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Preface 
The Swedish Nuclear Fuel and Waste Management Co. (SKB) is planning in the next few 
years to submit applications to construct an encapsulation plant and a final repository for 
spent nuclear fuel. SR-Can is the name of the safety assessment that is to be included with the 
application for the encapsulation plant and concerns the long-term safety of a future 
repository. As part of the preparations for SR-Can, SKB has produced an interim report that 
describes and exemplifies the safety assessment methodology that SKB intends to apply. In 
this report the Swedish Nuclear Power Inspectorate (SKI) and the Swedish Radiation 
Protection Authority (SSI) comment on the interim report (SKB TR-04-11) as the most 
closely concerned authorities.  
 
This review of SKB’s interim report has been produced within the framework of the 
consultation on systems and safety assessment stipulated by the government. It is accordingly 
not linked to any formal licensing review. As the interim report does not clarify all method 
issues associated with safety assessment, it is not possible at this stage to make a complete 
assessment.  
 
An international expert group with members appointed by the authorities has previously 
reviewed SKB’s interim report (Sagar et al, 2004). This review serves as a basis for the 
review by the authorities presented here.  
 
Chapter 2 presents overall points of view on SKB’s methodology. Chapters 3-7 contain more 
detailed points of view on the various components of SKB’s methods for safety assessment. 
In Chapter 8, the authorities present their overall assessment.  
 
Project managers: 
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1 Introduction  
 
With the start of site investigations in the municipalities of Östhammar and Oskarshamn 
during 2001 and 2002 respectively SKB’s final disposal programme for spent nuclear fuel 
entered a new phase. From being a programme dominated by research and development work 
there were now wide-ranging field investigations to decide the suitability of the chosen sites 
as locations for final disposal of spent nuclear fuel. Another necessary component in the 
programme, in addition to the repository, is the planned installation for encapsulation of the 
spent nuclear fuel. This encapsulation plant is planned to be sited at the site of the existing 
interim storage facility for spent nuclear fuel (CLAB), in the municipality of Oskarshamn.  
 
The Swedish Nuclear Fuel and Waste Management Co. (SKB) is currently engaged in 
extensive activity to submit, in accordance with the company’s present timetable, an 
application during 2006 to construct an encapsulation plant and an application during 2008 to 
construct a final repository for spent nuclear fuel. These applications will be supported by 
various components (environmental impact statement, safety assessment, system analysis, 
plans for construction and operation etc), and the applications are to be assessed in accordance 
with the Environmental Code and the Nuclear Activities Act. For both applications SKB will 
produce safety analyses, which will hereinafter be called SR-Can (application for an 
encapsulation plant) and SR-Site (application for a final repository). The safety assessment 
SR-Can will, among other things, be based on data from the initial site investigation phase 
(site-description models version 1.2 for Forsmark and Laxemar) and results achieved so far 
from development and testing of engineered barriers (canister, bentonite buffer etc). SR-Site 
will be based among other things on fundamental data from the completed surface-based site 
investigations. 
 
The Swedish Nuclear Power Inspectorate (SKI) and the Swedish Radiation Protection 
Authority (SSI) will review SKB’s safety analyses in conjunction with the forthcoming 
applications. In this report the authorities state their view on a preliminary report on the 
methodology that SKB intends to use in SR-Can as presented in the recently published 
interim report for SR-Can (SKB TR-04-11).  
 
The purpose of SKB’s interim report is to give the authorities an opportunity to assess 
whether SKB’s method of safety assessment is sufficiently developed to be used in future 
licence applications for an encapsulation plant and a final repository. An early dialogue 
between SKB and the authorities is, in the opinion of the latter, of great value in being able to 
identify critical safety and radiation protection issues prior to upcoming reviews. 
 
The formal background to SKB’s presentation of the interim report is the government’s 
decision (no. 22, 1 November 2001) concerning SKB’s supplement of their programme for 
Research, Develeopment and Demonstration (RD&D) 1998, where the government 
mentioned a need to follow up the authorities’ views on SKB’s latest full safety assessment, 
SR 97 (SKB TR-99-06). It should be emphasised that the views presented here are of a 
preliminary nature and not necessarily complete. A forum for ongoing dialogue regarding 
methodological issues between the responsible authorities and SKB can be found in the 
consultation carried out on systems and safety assessment in accordance with the above-
mentioned government decision. 
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An international group of experts has been commissioned by SKI and SSI to review SKB’s 
presentation of methodology in the above-mentioned interim report. This review, which is 
presented separately (Sagar et al, 2004), has provided valuable input to the authorities’ 
review. The choice of international experts and the development of instructions for the group 
have been the responsibility of SKI and SSI, while SKB is responsible for the cost of the 
group’s work input. The authorities have also utilised other experts and advisers in their 
review work (SKI doss 15.1 dnr 040378; SSI dnr 2004/1893-26).   
 
It is important that the regulatory requirements produced by, among others, SKI and SSI are 
clarified as far as possible, prior to the application for permission to build new nuclear 
installations. An encapsulation plant and a final repository are both considered as nuclear 
installations during the construction phase. Bearing in mind the special nature of several of 
the issues connected with final disposal of spent nuclear fuel and nuclear waste, both the 
authorities have produced special regulations for this area (SSI FS 1998:1, SKIFS 2002:1). 
SKB outlines in its interim report for SR-Can the way in which they interpret these 
regulations, and the authorities comment here on SKB’s interpretation. SSI have recently 
produced a draft for general advice concerning their regulations SSI FS 1998:1, which is at 
present being circulated for comment (SSI dnr 2004/3790-26). 
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2 Overall purpose and methodology 
2.1 Purpose of Sr-Can   

The safety assessment SR-Can concerns long-term safety and radiation protection for a KBS-
3-repository with site-specific data from ongoing site investigations. The report of long-term 
safety and radiation protection should show that the canisters of spent nuclear fuel which have 
been sealed in the encapsulation plant are appropriate for their purpose and compatible with 
the planned repository. In SKB’s latest RD&D programme (RD&D 2004) SKB states that this 
application is intended to serve as the basis of a final position on the KBS-3 method. The 
purpose and requirements connected with SR-Can differ accordingly from the safety 
assessment SR-Site, which will be used as a basis for an application to build a repository at a 
selected site. Questions concerning the safety and radiation protection during the operation of 
the encapsulation plant and the repository need to be presented in other documents and be 
appended to the respective application. 
 
In the interim report SKB states that SR-Can should be used to evaluate the safety of a 
repository in Forsmark or Oskarshamn with canisters in accordance with specifications in the 
application. The safety assessment should also be used to give feedback for ongoing site 
investigations, for SKB’s research and development and for SKB’s future safety analyses.  
 
In the authorities’ opinion SKB’s objective with SR-Can needs to be clarified and may be 
more detailed than in the interim report. This would simplify the authorities’ review and also 
clarify the delimitation in relation to SR-Site. Against the background of the strong focus on 
the repository’s containment capacity in SKB’s safety concept, SKB needs to ensure that the 
assumptions made concerning the canister’s properties are sufficiently grounded in experience 
from the developmental work and the testing of the canisters. In assessing the canister SKB 
should also take into account how handling, transport and operation of the different 
installations might affect these properties. Before submitting the application, SKB must be 
able to show that the development of the canister fulfils well-defined objectives. 
 
The authorities state that the time between SR-Can and the application for a licence to build 
the repository is short (approximately two years). SKB needs therefore to report how 
connections between different projects (e.g. SR-Site, research programmes and site 
investigations) will be dealt with during this limited time (see, for instance, Figure 1.2 in the 
interim report). There should be flexibility in SKB’s timetables since it is not currently 
possible to know the extent of measures needed to meet possible requirements on 
supplementary reporting. The available time will be even more limited if one takes into 
account the fact that SKB may need to factor in the authorities’ assessment of SR-Can in the 
production of SR-Site. The authorities intend to take up these issues in the consultation on 
systems and safety assessment. 
 
2.2 The authorities’ overall views on SKB’s methodology 

SKB outlines in Chapter 2 of the interim report a method in eleven steps for carrying out the 
safety assessment SR-Can. Among the new points mentioned in comparison with previous 
safety analyses the following may be listed: 
• the use of function indicators to describe the repository’s safety functions 
• preliminary assessment of the function indicators with the help of analytical models 
• a clearer connection between SKI’s and SSI’s regulations and the choice of scenarios   
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• a more thoroughly conceived strategy for handling expert assessments in the safety 
assessment 

• a clearer focus on the safety function of containment in relation to retardation in the rock. 
 
The authorities agree with the international panel of experts that SKB’s overall method 
description is logically formulated and has the conditions to provide a good starting point for 
future safety analyses. However, SKB’s reporting of the different steps of analysis in the 
interim report is uneven: some points are described in fairly great detail and illustrated with 
calculations while others are described in very general terms or not at all. As far as the 
authorities understand, this is due to the fact that certain components in SKB’s methodology 
are not yet fully developed. 
 
Safety principles 
Generally SKB has placed greater emphasis on the safety function of containment in relation 
to retardation in the rock, which in the authorities’ view may be reasonable provided that the 
regulatory requirements on several barrier functions and the use of the best available 
technology are met. SKB places special emphasis on the copper canister’s isolating capacity. 
This also means that the requirements for reporting factors of importance for containment 
increase, compared with a case where greater emphasis is placed on the potential of the 
repository system and the surroundings to delay the release of radionuclides. The authorities 
feel that there are certain weaknesses in SKB’s handling of basic questions relating to the 
copper canister’s isolating capacity. For example, SKB has not provided sufficiently detailed 
information on how different types of initial defects in the copper canister should be dealt 
with. The international panel of experts reached the same conclusion and believe that SKB 
has not yet provided support to show that the assumptions concerning the canister’s initial 
state, on which the analysis is based, might actually be reached. 
 
SKB states a number of additional safety principles for the KBS-3 system. Among other 
things, the repository should be sited at a location without workable mineral assets and the 
system’s manufactured barriers should be made from natural materials of long-term stability. 
SKB explicitly states that dilution should not be considered a safety principle for the 
repository, nor should it be given any importance in terms of the design and siting of the 
repository. SKB intends to base the assessment of compliance with SSI’s criterion for 
individual risk on the time periods when release of radioactive substances takes place in a 
terrestrial environment, when the greatest consequences are expected to occur. The authorities 
have no objection to these principles.  
 
Time period for the safety assessment 
SKB presents a reasoning on the amount of time that the safety assessment needs to cover. 
SKB states that a limitation based on the maximum individual dose occurring within a million 
years does not seem applicable bearing in mind the system’s expected high containment 
capacity and the continuous ingrowth of radium-226. SKB also presents an analysis of the 
fuel’s radiotoxicity as a function of the time and compares this with the radiotoxicity of the 
uranium originally mined in order to produce the fuel. SKB concludes that these toxicities are 
comparable after a hundred thousand years. Based on both these arguments SKB states that 
the safety assessment needs to cover one million years.  
 
The authorities conclude that the time limitation specified by SKB is in accordance with the 
guidelines presented by the authorities, especially SKI’s general advice, which SKB uses for 
support, as well as SSI’s recently submitted proposal for general advice (SSI dnr 2004/3790-
26). 
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System description and data 
The authorities consider that the interim report and its accompanying supporting reports give 
a good picture of how SKB intends to handle the system description, the initial state of the 
repository and its surroundings, and also the data and general principles for evaluation of 
different types of uncertainty. The authorities’ detailed opinions on these points are presented 
in Chapter 3 and Section 6.2. 
 
Function indicators 
The use of function indicators and preliminary assessments as a basis for more complete 
scenario analyses is a new element in SKB’s method and the authorities have therefore given 
fairly detailed comments in Chapter 4. 
 
Like the international panel of experts, the authorities have responded positively to this new 
feature of SKB’s programme and believe that it should provide a valuable contribution to the 
understanding of the final disposal system’s function, especially for long time periods when 
the uncertainties associated with the risk analysis increases. The role that the function 
indicators will finally have in the safety assessment needs, however, to be further clarified. 
This particularly applies to how the function indicators and the preliminary assessment of 
them will be used, together with other considerations, in order to guide the selection of 
scenarios for the more in-depth analyses. The systematics for how the function indicators are 
chosen and analysed should be seen as critical in determining which role they are to have in 
future analyses.  
 
Choice of scenarios 
The choice of scenarios for the analyses of the repository’s long-term safety is a central part 
of each safety assessment. In the interim report SKB presents an updated method for the 
choice of scenarios and also provides preliminary examples of scenarios and their evaluation 
in the example calculations.  
 
The authorities believe that the generally accepted starting points for the choice of scenarios 
as set out in Section 8.1 of the interim report are good. The authorities’ overall assessment, 
however, is that SKB’s method as described in the interim report is insufficiently developed 
for use in the safety assessment SR-Can. 
 
Like the international panel of experts, the authorities believe that it is difficult to see a clear 
and systematic method for the identification and choice of scenarios. The descriptive 
examples of how (in particular) variants and calculation cases should be identified and 
integrated in the risk analysis give a confusing impression. The authorities are also not 
convinced that SKB’s preliminary choice of scenarios will cover a broad enough spectrum of 
uncertainties and adverse FEP. The authorities feel that SKB needs to have a broader 
approach in the preliminary choice of scenarios, even though not all scenarios need to be 
evaluated in the full risk analysis. 
 
In conclusion, the authorities feel that SKB needs to produce a better conceived method for 
the selection of scenarios, variants and calculation cases and show how the method fulfils the 
various requirements that might be placed upon the choice of a scenario, e.g.:  
• to provide a good basis for the overall risk analysis  
• to cover adverse FEP not dealt with in the main scenario’s base variant 
• to give feedback for site investigations and ongoing research and technological 

development. 
The authorities’ detailed views on SKB’s scenario selection are given in Chapter 5.  
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Scenario analysis  
The method of analysis of the chosen scenarios is illustrated in different parts of the interim 
report with the aid of simplified calculation examples. The method description shows that the 
repository’s isolating capacity is analysed in a first stage. A calculation is then made of dose 
consequences in the event that the canister’s isolating function should cease. There is, 
however, no overall description of how different types of more or less detailed models for the 
repository’s short-term (resaturation phase) and long-term development should be applied and 
combined. The authorities feel there is a need for a schematic description (e.g. a flow chart) 
illustrating how different models are intended to be used, including information and data 
flows. The authorities do, however, approve of the fact that SKB is planning to document how 
different models deal with the processes identified in the process report (SKB R-04-33). 
 
SKB states that there is still a great deal of development work to be done to produce all the 
models needed for the scenario analyses, e.g. in biosphere modelling, the description of the 
repository’s resaturation processes and the effect of glaciation on the repository. The 
authorities appreciate that it is not possible for all models to be ready at this stage but they 
stress that adequate time must be given to assess and verify the models and calculation tools 
that are to be used as the basis for an application.  
 
The authorities also believe that SKB should clarify how the iterative element of the safety 
assessment will work, i.e. how the preliminary choice of scenarios should be evaluated and 
the grounds on which supplementary scenarios and analyses should be formulated. This also 
applies to the way in which the scenario analyses will be used to generate variants and new 
calculation cases. The authorities are of the opinion that these iterations will be of great 
importance in ensuring the completeness of the safety assessment. 
 
The authorities’ detailed views on SKB’s method of analysis of scenarios are presented in 
Chapter 6. 
 
Handling of uncertainties  
SKB outlines in Chapter 2 of the interim report its method of handling uncertainties in the 
different parts of the safety assessment. The authorities support SKB’s argument that the 
handling of uncertainties should be an integral part of all aspects of the safety assessment. The 
authorities comment here only on a few overall issues, while SKB’s different methods for 
handling uncertainty in the individual steps of the safety assessment are commented on in 
other sections of this review report.  
 
In the opinion of the authorities, SKB has identified in the interim report the most important 
types of uncertainties that need in some way to be addressed in the safety assessment. The 
authorities also feel that SKB has methods suitable for the assessment of these uncertainties in 
several important areas, for example the system description with FEP databases, process 
descriptions and descriptions of initial state and data handling. 
 
As can be seen from this review, the authorities point out that SKB’s method of safety 
assessment, and thereby the stated handling of uncertainties, needs to be developed and better 
described in other areas. This applies, for example, to choice of scenarios, the role of the 
function indicators, the iterative method for scenario analysis and the reporting of how 
assumptions about the canister’s properties are linked to experiences from manufacturing and 
testing. The authorities question therefore whether the method described by SKB in Section 
2.22.3 (page 64) of the interim report is sufficiently well developed to show that all important 
FEP and uncertainties have been taken into account in the scenario analysis. 
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The authorities take a positive view of SKB’s plans to discuss conceptual uncertainties and 
alternative models in the process report. The authorities feel, however, that SKB should 
produce a more detailed description of how different types of alternative conceptual models 
will be handled in the overall risk analysis.  
 
The authorities believe that SKB has chosen a good set of methods for sensitivity analysis of 
consequence calculations. The authorities feel, however, that SKB should justify the methods 
chosen through a discussion of the advantages and disadvantages with the different methods 
that are available. The authorities also believe that SKB should clarify how sensitivity and 
uncertainty analyses are intended to be used in other parts of the safety assessment, for 
example in the calculations designed to illustrate the repository’s capacity for containing 
radionuclides. 
 
Quality assurance 
Now that SKB is approaching the stage of license applications for new installations, the 
importance of quality assurance and traceable documentation increases. Future safety reports 
need to be traceable and transparent, and it should be possible to reproduce analyses that are 
important for long-term safety and radiation protection. SKB should, to a greater extent than 
has hitherto been the case, evaluate the quality and availability of all relevant supporting 
material connected with its work. The international panel of experts has made it clear that one 
of their most important conclusions is that SKB must be clearer and in particular must take 
into account traceability with regard to such things as the handling of uncertainties and 
scenarios. The group also calls for sufficiently rigorous procedures for project work and 
quality assurance. The authorities feel that it would be valuable if the quality programme 
which SKB announces for SR-Can could be evaluated before the safety assessment has been 
completed. The review of the safety assessment could then be focused more on the 
compliance with the quality programme than on the quality programme as such. The 
programme should be drawn up and put into effect as early as possible so that documentation 
and quality controls are implemented in direct connection to the work. 
 
The authorities feel that there are deficiences in the quality assurance of the interim report 
which in some respects have obstructed the assessment of SKB’s methods of safety 
assessment. The following are examples of quality issues that SKB needs to work on prior to 
the completion of SR-Can: 
• uniform terminology 
• uniform use of symbols and designations  
• correct and sufficient cross references between different sections of the safety assessment 

including its main references 
• uniform use of sufficiently specific references to technical reports and scientific 

publications 
• source references for data 
• subject index (e.g. as outlined in SKB’s planned system report) 
• decisions on the handling of FEP should be linked to clear arguments 
• explanations also for FEP, parameters etc that are considered irrelevant or possibly 

neglected 
• checks to ensure that cited technical reports provide adequate support for the conclusions 

utilised in the safety assessment 
• checks to ensure that important statements in the safety assessment are expressed in an 

appropriate way with regard to the quality of the data on which they are based. 
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There are also a number of quality assurance requirements that can be linked to the extensive 
modelling that forms a major part of the safety assessment, e.g.: 
• that codes used directly or indirectly in the safety assessment are tested and documented, 

and are accessible for review and verification 
• that changes and further development of models lead to the production of updated 

documentation 
• that the use of old references which clearly do not fulfil current quality assurance 

requirements is avoided 
• that consistent routines should be established for program runs with storage of incoming 

and outgoing data files and sorting of information so that it is easily accessible for review. 
 
Taking into account the extensive amount of data and information that will support  future 
safety assessment, SKB should ensure at the earliest opportunity that the hierarchy of 
documents supporting the safety assessment is adapted to its purpose and consistently applied. 
All information required for detailed reviews should be accessible. The safety reporting 
should, however, be structured so as to provide a good overview and to facilitate the review.  
 
Expert judgements  
SKB describes a model for how experts will be identified and documented with regard to such 
things as training, experience and their role in SR-Can. The authorities approve of the fact that 
SKB intends to utilise a broader base of experts than in the past and believes that this is 
necessary since previous safety analyses were in some sections produced by a very limited 
number of individuals. It still remains, however, for SKB to give examples of how the method 
of choosing experts will operate in practice. It is also not clear from the report how SKB 
intends to achieve the breadth of views needed for a comprehensive examination of critical 
issues concerning the repository’s function. The authorities believe that it is necessary to 
ensure that any spread of scientific opinions of central importance is evaluated in the safety 
assessment. 
 
The authorities agree that a small group with a good overview of the safety assessment should 
take the decisions as to how the basic data should be used in the analysis. To ensure 
traceability a system for documenting review comments needs to be devised, a point also 
highlighted by the international panel of experts. In addition to this, there should be, in 
accordance with SKI’s regulations, an independent safety review. In this regard it is important 
to clarify, for example, the role of SKB’s SIERG group (reference group for the ongoing site 
investigations). 
 
SKB states that formal expert panel elicitations may be used. This method has been used in 
other countries mostly in areas where the knowledge situation is such that facts cannot be 
accessed through direct measurements, e.g. in the USA to assess the likelihood of volcanism. 
The authorities believe that the method could also be used in SKB’s programme. 
 
Risk analysis 
SKB presents in Chapter 2 of the interim report a method of probabilistic risk analysis. The 
method is also outlined in the calculation examples in Chapter 12. The authorities believe that 
SKB’s method largely conforms to the guidelines set out in the authorities’ regulations and 
the instructions given in SSI’s proposal for general advice in connection with SSI FS 1998:1 
(SSI dnr 2004/3790-26). Certain questions still remain, however, regarding the application of 
SKB’s method since the interim report does not contain a complete risk analysis. One 
question which the international panel of experts and SKB themselves discuss in the interim 
report concerns the weighing up of risk contributions from different variants and calculation 
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cases, e.g. mutually exclusive site-descriptive models and other alternative conceptual 
models. The unclear elements highlighted by the authorities in connection with SKB’s method 
of choosing scenarios also mean that SKB’s method of risk analysis cannot be assessed in its 
entirety.  
 
SKB plans to present risk analyses for the time period up to 1 million years after closure. The 
authorities wish, however, to make clear that the complete risk analysis should include the 
period of a glaciation cycle (or around 100,000 years after closure). For long periods 
(hundreds of thousands of years after closure) it is sufficient to present a simplified risk 
analysis with the aim of illustrating the repository’s protective capacity. Bearing in mind the 
increasing uncertainties with extremely long periods of time, the risk analysis should be based 
on a stylised description of the development of the climate and the biosphere as suggested in 
SSI’s proposal for general advice (SSI dnr 2004/3790-26). For the period beyond one million 
years the report can be limited to a schematic description of the repository’s conceivable 
development together with information on how the hazard of radioactive substances 
diminishes with time. 
 
The authorities approve of the fact that SKB intends to present the risk from the repository as 
a function of time and that different climatic developments are not included in the same risk 
calculation. This helps to create a transparent and comprehensible picture of how the risk 
from the repository can develop over time.  
 
The authorities consider that SKB’s way of choosing the scenarios and variants that give the 
greatest consequences in each time interval for the risk summary can be fit for the purpose of 
assessing whether SSI’s risk limitation is complied with. The risk calculation can, however, 
be difficult to interpret if it consists of risk contributions from different (mutually exclusive) 
scenarios at different times, as discussed in Section 2.12.2 of the interim report. To be able to 
develop an understanding of the importance of different scenarios and to be able to provide 
feedback to the site investigations and  the R&D-programme, the results from the different 
scenarios should also be presented separately (see also below in the section on presentation of 
arguments for demonstration of compliance).  
 
As has been mentioned in several places in this review, the authorities question SKB’s choice 
to, a priori, exclude certain less likely but adverse FEP and deviations from the initial state 
from the risk analysis. Unless it is possible to show that the risk contribution (due to low 
probability or small consequences) is negligible, they should be included in the risk analysis. 
This view has also been expressed by the international panel of experts. 
 
It is good that SKB has drawn attention to different types of risk dilution. A particular case of 
risk dilution can occur for individual events with major but relatively short-term 
consequences, e.g. certain types of serious canister failure. If there is great uncertainty about 
when over time such an event will occur, the risk of being affected by the consequences will 
be spread over a large number of generations in a probabilistic calculation. The estimated risk 
can then, in certain circumstances, be substantially lower compared with a case where it is 
known when the event occurs. The authorities are aware that this is a result of the fact that 
SSI’s risk criterion is expressed in the form of annual risk in combination with the very long 
time periods that need to be taken into account in the risk analysis. This does not mean, 
however, that it is acceptable to disregard such effects in the risk analysis, as stated in SSI’s 
draft general advice (SSI dnr 2004/3790-26) associated with the regulations SSI FS 1998:1. 
The authorities consider that SKB in its risk analysis should assess this and other forms of risk 
dilution and take into account the results when evaluating the calculation results. The method 
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that SKB reports in the calculation examples, namely of comparing the probabilistically 
calculated risk (as a function of time) with a risk based on the maximal doses (independent of 
time) can be one way of attacking the problem. The authorities intend, however, to continue 
the dialogue with SKB on these issues as part of the ongoing consultation concerning systems 
and safety assessment. 
 
The arguments put forward by SKB concerning the size of the most exposed group for risk 
calculations are reasonable. SSI’s proposal for general advice (SSI dnr 2004/3790-26) in 
respect of SSI FS 1998:1 contains more detailed guidance on how the most exposed group can 
be delimited in terms of the estimated distribution of radiological doses among different 
individuals. SSI’s proposal on general advice also gives guidance on how SSI’s risk criterion 
should be applied, depending on how many individuals are expected to be involved. The main 
principle is that the risk criterion, an annual risk of 10-6, should be used if more than a small 
number of individuals may be deemed to be included in the most exposed group. If only a few 
individuals are deemed to be involved, it is acceptable to compare the estimated risk against 
the risk level of 10-5.  
 
Presentation of arguments for demonstration of compliance  
The last two steps of SKB’s method of safety assessment, assessment of chosen scenarios and 
FEP handling, and analysis of results and conclusions, are very summarily described in the 
interim report and cannot therefore be assessed by the authorities at this stage. The authorities 
believe that SKB should produce a structure at an early stage of how the different arguments 
for safety and radiation protection should be reported, not least to ensure that, for example, 
the choice of scenarios and the form of the scenario analyses have the necessary conditions to 
provide the basic data required. SKB presents in the interim report a number of calculation 
examples but it is unclear how SKB intends to utilise the information and the results that these 
calculations give.  
 
The overall report of arguments for compliance with requirements should, in the view of the 
authorities, include logically formulated argumentation concerning the repository’s protective 
capacity over different time periods with information on estimated risks, uncertainties in 
calculations made and the reasonableness of assumptions. The authorities also wish to 
emphasise in this regard that the presentation of the results of the risk analysis does not 
simply involve a quantitative report of risk figures. To gain a good understanding of what the 
estimated risks represent, they need to be substantiated by a discussion on how individual 
scenarios and calculation cases contribute to the total risk. Such a discussion should be based 
on a special report on doses and risks for critical scenarios and calculation cases.  
 
A related issue is how SKB intends to report that the repository meets the radiation protection 
requirement for an optimised repository and that account has been taken of the principle of 
best available technology, among other ways through analysis of different design variants. 
Evaluations and assessments of alternative site locations and design alternatives are made 
continuously during the development work for the repository. The overall presentation of 
compliance should show how the principles of optimisation and best available technology 
have been taken into account in this work. The design alternatives which are still open in the 
production of the safety report, e.g. the method of backfilling tunnels, should be evaluated on 
an individual basis against the safety and radiation protection requirements rather than be 
treated as variables in the risk analysis. 
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3 System description   
3.1 Creation of database for FEP (Features Events Processes)  

SKB describes in SKB R-04-32 its methodology for the handling of FEP, which has been 
updated and further developed since SR 97. A database programme has been used to 
document the choices of FEP that have been implemented by proceeding from existing FEP 
from SR 97, NEA’s FEP database, and for the biosphere SKB’s previous work on interaction 
matrices (SKB R-01-13). SKB has set up a working group of three people who have removed 
irrelevant FEP and grouped the remainder in categories (e.g. variables and initial state, 
internal processes, external factors). An appendix to the above report gives details of the 
preliminary choice of FEP. 
 
The authorities feel that the approach presented by SKB serves as a good basis for further 
work on documenting, describing and structuring FEP. Since one of the main aims of the FEP 
methodology is to provide assurance that the analysis is complete, there may, however, be 
further needs to check the choice and structuring (numbering, classification etc.) of FEP 
before a final database is established prior to SR-Can. To ensure that the process of producing 
the FEP database is as transparent as possible, it would be advisable to document the choice 
of different experts for reviewing FEP. The motives behind the exclusion of FEP also need to 
be documented in a systematic way, for example for FEP that are relevant in principle yet are 
extremely unlikely. 
 
There is no documented compilation of biosphere FEP in R-04-32. This is justified by the fact 
that these were not included in SR 97. Nor does SKB present FEP that describe the Geosphere 
Biosphere Interface (GBI). The authorities take for granted that in its ongoing work SKB 
upgrades the system description for the biosphere and the transition between geosphere and 
biosphere at the same level as for the other parts of the systems. 
 
3.2 Initial state – EBS 

The authorities feel that SKB’s description of the engineered barriers, divided into different 
system parts, has been improved since SR 97, among other ways by increasing the number of 
components. The more detailed description gives a better basis, partly for the description and 
analysis of the backfilling and partly for the elements that were not described in such a 
structured way previously (bottom plate, plugs, inspection borehole etc.). Continuous, gradual 
refining of the descriptions is expected, since secondary components in the repository in the 
future will need to be specified in a more detailed way (e.g. shaft, ramp, rock reinforcements). 
Secondary components means in this context those with less direct influence on long-term 
safety compared with the primary components such as canister and buffer. 
 
In the report SKB on the initial state (SKB R-04-35) SKB deals with each component by 
identifying, after a schematic description, relevant variables and then describing the initial 
state for each variable and/or its accompanying uncertainties. This is consistent with the 
account in the process report (SKB R-04-33) where the development of the same variables is 
described with a similar structure. The authorities believe that this is a good method but feel 
that the descriptions of uncertainties and tolerances for all components should be made more 
exhaustive and be better justified in relation to future safety analyses. SKB needs to show that 
the description of the repository is gradually becoming more realistic and thereby constitutes a 
basis for a practically implemented project. With regard to the specific purpose of SR-Can, 
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the authorities feel it is reasonable to place more stringent requirements on the description of 
the canister, compared with the other components. 
 
In some cases, however, the authorities feel that it is not clear how the effect of these 
uncertainties is carried forward in the analysis. This particularly applies to the uncertainties in 
heat transfer affected by the condition of slits and gaps, and the time the heat transfer takes 
place in an unsaturated state. Other areas where the authorities lack a clear strategy for how 
the uncertainty is carried forward in the analysis are the uncertainty in deposited dacay heat, 
the significance of the uncertainties in the amount of foreign material in the repository (e.g. 
cement and organic material), and the quality of the bore hole seals and their significance in 
preventing the formation of fast transport paths. Variables thought to lack significance for the 
initial state also need some sort of stated explanation or justification. For reasons of 
traceability it is not enough for a variable simply to state that it lacks significance or that data 
is lacking. Examples of excessively summary descriptions include the description of plugs 
and the concrete bottom plate in the deposition hole (pore water composition etc.). 
Information sources for important parameters including uncertainty intervals should also be 
specified. 
 
The international panel of experts is asking for clearer documentation of references and 
derivations relating to the specified initial values for the variables, with a distinction between 
what is received data and what are assumptions on, for example, design. According to the 
authorities, it is not the distribution as such that is the most important thing; what is important 
is that there are derivations and references for all data. This is included generally as one step 
in the process of increasing the traceability and thereby the quality of the safety assessment 
(see Section 2.2, quality assurance).  
 
SKB has chosen to use the emplacement time as the initial time for the description of the 
engineered barriers. For the rock and the biosphere, however, a choice has been made for the 
undisturbed state prior to excavation of the repository. As regards the engineered barriers, this 
reflects the expected conditions, since the emplacement is distributed over time and the 
degree of development in different parts of the repository will vary at any given time. The 
authorities cannot say, however, whether or not there will be unforeseen implications 
resulting from the fact that no unique starting time will be identified. An example of a case 
where a unique starting time should be identified is with the analysis of the resaturation at the 
repository scale. It may be noted that the conditions before the start of excavation but after the 
start of site investigations are not entirely unaffected since bore hole tests have been carried 
out. 
 
It should be noted that the described initial state of engineered barriers in SR-Can will partly 
be based on design specifications without a real statistical basis. The authorities do not feel, 
however, that basic statistical data is needed at this stage for all components, but SKB should 
on the other hand be able to report how required information will subsequently be produced. 
It may also be necessary to study effects of greater than expected uncertainties in order to 
identify those cases where the values of tolerances are sensitive in a long-term perspective. 
SKB will take into account the values of the variables that lie outside the stated tolerances in 
connection with the selection and definition of scenarios. A particularly important example of 
the above, with great significance for long-term safety and radiation protection, is the 
specification of the closure weld and the frequency and nature of initial defects. The 
authorities support the ambitions that SKB have presented for this in other contexts but feel 
that SKB should have given the question greater space in the interim report. 
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3.3 Initial state – site-descriptive models 

The conditions that predominate in the initial stage for biosphere and geosphere are described 
in the site-descriptive models produced in ongoing site investigations. The interim report only 
contains information from Forsmark site model version 1.1. It can be shown that this site 
model is based on very limited information on the conditions at repository depth. SR-Can will 
be based on new versions of Forsmark and Laxemar (version 1.2), which will be produced 
during the first half of 2005. These site descriptions are expected to be far richer in content 
and based on information from, among other places, a number of deep bore holes. The 
authorities believe that the site-descriptive models version 1.1 have a suitable structure but 
that these should only be seen as a first illustration of how site data can be compiled in a site 
model. 
  
The information in the interim report illustrates an expected volume in the future SR-Can. The 
authorities feel that there are good grounds for extending the description of site data in the 
coming SR-Can report, taking into account the great emphasis site-specific data has with 
regard to the evaluation of long-term safety and the fact that two sites are to be evaluated 
concurrently. The authorities feel that SKB should maintain coordinated chapters for each site 
in the safety report describing the site-descriptive models used and the uncertainties 
associated with the interpretations in the site models. SKB should also consider producing 
comprehensive background reports of site data similar to, for example, the process report for 
the purpose of recording definitions (e.g. structure/fracture zone/fractures) and variables, and 
for discussing interpretations and uncertainties. 
  
The authorities feel that SKB should report how they intend to update their site-descriptive 
models, partly in connection with ongoing site investigations and partly in connection with 
the construction of the repository. This information is needed in order to be able to judge how 
existing uncertainties can be reduced and how feedback from safety assessment can be 
utilised. 
 
3.4 Process description and interactions between processes 

SKB describes in the process report (SKB R-04-33) a structure for reporting processes similar 
to that used in SR 97 and examples of process descriptions for the buffer. The sub-headings 
for each process include overview, boundary conditions, model studies, natural analogies, 
time perspective, treatment in the safety assessment and handling uncertainties. Some 
development has taken place since SR 97, among other things with a more structured 
description of treatment in the safety assessment and description of uncertainties including the 
sub-groups of mechanistic understanding, model simplifications and choice of data. 
According to the authorities, SKB’s method gives a good overview of the simplified process 
understanding required for safety assessment. Application examples for the buffer, however, 
show that SKB needs to continue the work of compiling sufficiently complete and exact 
references. 
 
The THMC diagrams used in SR 97 have now been replaced by process tables where SKB in 
the process report employs a table to record each process (one table corresponds to one line in 
the THMC diagram). The authorities feel that this method makes it easier to describe in more 
detail how the processes are influenced by and impact upon the variables compared with what 
the arrows in the THMC diagram could show. Compared with the THMC diagram, however, 
the process tables do not give the same overview of a larger portion of the system. The 
authorities believe that the two types of table complement one another and should be 
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presented in parallel. It may also be noted that the process tables have not been designed in a 
consistent manner. For example, the table dealing with microbial processes is more detailed 
than the others. SKB should consider upgrading the other tables accordingly and thereby 
achieve a consistent level of detail. 
 
For each component SKB also intends to produce a colour-coded table showing how the 
different processes are treated in the safety assessment with different models and analyses. 
The table is divided into three columns for recording treatment and modelling in the 
categories (i) resaturation/thermal phase, (ii) subsequent long-term phase and (iii) related to 
earthquakes. The authorities feel that the division into three categories enhances clarity and 
understanding for the construction of the safety assessment. The table shown by SKB for the 
buffer would be further improved if it contained a more specific description of the model 
types cited (compare, for example, the type of table presented by SKB in the planning report 
for Sr-Can, SKB TR-03-08). 
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4 Function indicators and preliminary assessment 
In the interim report SKB introduces indicators as support for the assessment of the 
repository’s safety functions. Since this is a new feature compared with SKB’s earlier safety 
analyses, the authorities are providing fairly detailed comments here. 
 
4.1 The role of the function indicators 

In the interim report SKB presents a number of function indicators intended to complement 
and support the risk analysis. The function indicators produced focus mainly on evaluating 
factors of importance to the containment capacity of the repository, but criteria have also been 
formulated to evaluate factors of importance relating to the retardation capacity of the 
repository and its surroundings. SKB states that the purpose of the assessment is to obtain at 
an early stage of the safety assessment work an understanding of the system’s basic function 
as a possible guide in identifying critical data, choice of scenario and more in-depth analyses.  
 
The term function indicators has been introduced by SKB primarily to highlight and clarify a 
number of critical parameters, which directly or indirectly describe how well the different 
barriers, are functioning. The value of these parameters represents an intermediate result in 
the safety assessment. By comparing the value of function indicators with specified criteria, it 
is possible to assess whether further or special evaluation of corresponding barrier functions is 
needed, and also in the long run whether special consequence calculations are required to 
illustrate the effect of the barrier functions that have deteriorated. 
 
Like the international panel of experts, the authorities consider that the use of function 
indicators is a good initiative that should reinforce the safety assessment, among other ways 
by increasing understanding of how the different engineered barriers function in the 
repository and by giving guidance in the choice of scenarios for the complete risk analysis. 
The authorities also feel that the function indicators can act as a complement to the risk 
calculations by illustrating the repository’s barrier functions for periods far in the future when 
the risk calculations are gradually becoming associated with increasing uncertainties. It must 
be noted, however, that it is not possible from the material presented to gain a clear picture of 
how the function indicators will ultimately be used in the safety assessment. The methodology 
is not adequately laid down for this and SKB also points out that a decision still needs to be 
taken as to how the results from the preliminary analyses should be used in SR-Can. On the 
question of the report’s preliminary status, therefore, the authorities make no claim of a full 
and complete review but draw attention instead to a number of examples of areas where SKB 
needs to improve with regard to SR-Can.  
 
The systematics of how the function indicators are chosen and analysed are of great 
importance to the role they may have in future analyses. The authorities see a risk in the 
analysis being carried out in such a simplified way that, for example, important connections 
between different processes or between different part-systems are disregarded. It is also 
essential to take into consideration the fact that the function indicators are different in 
character. Some parameters are relatively simple and measurable (e.g. temperature) while 
others include both assumptions and modelling results (e.g. permitted size of shear 
movements in the rock).  
 
It must also be made clear that the simplified models used are capable of acceptably 
reproducing the system’s dynamic response when, for example, a sensitivity analysis is 
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carried out in such a way that the models are not invalid outside certain parameter intervals. 
SKB must bear this in mind and ensure that the results are not over-interpreted or that 
important questions are disregarded too early. The authorities consider that there are examples 
to indicate that SKB is over-interpreting results from the preliminary analyses, e.g. that SKB 
allows the results from the preliminary assessment of defective canisters to represent 
incoming data for the risk analysis. 
 
4.2 Derivation of function indicators 

SKB presents a number of function indicators for the containment capacity of the repository 
for the function of the canister, buffer and backfill. The choice of function indicators should 
be seen as preliminary. There is, for example, no limit value yet to ensure that the canister 
does not sink through the buffer and for the maximal isostatic pressure against the canister. 
The authorities consider, as does the international panel of experts, that SKB should report 
more clearly how the choice of function indicators was determined and also the derivation of 
the criteria, including uncertainty. SKB should, for example, strengthen the motives for buffer 
density requirements (see section 4.3). 
 
SKB’s description and analysis of possible canister damage will be an important component 
in the reporting for the application to build an encapsulation plant. The authorities believe that 
the methodology presented in the interim report is insufficient. SKB’s reasoning, which is 
based on an intact copper ligament being initially ever present, is simplistic and is also 
founded on the inadequately substantiated assumption that methods exist to detect all types of 
defects that might be of significance in terms of the repository’s long-term development and 
function, independent of the size of the defects. The authorities have in other contexts asked 
for a more condition-free description of different types and numbers of defects, possibilities 
for detecting these defects through non-destructive testing, and methods of evaluating these 
defects in the safety assessment (SSI Report 2002:03). Such a description also needs to be 
based on the results from destructive testing of copper canisters in the development work at 
Kapsellaboratoriet (the canister laboratory) and placed in relation to the development work 
based on the methods for non-destructive testing (NDT). The authorities have been informed 
that such work is currently being carried out within SKB and urges SKB to use the 
opportunity, through dialogue with the authorities, to get feedback on this work prior to future 
licence applications. 
 
The authorities have also identified a couple of other unclear points in the specified function 
indicators which SKB need to clarify in future reports: 
• SKB state that the requirements concerning the canister’s maximal temperature (T < 

100°C) only apply on contact with water. It is unclear whether this means that higher 
temperatures may be permitted before the buffer has been resaturated and what the 
importance of this might be.  

• The importance of the intended handling of inhomogeneities in different scales (gradient 
from bottom of emplacement hole to backfill, the junction between bentonite blocks) with 
regard to, for example, buffer density and swelling is unclear. 
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4.3 Preliminary assessment of the function indicators 

The starting point for the preliminary assessment is what SKB calls the reference initial state 
of the system which is defined as the system’s design specifications with tolerances including 
deviations from manufacturing and control procedures. The assessment is carried out with the 
help of the analytical models that SKB is currently developing (see Section 4.4). The 
authorities believe that a broad spectrum of conceivable initial states and external 
disturbances needs to be assessed in order for the analyses to be usable in identifying 
scenarios for the complete risk analysis. The authorities believe, therefore, that SKB may 
need to supplement the analysis with instances involving more significant deviations from the 
reference initial state in order to give sufficient guidance in the choice of scenario for the risk 
analysis. 
 
SKB’s preliminary assessment of corrosion of defective copper canisters is based on the 
assumption that only 1 canister in 1000 has a copper thickness less than 15 mm. As mentioned 
above, the authorities believe that SKB should justify this approach better on the basis of a 
condition-free discussion of possible defects. The authorities also consider that SKB’s way of 
describing the thickness of the remaining ligament as a triangular distribution is insufficiently 
justified and can be interpreted as a lack of data. Finally, SKB needs to supplement the 
analysis with an evaluation of stress corrosion, microbially catalysed corrosion and corrosion 
caused by radiolysis, or alternatively they need to strengthen their reasons for dismissing the 
significance of these corrosion processes. 
 
The buffer represents an important component for the repository system and its density is of 
special significance for the system’s function since it affects, among other things, the swelling 
pressure that develops and the hydraulic conductivity. SKB also specifies criteria for the 
buffer density with regard to the importance of microbes, colloids and the effect of rock 
movements. The buffer’s density may, however, be affected by a number of processes during 
and after resaturation. Its density can also be indirectly affected through the backfill’s 
function. The authorities therefore consider that SKB needs to demonstrate a better 
understanding of the buffer’s development and the uncertainties associated with it, also taking 
into account the importance of the backfill.  
 
The authorities believe that the calculations that have been presented of the development of 
the buffer and the backfill after closure are illustrative. The authorities consider, however, that 
the calculations could have been developed further in order to give, among other things, a 
more systematic assessment of the system’s sensitivity in relation to combinations of different 
parameter variations. Instead of this, SKB records the system’s sensitivity with the help of a 
series of single parameter variations whereby all parameters, apart from the one being 
analysed, are given a central value. The calculations do certainly show the system's sensitivity 
in relation to buffer density but the authorities lack the more detailed evaluation of the 
significance of different parameter combinations, coupled processes and the significance of 
any inhomogeneities in the system.  
 
The authorities have also identified certain unclear features and discrepancies in the analyses, 
for example: 
• It is not clear why it is conservative to exclude the significance of contaminants in the 

clays that can affect the swelling pressure. 
• The reasons are unclear for choosing a compressibility in the backfill of 40 MPa as a 

central value in the calculations, which is considerably higher than the criterion (10 MPa) 
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and what might be expected to be reached with, for example, Äspö-vatten (Gunnarsson et 
al, 2004). 

• It is unclear whether the swelling pressure distribution in Figure 7-14 in the interim report 
represents a stationary state or whether the pressure will gradually be equalised as a result 
of creep in the buffer. 

• Calculations of the swelling pressure for the backfill do not take into account uncertainties 
and adverse conditions (e.g. higher salt content as in Figure 11-13 in the interim report). 

 
4.4 Simplified models 

In recent years SKB has developed simplified analytical models in two areas: a systematic 
model for the near field (Hedin, 2004) and simplified analytical models for transport in the 
near field and geosphere (Hedin, 2002). The system-analytical models have a special role in 
the preliminary assessment of the function indicators.  
 
The authorities believe, as does the international panel of experts, that the use of simplified 
models represents a valuable addition to SKB’s other models, e.g. to ensure that probabilistic 
calculations can be made relatively quickly with these models, and to be able to study in a 
simple way parameter combinations and the relative importance of different processes. The 
fact that SKB has access to model tools of varying complexity broadens the opportunities for 
reasonability assessments and quality control. The authorities encourage SKB to build on the 
results hitherto achieved and also to investigate whether simplified models can be used in 
other contexts. 
 
It is an unavoidable fact that the simplified models have their limitations, and these should be 
taken into consideration and discussed in connection with their use. As regards the system-
analytical model, there are limitations due to the fact that not all couplings between processes 
are represented and that the buffer’s resaturation phase is neglected. As regards the analytical 
models for radionuclide transport, some of the assumptions on which the model is based can 
be sensitive to extreme parameter values, which is why a limited number of realisations in 
probabilistic modelling can contain significant calculation errors. The authorities consider that 
the validity of the analytical models must be checked for a full scale of relevant parameter 
values with special observance given to different boundary conditions. The international panel 
of experts also calls for better information on the models’ limitations, suitability and validity. 
 
The authorities note that the analytical transport models produce results that agree well with 
calculation cases in SR 97; in most cases the results do not deviate more than one order of 
magnitude. The authorities note, however, that the comparison only relates to maximum 
doses, and feel that there may be other differences that should be discussed. The authorities 
also wish to emphasise that the analytical models should be documented in a detailed way. 
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5 Selection of scenarios  
5.1 SKB’s preliminary selection of scenarios 

SKB presents in Chapter 8 of the interim report a preliminary selection of scenarios for 
analyses of the repository’s future development and consequences for people and the 
environment. SKB specifies as starting points that the scenarios should be mutually exclusive 
and should cover reasonably foreseeable future developments. Taking into account applicable 
regulations and general advice (SSI FS 1998:1, SKIFS 2002:1) SKB intends to isolate three 
main groups of scenarios: a main scenario that describes the repository’s probable 
development, less probable scenarios and redsidual scenarios.  
 
The main scenario includes a base variant that describes the probable development in the 
repository and its surroundings and is based on the reference conditions in the initial state of 
the engineered barriers, the rock and the biosphere. Uncertainties that are not assessed in the 
base variant should be dealt with in other variants and calculation cases within the main 
scenario or in less probable scenarios. Finally, SKB are also planning to analyse a number of 
scenarios outside the risk analysis (residual scenarios and scoping calculations) for the 
purpose of highlighting the importance of individual barriers or barrier functions. To avoid 
problems with scenario probabilities that are hard to estimate, SKB states that in some cases a 
pessimistic choice will be made of the calculation cases, variants etc that give the greatest 
consequence in the final risk summation.  
 
A new feature in relation to SR 97 is that many of the scenarios that were previously assessed 
separately are now included probabilistically in the main scenario, e.g. initially defective 
canisters and earthquakes. Another new feature is that SKB has now introduced an iterative 
process where a first choice of scenarios is based on the preliminary analyses and a discussion 
of uncertainties in the initial state and external disturbances etc. Based on the results from the 
more complete analyses, a re-examination is then made of the preliminary selection of 
scenarios, and new scenarios and variants may be generated as necessary.  
 
5.2 General views 

SKB’s general starting points for the selection of scenarios and their grouping in terms of 
probability (as specified in section 8.1 of the interim report) conform to the authorities’ 
regulations and general advice. The authorities approve of the fact that SKB now plan to 
produce a main scenario which describes in a more integrated way than previously the 
repository’s development and the consequences of damaged canisters, and the fact that the 
scenario description covers uncertainties for the whole repository (all emplacement positions). 
The authorities support the fact that SKB are starting from a given climate sequence in 
relation to the risk calculations for each scenario. This facilitates the understanding of what 
the estimated risks represent and is in keeping with SSI’s proposal for general advice with 
regard to SSI FS 1998:1 (SSI dnr 2004/3790-26).  
 
However, the more detailed account of what the different scenarios involve, and how different 
variants and calculation cases are sorted under the main scenario groups, is, in the view of the 
authorities, inadequately recorded and harder to assess. The international panel of experts also 
found it hard to see a clear and systematic process for the identification and choice of 
scenarios and points out that this makes it difficult to assess whether the chosen scenarios 
effectively cover important uncertainties in the repository’s development. The authorities 
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appreciate that the interim report cannot be complete in these respects but wish nevertheless 
to highlight a number of issues (see below) that need to be clarified in SKB’s methodology 
for scenario selection.  
 
5.3 Iterative method for formulation of scenarios 

SKB presents an iterative method for the identification and assessment of scenarios and 
variants at different stages of the safety assessment, partly after the preliminary assessment of 
function indicators, partly in connection with the assessment of the main scenario’s base 
variant, and partly after the overall assessment of the scenario analyses. The authorities feel 
that such iterations are necessary but also believe that SKB should be able to show that the 
method of choosing scenarios has the conditions needed to provide good coverage of the most 
critical uncertainties in the repository’s future evolution. The authorities do not feel that this is 
evident in SKB’s account in the interim report. 
 
The authorities believe that SKB should make a broad selection of scenarios and variants 
from FEP analyses and experiences from previous safety analyses, even if not all variants 
need to be carried forward to the full risk analysis. The variants that have the greatest impact 
on safety, and therefore need to be analysed in greater detail, can for example be selected 
using simpler scoping calculations and sensitivity analyses. The international panel of experts 
expressed similar views. If SKB intends to use the preliminary analyses of the repository’s 
development as a guide in the choice of scenarios for the complete analysis, it is vital, in the 
view of the authorities, that these be formulated in such a way that they illustrate the effects of 
such deviations in the initial state, adverse internal processes and external disturbances that 
are not dealt with in the main scenario’s base variant. 
 
5.4 External conditions – future climate 

The authorities approve of the fact that SKB plans to use the latest glaciation cycle (Weichsel) 
as a reference for future climate development in the main scenario. SKB also state that they 
intend to include future climate uncertainties within the framework of the base variant and 
that the assessment of this may lead to new variants within the main scenario. However, the 
interim report does not give a clear picture of how this will take place. The authorities feel, 
therefore, as do the members of the international panel of experts, that SKB should clarify 
how one can be sure that the chosen climate developments actually illustrate the most 
important climate-related stresses on the barriers’ function, e.g. with the help of sensitivity 
and uncertainty analyses. Processes such as buffer erosion, the effect of high salinity on the 
buffer, penetration of glacial oxygenated meltwater, which can seriously endanger the basic 
barrier functions, should always, in the view of the authorities, be thoroughly analysed, even 
if they are later excluded on probability grounds.  
 
5.5 Handling of deviations in the initial state 

SKB state that the initial state for the base variant of the main scenario will be based on 
specified reference conditions in the repository and its surroundings. The reference conditions 
include certain uncertainties that are described by tolerances in the properties of the 
engineered barriers and data uncertainties in the description of the rock and the biosphere. The 
authorities feel that such a base variant can be a good starting point for the scenario analysis 
and for building up an understanding of the repository’s future evolution. 
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SKB state that deviating initial properties of importance to safety will be identified from: 
• FEP descriptions 
• Function indicators and preliminary assessments  
• Procedures for the production and quality control of canisters and emplacement. 
 
SKB presents under the headings “residual scenarios” and “mishaps” a preliminary list with 
examples of possible deviations from the reference conditions that are of importance from a 
safety perspective. SKB also states that it is difficult to estimate probabilities for these 
deviations since there are as yet no detailed procedures for manufacturing, emplacement and 
control. The deviations will therefore be dealt with outside the risk analysis as separate “what-
if” calculations or residual scenarios in SR-Can. 
 
The authorities support SKB’s plans for a systematic review of possible deviations in the 
initial state. However, the authorities urge SKB to discuss in greater detail the significance of 
human error as a factor in connection with manufacturing, testing and emplacement in this 
context. 
 
The authorities believe that sensitivity and uncertainty analyses based on identified deviations 
can provide a good basis for imposing requirements for the formulation of methods of 
manufacturing, control and handling of the engineered barriers. The authorities assume, 
however, that SKB will include these deviations in the risk analysis. This particularly applies 
to deviations that may be difficult to detect before the final emplacement or that may occur in 
connection with the emplacement. The authorities believe that it is unacceptable on an a priori 
basis to exclude adverse features in the repository from the risk analysis. For each deviation 
of importance from a safety perspective SKB should, as far as possible, estimate probabilities, 
e.g. from similar types of manufacturing and handling, in the same way as for other 
uncertainties, e.g. in the assessment of internal processes. If it is not possible to show credibly 
that the risk contribution from the deviant features is negligible, these should be included in 
the risk analysis or in some other way incorporated in the assessment of the estimated risks. 
This particularly applies to the canister’s properties. Failure to do this calls into question the 
whole motive underlying SR-Can. 
 
5.6 Resaturation phase in the scenario description 

The authorities approve of the fact that SKB discusses in the calculation examples various 
processes that might have a negative effect on the barriers’ future function, e.g. uneven 
swelling and redistribution of chemical impurities in the bentonite. The resaturation of the 
buffer and the backfill, and also the other associated thermal and chemical processes during 
the first thousand years after closure may have considerable importance in terms of the 
barriers’ long-term features. Bearing in mind that such disturbances do not appear to be 
included in the main scenario’s base variant, the authorities believe that SKB should clarify 
how these will be assessed, e.g. with variants or in less probable scenarios. This also applies 
to the continued handling of any emplacement positions and tunnels that have not received the 
expected properties after the resaturation period, e.g. deviating swelling pressure distribution 
over the buffer and backfill or deformation of the copper housing as a result of uneven 
bentonite swelling. 
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5.7 Variants and less probable scenarios 

In their starting points for the choice of scenarios SKB state that each scenario may need to be 
supplemented with a number of variants and calculation cases that illustrate uncertainties in 
the initial state, external conditions, conceptual uncertainties and data uncertainties. This is in 
accordance with the authorities’ regulations and general advice.  
 
SKB also state that the base variant of the main scenario covers the main part of the 
repository’s development. The other variants that may, according to SKB, need to be included 
in the main scenario are related to alternative design of system components (design variants), 
alternative geosphere models and variants generated by the analysis of the base variant.  
 
Design variants should not be dealt with, in the view of both the authorities and the 
international panel of experts, as a stochastic variable in the probabilistic risk analysis, but 
should instead be presented as separate calculation cases in order to illustrate the 
consequences of different repository designs and to provide a basis for the optimisation of the 
repository system. The authorities approve of the fact that SKB plan to evaluate alternative 
conceptual models for the geosphere, but call for a more in-depth discussion of how 
alternative models within different disciplines should be handled and how the results should 
be weighted in the risk analysis. 
 
SKB’s account also gives an unclear picture of how different variants derive from the 
evaluation of the base variant in the main scenario. Nor is it clear how SKB intend to ensure 
that these variants adequately cover the adverse FEP and other disturbances that are not 
included in the base variant, e.g. serious climate-related disturbances to the engineered 
barriers and conceptual uncertainties in the repository’s future development. The examples of 
variants evaluated in the calculation examples, which highlight among other things the 
importance of correlations in chemically related data, solubility and retardation processes, do 
not appear to throw light on the most critical questions connected with the risk analysis.  
 
In conclusion, the authorities feel that SKB should produce a clearer strategy for how 
different variants and/or less probable scenarios should be identified, evaluated and integrated 
in the risk analysis.  
 
5.8 Residual scenarios and scoping calculations 

SKB presents two main groups of calculations under the heading residulal scenarios, namely 
scoping calculations to highlight the importance of different barriers and barrier functions and 
deviations in the initial state that lie outside the reference conditions of the main scenario.  
 
The presented examples of scoping calculations designed to highlight the importance of the 
barriers are in keeping with the intentions of the authorities’ regulations. The authorities are 
not convinced, however, that the calculation example for canister damage caused by shear 
movements in the rock should be treated as a “what-if” scenario. The authorities believe that 
this is an example of a disturbance to the repository’s function that should be included in the 
overall risk analysis provided that it cannot be excluded on probability grounds. The 
authorities also urge SKB to assess advantages and disadvantages using the methods that are 
available in order to be able to highlight systematically the importance of individual or groups 
of barrier functions, e.g. neutralising one barrier function at a time or gradually adding or 
deducting a barrier function.  
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The authorities’ view of SKB’s handling of mishaps in the form of residual scenarios has been 
stated above.  
 
In SKI’s general advice to SKIFS 2002:1 design bases cases were called for in order to 
support the development of requirements on the barrier properties. SKB should consider how 
the scenarios should be formulated in order to meet these requirements.  
 
5.9 Future human action  

Scenarios that illustrate the significance to the repository’s development of future human 
activities, for instance, intrusion into the repository, will be dealt with separately from the 
main scenario. SKB presents a summary of the work that has been carried out and which 
focuses chiefly on the categories of human activity that might conceivably have an effect on 
the repository.  
 
The authorities note that the analysis work that has been carried out is valuable in itself and 
may be used as part of a strategy for active and passive institutional control, e.g. for archiving 
issues that should be presented in connection with an application. 
 
The authorities also note that SKB’s work is largely based on material that was developed for 
SR 97. In the review of SR 97 the authorities stated that SKB needed to present the basis for 
the assumptions that SKB had made about the buffer and the backfill’s capacity to re-seal 
around a defective canister. These views therefore remain unchanged. Since SKB does not 
present any more detailed plans showing how intrusion into the repository is to be dealt with 
in SR-Can, it is not possible for the authorities to comment on SKB’s plans for future work on 
this issue.  
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6 Analysis of scenarios 
An extensive set of calculations with both simplified models and detailed process models is 
required for analysis of scenarios in SR-Can (main scenario and other scenarios). These 
models are to represent the FEP (see, for instance, the process report SKB R-04-33), which 
cannot be neglected or regarded as irrelevant. This section contains a summary comment on 
the mathematical models that SKB intends to use in SR-Can (Section 6.1) and the methods 
that SKB intends to use to qualify data for safety assessment calculations (Section 6.2), 
presented by SKB in a special data report (SKB R-04-34). Moreover, there is a summary 
comment on SKB’s methods for hydro calculations (Section 6.3), THMC-calculations 
(Section 6.4), modelling of climate and external processes (Section 6.5), radionuclide 
transport (Section 6.6) and biosphere modelling (Section 6.7). 
 
6.1  Calculation models  

SKB has in the course of many years built up a set of mathematical models, which include 
combinations of different types of processes for the analysis of scenarios. Newly developed 
model concepts since SR 97 for hydrology, climate modelling and biosphere modelling are 
described in the interim report. Models and applications of models have been further 
developed in a number of other areas (for instance, saturation processes for buffer and 
backfilling, chemical changes in the buffer caused by increased temperature, copper 
corrosion). SKB has also clarified the use of the simplified models that have been previously 
discussed (see Section 4.4). 
 
The authorities consider that SKB has a set of models and model concepts for the coming SR-
Can report in most areas that are suitable for their purpose. However, a detailed check is not 
possible since the interim report, including underlying reports do not always mention specific 
codes including references. The future complete SR-Can would therefore need a compilation 
of the codes and mathematical models that are used in some way in the safety assessment. It is 
important that a compilation of this kind also contains codes, models, calculation estimates 
etc. which have a less prominent role in the safety assessment, for instance, those only used to 
motivate a particular assumption or to neglect a process. However, it is reasonable that the 
requirements for documentation and testing of codes and models can be adapted slightly 
depending on their importance in the safety assessment.  
 
During the past year, SKI has examined SKB’s documentation of codes with the aid of a 
consultant (Hicks, 2005). The result shows that certain improvements are necessary both for 
older and newer codes for which an integrated document has either not been produced or is 
summary and not completely updated. Other aspects of handling of codes that need to be 
examined on a later occasion are, among other things, how use of the codes is motivated and 
documented (creation of calculation cases and input data files, handling of output data files, 
etc.). The specific purpose with a certain type of calculation does need to be established and 
reported in order for calculation results not to be subsequently used for purposes that are not 
well motivated.  
 
SKB’s process report is an important component in the description of how selected scenarios 
are analysed. The authorities consider that SKB’s process tables and format for process 
descriptions is appropriate for its purpose of understanding how and why calculations have 
been carried out (for instance, with headings such as boundary conditions, model studies, time 
scales, handling in safety assessment and uncertainties). The breakdown of uncertainties into 
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the sub-groups mechanistic understanding, model simplifications and selection of data is also 
reasonable. However, there may be reasons to discuss in particular possible alternative 
conceptual models, and whether such exist but are not used, motivations on why this is the 
case. 
 
Since the process report is based on each process, no overview is obtained in a simple way of 
the models that the safety assessment is based on and how these are linked to one another. 
One and the same model moreover handles a number of FEP in many cases. There is therefore 
reason to consider whether there is a need to complement the process report with a special 
report on the models. The international expert group recommends that SKB should produce a 
model report that contains a graphic representation of how different models are linked to one 
another in accordance with the concept “Assessment Model Flowchart” (e.g. SKI Report 
96:36). 
 
6.2 Qualification of data  

SKB describes procedures for derivation of data to safety assessment calculations in an 
interim version of the data report (SKB R-04-34). In this report procedures are exemplified by 
a description of the production of certain data for buffer and rock. Examples of new 
components in SKB’s methodology are a structured procedure for selection of data with 
instructions to the experts concerned. The process focuses, among other things, on: 
• how data will be used 
• prerequisites for  use (e.g. boundary conditions) 
• sensitivity in the effect on the final results of the analysis 
• conceptual uncertainties (which can be expressed as parameter uncertainty) 
• description of uncertainties as well as spatial and time variability 
• correlations 
• quantification of uncertainties. 
 
A new aspect in relation to SR 97 is that data related to the containment capacity of the 
repository will be treated in addition to radionuclide migration and biosphere data. However, 
data which is to be used for certain underlying process models, such as climate modelling, 
will not be included in the database. SKB will establish a database for external experts which 
will be used for expert assessments for selection of data. The results from these experts will 
be assessed by SKB’s safety assessment group (“SR-Can team”) before use in the safety 
assessment. 
 
The authorities consider that SKB has developed a procedure that is appropriate for the 
purpose of producing data for SR-Can, which should give a good basis for the assessment of 
parameter uncertainties. It is also good that SKB will involve a broader group of experts 
compared with SR 97 and that data of for the analysis of the engineered  barriers’ containment 
function will be included in the database.  
 
As regards other data, the authorities realise that it is not reasonable for all data to be 
produced with equally rigorous procedures. However, it can be seen to be unsuitable to 
prescribe a less rigorous procedure in advance for a particular category of data before it is 
known how critical these data should be regarded for the result of the safety assessment. SKB 
should have a readiness to reinforce the use of external experts to obtain an additional basis 
for parameters that are seen to be both uncertain and important for the result of the safety 
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assessment. One possibility that SKB should consider in such cases is the use of formal expert 
elicitations. 
 
The authorities consider that SKB’s safety assessment group should make the final decisions 
on the use of data, since it is this group that will have the best overview over the analysis in its 
entirety. However, it is reasonable that other experts are given the opportunity to comment on 
the decisions of the safety assessment group in the way proposed by SKB. The authorities 
wish that this iterative procedure be documented and available for review. It should also be 
documented how the final assessment of risk is used in the development of additional data in 
later phases of the programme. 
 
The international expert group considers that SKB need to clarify development of PDFs 
(“Probability Density Functions”) for handling parameter uncertainty. 
 
6.3 Hydro calculations 

The authorities consider that SKB has an ambitious programme for further development of 
tools for hydrological calculations. The authorities consider that the new linked discrete 
fracture models (DFN models) and the traditional porous-medium models (CPM models) are 
flexible tools which enable a more detailed representation of repository components and 
heterogeneities (fractures and fracture zones) in different scales. The better resolution also 
enables SKB to produce detailed flow data for individual canister positions that can be used 
for analyses of radionuclide transport in the near-field. SKB’s models also enables an analysis 
of the time-dependent development of the ssalinity distribution. SKB’s main model, 
CONNECTFLOW, will be used both for modelling of the groundwater flow in the open 
repository as well as for modelling of the groundwater flow after sealing in tempered 
conditions. SKB also reports ongoing development work to be able to describe hydrological 
conditions in different climatic conditions such as permafrost and glaciation. 
 
Although the authorities find that SKB’s work on developing models for hydrological 
analyses is promising, it is difficult at this stage to make a holistic assessment of SKB’s 
method. This is due to the fact that a number of models and analytical tools are not yet 
completely developed and also because the account in the interim report does not give a clear 
picture of how the different models will be used in the safety assessment. Hence, the 
authorities’ detailed comments on SKB’s further development work are given below.  
 
Bearing in mind that SKB is presenting partly new and innovative modelling concepts, it is 
very important that SKB devote sufficient time to evaluate and document the different models 
before application in SR-Can. In this context, the authorities finds it useful that large parts of 
SKB’s development of hydrological models are being carried out integrated with the site 
investigations. 
 
Another issue concerns the underlying conceptual DFN model, how it is parameterized and 
what the large-scale structures actually represent. A clearer definition of the concept of 
fractures is needed (for instance, for the concepts “fractures” and “features”), so that it is 
evident that these can include many different types of structures in the rock. This can for 
instance, be important for estimation of the transport resistance in the hydrological modelling. 
Moreover, the existence of complex large-scale structures increases the probability of 
structural correlations between discrete fractures and these larger structures, which are in turn 
important for calculations of radionuclide transport.  
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The authorities would also like to see a clearer description of how SKB determines domain 
sizes and boundary conditions. SKB assumes in its report that ground water-divides and 
surface water-divides coincide. However, this is not always the case, especially not in 
strongly heterogeneous, fractured rock. It is the authorities opinion that SKB should use the 
knowledge and models produced by SKB to shed light on issues regarding recharge and 
discharge conditions (Holmén et al, 2003; Follin and Svensson, 2003) to be able to better 
justify boundary conditions and domain sizes in the site-specific hydrological models.  
 
The authorities would also like to point out that the assumed parameter values need to be well 
motivated. The interim report lacks, for instance, a justification for the assumed value of the 
canalisation factor and the concept is insufficiently justified in the current report. The 
agencies also note that the so-called “Task Descriptions” seem to contain important 
information, for instance, regarding the choice of and justification for the resolution of the 
model, and therefore consider that these documents should be made available or be included 
directly in the report. In this context, it can also be pointed out that important references in 
SKB’s report should be published or otherwise made available for the authorities at the time 
of review; SKB’s reports Holmén and Forsman (2003 and 2004 respectively), which are 
referred to in the planning report for SR-Can (SKB TR-03-08) and the interim report 
respectively, are still not available. 
 
According to SKB’s report, the DFN model does not account for density-dependent flows. 
However, it is not clear whether any plans exist to take action on this limitation. As regards 
the modelling of the saturation phase, it is evident that the gas phase (for instance, skin effects 
and capillary effects) are not taken into consideration. Since this can affect the credibility of 
the results, it is the authorities’ opinion that these effects may need to be investigated.  
 
SKB proposes in the interim report a simplified description of how radionuclides are 
transferred from the geosphere to the biosphere. The method is based on the assumption that 
the lateral transport in the quaternary deposits can be neglected and that radionuclides can be 
transferred directly from the rock to the various ecosystem components, primarily 
watercourses and wetlands, in the biosphere model. SKB also states that this assumption will 
be verified with more advanced models for surface hydrology before SR-Can. The authorities 
generally consider that SKB should further develop the scientific understanding of the 
hydrological processes in the interface between rock and biosphere to be able to justify the 
conceptual models produced for both the hydrological calculations and for the description of 
radionuclide turnover in the biosphere. This also applies to the exchange between shallow and 
deeper groundwater which according to SKB’s large-scale hydrological models is an 
important process (Holmén et al, 2003; Follin and Svensson, 2003).  
 
The agencies are positive to SKB producing a more integrated description of surface 
hydrological and transport processes in the new biosphere model. In order to understand these 
processes better and to be able to develop a credible model that describes them, SKB should 
integrate its model development with the ongoing site investigations in a better way. This 
point of view has previously been put forward, among other places, within the consultation 
process for the site investigations.  
 
Finally, the authorities note that SKB in the interim report states additional model 
development and questions that are to be investigated for SR-Can. Bearing in mind the limited 
time, it would be valuable if SKB clarified what needs to be ready for SR-Can and what can 
wait until SR-Site. 
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6.4 THMC-modelling  

SKB reports in the interim report new calculations as a basis for assessment of the integrity of 
the canister in conjunction with shear movements along fractures crossing emplacement 
holes. On the basis of the specifications, it can be noted that rock movements up to 20 cm can 
be possible without immediate canister failures. SKB intends, however, to further investigate 
whether such shear movement can lead to delayed effects on the integrity of the canister.  
 
SKB also presents models for calculation of the size of rock movements along secondary 
fracture planes in connection with earthquakes. The use of respect distances to avoid large 
rock movements is discussed further on the basis of the modelling result and the possibility of 
avoiding fractures of different sizes. 
 
Hydraulic and chemical development in connection with the resaturation of the repository is 
discussed in the interim report and SKB intends to complete a number of ongoing modelling 
projects. The repository’s thermal development is discussed mainly in the section on 
simplified models. 
 
The authorities consider that SKB’s work linked to effects of earthquakes both on rock and 
canister is ambitious and appropriate for its purpose. However, a key issue is whether the 
buffer can be expected to have the same mechanical characteristics in the entire time scale of 
the safety assessment of a million years. It is good that SKB intends to clarify the importance 
of respect distances in planning the layout of the repository. In order to be able to obtain a 
perspective on how additional safety margins can be linked to the respect distances, SKB 
should plan and describe the measurements that can be made during the detailed investigation 
phase and the design of the repository respectively. 
 
The bentonite in the buffer and backfilling is assumed to function in a favourable way for 
long periods of time. SKB should therefore be clear in the account of the processes that affect 
the long-term development of the bentonite, for instance, any effect of increased salt contents 
in connection with glaciation. The international expert group also considers that a better 
support is needed for the assumptions on the buffer’s function and long-term stability, in 
particular the development of the buffer’s hydraulic, chemical and mechanical characteristics. 
 
SKB states that the primary safety function in the KBS-3 concept is the containment provided 
by the engineered barriers and, in particular, the copper canister. It is therefore important that 
SKB in connection with SR-Can provides a detailed account of the mechanisms that can 
threaten the containment, for instance, corrosion (general corrosion, local corrosion, stress 
corrosion, bacterial corrosion, initial corrosion during oxidising conditions etc.) and 
mechanical load (isostatic load, uneven bentonite swell, rock movements). The authorities 
intend to specially follow up canister-related issues in connection with the review of  FUD-
programme in 2004 and workshops on the integrity of the canister.  
 
The authorities consider that it is very important that SKB produces a conceptual description 
and assessment of the repository’s initial development (including resaturation processes and 
thermal effects) for the report for SR-Can. A more in-depth discussion is required of the 
resaturation process over time at the buffer and backfilling and the importance of any 
inhomogeneities in the system. SKB has latterly indicated that drier conditions and possibly 
temperatures of over 100°C can be accepted under certain conditions and can be positive for 
the long-term safety and radiation protection. The authorities view this as a change of the 
basic functions of the KBS-3 method, which should be clearly justified.  
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SKB should also clarify how the local site characteristics at Forsmark and Oskarshamn (the 
heat conductivity of the rock, the groundwater salinity and the groundwater flow) affect the 
conditions for the repository’s initial development. It is also important that SKB in its 
modelling work for SR-Can illustrate the importance of the relatively large uncertainties 
around the new methods for backfilling of emplacement tunnels. SKB needs to clarify these 
questions in future reports as part of the complete THMC modelling of the resaturation 
process. 
 
6.5 Climate modelling and external disturbances  

SKB assumes in the initial time perspective (< 10 000 years) that changes of external 
conditions can be related to the ongoing isostatic uplift, which in turn can lead to a continuous 
change in biosphere conditions. SKB considers that changes at repository depth (temperature, 
groundwater chemistry, rock tensions, hydrology) during this time period will be dominated 
by the effect of the repository. In a longer time perspective, SKB will take into account the 
impact of permafrost and glacial conditions. SKB’s analyses include modelling of the extent 
of the Scandinavian ice sheet, a model of the development of the global sea level and a model 
on the depth of permafrost. The climate sequence is defined by the assumption that the 
climate will develop in the next 115,000 years as a repetition of the last glaciation (Weichsel). 
To cover the prescribed time period of 1 million years, it is assumed that there will 
subsequently be repetitions of the same sequence. The future development of the climate is 
very uncertain, not least to the human impact (greenhouse effect), which SKB intends to take 
into consideration with a scenario based on the current temperate climate continuing a long 
way into the future.  
 
The authorities are positive to SKB’s use of the Weichsel glaciation to represent future 
glaciation, which makes it possible to relate the uncertain future climate development to a 
known case. However, it is important to point out that this development is only an example of 
a conceivable development. Alternative climate sequences should also be assessed to clarify 
that there are not other states and sequences that could have a considerably different impact 
on the state of the repository (greater depth of permafrost, greater glaciation, different 
groundwater chemistry or hydrology.) 
 
The authorities consider that SKB’s approach to illustrate the climate development after the 
first glaciation cycle with a repetition of the same climate development is reasonable. In this 
way, the climate’s accumulated non-reversible effect on the repository can be clarified. There 
may only be a considerable negative effect on the repository after repeated glaciation cycles. 
 
The authorities consider that SKB should be sure to identify uncertainties in interpretations of 
Weichsel and that any implications for the safety assessment be considered. For instance, it 
can be noted that the temperature construction, based on the composition of oxygen isotopes 
from Greenland, is based on rather uncertain assumptions on, for instance, precipitation 
conditions. A conceivable consequence of this uncertainty is, for instance, that the depth of 
permafrost might be greater than calculated, since the average temperature during Weichsel 
may have been lower. Other important uncertainties, which should be taken into account, are 
for instance, the temperature distribution between the inland ice and the geometry of the 
inland ice and conditions on melting.  
 
The authorities note that SKB only provides a very brief account of how changes in hydrology 
during permafrost and glacial conditions will be dealt with. It seems doubtful whether all 
effects of these climatic states can be represented only by changes in parameter values and 
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boundary conditions for the models that are primarily used for the temperate climate. The 
authorities consider, however, that a lower level of ambition for other climate states is 
reasonable bearing in mind that the possibilities of comparison with actual measurements are 
extremely limited. The most important goal should be to identify differences compared with 
modelling of existing climate and analyse these consequences (for instance, frozen salt 
(#saltutfrysning på svenska) and canalisation of groundwater flow). 
 
The authorities consider that SKB for SR-Can should produce a systematic compilation of the 
mechanisms that can cause rock movements that can effect the repository and its 
surroundings. The authorities consider that it is good that SKB has started extensive research 
projects to create understanding and improved modelling capacity for rock movements 
(”faulting”) in connection with future glaciation and melting. The results of these projects are 
only expected to be available, however, in connection with SR-Site. The authorities therefore 
consider that SKB should clarify how they intend to take rock movements into consideration, 
for instance, by pessimistic assumptions in SR-Can.  
 
The authorities note that SKB categorically excludes the impact of larger earthquakes in a 
short-term time perspective. The authorities consider that this assumption should be justified 
on the basis of a more detailed reasoning on probability and possible consequences. SKB 
should also take into consideration that the repository can have special characteristics, for 
instance, unsaturated buffer, which could affect its sensitivity to rock movements. 
 
6.6 Radionuclide transport 

SKB plans to use an updated version of the near-field model COMP23 (now including 
advection and shared solubilities) and the previously used far-field model FARF31. 
Furthermore, the simplified models previously discusses will be used (see Section 4.3). 
 
The authorities consider that SKB’s models are appropriate for their purpose, but note that 
new model concepts could probably eventually be used to obtain a more integrated and 
realistic treatment of radionuclide transport. Results from the EU-project RETROCK (SKB 
R-04-48) show that there is considerable agreement on the basic formulation of transport in 
the geosphere with the main components characterisation and modelling of the groundwater 
flow, matrix diffusion and sorption. Despite the fact that the method can be regarded as highly 
simplified, based mainly on conservative assumptions, it has not been possible to identify any 
major objections. What can be called into question in each individual case, however, is 
whether a sufficient basis is available to justify the set of parameters used to characterise 
radionuclide transport. Crucial for the latter is, inter alia, how well the system can be 
characterised (for instance, variability in field) and if time-dependent processes can be 
weighed in or excluded. An assessment should also be made as to whether there are 
prerequisites for a considerable accumulation of radionuclides that could form a secondary 
source at a later stage.  
 
With regard to characterisation of parameters for radionuclide transport, the authorities 
consider that tracer experiments in the field can be an important component, among other 
things, to verify the upscaling from lab to field scale.  
 
The authorities are positive to resources being made available for the development of process 
models to obtain a better understanding of the basic processes, and to be able to show in a 
convincing way that the processes excluded from the primary calculations can continue to be 
disregarded (for instance, colloids, gas and microbes). Furthermore, a better understanding for 
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individual processes can create conditions to eventually be able to use less conservative 
assumptions and parameters.  
 
The authorities also regard it as positive that SKB, in parallel with its traditional set of codes 
(COMP23 and FARF31), is developing more flexible numerical models to investigate 
alternative assumptions and conceptual models (segmented and finite volume version). No 
further report on these alternative models has, however, appeared since publication of the 
planning report to SR-Can (SKB TR-03-08). 
 
6.7 Biosphere modelling  

The biosphere is treated according to SKB differently than other parts of the repository 
concept due to its complexity and rapid internal changes in relation to underlying rock. 
Integrated landscape models will be built based on different biosphere objects and local field 
data. By introducing radionuclides at different points in the integrated model, it will be 
possible to follow these through the interlinked models. Through calculations of where the 
radionuclides enterthe biosphere, a picture can be obtained of how they are distributed in the 
landscape and over time. The agencies consider that this method is generally good, a step 
forward and a prerequisite to be able to assess the risks of the repository. However, the 
implementation requires that all the model inputs in the biosphere area mentioned in the 
interim report will be successful and that site data is available in time for use in the model 
development. According to SKB, all this will not be ready in time for SR-Can but only for 
SR-Site. The agencies have not now made any assessment of the models on the basis of what 
is reported in the interim report since the majority of models have still not been sufficiently 
developed. It is not clear which models will be used, and only a couple of simplified 
calculation cases are presented.  
 
A general question relating to SKB’s newly-developed landscape model is the way in which 
discretisation of the different ecosystem components affects the model predictions. Since the 
inflow of radionuclides to the biosphere can be expected to take place in geographically 
limited areas or parts of an ecosystem, this means that the model structure and in particular 
the resolution of the individual ecosystem models can in particular circumstances be very 
important for the estimated turnover and the accumulation of radionuclides in the 
environment. The agencies consider that SKB should carry out an analysis of different 
discretisations and other simplifications to be able to justify the selected model structure. The 
agencies have previously in the review of SKB’s safety report for SFR (SSI Report 2003:21, 
SKI Report 2003:37), given examples of issues concerning the resolution in SKB’s models 
for turnover of radionuclides in coast and marine ecosystems.  
 
Even if radioactive substances are introduced at different points in the landscape, in this way 
linking together geosphere and biosphere better than in previous safety analyses, the 
intermediate quaternary deposits and near-surface hydrology are still not included in the 
model system. The latter link together the various ecosystems and are the driving force for the 
horizontal transport of radionuclides. According to SKB, this will be improved for SR-Can 
and the importance of near-surface (water) transport, in particular, will be investigated.  
 
The question of how the interface between geosphere and biosphere is to be modelled also 
comes to the fore from the fact that FEP for the biosphere are separated from other FEP. It is 
unclear why the FEP that describe the biosphere (will be) dealt with separately (in the safety 
assessment) apart from the explanation that FEP for the biosphere were not included in SR 97. 
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The international expert group also consider in their report that the biosphere is not clearly 
integrated with the other parts of the safety assessment.  
 
A consequence of the biosphere being separated from the geosphere as regards FEP (and 
models) is that a uncertainty analysis for the entire system is made more difficult and 
uncertainties that extend over both geosphere and biosphere risk not being taken into account 
in a reliable way. SKB states that a complete time-dependent biosphere will not be used since 
it would dominate the uncertainty estimates. The significance of this statement needs to be 
clarified. SKB further states that the uncertainties in the biosphere dominate the total 
uncertainties unless there is a significant simplification of the biosphere description. The 
agencies consider that the implications of this need to be clarified. The international expert 
group proposes in its report a clearer strategy for how SKB is to assess uncertainties in the 
biosphere in relation to other parts of the system. One way can be to evaluate indicators such 
as the flows from nearby areas and rock. 
 
SKB states that a main part of the processes in the biosphere do not need to be described by 
numeric models; no development of such models is needed. Data from site investigations etc. 
are expected to lead to it being possible to simplify or disregard certain processes. Part of this 
understanding will, according to SKB, will be developed in the final phase of the site 
investigation, which will mean that the numeric models will probably be changed from SR-
Can to SR-Site. The significance of this is not clear although exclusion of certain processes 
needs to be justified and the consequences described. 
 
In order to be able to carry out probabilistic calculations for the whole final disposal system 
including the biosphere, it is, according to SKB, necessary to make simplifications in the 
biosphere modelling. The agencies consider that such simplifications need to be justified in 
detail. As regards the probabilistic biosphere calculations, it is not either clear how SKB will 
deal with probabilities for different exposure paths in the biosphere (wells, bog, agriculture 
etc.).  
 
It is not clear to what extent the EDF-values (Ecosystem-specific Dose Conversion Factors) 
will be used in SR-Can. According to the data report (SKB R-04-34), the methods for 
deriving these factors will be improved for the SR-Can report. However, it is also mentioned 
in the interim report for SR-Can that a more complex method may be used. If EDF factors 
based on an accumulation period of 10,000 years are used, it is important to clarify their 
application in relation to a landscape that undergoes changes in a considerably shorter period. 
Or in other words, how will the EDF values be used for the periods that SKB calls critical 
time periods? 
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7 Consequence calculations 
Within the part of the safety assessment termed consequence calculations, is the most critical 
information from analysis of sub-systems, components and processes is assembled in order to 
demonstrate fulfilment of requirements especially in relation to radiation protection criteria. A 
precondition for dose consequences is that the containment from the copper canister has been 
broken and that radionuclides have been transported through the engineered barriers and the 
rock. Other aspects that must be included in the consequence calculations are the rate at which 
radionuclides are released from the spent fuel and how dose consequences occur in different 
types of biospheres. 
 
SKB describes its methodology for consequence calculations in Chapter 12 of the interim 
report. The following components are included: 
• Non-excluded mechanisms that can break the canister's containment (breakthrough time 

and number of canisters affected) 
• Development of a damaged canister up to the point of release of radionuclides (including 

processes inside a canister) 
• Models for radionuclide transport (near-field and far-field) 
• Biosphere representation (which in the interim report consists of dose conversion factors 

for use of peat bog and wells in a self-sufficient farm). 
The assessment includes calculations for a base case, sensitivity analyses and certain “what-
if” calculations (representing non-realistic instances e.g. for understanding of barrier 
functions).  
 
The authorities state that SKB’s methodology is largely consistent with current regulations 
and guidelines. The information in the interim report does not, however, give a complete 
picture of how the balanced and weighted risk assessment will be drawn up. The coming SR-
Can must show that all adverse FEP (features, events, processes) that cannot be dismissed as 
unreasonably improbable have been dealt with in a well-justified and traceable way. SKB 
should clarify what they consider to be necessary criteria for the complete exclusion of 
adverse FEP and for how other less probable FEP (excluded from the base case of the main 
scenario) will be handled, e.g. as variants within the main scenario or as less probable 
scenarios. The authorities realise that the information that is lacking in this respect in the 
interim report is the result of SKB not having completed all the investigations needed to 
assess all FEP. 
 
It should be emphasised that less probable but non-excluded FEP cannot necessarily be 
handled through “what-if” calculations since these are not taken into account in the risk 
assessment. A current example from the interim report is the case of canister damage resulting 
from shear movements in the rock. There are, however, other contexts where “what-if” 
calculations  need to be used as a demonstration cases without any connection to probability 
assessment. 
 
SKB describes variants to the basic instance which among other things consist of alternative 
spent-fuel corrosion rates, transport resistance in terms of the canister hole and co-
precipitation of radium. The assessment of these variants shows that all these three 
phenomena can have a very positive effect on long-term safety. It is not made clear however 
whether these cases have only been produced for the sake of the illustration (and should 
therefore be seen as “what-if” cases) or whether the variants will in some way be taken into 
consideration in the risk assessment. This is a key question in the assessment of completeness 
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and conservatism in the risk assessment, but it also relates to other issues, for instance, the 
extent to which the value of feedback from safety assessment is limited by conservatively 
neglected processes. 
 
The authorities do not believe that calculation cases linked to significant deviations in the 
initial condition can be excluded on an a priori basis without an individual assessment of 
reasonably probable and non-trivial deviations. SKB should therefore clarify the handling of 
those deviations exemplified in Table 8-2 in the interim report. SKB should also give a more 
detailed account of the handling of alternative site-descriptive models and design variants, 
which will be especially important if they lead to major differences from a dose consequence 
perspective.  
 
The authorities believe that SKB’s methodology for probabilistic calculations and sensitivity 
analyses has developed since SR 97. The use of the distribution functions suggested in the 
report (uniform, triangular, log-normal) produces better conditions for the handling of 
uncertainites in the parameter values than merely use of pessimistic and realistic point 
estimates. There may, however, be other distribution types that SKB should consider 
depending on the context. To gain a better understanding of the significance of uncertainties 
SKB should consider using specific calculation cases which separate natural variability from 
other uncertainties. The authorities also feel that SKB’s calculation cases for correlations and 
distribution functions do not represent convincing proof that these aspects lack significance 
within the risk analysis of a repository. The results are probably dependent on the limitations 
in the specific calculation cases just like the simplifications on which the model is based. 
Understanding of correlations and the appearance of the distribution functions constitutes a 
part of the characterisation of the system and this should be reflected in the development of 
the integrated risk analysis. 
 
The authorities have not reviewed details in the probabilistic handling such as justification of 
sampling strategies (Latin Hypercube Sampling compared with Monte Carlo), convergence 
criteria, the quality of the random number generator etc but state that these need to be clarified 
in the final SR-Can report. In addition to probabilistic calculations SKB should also present 
deterministic cases which supplement the probabilistic ones (in accordance with SKI’s 
guidelines to SKIFS 2002:1). These are simpler to reproduce and can be particularly useful in 
generating understanding of the barrier functions. As regards sensitivity analyses, the 
authorities state that SKB has a well-conceived strategy for identifying the most critical 
parameters. However, all methods of sensitivity and uncertainty analysis have their 
limitations. It would therefore be useful for SKB to discuss possible alternative strategies and, 
based on such a description, justify the methods chosen. 
 
SKB describes in Chapter 12 of the interim report a further development of the analysis of a 
damaged canister in relation to the one in SR 97. The change of swell pressure in the buffer 
due to the formation of corrosion products and the resulting deformation of the canister insert 
is described in more detail. SKB has produced a number of possible cases showing that a 
damaged canister can also provide a very important barrier function, which must, however, be 
considered difficult to prove due to the complexity of the system. For consequence 
calculations it is simply assumed that a connection for transport of radionuclides between the 
canister’s interior and the buffer occurs after 1000 years, and a greater damage to the canister 
without transport resistance after between 1000 years and 100,000 years. The authorities 
believe that SKB’s assessments are probably conservative but call nevertheless for a clearer 
justification of the above assumptions. SKB should also illustrate how any increased swelling 
pressure might have other negative consequences, e.g. on the surrounding rock. 
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It may be noted that the predicted individual doses shown in the interim report are increasing 
at the farther limit of the time period related to the safety assessment. This is a direct 
consequence of the combination of extremely long-lived radionuclides in the spent fuel and 
the assumptions concerning extremely long-lived copper canisters on which SKB base the 
analysis. It should also be remembered that assessments of individual doses far into the future 
will always probably be linked to great uncertainties. SSI’s proposed guidelines therefore 
states that the risk analysis should be gradually based on a more stylised description of the 
development in order to highlight the repository's protective capacity. Since the content of 
SSI’s general advice was not known to SKB when the interim report was produced, such an 
account is lacking. As mentioned previously in the review, a further development of the 
function indicators may have a purpose in this context.  
 
The authorities believe that it is reasonable to conclude the analysis at 1 million years, and 
that maximal consequences do not necessarily need to be evaluated if they fall into such a 
remote future. The authorities feel, however, that it is also reasonable to demand from SKB a 
clear and qualitative description of a possible development of the repository after 1 million 
years. Such a description should be able to provide an understanding of the functions of a 
repository with a specific technical design in extremely long timescales. 
 
SKB have not yet produced a final strategy for how the biosphere should be integrated in the 
consequence calculations. SKB state for example that they have not yet decided how to take 
into account time-dependent processes such as transitions between different ecosystems and 
accumulation of radionuclides. Nor is it clear whether SKB intend to use ecosystem-specific 
dose conversion factors or more detailed biosphere models. For the calculation cases in the 
interim report SKB have used dose conversion factors for wetland and agricultural 
ecosystems. SKB state that they intend to evaluate this approach with the newly-developed 
landscape model prior to SR-Can. 
 
The authorities feel that the substantial uncertainties relating to SKB’s method of dealing with 
the biosphere in the consequence calculations should be sorted out in good time prior to 
SR-Can. The authorities have no objections to SKB producing a simplified description of the 
biosphere for the consequence calculations, for instance, by producing dose conversion 
factors for different ecosystems. This presupposes that SKB can show that they have 
identified the most important processes for highlighting the most critical exposure paths for 
the consequence calculations. The authorities believe that it is also unclear how ecosystem-
specific dose conversion factors can represent time-dependent sequences in a changeable 
biosphere. 
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8 Conclusions 
This chapter summarises in brief SKI’s and SSI’s assessment of SKB’s interim report of SR-
Can. The authorities also comment on the conditions for SKB’s remaining work involving 
methods of safety assessment prior to future licence applications for an encapsulation plant 
and a final repository. For a more detailed overview of the authorities’ assessment of SKB’s 
method of safety assessment see Chapter 2. 
 
The authorities believe, as does the international panel of experts, that SKB’s method of 
safety assessment is well structured and logically built up and that it has conditions to provide 
a good starting point for future safety analyses. The authorities approve of the fact that SKB 
are conducting a discussion on how well the method meets the authorities' regulations and 
general advice. The authorities consider, however, that important parts of SKB’s method of 
safety assessment need to be further developed before they are used for future applications. 
 
The authorities believe that SKB have made substantial progress in several areas since the 
report of SKB’s last safety assessment, SR 97. This applies, among other things, to SKB’s 
method of systematically identifying and describing all the processes and features that need to 
be taken into account in the safety assessment. SKB has also produced improved methods for 
the documentation of different types of expert judgements and choice of data for calculation 
models. The authorities also feel that SKB’s function indicators and preliminary assessments 
are interesting new features, though SKB need to clarify how these are to be used in future 
safety analyses.  
 
The authorities believe, as does the international panel of experts, that there are deficiencies in 
SKB’s method for the identification and choice of scenarios. The descriptive examples of 
how, in particular, variants and calculation cases should be identified and integrated in the 
risk analysis give a confusing impression. The authorities are also not convinced that SKB’s 
preliminary choice of scenarios generates a comprehensive set of variants and calculation 
cases for the complete risk analysis. The authorities believe that SKB should be better able to 
show that they have evaluated in a systematic and traceable way the significance of all the 
adverse processes, features etc that are identified in the system description and may be of 
importance in the selection of scenarios. 
 
Biosphere modelling is an example of the areas where SKB are currently carrying out wide-
ranging development work. The authorities believe that the biosphere models that have been 
announced are promising but cannot give any deeper assessment since most of the models 
have not been fully developed.  
 
The authorities take a positive view of the iterative element in the safety assessment 
recommended by SKB, but feel that the interim report does not give a good enough picture of 
how it will improve the basis for the final risk assessment. The authorities also feel that SKB 
should produce a report of how the different compliance arguments for should be structured 
and presented (e.g. information on risk, different types of calculation result and safety 
arguments). 
 
The authorities feel that there are discrepancies in the quality assurance of the interim report 
and that this has in some respects made it more difficult to assess SKB’s methods of safety 
assessment. A higher level of ambition is required prior to SR-Can and SR-Site. The 
international panel of experts also believes that SKB should develop its procedures to ensure 
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quality and ease of reviewing. The authorities recommend therefore, as does the international 
panel of experts, that SKB produce a quality plan prior to the completion of SR-Can. 
 
The authorities feel, as does the international panel of experts, that it is not clear how SKB 
will apply the requirements on optimisation and use of the best available technology, and 
what role the safety assessment has for this. It will be a matter of vital concern with regard to 
future licence applications that SKB can show that these principles have been taken into 
consideration during the development work with the repository.  
 
The authorities believe that SKB should produce plans for the remaining work with the parts 
of the method of safety assessment that are not yet fully developed. SKB should specify 
which models and analysis methods etc need to be ready at different times in the step-by-step 
process, which in the immediate future includes the safety analyses SR-Can and SR-Site. 
Bearing in mind the purpose of the safety assessment SR-Can the authorities also consider 
that SKB should further develop the description of possible initial defects in the canister and 
its handling in the safety assessment. In conclusion, the authorities consider that SKB should 
check off the timetable for future licence applications against assessments of the work input in 
order to rectify the discrepancies identified in this report.    



 

43 

9 References 
Follin, S., and Svensson, U., On the role of mesh discretisation and salinity for the occurrence 
of local flow cells. Results from a regional-scale groundwater flow model of Östra Götaland, 
SKB R-03-23, Swedish Nuclear Fuel and Waste Management Co., Stockholm, June 2003. 
 
Gunnarsson, D., Börjesson, L., Keto, P., Tolppanen, P., and Hansen, J., Backfilling and 
closure of the deep repository – Assessment of backfill concepts, SKB R-04-53, Nuclear Fuel 
and Waste Management Co., Stockholm, June 2004. 
 
Hedin A., Integrated analytic radionuclide transport model for a spent nuclear fuel repository 
in saturated fractured rock Nuclear Technology 138 (2002): 2, pp.179-205, 2002. 
 
Hedin A., Integrated near-field evolution model for a KBS-3 repository, SKB R-04-36, 
Nuclear Fuel and Waste Management Co., Stockholm, August 2004. 
 

Hicks, T.W., Review of SKB’s Code Documentation and Testing, SKI Report 2005:06, 
Swedish Nuclear Power Inspectorate, Stockholm, March 2005. 
 
Holmén, J., and Forsman, J, Project report for coupling of deep and near-surface 
hydrogeology – a modelling study, SKB R-03-XX, in. prep., Nuclear Fuel and Waste 
Management Co., Stockholm, 2003. 
 
Holmen. J., and Forsman, J., Flow of groundwater from great depth in the near surface 
deposits; modelling of a local domain in northeast Uppland, SKB R-04-31, Nuclear Fuel and 
Waste Management Co., Stockholm, 2004. 
 
Holmén, J., Stigsson, M., Marsic, N., and Gylling B., Modelling of groundwater flow and 
flow paths for a large regional domain in northeast Uppland. A three-dimensional, 
mathematical modelling of groundwater flows and flow paths on a super-regional scale, for 
different complexity levels of the flow domain. SKB R-03-24, Nuclear Fuel and Waste 
Management Co., Stockholm, December 2003. 
 
Sagar, B., Bailey, L., Bennett, D.G., Egan, M. and Röhlig, K., International Peer Review of 
Swedish Nuclear Fuel and Waste Management Company’s SR-Can interim report, SKI 
Report 05:02, SSI report 2005:02, Swedish Nuclear Power Inspectorate, Swedish Radiation 
Protection Authority, Stockholm, December 2004. 
 
SKB TR-99-06, SR 97 - Deep repository for spent nuclear fuel. SR 97 - Post-closure safety. 
Main report - Vol. I, Vol. II and Summary, Nuclear Fuel and Waste Management 
Co.,Stockholm, November 1999. 
 
SKB R-01-13, Project SAFE Scenario and system analysis, Nuclear Fuel and Waste 
Management Co.,Svensk Kärnbränslehantering AB, Stockholm, September 2001. 
 
SKB TR-03-08, Planning report for the safety assessment SR-Can, Nuclear Fuel and Waste 
Management Co., Stockholm, June 2003. 
 
SKB TR-04-11, Interim main report of the safety assessment SR-Can, Nuclear Fuel and 
Waste Management Co., Stockholm, August 2004. 



 

44 

SKB R-04-32, Interim FEP report for the safety assessment SR-Can, Nuclear Fuel and Waste 
Management Co., Stockholm, August 2004. 
 
SKB R-04-33, Interim process report for the safety assessment SR-Can, Nuclear Fuel and 
Waste Management Co., Stockholm, August 2004. 
 
SKB R-04-34, Interim data report for the safety assessment SR-Can, Nuclear Fuel and Waste 
Management Co., Stockholm, August 2004. 

 
SKB R-04-35, Interim initial state report for the safety assessment SR-Can, Nuclear Fuel and 
Waste Management Co., Stockholm, July 2004. 
 
SKB R-04-48, Retrock project: Treatment of geosphere retention phenomena in safety 
assessments – Scientific basis of retention processes and their implementation in safety 
assessment models (WP 2), Nuclear Fuel and Waste Management Co., Stockholm, October 
2004. 
 
SKI Report 96:36, SKI SITE-94. Deep Repository Performance Assessment Project. Volume 
I and II. Swedish Nuclear Power Inspectorate, Stockholm, December 1996. 
 
SSI Rapport 2002:03, SSI:s granskning av SKB:s FUD-program 2001, Swedish Radiation 
Protection Authority, Stockholm, February 2002. 
 
SSI Rapport 2003:21, SKI Rapport 2003:37, SSI:s  och SKI:s granskning av SKB:s 
uppdaterade Slutlig Säkerhetsrapport för SFR 1. Swedish Radiation Protection Authority, 
Swedish Nuclear Power Inspectorate, Stockholm, November 2003. 
 
 
 
 
 
 
 
 
 
 



2005:01  Reports from SSI:s International 
Independent Expert Group on Electromagnetic 
Fields  2003 and 2004.

SSI’s Independent Expert Group on 
Electromagnetic Fields 190 SEK

2005:02 (SKI 2005:02)  International Peer Review 
of Swedish Nuclear Fuel and Waste Management 
Company’s SR-Can interim report

Budhi Sagar, Lucy Bailey, David G Bennett, Michael Egan, 
Klaus-Jürgen Röhlig

2005:03 (SKI 2005:06)  Granskning av SKB:s SR-
Can interimsrapport:SKI:s och SSI:s bedömning av 
SKB:s uppdaterade metoder för säkerhetsanalys

Benny Sundström och Björn Dverstorp et. al.

2005:04 (SKI 2005:10)  Concentrations of 
Uranium,Thorium and Potassium in Sweden

Bo Thunholm,  Anders H. Lindén 
och Bosse Gustafsson 130 SEK

2005:05 (SKI 2005:32)  Säkerhets- och strålskydds-
läget vid de svenska kärnkraftverken 2004

SKI och SSI

2005:06  Percutan coronar intervention PCI – en 
strålskyddsutredning av verksamheten på landets 
sjukhus

Avdelningen för patient- och personalstrålskydd 
Anja Almén, Torsten Cederlund och Britta Zaar 70 SEK

2005:07  Kommentarer och vägledning till före-
skrifter och allmänna råd om hantering av aska 
som är kontaminerad med cesium-137

Avdelningen för beredskap och miljöövervakning 
Hans Möre och Lynn Marie Hubbard 80 SEK

2005:08  Large-scale groundwater fl ow with free 
water surface based on data from SKBs site in-
vestigation in the Forsmark area.

SKI och SSI
Anders Wörman, Björn Sjögren och Lars Marklund

2005:09  Twelve years of cooperation in the fi eld of 
radiation protection

SSI Internationellt Utvecklingssamarbete, SIUS
Sten Grapengiesser och Torkel Bennerstedt 120 SEK

2005:10  Rapporter från SSI:s vetenskapliga råd 
om ultraviolett strålning, 2002, 2003 och 2004

Avdelningen för beredskap och miljöövervakning 
SSI:s vetenskapliga råd om ultraviolett strålning 250 SEK

2005:11  SSI:s granskning av SKB:s Fud-program 2004
Avdelningen för avfall och miljö 
Carl-Magnus Larsson et al. 170 SEK

SSI-rapporter 2005
SSI reports 2005

2005:12  Personalstrålskydd inom kärnkraftindu-
strin under 2004

Avdelningen för patient- och personalstrålskydd 
Stig Erixon, Peter Hofvander, Ingemar Lund, Lars Malm-
qvist, Ingela Thimgren och Hanna Ölander Gür 70 SEK

2005:13  Review of SKB’s interim report of SR-Can: 
SKI’s and SSI’s evaluation of SKB’s up-dated met-
hodology for safety assessment

Avdelningen för avfall och miljö
Björn Dverstorp och Bo Strömberg et al. 120 SEK



S STRÅLSKYDDSINSTITUT, SSI, är central tillsynsmyndighet 
på på strålskyddsområdet. Mstrålskyddsområdet. Mstrålskyddsområdet. yndighetens verksamhetsidé är att verka rka rk
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