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The Swedish Nuclear Fuel and Waste Management Co, SKB, will soon enter a licensing 
phase for an encapsulation facility (2006) and a final repository for spent nuclear fuel (2008). 
Prior to this step, SKB has a history of research and development where reviews have been an 
essential feature of our work to put in place a good quality assurance. This paper will discuss 
the variety of these reviews and the impact they have had and continue having on our 
programme. 

The method proposed by SKB means that the spent nuclear fuel is to be encapsulated in 
copper canisters. The canisters will be deposited in the bedrock, embedded in bentonite clay, 
at a depth of about 500 metres. When deposition is finished the tunnels and rock caverns will 
be sealed. 

The fuel will be taken from the interim storage facility (Clab), where it has been stored for 
30–40 years, and placed in leak tight copper canisters with a cast iron insert. The canisters 
will then be transported down to a deep geological repository consisting of a system of 
horizontal tunnels at a depth of 400–700 metres in the bedrock. Fig.1

Figure 1. Safety barriers of the KBS-3 method.

1. Historical background and present status of spent nuclear fuel 
management in Sweden 

The Swedish waste management programme has a history of about 30 years and it is filled 
with reviews and reviewers. We believe this is true for many waste management programmes, 
but we also believe it is somewhat unique if compared to other activities in society. Few 
technical or scientific programmes have been reviewed to the same extent from various 
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perspectives as the waste management programmes. We could think of the bridge over 
Öresund from Sweden to Denmark or the tunnel under the English Channel as examples of 
projects that have attracted similar level of attention from various reviewers.   

The new Swedish government formed after the elections in 1976 started out by proposing new 
legislation concerning the management of high level radioactive waste. The nuc1ear power 
utilities were required to show that such waste could be handled and disposed of in a safe way 
before the start of new nuc1ear units. As six units were in various stages of construction the 
new requirements were really harsh and demanding and called for immediate action from the 
utilities.

A special project - called KärnBränsleSäkerhet KBS - was started at once. In developing the 
programme for that project the technical comments given in the review of the AKA report, the 
very first comprehensive parliamentary investigation of nuclear waste management matters, 
as well as the report itself were of great help to identify some of the key issues. And not only 
the issues themselves but also some specialists who had knowledge on these issues. 

The KBS project issued its first report inc1uding a comprehensive safety analysis on final 
disposal of high-level reprocessing waste in the end of 1977. It was immediately sent on 
extensive review within Sweden. In addition a special, international review was organised by 
the government. In total 24 Swedish organisations and 25 foreign organisations or specialists 
sent their comments to the Swedish government special working group that handled the 
review. In parallel to the KBS project a government appointed energy commission was 
evaluating the whole energy situation in Sweden. That commission also organised a separate 
review of the KBS 1 report. They appointed two experts - one pro and one anti - who were 
asked to write a scientific review of the report, and identify the issues where they did not 
agree on their conclusions in the review. 

The KBS 2 report, which presents the first comprehensive study on final disposal of spent 
nuc1ear fuel without reprocessing, was published in September 1978. It was never used 
directly in support of an application according to the special law as was KBS 1. Nevertheless 
it was sent out for international review in a similar manner as KBS 1 but partly to different 
reviewers. Eleven organisations were invited by the government to give their comments and 
submitted written reports of their reviews. 

In 1983 another report on spent fuel disposal KBS 3 was issued in support for the application 
to start operation of the last two nuc1ear power reactors in the present Swedish programme. 
This study was of course also sent for review and some 23 Swedish and 8 foreign 
organisations and specialists sent their comments to the government. 

By this extensive review process for the KBS reports one could say that this extensive review 
process for the KBS reports had established a tradition or at least a pattern for public, formal 
review of the waste management programme in Sweden. 

The new legislation that was promulgated in the nuc1ear field in the first half of the 1980s 
provided a more c1ear division of responsibilities between the authorities and the industry 
than had existed before. The industry (or rather the reactor owners through SKB) was by law 
given the responsibility for the research, development, planning, construction and operation of 
all necessary measures to be taken. The National Board for Spent Nuclear Fuel – SKN – was 
founded and given the role to closely follow and review the SKB R&D- programme. 
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In accordance with the law SKB issued two R&D-programmes in 1986 and in 1989 
respectively. These programmes were sent by SKN to a large number of organisations for 
review. The first programme was commented on by 39 Swedish and 9 foreign reviewers. On 
the 1989 programme 34 Swedish reviewers gave their comments. Thus it seems that SKN is 
following the "tradition" from the KBS reviews as far as the periodic R&D-programme is 
concerned fig.1. 

Later in the 1990ies, The Swedish Nuclear Power Inspectorate SKI was given the 
responsibilities previously carried out by SKN regarding the review and follow up of the 
research, development as well as demonstration, RD&D. All the following RD&D – reports (-
92-, 95-, 98-, 01-, and 04- ) have been reviewed by a large number of experts, authorities and 
organisations, environmental organisations and others. Following each review occasion SKI 
has put together an overall judgement statement to the government before the latter issues its 
decision and directives to SKB. 

In 1999 the Environmental Code has been put in place and hence a final repository for spent 
nuclear fuel in Sweden will require an application according to the Act on nuclear activities, 
where SKI is the competent authority, and an application to an environmental court according 
to the Environmental Code. The government will rule after hearing the concerned 
municipality. Applications according to both laws are expected to involve an extensive set of 
reviewers and experts before their statements are ready to be given to the government. Fig. 2 
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  Figure 2. The licensing process.
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2. Critical review as an integral part of the programme – Internal and 
external review

The review of SKB´s research is done at different levels and in a stepwise manner. The same 
question is often put to the experts’ scrutiny many times all in accordance with a stepwise 
decision making process taking into account results and findings from SKB´s research.

Since a final repository for spent fuel has scientific, ethical and social dimensions the 
reviewers will also vary in character depending on the subject to be discussed. 

So far we have only discussed the public, formal review, which by necessity only occurs at 
regular intervals, but on the other hand often involves many of those in society who may have 
an interest in the subject. 

The concept "technical review" does however also include other parts of the review process. 
We would like to mention the more or less day to day review carried out by the safety 
authorities SKI, and SSI through their staff or their consultants. Meetings are held on a regular 
basis where SKI and SSI follow the progress made by SKB, particularly on the issues raised 
in their review of SKB’s RD&D programme. 

Important to mention here is also the internal reviews that are taking place within the various 
projects and within SKB. For the final results of the work these reviews are of equally large or 
larger importance than the more formal public reviews. Procedures for internal reviews have 
been developed within the SKB research, development and demonstration programme. For 
many projects special reference or advisory groups are organised with participation of experts 
with limited involvement in the SKB programme. These experts are engaged in order to 
provide a wider perspective on the scientific issues at hand. At specific occasions workshops 
are organised with participation of both internal SKB and external experts. Before publication 
SKB reports are submitted to review by internal and where appropriate also external experts.

International cooperation is also important in promoting scientific quality of work in two 
ways. First, it provides the possibility to gather the best experts within a specific discipline 
from several nations and to get them to work together. Secondly, the work and results 
obtained are reviewed by a broader range of experts than would normally be the case in a 
national programme. Major international cooperation projects such as the Stripa Project and 
the Äspö Hard Rock Laboratory have been set up with a managerial committee with 
representatives from the participating (funding) organisations and a scientific advisory 
committee. The role of the scientific committees is to review and to evaluate the work 
performed and to provide advice to the managerial committee on the future direction of work.  

SKB is currently undertaking site investigations in the municipalities of Oskarshamn and 
Östhammar. The data collected and the subsequent modelling and safety assessment work will 
from the basis for SKB’s license application for the final repository for spent nuclear fuel. 
This work has to meet high scientific standards. To assure this SKB has set up the external 
Site Investigation Expert Review Group (SIERG). The review group acts as advisors to SKB 
management and the work is focussed on thorough review of the main reports from the 
technical activities. The group also provides guidance on programmatic issues and should 
assure that all essential aspects have been included in the programme and that different 
scientific disciplines are sufficiently integrated. The SIERG currently consist of nine experts 
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with high international level of knowledge and experience in a specific field of science or 
technology, and with a general understanding and broad experience of multidisciplinary 
projects. The members have no direct involvement in the current site investigation 
programme.  

According to government decisions in 1996 and 2001 SKB should consult with SKI and SSI 
on the site investigation programme and its execution. The regulatory authorities follows the 
work by SKB in order to ensure that SKB collects the data needed in connection with the 
future license application for the final repository. SKI has formed a group of experts named 
INSITE to follow the site investigation programme, to carry out technical reviews in specific 
areas and to provide advice and recommendations to SKI. SSI has formed a similar group 
named OVERSITE. So far SKB has presented results from the site investigations to the 
regulators and their expert groups twice a year. The reviews provided by the regulators and 
their expert groups have generally provided valuable input to the site investigations 
programme and have in some cases led to adjustments of the programme. 

3.  Impact of critical review 

The use of critical review as an integral part of the nuclear waste management program has 
had an impact in several different ways. 
In a general sense critical review contributed to the credibility, visibility and general 
knowledge of the programme. Reviewers - independent experts or laymen - will, as part of 
their review, have to study the plans and the results. Thereby they will better understand the 
objectives of the program, the basis for the concept and the actual state of knowledge 
concerning relevant scientific and technical issues. This will minimise the risk for 
misunderstandings and broaden the general insight of spent fuel and nuclear waste 
management. As an example the extensive international reviews of the KBS reports helped to 
make the work at SKB well known in other countries. Highly qualified people abroad were 
actually paid for reading the reports carefully and commenting on them. They thus became 
aware that some new ideas had been developed and that a substantial amount of good 
scientific work was being made in Sweden. In the same way additional knowledge of the 
R&D-work was spread to universities and institutes in Sweden. The international contacts for 
SKB, for the authorities and for the scientists working for SKB and other waste management 
organisations were thus broadened. This was very good in order to increase the confidence in 
the ongoing work but also for planning future work. The early international reviews of the 
KBS – concept also helped in attracting participants to actual co-operation in the Stripa mine 
and later at the Äspö hard rock laboratory. 

A second general impact of critical review is that it has put the pressure on the implementer, 
SKB, to strive for high quality in performance and to use state of the art knowledge. Not 
doing so would inevitably be revealed by reviewers and would be counterproductive. 

In a more specific sense critical review in some cases has had an impact by raising new 
issues, helping to focus on weak points or even to modify certain aspects of the program or 
the technical design of the concept. Often these impacts are a result of a combination of the 
continuous development within the program itself and comments provided from the 
reviewers. Some examples of how the program and the concept have been influenced by 
critical review are given below. 
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Step-wise implementation  

Initially the plan was to proceed rather directly from R&D-work and site-investigations to 
construction of a full-size deep repository. However, comments from Kasam based on ethical 
considerations concerning rights and responsibilities of present and future generations 
prompted a more step-wise approach to the development and implementation plans. Kasam 
actually proposed a demonstration repository and SKB adopted this basic idea of 
demonstration, but in a modified fashion in the RD&D-programme 92. Full-scale inactive 
demonstration of key technical issues were to be made in the Äspö HRL and the canister 
laboratory while at the same time plans for siting and implementation of deep disposal were 
clearly structured in a step-wise fashion. This so called step-wise approach was also adopted 
as a principle in many other national programmes (McCombie 2003).

Site- selection process and criteria

In the beginning of the 1990ies SKB launched a siting process based on two principles; safety 
and voluntary participation by interested and potentially suitable municipalities. The new 
siting plan raised a lot of questions and comments during the review of RD&D – program 
1992 and later. They had an impact in several ways. The government requested a more 
detailed description of the process and the site – selection criteria to be used. The government 
also, based on the comments from some municipalities, installed a mechanism for financing 
of their participation in the siting process. The safety authorities also needed a comprehensive 
report on geological overview studies as a basis for judging where in Sweden there would be 
areas suitable for feasibility studies and such a report was provided by SKB. Later by the end 
of the 1990ies, and in a similar way, comments from reviewers, in particular municipalities 
and the safety authorities were taken up by the government to request SKB to provide 
extensive reporting on site – evaluation and investigation programme, alternative methods etc 
as a basis for decisions to select sites from the feasibility studies for further investigation. 
(SKB, R&D Programme 2000)

Modification of canister design 

The Swedish copper canister design characterised by using copper for corrosion resistance has 
been substantially modified and further developed since the first conceptual design was 
presented. Copper thickness has been reduced from initially 20 cm to 5 cm and mechanical 
resistance is now guaranteed by an insert of cast iron while at the beginning a hot process was 
contemplated using melted lead or hot isistatic pressing with copper. SKB itself has been 
driving this development but independent expert review has played an important role in 
strengthening the validity of proposed changes in the design.

Local and regional groundwater flow related to coastal or inland siting  

An issue that has been discussed during the siting process is the relative advantages and 
disadvantages of inland versus coastal repository sites. The conclusion drawn by SKB was 
that no general recommendations with respect to siting a repository inland or close to the 
coast could be made. Instead assessments of suitability must be based on studies of particular 
areas. The regulatory authorities challenged these conclusions in their review of SKB’s 
integrated account of method, site selection and programme prior to the site investigations 
phase (SKB, 2000) and recommended SKB to make further assessments of differences in 
groundwater conditions between inland and coastal locations and the possible consequences 
for a repository. Subsequent to these comments by the regulators SKB made further studies of 
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regional groundwater flow systems and concluded that groundwater flow cells both inland 
and at the coast are mainly local and that locations inland provide no advantage with respect 
to safety. The new reports provided by SKB were reviewed by the regulators who requested 
further studies, particularly with respect to the possible merits of an inland location in south-
eastern Sweden (Hultsfred). Such a study is currently in progress and results will be reported 
during 2006.

Safety assessment methodology 

Safety assessment is one of the most discussed and reviewed items in the spent fuel 
programme. Several safety assessments have been presented over the years and numerous 
review comments and suggestions have helped SKB to develop the methodology and the basis 
for the assessments. Areas where the discussions have been intense include quality assurance 
issues and the interpretation of compliance criteria in applicable regulations.

4. Conclusions

The quality and success of a nuclear waste management programme is based on the 
amalgamation of the interests of a wide number of stakeholders, integration of many different 
scientific disciplines, and merging of scientific, technical, ethical and social issues. In this 
process, a broad and structured review of all aspects of the program is necessary and we find 
the process with submission and review by stakeholders, regulators and government every 
third year very useful.

High-quality critical review of is always a real benefit to the implementor – as it gives the 
implementor the possibility to see where improvements can be made. However, a close 
dialogue and a dynamic reviewing process, where questions are raised throughout the process, 
are essential in order to optimize the quality of the final applications.

Naturally, critical review should not be used for pushing specific general research interests or 
issues that belong to the political arena rather than nuclear waste management itself. 

Moreover, critical review provides additional insight and promotes confidence by the general 
public. However, sometimes the public might be confused and have difficulties in judging the 
importance and relevance of critical comments. The implementor and regulatory authorities 
have a special duty to provide an overall perspective of safety-related issues. 

Even if critical review is valuable, the implementor can not only rely on this. The 
implementors’ own internal quality assurance practise, internal review process as well as its 
overall safety culture is all crucial. Indeed, a successful management of radio-active waste, 
including operational aspects as well as siting process, starts with the implementors’ own 
wish to perform state-of-the art-work both in terms of technology and overall approach.  
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