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8  Sweden and Finland
Sweden, which has a modest nuclear energy program, has decided on a national plan 
and site for a geological repository for its spent nuclear fuel. The plan is to emplace 
spent fuel in copper canisters intended to withstand corrosion. The canisters in turn 
are to be surrounded by bentonite clay in tunnels in granite bedrock. 

A license application was submitted in March 2011 for a permit to construct a reposi-
tory at the site of the Forsmark nuclear power plant. Sweden’s regulator and environ-
mental court are expected to take until the end of 2012 in their reviews of whether to 
accept the application. If no major amendments to the application are required, the 
application review process is expected to take another three to four years. Sweden’s 
Government will make the final decision, based on the recommendations from the 
regulator and the court. The community of Östhammar, where Forsmark is situated, 
can veto the decision but the Government can override the veto. Current opinion in 
the community is 80% in favor of the repository plan.

This chapter covers Sweden’s repository planning experience in some detail. It also 
reviews briefly developments in Finland’s nuclear waste management system, since Fin-
land is planning to use the same method as Sweden for disposal of spent nuclear fuel 
and has also chosen to site its repository next to a nuclear power plant.

Nuclear power in Sweden
Sweden’s interest in nuclear technology began with an interest in nuclear weapons. A 
combined military and civil nuclear program based on heavy-water reactors was initi-
ated. After a long public debate in the mid-1960s, however, the decision was taken to 
abort the military program. The heavy-water reactor program also was stopped and 
orders were placed for boiling water reactors made in Sweden based on General Electric 
designs and for imported U.S. pressurized water reactors designed by Westinghouse. 
Between 1972 and 1985, twelve reactors were built and put on line at four sites (Figure 
8.1). Sweden also built or acquired a number of smaller research and prototype reactors 
that are now all shut down.
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Figure 8.1: Locations of nuclear reactors, spent fuel 

interim storage sites, and proposed repository in 

Sweden. Forsmark is the site of both the centralized 

repository for low-level and medium-level short-

lived nuclear waste and the planned final repository 

for spent fuel. 

There was very little public debate about nuclear waste disposal in Sweden until nuclear 
energy as a whole became controversial in the early 1970s. At that point, the waste issue 
became central to the nuclear debate. The Swedish nuclear waste program that exists 
today was shaped by the results of that debate. 

The U.S. Three Mile Island reactor accident in 1979 led to a referendum in Sweden in 
1980 on the phase-out of nuclear power. The political result of the referendum was 
a decision that nuclear power would be phased out in Sweden by 2010.275 This deci-
sion appeared to settle the debate and, by the mid-1980s, nuclear power was no longer 
an important political issue. The 1986 Chernobyl accident, which deposited consider-
able radioactive fallout in Sweden, revived political discussions and led to the eventual 
shutting down of the Barsebäck nuclear power plant. Public interest then fell to very 
low levels again except for the past few years when there has been limited discussion of 
the possibility of building new nuclear power reactors.276

Four factors underlie the failure to implement the plan to phase out nuclear power by 2010: 

1. Strong promotion of nuclear power by the large Swedish electric utilities and the fact 
that all the major newspapers are pro-nuclear.

2. A lack of replacement power due to low investment in renewables. (Swedish wind 
power capacity is, however, now growing rapidly.) 
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3. Little interest in Sweden’s major political parties and coalitions in discussing nuclear 
issues, as it risks internal conflicts between pro-nuclear and anti-nuclear factions. 

4. High levels of trust in the state, its institutions and other large entities such as the 
state-owned power company Vattenfall.277 It has therefore been difficult to mobilize 
public opinion in the face of a general perception that the policy and decision-mak-
ing process are basically rational and sound.

Nuclear waste in Sweden
Since 1985, a centralized interim storage facility for spent nuclear fuel, CLAB, has been 
in operation next to the Oskarshamn nuclear power plant and, since 1988, a central-
ized final repository for low-level and medium-level short-lived nuclear waste, SFR, has 
been in operation next to the Forsmark nuclear power plant.

The responsibility for management of nuclear waste in Sweden is placed clearly in the 
hands of the nuclear industry. A Nuclear Waste Fund has been established by law to 
guarantee the polluter-pays principle and the industry has established a company, SKB, 
to propose a site and design for a spent nuclear fuel repository. There are also plans for 
a repository for medium-level long-lived waste in the future.

Both Sweden and Finland are planning to use the KBS method, which was developed 
in Sweden since the early 1970s, for their final repositories for spent nuclear fuel. (KBS 
in Swedish is kärnbränslesäkerhet, translated as nuclear fuel safety.) The method also 
has been adopted for the nuclear management systems in Canada and the United King-
dom.278 As a result, there has been collaboration in research and development between 
the four countries but the KBS method is primarily a Swedish system. The recent reposi-
tory license application submitted by the nuclear waste company SKB and the review of 
that application will be significant for all of these countries in the coming years.

From reprocessing to direct disposal of spent fuel
Sweden’s early combined nuclear power and nuclear weapons program was based on 
domestic uranium, an indigenous heavy-water reactor and a planned reprocessing 
plant. Even though the reprocessing plant was never built, small-scale reprocessing was 
carried out within the military program during the 1950s and 1960s. The quantity of 
plutonium separated was probably less than a kilogram and the waste from this period 
is stored at the Studsvik nuclear research site.

As in other countries with nuclear energy programs in that period, commercial re-
processing of spent fuel was part of Sweden’s nuclear policy through the 1970s. In the 
mid-1970s, Sweden’s nuclear utilities signed reprocessing contracts with France and the 
United Kingdom. In the early 1980s, however, Sweden followed the lead of the United 
States and decided to forego reprocessing.279 All high-level nuclear waste to be disposed 
of in Sweden will be in the form of spent nuclear fuel.

Interim storage
Operations at Sweden’s central interim storage site for spent fuel, CLAB, started in 1985. 
Spent fuel is transported to the facility by sea from the nuclear power plants. Storage 
is in a pool about 50 meters underground in granite bedrock. The facility has been 
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expanded with a second pool put into service in 2008. At present the spent fuel inven-
tory in CLAB is about 7,000 tons. The projection for the total amount of Swedish spent 
nuclear fuel to be produced is 12,000 tons. The amount is based on an assumed 50 to 
60 year operational lifetime of the remaining 10 nuclear reactors and no new-build. 
The nuclear industry claims that, if necessary, the spent fuel can be stored safely in the 
pools for at least one hundred years.

Development of a repository system for spent fuel (the KBS method)
As the nuclear debate developed in Sweden in the early 1970s it became clear that the 
nuclear waste issue had to be taken more seriously. The Government set up the AKA 
Commission to study the question in 1972, the same year that the first Swedish nuclear 
power reactor went into operation. The Commission’s report in 1976 recommended 
that high-level reprocessing waste be encapsulated and disposed of in granite bedrock 
at a depth of several hundred meters.280 The commission stated that it was important 
that the bedrock be free from fissures that could transport water loaded with contami-
nants from the repository.

When the AKA Commission report was published, the Swedish political scene was in 
turmoil. The Social Democrats had lost power in the 1976 elections for the first time in 
forty years. The Center Party, that led the winning center/right coalition, had gained 
substantial support for its anti-nuclear agenda. Once in power, the party enacted the 
Stipulation Act, which required a solution for final disposal of high-level nuclear waste 
as a prerequisite for licenses to start new nuclear reactors.

The Stipulation Act forced the nuclear industry to act quickly and it launched the KBS 
project to develop a repository concept for high-level reprocessing waste or spent nucle-
ar fuel. The project was developed in close collaboration with the Swedish Nuclear Fuel 
Supply Company (SKBF), which the nuclear utilities had created in 1972 to coordinate 
Swedish nuclear fuel supply.281 

The 1977 KBS-1 report described how vitrified high-level nuclear waste from reprocess-
ing, the industry policy at this time, could be disposed.282 It was approved in a contro-
versial decision by a minority government after the Center Party government fell, and 
enabled the launch of additional nuclear power reactors.

The Stipulation Act also allowed for direct disposal of spent nuclear fuel without repro-
cessing. The 1978 KBS-2 report therefore provided a prescription for the direct disposal 
of spent nuclear fuel, similar to that for vitrified reprocessing waste.283

The KBS concept relies on man-made barriers to hinder the migration of radionuclides 
from the high-level waste. To do this, the waste form, either vitrified reprocessing waste 
or spent nuclear fuel, is put in a canister made out of a material that can withstand 
corrosion. The KBS-1 report suggested a canister made of titanium and lead. The KBS-2 
report, however, proposed copper, which has been the material of choice ever since. 
The copper canister presented in the KBS-2 report was to be 20 cm thick. The KBS-2 
report also proposed the use of a buffer around the canister made of bentonite clay. In 
both reports the canister was to be placed vertically in holes in the floor of deposition 
tunnels 500 meters down in Sweden’s granite bedrock (Figure 8.2).
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Figure 8.2: The KBS concept for 

a deep geological repository for 

spent fuel. The repository depth 

is at about 500 meters. 

Source: Adapted from SKB.

SKB continued to develop the KBS concept.284 After Sweden decided to abandon repro-
cessing, the focus was put on further developing a repository for spent nuclear fuel. In 
1983, the KBS-3 report was produced as part of the licensing process for the last two 
Swedish nuclear reactors, Oskarshamn-3 and Forsmark-3, started in 1984. The KBS-3 
report had a more developed discussion of long-term safety and relied on results from 
the geologic studies done to date.

The 1983 KBS-3 report also looked in more detail at the theoretical understanding 
of corrosion processes and the required thickness of the copper cask.285 Although no 
recommendation for the thickness of the copper was given, a decision was taken later 
that a 5 cm thickness for the cask would be sufficient. This is still the assumption today. 
The KBS-3 report was the last report in this series and the proposed disposal method 
is sometimes called the KBS-3 method. Here, it will be called simply the KBS method 
or KBS concept.

The KBS concept envisages a copper canister that is 5 meters high and has a diameter 
of 1 meter. In early versions of the concept, the fuel rods would be held in place in the 
canister by pouring lead or copper into the space between the rods. In the early 1990s 
this changed to an insert made of steel and later to cast iron designed to reinforce the 
canister against crushing from the extra weight of an ice cap such as was present over 
Scandinavia during the ice ages. The cast iron insert is made in two different versions 
to accommodate fuel from pressurized water and boiling water reactors. 

During emplacement, the copper canister would be taken down into the repository 
deposition tunnels and put into a hole bored into the tunnel floor. The hole would be 
lined with rings of bentonite clay and the canister would be inserted into the central 
hole. There would be a 1-cm space between the copper canister surface and the clay.
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The importance of the copper and clay barriers
Central to the KBS case for the long-term safety of this spent fuel disposal method is 
that copper will not corrode in the repository environment. In environments where 
there is oxygen, as in air, copper corrodes to form copper oxides. The corrosion speed is 
slow enough so that copper is used for durable roofing on buildings, but the longevity 
of even a thick copper canister would be insufficient to contain plutonium and other 
long-lived isotopes for hundreds of thousands of years until they decayed away,

It is well understood that there is no free oxygen in the ancient groundwater in the bed-
rock at a depth of 500 meters because the oxygen has reacted with elements in the rock. 
This so-called anoxic condition is essential to the safety case for the KBS method. In 
the late 1970s and the early 1980s, several studies bearing on the behavior of copper in 
anoxic conditions were conducted, and by 1983 when the KBS-3 report was published, 
the case for using copper was thought to be solid.286 Later reviews carried out by SKB 
have continued to make this case, even though some problems were perceived due to 
possible corrosion by sulphides from bacterial activity in the repository.287

Thus, the copper was not to expected corrode significantly in the repository environ-
ment and the 5 cm of copper was believed to give a good margin in a worst-case sce-
nario over hundreds of thousands of years. It was understood also that, if ground-water 
flow past the canister could be limited, then the transport of corrosive substances to the 
canister and of corrosion products from the canister could be prevented and any corro-
sion that did occur would be very limited. The main purpose of the second barrier of 
bentonite clay therefore was to protect the copper, but it could also delay leakage from 
a compromised canister.288

 
Bentonite clay has the important property that it swells when absorbing water. This 
means that, after the deposition hole is closed groundwater seepage into the hole from 
the surrounding bedrock would swell the clay so that it first fills up the deposition hole 
and then becomes relatively impermeable to the passage of water and chemicals.

Once the man-made barriers of copper and clay are gone, the bedrock is expected to 
delay dissolved radioactive materials from reaching the surface. But this delay is much 
less significant for the KBS safety case than the copper canister and bentonite.

The safety case
The safety issues for the KBS method therefore focus to a large extent on whether 
the man-made barriers of copper and clay can withstand long-term stresses including 
several glaciations, and how radionuclides that leak through these barriers could be 
transported to the surface and harm humans and nature.

Four major safety analyses of the KBS concept have been carried out, SKB 92, SR-97, 
SR-Can and SR-Site.289 

SR-Site is the safety analysis for the current licensing application. In a safety analysis 
the first task is to identify the relevant features, events and processes that would chal-
lenge the integrity of the barrier system. This includes glaciation. After a compilation 
of input data, a reference case for the evolution of the repository is simulated and 
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analyzed along with a number of scenarios in which its safety functions are not main-
tained. This provides the opportunity to simulate release scenarios. Conclusions then 
can be drawn by comparing the results of the analysis with the regulatory safety crite-
ria that have been set for the repository. A summary of the results from the latest SR-Site 
for the Forsmark site is presented in Figure 8.3.
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Source: SR-Site.290

Sweden’s regulatory criteria for long-term radiological safety of a repository for spent 
nuclear fuel were developed by Sweden’s Radiation Protection Agency in the late 1990s. 
The criteria are set so that individuals in the group exposed to the greatest doses from 
the repository should not have an added risk of harmful effects (lethal and non-lethal 
cancer and hereditary effects) of more than one chance in a million per year. Regula-
tions also were formulated by Sweden’s Nuclear Power Inspectorate for how the safety 
analysis should be carried out. When the two regulators were combined into the Swed-
ish Nuclear Safety Authority in 2008, the regulations were transferred to the new au-
thority but remain as separate requirements.291

Safety
The nuclear waste company SKB has spent large resources on developing the KBS de-
sign and on research on its safety. A research and development program, called the Fud 
program, has been presented and reviewed every three years since 1986. Fud program 
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reports are reviewed by the regulators, comments are sought from academics, NGOs 
and others and the Government then gives the go-ahead to the program.292

A major part of the SKB effort has been mathematical modeling for the safety analysis, 
including trying to determine the factors that influence the analysis. An important 
consideration is the long-term risk from stress on the repository by multiple glaciation 
cycles (ice ages), including the effects of the associated earthquakes and permafrost. 
Models of the behavior of the clay buffer and the copper canister in such changing 
environments have been developed and tested to a limited extent in laboratory studies.
A second focus has been on how to build and operate a repository. Two special research 
facilities for studies of the canister and the bentonite behaviors have been built. These 
have been used to explore how a canister could be produced, welded shut after being 
filled, emplaced within its clay buffer, and the deposition tunnels filled.

For understanding how the clay and copper barriers would behave in real repository 
conditions, the most important part of the research program has been the construc-
tion of the Äspö underground Hard Rock Laboratory close to the Oskarshamn nuclear 
power plant.293 A number of experimental projects have been carried out there that 
have given a better understanding of the bedrock and groundwater characteristics at 
depth. There are also a number of on-going projects for studying how copper and clay 
behave in a realistic repository environment. Of major importance are microbial stud-
ies that have shown that a major concern for copper corrosion may be sulphide produc-
tion by bacteria. 

At Äspö, a Prototype Repository project has six heated full-scale copper canisters em-
placed in deposition holes since 2001. The first canisters were to be retrieved in 2011. 
Another important experiment is the LOT project where, at the turn of the century, 
long heated copper rods were emplaced in holes filled with clay. The plan has been to 
have two packages, one normal and one stressed at a higher temperature, deposited for 
one, five and ten years. So far packages have been retrieved after one year (normal and 
stressed) and after five years (stressed only). There is no plan to retrieve any more pack-
ages at this time, but it is possible that retrieval of the normal five-year package may be 
necessary during the present licensing review. A third project is the MiniCan project 
where corrosion of copper and cast iron is studied. The first package from the MiniCan 
Project is to be retrieved in 2011.

In the last few years there has been some controversy regarding the results obtained in 
the LOT and MiniCan projects. Reports from the MiniCan project may have misrep-
resented some of its results.294 There has been some speculation that this has occurred 
because the results have not been in agreement with those expected by SKB. Copper 
corrosion rates have been unexpectedly high in the Äspö laboratory experiments and 
the clay has not behaved as predicted in the models.

The controversy over copper corrosion 
The controversy concerning the results for copper corrosion in the Äspö Hard Rock 
Laboratory feeds into the larger on-going dispute about the risks for copper corrosion in 
the repository environment. This debate started in the late 1980s but it surfaced in full 
force in the autumn of 2007 with the publication of a scientific paper by researchers 
at the Royal Institute of Technology (KTH) claiming that experimental results showed 
that copper corrodes in pure anoxic water.295 As this goes against claims by SKB that the 
metal is close to immune to corrosion in the absence of oxygen the result could influ-
ence assessments of the long-term safety of a KBS repository.
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The KTH paper was heavily criticized by a broad array of Swedish and international 
scientists. Many of them were working for SKB, but criticism also came from scien-
tists working as experts for the regulator and for the Government’s scientific advisory 
board, the Swedish Council for Nuclear Waste. The KTH researchers followed up with 
subsequent publications in 2008 and 2009, making it clear that the issue remained 
unresolved.296 An international scientific workshop was organized in November 2009 
by the Swedish Council for Nuclear Waste in an effort to try and unravel the contro-
versy.297 The conclusions of the expert panel invited to comment on the issues raised 
were not categorical, however, leading the Council to state that “mechanisms of cop-
per corrosion in oxygen-free water must be investigated experimentally to determine 
whether corrosion of copper by hydrogen evolution can take place in pure, deionized, 
oxygen-free water and in groundwater with bentonite.”298

This led SKB to set up a project where researchers at Uppsala University will attempt to 
replicate the experimental results of corrosion in pure water that the researchers from 
KTH obtained. Despite the evident need for further experiments on copper corrosion 
also in a simulated deoxygenated repository environment, SKB has not started such 
work. There is in fact no experimental evidence that corrosion stops in a repository-like 
environment after oxygen is consumed, except in cases where the system has been too 
isolated to properly represent real-life conditions.299

Apart from experimental results, much of the copper corrosion controversy has focused 
on the issue of whether there is any theoretical possibility that copper can corrode in 
anoxic water. Initially, it was strongly believed that theoretical thermodynamics shows 
that copper is immune to corrosion in water in the absence of oxygen. With time, how-
ever, there appears to be less and less certainty on this issue. The results of a project 
commissioned by Sweden’s Radiation Safety Authority recently opened up the theoreti-
cal issue, arguing that:300

“ The assumption that copper is unequivocally immune in pure 
water under anoxic conditions is strictly untenable, and it is 
even more so in the presence of activating species, such as sul-
fide. Thus, it appears that two conditions must be met in order 
to explain the existence of the native deposits of copper that oc-
cur in granitic formations: (1) A suitably high hydrogen fugacity 
(partial pressure) and; (2) A suitably high cuprous ion activity, 
as shown in this report. Accordingly, the success of the KBS-3 
program must rely upon the multiple barriers being sufficiently 
impervious to the transport of activating species and corrosion 
products that the corrosion rate is reduced to an acceptable level.”

In this context, it is interesting to note that the researchers at the Royal Institute of 
Technology who have been critical of SKB’s copper corrosion work, have been raising 
the issue of what will happen in the repository with regard to corrosion during the first 
thousand years. In the relatively dry bedrock in Forsmark, it will in many cases take up 
to over a thousand years for the bentonite clay to swell and become tight. This is also the 
time period when the copper canisters are hot, some water is present, and the radiation 
is high. One interesting issue to examine in the upcoming license review issue, therefore, 
will be whether the safety case can hold up over the first thousand years of the repository.

In the license application and the associated license safety analysis, SKB is relying sole-
ly on the models for copper corrosion established at the beginning of the project, as 
well as on mass balance calculations, to show that only a few millimeters of copper will 
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corrode in a million years. It remains to be seen whether the regulator will be satisfied 
with these calculations or whether there will have to be amendments to the application 
requiring experimental results supporting this theoretical case.

The siting of a repository
Sweden’s legal framework puts all the responsibility for finding a site on the nuclear in-
dustry. There is already a Swedish repository for low and intermediate-level short-lived 
waste, SFR, at the site of the Forsmark nuclear power plant. The siting of that repository 
was relatively straightforward since the community of Östhammar already hosts the 
Forsmark nuclear power plant and is very dependent on nuclear jobs. The siting of the 
intermediate storage site, CLAB, at the Oskarshamn nuclear power plant was similarly 
not a major problem. In contrast, the siting process of the spent fuel repository has 
been long and problematic.
 
The first trial drillings at a number of sites started in 1977. They led to an initial choice 
of Sternö on the south-eastern coast as the site for a KBS-type repository in order to 
satisfy the political requirement for proceeding with the licensing of new reactors but 
the results did not, in fact, meet the criteria set for the hydro-geology of the bedrock.301

 
A number of drilling projects were carried out at other sites owned by the national 
government, mainly in national forests. The Three Mile Island nuclear accident in 1979 
and the resulting public consultation and referendum on nuclear power in Sweden 
in 1980 led, however, to public protests wherever the industry wanted to drill. Some 
drilling projects were stopped by demonstrations and civil disobedience. At others, 
the drilling campaign was carried through, but only with police intervention and pro-
tection. The protests led to a national network of local opposition groups, The Waste 
Network (Avfallskedjan).302

During the winter of 1985 – 1986, SKB was to start a drilling campaign in Almunge, east 
of the city of Uppsala, just north of Stockholm but protests at this site became a major 
national media event. On the national evening TV news, viewers saw demonstrators 
being carried away by police with police dogs. The Government told SKB that it wanted 
no repetition of such scenes. This made it impossible for SKB to carry through its plan 
for 10 to 15 site investigations during the 1980s to be followed by more detailed inves-
tigations at three sites between 1992 and 1998. The decision therefore was taken to try 
to find a few sites for investigation in a more voluntary process.

At this point, SKB devalued its own standards for the needed characteristics of the bed-
rock. In the company’s safety analysis, SKB-91, the claim was made that SKB analyses 
showed that a repository deep down in Sweden’s bedrock with technical barriers that 
are stable in the long term could, with a good margin, meet the criteria proposed by the 
regulators. SKB stated furthermore that “the safety of a carefully designed repository is 
only affected to a small extent by the ability of the rock to retain the escaping radio-
nuclides” and that “the primary role of the rock is to provide a stable mechanical and 
chemical environment in the repository over a long period of time so that the function 
of the engineered barriers is not jeopardized.”303

In the research and development program for 1992 (Fud-92) SKB followed up with the 
announcement of a significant change in the criteria for siting.304 The bedrock was 
dismissed as a “decisive siting factor.” The barrier system was to be the main factor in 
the safety analysis and “almost any rock would do.” This allowed the siting process to 
continue with unspecified geological criteria. 
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SKB had already decided to start a process with voluntarism as a basic strategy. In 
October 1992, a letter was sent to almost all Swedish local communities with an invi-
tation to cooperate with SKB in the site-selection project. Many communities felt the 
letter lacked seriousness and did not respond. A number of communities in the north 
of Sweden did respond, however, with a hope of getting new jobs and other resources 
from a nuclear waste venture. In the communities of Storuman and Malå the interest 
was mutual and pre-studies were performed. Further work was not continued, however, 
after local referenda were held that rejected the effort.

After these setbacks in northern Sweden the strategy was changed again. The choice 
of site was now foremost a question of public opinion. The hope was that it would be 
easier to obtain the support of local opinion in communities that already had nuclear 
facilities. Four of these communities were among those that had responded to the letter 
suggesting cooperation and they were now chosen as possible candidates: 

•	 Östhammar north of Stockholm, where the Forsmark nuclear power plant and the 
repository for low and short-lived medium-level waste are situated;

•	 Nyköping on the coast south of Stockholm, where there was a nuclear research facil-
ity with research reactors;

•	 Oskarshamn, on the south-east coast where the Oskarshamn nuclear power plant 
and the centralized storage facility for spent nuclear fuel, CLAB, are situated; and

•	 Varberg on the west coast, where the Ringhals nuclear power plant is situated.

In addition, the communities of Älvkarleby and Tierp, adjacent to Östhammar, and the 
community of Hultsfred, inland from Oskarshamn, were included.

While the issue was under discussion in Varberg, there was a minor earthquake that 
tipped the decision to “no.” Nyköping also later said “no.” In Tierp and Älvkarleby, 
there were political decisions not to move forward.

These developments led SKB in 2002 to choose Oskarshamn and Forsmark for complete 
site investigations. SKB decided to investigate the bedrock just adjacent to the nuclear 
power plants and worked to promote public support for the repository project in each of 
the two communities.305 In 2009, SKB offered the two communities 2 billion SEK ($300 
million) as compensation for their willingness to host a repository. Given the expected 
employment benefits that would come with the repository, 25% would go to the com-
munity that was chosen and 75% to the other.

With willing hosts having been identified, SKB set a schedule for the final choice of 
site and for the submission of a license application. The plan was to gather sufficient 
data from each of the two sites to have a preliminary safety case report (SR Can) ready 
by 2006.306 This report was then to be used by the nuclear waste company to make the 
final choice of site after being reviewed by the regulators. A final safety case SR Site was 
to be ready by 2009 when the application for a repository was to be submitted.

In the published SR-Can safety analysis, the Forsmark site met the regulatory standards 
by a large margin while the Oskarshamn site, at least after preliminary analysis, only 
just met them.307 
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After finally concluding both site investigations, SKB in June 2009 decided to choose 
Forsmark. The siting process is now to be reviewed by the regulator and the Environ-
mental Court in the licensing process.

The main reason for choosing Forsmark appears to be that its bedrock has few fis-
sures. Therefore, the engineered barrier systems have become less critical to the safety 
analysis. It is as if the much sought after “crack-free” bedrock of the 1980s has finally 
been found. It is perhaps a little ironic that, while the bedrock now shows promise, the 
engineered barriers are facing criticism. It remains to be seen if the net effect of the 
dry rock in Forsmark is positive or negative in a revised safety analysis. With the rock 
so dry, the bentonite clay will absorb moisture and swell and become tight only slowly, 
possibly allowing corrosion to proceed at higher rates for the first thousands of years.

Legal, regulatory and financial framework
The Radiation Safety Authority and the Environmental Court will engage in two paral-
lel reviews of the spent fuel repository application. The processes are interconnected, 
as the Environmental Court will rely heavily on the input from the regulator when de-
ciding on the long-term safety of the repository. It is expected that the Environmental 
Court will focus less on technical issues and more on public concerns, such as retriev-
ability of the spent fuel from the repository and risks of unintentional intrusion.308

The Swedish Council for Nuclear Waste will provide advisory input into the review. The 
views of the Council will be sought especially if and when the regulator and the court 
advise the Government to give the final go-ahead to the repository.

Sweden’s funding system for nuclear waste management is set up around a Nuclear 
Waste Fund under the Financial Act. The fund has been built up with fees taken from 
the nuclear power operators. The regulator recommends a fee to the Government based 
on SKB projections of costs.309 The present fee is about 0.01 SEK ($0.0015) per nuclear 
kWh and the fund contains on the order of 45 billion SEK ($7 billion).310 Future costs 
for waste management and disposal, and for decommissioning of Sweden’s nuclear fa-
cilities is estimated at 90 billion SEK ($14 billion). Thus far, a little more than 20 billion 
SEK ($3 billion) has been spent, about half on the development of the spent nuclear 
fuel repository. There is also a separate system with fees for financing the management 
and final disposal of nuclear waste that has not been produced in the nuclear power 
plants. This waste comes from the civil research facilities as well as the discontinued 
military research program. The fee is also to cover decommissioning of the involved 
facilities.

Controversies in the licensing process
The license review marks a shift in the role of the Radiation Safety Authority. For the 
first time, it will be possible for the regulator to decide issues and make demands on 
SKB. The Environmental Court also will decide on issues. In the legal deliberations dur-
ing the upcoming years, the following issues will have to be decided:

•	 The integrity of the engineered barrier systems in the first millennium;

•	 The integrity of the engineered barrier systems in the very long term;
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•	 The alternative of deep boreholes;

•	 The choice of site; and

•	 Long-term safeguard requirements.

Integrity of the engineered barrier systems in the first millennium. The risk of serious 
damage to the copper canisters during the first thousand years before the bentonite 
becomes tight has already been discussed. The controversy is partly scientific but also 
involves issues of access to research results in reports that SKB has said are internal and 
have not been made available during the pre-licensing public consultation process.

Integrity of the engineered barrier systems in the very long term. If the controversy 
surrounding the integrity of the engineered barrier systems in the short term is decided 
favorably for SKB, there remain a number of issues regarding the long-term behavior of 
the barriers. These include: risks of copper corrosion and clay erosion during glaciation 
when groundwater chemistry could change considerably, risks that permafrost dam-
ages the clay in the repository, and risks that earthquakes caused by the burden of the 
ice sheet damage the repository.

The alternative of deep boreholes. The legislation governing the licensing of a reposi-
tory requires that alternative disposal methods be examined. In the case of a KBS repos-
itory, it is generally agreed that the appropriate alternative is disposal in 3-5 km deep 
boreholes. Since the late 1980s, SKB has undertaken several studies of deep borehole 
disposal. Questions have been raised, however, as to whether these investigations have 
been serious or whether the company’s main goal has been to remove the borehole 
alternative from the agenda. During the last five years, there been indications that the 
regulator is not yet satisfied with SKB’s work on deep boreholes.

The choice of site. One controversial issue is that Forsmark is situated on a tectonic fault 
zone. Although SKB claims that the fault is now inactive, there is controversy over how 
a glaciation will affect the fault zone. Another issue is whether an inland site for a KBS-
type repository might be safer than a repository at the coast. If the repository were sited 
in a so-called inland recharge area, a leak might take much longer to reach the surface. 
This is contested by SKB, but there are studies that show the time difference could be 
longer than 50,000 years.311 

Long-term safeguard requirements. As the plutonium in the spent fuel in the reposi-
tory has a half-life of tens of thousands of years and is weapons-usable, there may be 
a need for international surveillance for these long time scales. If other methods for 
disposal, for example deep boreholes, could make the waste less retrievable it would 
lessen this burden.

Finland’s plan for a spent nuclear fuel repository 
Finland has many similarities to Sweden when it comes to nuclear waste management, 
as well as some important differences. The most important similarity is that Finland 
plans to use the Swedish KBS method for a repository and has chosen a site.

Historically, Finland did not pursue nuclear weapons as Sweden did. In the 1970s, Fin-
land decided to start a commercial nuclear power program and imported two pressur-
ized water reactors from the Soviet Union and two boiling water reactors from Sweden. 
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The reactors were brought on line between 1977 and 1980 and are located at Olkiluoto 
and Loviisa. Finland is presently constructing a fifth nuclear reactor at Olkiluoto, de-
signed by the French company, Areva.

The spent nuclear fuel from the two Soviet reactors was initially returned to the Soviet 
Union for reprocessing as per the original contract for the reactors. The spent fuel from 
the two reactors imported from Sweden was stored on-site. The first nuclear waste legis-
lation was introduced in 1987, patterned on Sweden’s legislation from the early 1980s. 
The responsibility for waste management was put in the hands of the nuclear industry 
and direct disposal of spent fuel was considered an option. A nuclear waste fund for 
financing repositories and decommissioning was also set up.

With the collapse of the Soviet Union, it became clear that the way the Russians man-
aged their nuclear facilities would not be acceptable to the Finnish public. In 1994, 
therefore, Finland promulgated new nuclear legislation that stopped spent fuel export 
for reprocessing. Since there will not be any high-level reprocessing waste returned to 
Finland from Russia, Finland will only dispose of spent nuclear fuel.

Following the abandoning of reprocessing, Finland’s two utilities, Fortum that owns 
the Loviisa plant and TVO that owns the Olkiluoto plant, decided to work together and 
follow the Swedish approach to final disposal of spent fuel. In 1995 the nuclear waste 
company Posiva was created to implement the KBS method in Finland. 

Finland’s site selection process has been much less complicated than Sweden’s. Site 
screening was started in the early 1980s and by the early 1990s TVO was proceeding 
with site characterization studies at five sites, two of which were at the nuclear power 
plants. By the time Posiva was created, three sites remained and a fourth was added by 
the company before the final site evaluations were made.312 

In 1999, Posiva decided to select a site beside the Olkiluoto nuclear power plant in Eura-
joki. The decision was then taken to start building a hard rock laboratory, Onkalo, at 
a depth of 400 meters at the Olkiluoto site. The laboratory is to be used for site charac-
terization and eventually expanded to create the repository. Finland’s government has 
confirmed this strategy in what is called a “decision in principle.”

Finland’s decision-making process differs from that of Sweden and the proposed li-
cense for Finland’s repository would be subject to a different, and perhaps less thor-
ough, review. Posiva has indicated that it is planning to submit a license application 
for a Finnish repository in Olkilouto in 2012. Given the slower licensing review process 
in Sweden, there has been some speculation that Finland could start to build a KBS 
repository before Sweden. 
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