possible outcome of a volunteer strategy as the number of candidate sites grows
smaller. The license application for the Martinsville site was recently submitted to
the DNS for review.
California
The State legislature enacted laws in 1982 and 1983 requiring the state to develop
a facility for disposal of LLW generated within the state. The California Department
of Health Services (DHS) was mandated to select a contractor for facility siting,
construction, and operation. US Ecology, Inc. was subsequently selected (Kittel,
1989) US Ecology has received no funds from the State of California, but will have
a regulated monopoly to operate the disposal facility *or profit. The law states that
the license application is to be prepared by US Ecology, and that the DHS is to be
the sole regulating authority acting in accordance with U.S. NRC regulations for
LLW disposal. The law further states that the facility is to be sited on federal or state
lands, which are expansive in California, thus eliminating the possibility of a county
or municipal veto.

82

US Ecology performed technical screening for the entire state, using criteria which
were consistent with the U.S. NRC regulations. Much of the state was found to be
unsuitable based on agricultural or recreational land use, projected population,
areas with more than 10 inches annual precipitation, national parks and forests,
wildlife refuges, etc. US Ecology developed a concept for siting in topographically
closed, arid basins of southeastern California on the premise that such sites could
be characterized with more confidence than alternatives (Romano et al., 1988). A
detailed screening of four counties in southeast California resulted in the selection
of 18 closed basins as "preferred locations."
US Ecology determined early in the process that full public disclosure of its
activities was important to success of the project (Schuiling and Anderson, 1988).
The company approached the League of Women Voters (LWV), Southern California
Regional Task Force for assistance. The LWV is a popular group with open
membership, devoted to civic causes. It provided US Ecology with advice on public
participation, and also provided an impartial convenor and support staff to facilitate
steps in the public participation process.
Working together, US Ecology and the convenor identified the population that would
be targeted for an information campaign. Those identified included local media, the
federal Bureau of Land Management which controls the land at stake, and other
government agencies. In addition, speaker's engagements were organized, and
consultations were held with native American interests.
Public meetings were held, and a broadly based Citizen's Advisory Committee
(CAC) was formed. Members of the CAC were selected independently by the
affected local governments, the LWV, and other citizen's groups in each of the three
localities. One function of the CAC was to determine how "discretionary criteria"
(Romano et al., 1988) could be used for site screening and selection. The CAC
were not paid, so to maintain their participation the process had to be unstructured
and at the same time productive so that members felt their time was being put to
good use US Ecology did not plan on consensus from the CAC, retaining full
responsibility for the final siting decision. This produced a more relaxed atmosphere
(Romano etal., 1988).
A screening process was structured around six CAC meetings and three rounds of
public meetings and workshops, culminating in a rating exercise of 16 technically
suitable sites by public meeting attendees and later by CAC members. Based on
this input US Ecology focused attention on three sites, selecting uites of 1 square
mile in the Ward, Silurian and Panamint Valleys. A test of the process came when
the three candidate sites were announced in the media, and local support was
sustained.
Characterization effort was initially divided equally between the three sites. A site
characterization plan was prepared for all three, and revised to reflect comments
from the public. US Ecology worked with the LWV to set up a Local Citizen's
Committee (LRC) at each site while characterization activities got underway
(Romano et al., 1988). The purpose of the LRCs was to serve as "objective, factfinding bodies" and exchange information between the communities and US
Ecology (Romano et al., 1988). Committee members were nominated by community
leaders, and meetings were open and organized by the LWV. Each LRC met twice
prior to site selection At the first meeting the technical studies were described, and
the LRC role was discussed Technical descriptions of the sites were discussed by
each LRC and transmitted to the CAC for recommendation of a single site to US
Ecology.
The final selection from the three sites was made mostly on technical grounds. A
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fault was discovered in unacceptable proximity to the Panamint Valley site. The
Ward Valley site was favored over the Silurian Valley site because of a deeper
water table, smaller topographic gradient, and other technical factors. US Ecology
requested guidance from the DHS on conflicting technical and environmental
attributes of the two sites, and the DHS response was to choose the site likely to
provide the best waste isolation performance. Accordingly, a license application for
the Ward Valley site was submitted in December 1989, and the DHS review is
nearly complete. It is estimated that US Ecology has spent approximately $25
million so far without compensation (Junkert, 1992, verbal communication).
Maine
The State legislature passed a law in 1987 creating the Low Level Radioactive
Waste Authority (LLRWA) to develop a facility that will be restricted to in-state
waste. The Maine law is unique in that five approval steps are necessary to site the
disposal facility in the state:
- 60% of voters must approve, in a referendum held in the prospective
municipality or township.
- The Maine Board of Environmental Protection must approve. This board
was created by the legislature and will have ad hoc members from the
prospective host community
- The State Legislature must approve.
- 50% of voters must approve in a statewide referendum.
- The disposal facility must be licensed by the U.S. Nuclear Regulatory
Commission.
The authority does not have the power of eminent domain. English (1988) states:
"...it appears that there are too many hurdles in the siting process." Corroborating
this statement, there have been many "straw" votes in counties and municipalities
throughout the state, and each one has gone against siting a facility for LLW
disposal.
Nevertheless, the LLRWA has conducted systematic technical screening of the
entire state, resulting in identification of 29 "potential" candidate sites (Jackson,
1992, verbal communication). In addition, several private property owners have
volunteered their land, and after preinvestigation field studies three of these sites
remain as viable candidates. From the systematic screening and the volunteer sites,
a few will be selected in 1992 as "preferred" candidate sites for detailed
characterization (Jackson, 1992, verbal communication). Through this selection
exercise the State is able to show progress toward compliance with the federal Low
Level Radioactive Waste Policy Act, although the deadlines set in the Act have not
been met by many states including Maine. Waste producers in Maine currently have
temporary storage capacity for several years generation of LLW.
Concurrently with site selection within the state borders, the Maine Public Advocate
is acting on behalf of the State Governor to pursue disposal options outside the
state. Negotiations are underway with Texas, and possibly other states and LLW
"compacts" as well. The elaborate approval process instituted by State law is
essentially a vo!unteer-only strategy that also requires state-wide political support.
Siting within the state seems unlikely unless the LLRWA is granted eminent domain
powers by the State legislature (Jackson, 1992, verbal communication). The present
strategy is effectively serving as a vehicle to show compliance with federal law while
allowing time to negotiate for out-of-state disposal.
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Summary
A volunteer siting strategy appears to have prevailed in Illinois, where the
municipality of Martinsville was able to accept the facility using existing law, in spite
of rejection by the County Board of Commissioners. Illinois does not have much
federal or state land that is suitable for LLW disposal, consequently the facility was
likely to be sited where land use designation is controlled by county or municipal
government. The volunteer strategy was therefore a good choice.
LLW disposal siting in California has also succeeded, but under conditions quite
different from Illinois. State law established a priori that the facility would be sited on
federal or state lands where local veto would not be a problem. The implementing
contractor US Ecology retained the prerogative to decide the final site selection, but
conducted a well conceived siting process with heavy involvement from local
governments, civic organizations, and members of the public. Success is probably
due in part to the high quality of the arid, closed basin sites available in
southeastern California for LLW disposal.
The LLW disposal siting process in the State of Maine offers an extreme example of
a volunteer strategy that was apparently instituted for another purpose: to comply
with federal law while allowing time to arrange out-of-state disposal.
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9. Summary and Conclusions
Systematic technical screening has limited usefulness in repository siting. The best
use is early in the process, to eliminate areas that are clearly unsuitable. Problems
with systematic screening are related to data quality, screening criteria, and the
general acceptability of the scientific rationalist approach to siting. Available
geographic data typically have very uneven quality over large areas, restricting
credible uses. Screening criteria are based on assumptions and approximations,
and usually subjective input also. Criteria are therefore inconsistent with ideals of
rational selection, and are not easily "sold" to the public.
The scientific rationalist approach for siting projects of national importance appears
to be obsolete. This is attributable to laws and regulations developed over the last
20 years or so, which have effectively transferred authority for land use approval
from central governments to localities. This may be particularly true of nuclear
projects, which are technically complex and have the potential, however improbable,
to produce high consequence failures. The scientific rationalist approach has been
replaced in many current projects by negotiated processes which involve the public.
The local public is generally unwilling to permit risk, whether demonstrated or
perceived, to be allocated through a siting process conducted by an external
authority.
There is a distinction between public information and public involvement. The
majority of recent siting approaches use a pre-decision consultation model which
involves the public through hearings, meetings, document reviews, and other types
of interaction. Funds may be granted to local communities for independent
assessments. Final siting authority generally remains with the implementing agency
subject to licensing by an independent authority. Siting with heavy emphasis on predecision consultation has been successful for several projects worldwide; success
appears to be sensitive to the perception of equity, whereby the region considered
for disposal receives some benefit to offset disposal risks and other impacts.
Another siting approach relies on volunteerism, whereby localities can dictate the
terms by which they would accept a disposal facility, and have full veto power
throughout the siting process. This ensures that any local community that
participates has the control they want, and perceives a positive overall benefit.
Volunteerism is appropriate where there is a strong local veto, however, in some
cases failure may be the only outcome if no volunteer site is found.
Siting actions may be open and fully reported to the public, or closed and conducted
without public scrutiny. Closed actions carry the possibility of negative public
reaction, because of socioeconomic concerns that are especially strong for nuclear
waste disposal. From examples it is clear that closed actions can be useful when
combined with public involvement. However, when key steps in site selection are
closed and without public involvement, strongly negative public reaction results.
There is a relationship between the availability of interim storage and reprocessing,
and the schedules which have been adopted in different countries for repository
siting. In general, stringent schedules accompany reasons for not constructing
interim storage or not relying on reprocessing. Conversely, where interim storage is
the immediate approach to waste management, one may find repository programs
which are relatively noncontroversial, emphasizing technology development and
long term site characterization. Stringent schedules have apparently failed in the
U.S., the U K and France, possibly with some intangible loss of public trust.
Sweden is unique in that it has both online centralized interim storage for spent fuel,
and a schedule that is comparable to projects in countries without that capability.
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In the past, parallel characterization has been incorporated into repository siting
plans to address issues of equity. Such plans generally called for preliminary
characterization of several sites, and final characterization of at least two sites at
the same time before any one was selected. The approach was supposed to help
assure that the scientific rationalist siting approach was not biased by expediency or
political influence. Experience ; n the U.S. and Switzerland has shown that parallel
characterization exposes the implementing agency to delay tactics, moreover, it
increases the likelihood that some faction will be alienated by the siting process.
Analysis has shown that parallel, final characterization of more than one site is not
cost effective, at least for the U.S. program. The net effect of parallel
characterization such as currently planned by Sweden, may actually be economic
loss accompanied by schedule failure. Where new approaches have emphasized
public involvement and volunteerism, parallel characterization has not been
proposed.
The Swedish SFL repository siting program may not use systematic technical
screening, but will announce in 1993 or later the selection of three sites for
preliminary characterization. The siting approach may be similar to parts of the
strategy used for the SFR facility in Sweden, and will probably rely on the
consensus building approach to public involvement. Consequently, the regulations
and the siting approach published by SKB are general in nature compared to
projects in other countries. There has been little experience with the application of
this siting approach to nuclear projects in the past 10 years, and it is possible that
public expectations may have changed.
There are several reasons to reevaluate the basic of philosophy of siting in Sweden
or elsewhere:
• Siting takes a long time. The legal framework and public expectations for
the siting process change continually. For example, by the mid-1980's
systematic technical screening had failed in several major applications, and
it would not be relied upon as the principal basis for siting today.
• Nuclear accidents can change the political milieu virtually overnight as
evidenced by responses to the Three Mile Island and Chernobyl disasters.
Although these accidents were not the same, and although they have little
technical bearing on nuclear waste disposal safety, the public does not
discriminate such technical issues and instead becomes adverse to nuclear
projects in general.
• Site characterization may change public acceptance of a prospective site
for geologic disposal. Examples could include evidence of active faulting, or
the uncertain response of a repository to a major environmental change
such as glaciation. Public involvement and volunteerism could make the
siting strategy more robust with respect to such revelations.
• Waste disposal technology may change over 10 years or more, for
example, the modeling of repository performance. Alternatively, superior
repository design concepts may emerge. Again, the impact of such
possibilities on the siting process could be mitigated by public involvement
in siting and technology selection for a repository.
An important step in reevaluating the SFL siting process would be to make an early
determination of whether equity considerations are strong enough, and overriding a
local veto is feasible enough, to preclude the need for heavier reliance on public
involvement and possibly volunteerism. There is no optimal strategy, rather, it
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depends on the legal framework, the style of politics, and local perception of the
project. The implementing agency must seek the combination of openness and
public involvement that will lead to success.
In addition, experience from projects in other countries has shown that public
involvement takes time. The schedule for siting should be relaxed as needed to
permit public involvement, especially if there is a strong local veto and any
significant doubt that public acceptance can be achieved. The public needs time to
form opinions if it is to act favorably on information provided by t ^ i implementing
agency; failure to provide enough time can derail the siting process and make
public acceptance impossible.
Finally, a reevaluation of the siting strategy should consider final characterization in
a sequential and confirmatory manner, rather than for multiple sites in parallel.
Parallel final characterization has been shown to be economically questionable,
vulnerable to political maneuvering, and is not needed with more modern siting
approaches that emphasize public involvement.
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Waste)
Ragnar Gclin
Studsvik Energiteknik AB. juni 1984
(40 pages in Swedish)

NAK RAPPORT 10

INTERNATIONELL UTVECKLING AV MELLANLAGRING OCH
UPPARBETNING AV ANVÄNT KÄRNBRÄNSLE SAMT
PLUTONIUMÄTERFÖRING
(International Development of Intermediate Storage and Reprocessing of
Spent Nuclear Fuel and on Recycling of Plutonium)
G Carleson. Å Hultgrcn
Studsvik Energiteknik AB, augusti 19X4
(56 pages in Swedish)

NAK REPORT 11

THE DISPOSAL OF HIGH-LEVEL RADIOACTIVE WASTE 1984,
Vol. I and II
Frank L Parker, Robert E Broshears, Janos Pasztor
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The Swedish nuclear power
programme
Aflcr the 1980 referendum on nuclear power, the Riksdag decided that nuclear power in
Sweden would be phased out no later than the year 2010 and that the number of reactors
would be limited to twelve. Since 1985, these reactors have all been in operation at the
nuclear power plants in Barsebäck, Forsmark, Oskarshamn and Ringhals.

Different kinds of radioactive waste
Different kinds of radioactive waste are generated during the operation of
a nuclear power plant - low-level waste, intermediate-level waste and
high-level waste.
LOW- AND INTERMEDIATE-LEVEL WASTE
Low- and intcrmcdiatc-lcvcl waste arising from the continuous operation of a nuclear
power plant arc known by the common name of reactor waste. Reactor waste consists of
scrap material and metal, protective mailing, clothing and suchlike which are used within
the controlled areas of the nuclear power plants. This waste also consists of filter material
which is used to trap radioactive substances in the reactor coolant. The radiation level of
low-level waste is so low that it can be handled without any particular safety measures and
so it is packed in plastic bags orshect metal drums. However, certain protective measures
arc required when handling intcrmcdiaic-lcvcl waste. This waste is cast in concrete or
asphalt.
In the spring of 1988, SFR (the final repository for reactor waste) was taken into
service. SFR is located under the seabed near to Forsmark nuclear power plant. The
utilities plan to deposit all reactor waste as well as low- and intermediate-level waste from
decommissioning in SFR.
HIGH-LEVEL WASTII
High-level wastemainlyconsistsofspcninuclcar fuel, i.e. fuel elements in which so many
of ihc fissile atoms arc spent that the elements can no longer be used. However, the spent
fuel still generates heal on account of its radioactivity and must be cooled. The fuel is,
therefore, stored in special pools filled with water in the reactor building for at least one
year. The fuel is then transported by a specially built ship, called Sigyn, lo CLAB (the
central interim storage facility for spent nuclear fuel), located close to Oskarshamn
nuclear power plant. CLAB was taken into service 1986. Since the radiation level is very
high, the fuel is transported in specially built containers. The walls of the containers arc
made of thick steel so as to shield the personnel and surroundings from harmful radiation
and to protect the fuel from damage.
The fuel is then placed in storage pools in an underground room at CLAB where it will
be stored for al least forty years. During this lime, the radioactivity and the heat generated
by the fuel will decline thereby facilitating handling and disposal of the fuel.

THE NATIONAL BOARD FOR SPENT NUCLEAR FUEL
One of the main tasks of the National Board for Spent Nuclear Fuel (SKN) is to review
the utilities' research and development programme for the management of spent
nuclear fuel and for the decommissioning of the nuclear power plants. The Board also
supervises the way in which the utilities carry out the programme. In order to
accomplish this task, The Board keeps abreast with international research and development work within the area and initiates such research that is important to its own
supervisory functions. The research conducted by the Board is both scientific/
technical and sociological in nature. The results from this research are published in
the SKN Reports series. A list of published reports is available at the end of each
publication.
Another of the Board's main tasks is to handle issues concerning the financing of
costs within the area of nuclear waste. Each year, the Board estimates the size of the
fee to be paid by the utilities to cover the current and future costs of waste management. The proposal on fees for the coming year is reported in SKN PLAN, which is
submitted to the government before the end of October.
The Board is also responsible for seeing that the public is granted insight into the
work on the safe disposal of spent nuclear fuel. The Board will continually issue short
publications on this matter in the series, DISPOSAL OF SPENT NUCLEAR FUEL.
The following publications have so far been issued:
1.
2.
3.
4.
5.
6.
7.

Comments on the research programme for 1986. (In Swedish)
(Now replaced by number 5)
How do we choose a .suitable site for a final repository? (In Swedish)
Radioactive waste: technology and politics in six countries. (In Swedish)
This is how nuclear waste management is financed. (In Swedish and English)
Evaluation of SKB's research programme 89. (In Swedish)
100 questions and answers concerning spent nuclear fuel. (In Swedish)
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