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Foreword 
 
This document presents a peer review of SKB’s interim report on its safety assessment, 
SR-Can, which is being developed in support of a forthcoming application for a licence 
to construct an encapsulation facility for spent nuclear fuel. The purpose of the interim 
SR-Can report (published by SKB as TR-04-11) is to set out and demonstrate the 
methodology for safety assessment. This, in turn, is intended to enable review by the 
authorities (SKI and SSI) before the methodology is used in support of future licence 
applications. 
 
An international review team was selected by SKI and SSI to offer advice in support of 
their review of SKB’s safety assessment methodology. Members of the team were 
individually contracted to work together in producing this consensus report. 
Specifically, the team was requested to evaluate SKB’s methodology in terms of its: 
(i) fitness for purpose in support of a licence application; (ii) indications towards the 
comprehensiveness, reproducibility, traceability and transparency of the final SR-Can 
report; and (iii) compatibility with regulations. 
 
The following individuals served as members of the international review team: 
 
Lucy Bailey (UK Nirex Limited) 
David G Bennett (Galson Sciences Limited) 
Michael Egan (Quintessa Limited) (Secretary) 
Klaus-Jürgen Röhlig (Gesellschaft für Anlagen- und Reaktorsicherheit mbH) 
Budhi Sagar (Center for Nuclear Waste Regulatory Analyses) (Chairman) 
 
All members of the team have contributed to the report and are collectively responsible 
for its content. The team would like to express its thanks to SKI and SSI for help in 
supplying information needed for the review, and to SKB for its co-operation in the 
open discussions during the hearings that took place on October 5-6, 2004. 
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Summary 
 
SKB has produced an interim safety assessment report as part of its work to develop a 
licence application for the construction of a spent nuclear fuel encapsulation plant. The 
purpose of the interim report is to set out and demonstrate SKB’s proposed 
methodology for long-term safety assessment. The aim of producing an interim report is 
to allow the Swedish regulatory authorities (SKI and SSI) to review and comment on 
SKB’s proposed methodology before it is used in support of a formal licence 
application.  
 
To help inform their review of SKB’s proposed methodology, the authorities appointed 
an international review team (IRT) to carry out a review of SKB’s interim safety 
assessment report. Comments from the IRT are presented in this document and will be 
considered by the regulatory authorities in developing their own view of SKB’s 
proposed methodology. 
 
The IRT’s review included examination of SKB’s documentation (the “Interim Main 
Report of the Safety Assessment SR-Can” and four supporting documents) and hearings 
with SKB staff and contractors. The hearings provided an opportunity for the IRT to 
discuss the SR-Can safety assessment with the authors and contributors to SKB’s work.   
 
As directed by SKI and SSI, the IRT’s review focused on methodological aspects and 
sought to determine whether SKB’s proposed safety assessment methodology:  
 

(i) is fit for the purpose of supporting a licence application; 
(ii) has a reasonable prospect of leading to a safety assessment that is 

sufficiently comprehensive, reproducible, traceable and transparent; 
(iii) is compatible with the authorities’ regulations and guidance. 

 
No evaluation of long term safety or site acceptability was attempted by the IRT. 
 
At the request of SKI and SSI, the IRT’s review considered and made recommendations 
on the following issues: 
 
• Description of the initial state of the repository and its components; 
• Description of features, events and processes (FEPs) relevant to repository 

evolution; 
• Strategy for safety demonstration (e.g. allocation of safety to different barrier 

functions and the role of dilution); 
• Basis and methods for scenario selection and evaluation; 
• Assessment of model framework for consequence analysis and compliance 

evaluation (e.g. justification of models, and parameters); 
• Methods for biosphere modelling including the transition zone from basement rock 

to quaternary deposits and ecosystems; 
• Methods for risk analysis, including the use of probabilistic methods, uncertainty 

and sensitivity analysis, estimation of probabilities, averaging of risk; and 
• Quality assurance measures including handling of expert judgments. 
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Among its conclusions, the IRT considers that the SR-Can Interim Report describes a 
logical methodology for undertaking a safety assessment that could be used as a 
component of a safety case to support a licence application. SKB's assessment 
methodology also includes some innovative and positive components, such as the use of 
safety function indicators and analytical models. 
 
From the IRT’s perspective, the main deficiencies in SKB’s programme and approach 
relate less to the methodology and more to the rigour with which safety assessment 
needs to be conducted to support a formal licence application. There are a number of 
areas, for example in the development of scenarios and in the management and 
treatment of uncertainty, where current evidence suggests a need for greater clarity and 
traceability. More generally, it is recommended that SKB should ensure that all aspects 
of the safety assessment are conducted in accordance with auditable project-specific 
guidance and QA procedures.  
 
In view of the above, and the fact that SKB has acknowledged that some further 
development work remains to be done, the IRT believes that it could be a challenge for 
SKB to conduct and present a safety assessment of suitable quality within the currently 
proposed timescale for delivery of the SR-Can assessment and the 2006 licence 
application. 
 



 3 

1. Introduction 
 
1.1 Background 
 
In Sweden, the nuclear power industry is responsible for managing and disposing of all 
radioactive waste generated by its plants. To meet this responsibility, the owners of 
nuclear power plants formed Svensk Kärnbränslehantering AB (SKB, or the Swedish 
Nuclear Fuel and Waste Management Company). Starting in the 1970s, SKB has 
developed a system for management and disposal of various types of radioactive waste. 
The system includes a ship for transport, a repository for operational waste (SFR) and a 
central interim storage for spent fuel (CLAB). Through its research, SKB has developed 
a basic concept of a deep geological repository in Swedish crystalline bedrock for the 
permanent disposal of spent fuel. This Swedish concept has become known as KBS-3. 
 
The reference KBS-3 concept is depicted in Figure 1. Its primary components are a 
copper canister with cast iron insert encapsulating the spent nuclear fuel, and 
emplacement of the canisters in disposal holes, surrounded by a bentonite backfill, at a 
depth of about 500 m. A number of variants of the reference KBS-3 concept (including 
the possibility of horizontal, rather than vertical, emplacement of the canisters) continue 
to be studied. Formal legal consent for SKB’s disposal plans, including a decision on a 
repository site, has not yet been given. However, SKB is currently conducting detailed 
surface-based site investigations in two Swedish municipalities, Oskarshamn and 
Östhammar. 
 

 
 
Figure 1: The KBS-3 concept for disposal of spent nuclear fuel (picture from SKB) 
 
SKB plans to submit two licence applications in the next four years. The first, scheduled 
for 2006, will be for the construction of an encapsulation plant for spent nuclear fuel. 
The second application, in 2008, will be for the construction of a geological repository 
at the preferred site. The licence applications will each be supported by a range of 
technical documentation, including assessments of post-closure safety for a disposal 
facility based on the KBS-3 concept (SR-Can and SR-Site, respectively). It is expected 
that both long-term assessments will be based on the same methodological approach, 
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but that more information will be available by 2008 from the ongoing site investigation 
programmes, alongside other aspects of environmental impact assessment, to support 
the selection of a preferred site. 
 
While the final decision on SKB’s application will be taken by the Swedish 
government, the regulatory responsibility for licensing lies with the authorities, the 
Swedish Nuclear Power Inspectorate (SKI) and the Swedish Radiation Protection 
Authority (SSI). SKI and SSI will therefore conduct a thorough review of SKB’s safety 
case and supporting technical assessments. 
 
SKB has produced an SR-Can Interim Report (SKB, 2004a) as a step towards 
producing the SR-Can assessment. The purpose of the interim report is to set out and 
demonstrate SKB’s proposed methodology for long-term safety assessment. This, in 
turn, is intended to enable review, evaluation and comment by SKI and SSI before the 
methodology is used in support of future licence applications. 
 
Within the interim report, SKB presents the SR-Can methodology as a further 
development over that used in its previous published safety assessment for the KBS-3 
disposal concept, SR 97 (SKB, 1999). In developing the proposed SR-Can 
methodology, SKB has responded to review comments and suggestions from the 
authorities, and those of a previous international review group appointed on behalf of 
SKI by the OECD’s Nuclear Energy Agency (SKI and SSI, 2001; NEA, 2000a).  
 
A new international review team (IRT) was appointed by SKI and SSI to carry out a 
review of the SR-Can Interim Report. The constitution of the IRT and its terms of 
reference are described in Appendix 1. Comments from the IRT will be considered by 
the regulatory authorities in developing their own comments. 
 
 
1.2 Review Scope and Methodology 
 
Members of the IRT were individually selected by SKI and SSI based on their 
qualifications and experience (Appendix 2). In conducting the review, a primary 
consideration has been the recognition that the SR-Can Interim Report is intended to be 
a description and illustration of methodology rather than a comprehensive safety 
assessment. It therefore demonstrates results from the application of modelling tools but 
does not draw conclusions on safety. 
 
The role and scope of work of the IRT were established by the authorities (Appendix 1). 
In particular: 
 
“The review team should consider the preliminary nature of the SR-Can interim report 
and use a different approach compared to the review of a complete safety assessment. 
For instance, no evaluation of long term safety or site acceptability should be attempted 
based on the limited information in the interim report. Moreover, the interim report can 
not be expected to fulfil all basic requirements of a complete assessment such as 
comprehensiveness, reproducibility, traceability and transparency. At this stage, it 
would be more relevant to evaluate whether or not the interim report indicates that 
these features would be appropriately handled in forthcoming main SR-Can report and 
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suggest possible improvements. Comments related to detailed scientific and technical 
issues may to some extent be covered by the review, but should be regarded as of lower 
priority compared to the coverage of the SA methodology issues.” 
 
Specifically, therefore, the IRT has evaluated SKB’s safety assessment methodology in 
terms of: (i) its fitness for purpose in support of a licence application; (ii) its indications 
towards the comprehensiveness, reproducibility, traceability and transparency of the 
final SR-Can report; and (iii) its compatibility with regulations. Siting considerations 
and the long-term safety of the KBS-3 concept were not within the remit of the IRT and 
no comments have been made on these aspects of SKB’s activities. 
 
SKB provided SKI with key technical reports that were forwarded to individual 
members of the review team on September 1, 2004. The primary report for review was 
Interim Main SR-Can Report (SKB, 2004a). In addition, four supporting reports were 
also provided: an Interim FEP Report (SKB, 2004b); an Interim Process Report (SKB, 
2004c); an Interim Data Report (SKB, 2004d); and an Interim Initial State Report (SKB, 
2004e). 
 
The Interim Main Report provides an overall view of SKB’s approach to safety 
assessment. The methodology itself is limited to assessing the long-term safety (or post-
closure safety) of the proposed KBS-3 repository concept; the pre-closure or operational 
safety of the encapsulation plant and the repository is not considered. The Interim Main 
Report is structured to reflect a “systems” or “safety assessor’s” view, such that the 
distribution of topics and the level of detail broadly follow the 11 steps (pages 5-8 of 
(SKB, 2004a)) that constitute the methodology. SKB’s outline representation of the 
methodology is reproduced in Figure 2. 
 
The way in which the main report is structured did not easily lend itself to its division 
among the review team members according to specific technical areas; all five members 
of the IRT therefore reviewed the entire report. Portions of the four supporting 
documents were reviewed by individual IRT members as required. 
 
The first step in SKB’s 11-step methodology for safety assessment (see Figure 2) is the 
identification of features, events and processes (FEPs) to consider in the safety analysis. 
One of SKB’s supporting reports (SKB, 2004b) describes the FEP analysis procedures, 
as well as the software tool used to document the outcome of the analysis and the 
methods by which the FEP database is maintained. The analysis itself has not yet been 
completed for most FEPs and Biosphere FEPs are excluded altogether from the interim 
version of the database. 
 
The second step of SKB’s assessment methodology involves description of the initial 
state of the repository and its environment. A detailed description of the fuel and 
engineered parts of the system, according to design basis adopted for the Interim 
SR-Can study, is described in SKB (2004e).  
 
Next, in Step 3, a description is provided of all the processes identified within the 
disposal system that are considered relevant to its long-term evolution. An interim 
version of the report on this step of the methodology, focusing on the treatment of 
buffer processes, constitutes a further supporting document (SKB, 2004c). 
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In each case, therefore, the interim supporting documents describing the first three steps 
of the methodology apply to only a restricted set of system components. It is the IRT’s 
understanding that full supporting documentation will be available, describing the 
results of analysis for all the components of the repository system and its environment, 
at the time of licensing. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Outline of the 11 main steps of the SR-Can Safety  
Assessment Methodology (SKB, 2004a) 
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One of the remaining steps in the methodology, Step 8 – the selection of data used to 
support systems models for the quantitative assessment of safety performance – has also 
been described in a supporting interim report (SKB, 2004d). This document describes 
the methodology for handling input data uncertainties and its application to a subset of 
the overall data used in the analyses reported in the Interim Main Report. Other data 
used in the interim safety analysis are described but their selection is based on a more 
relaxed procedure. 
 
For the remaining steps, in so far as they have been implemented for the SR-Can 
Interim Assessment, they are described in the Interim Main Report (SKB, 2004a). 
 
The IRT did not have time to examine the many technical reports and papers referenced 
in either the main report or the four supporting documents. These more technical 
documents are likely to have a bearing on various aspects of the forthcoming SR-Can 
assessment, for example providing justification for data and assumptions adopted in the 
safety analysis. However, the focus of the IRT’s review was on the methodology 
applied rather than on specific results and conclusions reached in the Interim Main 
Report or the detailed judgments made in the supporting documents. The final SR-Can 
documentation will need to provide a fully traceable and comprehensive audit trail so 
that the Swedish authorities can trace key lines of evidence relied on in the safety 
analysis to the relevant supporting information. 
 
In the three weeks following receipt of the documents provided at the beginning of 
September 2004, members of the IRT made an initial review of their contents and 
prepared written questions seeking further information and clarifications on a range of 
topics. These questions were compiled by the IRT and transmitted to SKB by SKI on 
September 27. The IRT members travelled to Stockholm and participated in hearings 
with SKB staff on October 5 and 6, 2004. The hearings provided an opportunity for 
discussion of the SR-Can documentation, the IRT’s initial questions and SKB’s 
responses to those questions. Information gathered during this exchange, including 
SKB’s responses to the questions, has been taken into account in the review reported 
here. 
 
The IRT presented preliminary conclusions from its review to SKI and SSI on October 
7. On that day, at the request of the IRT, SKI and SSI representatives also made brief 
presentations on their respective regulations. It is the IRT’s understanding that SSI is in 
the process of developing further guidance on how it expects safety assessment 
calculations to be structured and presented in order that the compliance of the safety 
analyses with the risk standard can easily be determined. However, no account has been 
taken of this regulatory guidance in the work presented here. A complete version of the 
IRT report was transmitted to SKI in draft form on November 19. The final version was 
prepared taking into account a small number of suggestions from SKI to address factual 
inaccuracies and to improve clarity, as well as minor revisions initiated by IRT 
members. 
 
The remainder of this report presents the consensus comments and recommendations of 
the IRT. Section 2 describes the IRT’s assessment of SKB’s methodology against eight 
main areas of interest identified by SKI and SSI in their terms of reference 
(Appendix 1). Section 3 then summarises the main findings and recommendations 
arising from the review. 
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2. Assessment of Methodology 
 
As requested by SKI and SSI, the IRT’s review has focused on the methodological 
approach and structure defined by SKB for the SR-Can assessment. Issues identified as 
particularly important by the authorities in the terms of reference for the review 
(Appendix 1) were: 
 

• Description of the initial state of the repository and its components; 
 

• Description of features, events and processes (FEPs) that are relevant for the 
repository evolution; 
 

• Strategy for safety demonstration (e.g. allocation of safety to different barrier 
functions and the role of dilution); 
 

• Basis and methods for scenario selection and evaluation; 
 

• Assessment of model framework for consequence analysis and compliance 
evaluation (e.g. justification of models, and parameters); 
 

• Methods for biosphere modelling including the transition zone from basement 
rock to quaternary deposits and ecosystems; 
 

• Methods for risk analysis, including the use of probabilistic methods, 
uncertainty and sensitivity analysis, estimation of probabilities, averaging of 
risk; and 
 

• Quality assurance measures including handling of expert judgments. 
 
In what follows, each of the above issues is considered in turn. 
 
 
2.1 The Initial State of the Disposal System 
 
Analysis of the long-term safety of a repository system requires that the potential future 
evolution of the system be described and analysed. Description of the initial state of the 
system provides the starting point for the description of such evolution and is a 
fundamental part of the assessment basis (NEA, 2004a). The uncertainties associated 
with long-term projections on the timescales relevant to the geological disposal of spent 
nuclear fuel mean that any description of the way in which the system might change 
from this initial state can be, at best, only an approximation of the actual outcome. 
However, this does not preclude making projections that encompass such uncertainties; 
approximate methods, explicitly incorporating the treatment of uncertainties in 
descriptions of system evolution, are therefore usually devised and employed in long-
term safety assessments.   
 
SKB has included several steps (e.g., steps 2, 4, 7, 9 and 10; see Figure 2) in its 11-step 
methodology that contribute towards accomplishing the goal of making a systematic 
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analysis of system evolution. Among these steps, the definition of the initial state of the 
system is perhaps the least uncertain. For example, site investigations contribute to 
knowledge of the initial state of the site of interest, above and below the ground surface, 
and the initial state of the engineered system components can be controlled, to a large 
extent, through design and construction. 
 
In the SR-Can interim report, the initial state for the geosphere and the biosphere is 
defined at a time before any excavation takes place, while the initial state for the 
engineered system (based on SKB’s design specification for the KBS-3 repository) is 
defined at the time immediately following waste deposition. We consider that SKB’s 
approach to defining the initial state of the geosphere and the biosphere is appropriate, 
but note that future iterations of the safety assessment should take account of new 
information as it becomes available from underground experimentation and repository 
construction.  
 
Similarly, we consider that SKB’s approach to defining the initial state of the 
engineered system is appropriate, but note that further information is likely to be gained 
during manufacturing trials and repository construction. SKB should therefore take 
account of ‘as-built’ conditions in future iterations of the safety assessment. 
 
The description of the initial state of the repository and its components is summarised in 
Section 3 of the Interim Main Report (SKB, 2004a). Further details – for the fuel and 
engineered parts of the system, according to the design basis adopted for the study – are 
presented in the Interim Initial State report (SKB, 2004e). We consider that, in so far as 
it has been developed within the interim SR-Can documentation, the description of the 
initial state of various system components is presented in a well-structured, systematic 
fashion. Our main comment in reviewing these documents is that the traceability of 
information that constitutes the initial state description needs to be improved.  
 
In particular, the IRT recommends that, in its documentation, SKB should draw a 
clear distinction between information that is based on actual evidence, and that 
which is based on assumptions or presumed design criteria.  
 
The distinction is important in order to make transparent the extent to which the 
description of the initial state draws on verifiable information. As noted above, all 
safety case information, including evidence as well as assumptions and their rationale 
needs to be clearly and traceably documented. A clear audit trail, with specific 
references to the original source materials or, where necessary, to the reasoning that 
underpins assumptions or design criteria, will facilitate SKB’s justification of the initial 
condition values adopted in their assessment, and should be an integral element of the 
methodology (see also Section 2.8). 
 
 
2.2 Features, Events and Processes  
 
Identification of features, events and processes (FEPs), and their screening for relevance 
to a specific site and engineering design, constitute the building blocks of a safety 
assessment. The systematic analysis of FEPs is recognised in all national high-level 
nuclear waste management programmes as an essential step to assure 
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comprehensiveness in the coverage of issues relevant to safety assessment. To assist in 
the implementation of such a step as part of its safety assessment methodology, SKB 
has developed FEP analysis procedures and a database to document the outcome of the 
analysis; these are described in one of the Interim SR-Can supporting documents (SKB, 
2004b). 
 
An important challenge in FEP analysis is to provide structured, comprehensive 
coverage of all potentially relevant FEPs associated with a complex system, while at the 
same time reporting on the outcome of the analysis in a way that guides conceptual 
understanding of system evolution. According to the description of the methodology 
presented in the interim SR-Can documentation, it appears that while the potentially 
relevant FEPs are captured within the FEP database (Step 1), judgments about the 
relevance of processes in different time frames are documented separately as part of the 
Process Description (Step 3). 
 
 
FEP Database 
 
The initial entries into the SR-Can FEP database came from SKB’s SR 97 Process 
report, which was supported by an analysis based on the use of thermal hydraulic, 
mechanical and chemical (THMC) process diagrams. The database was then updated by 
auditing it against the NEA FEP database (NEA, 2000b), and by re-visiting and 
updating a previous audit against interaction matrices developed by SKB for application 
to the KBS-3 system. We consider that use of an international generic FEP list, coupled 
with more specific analyses relevant to a specific system/concept, is consistent with best 
practice and is a reasonable and appropriate approach for developing a comprehensive 
list of potentially relevant FEPs. 
 
We have not attempted to undertake a detailed review of the content of SKB’s FEP list 
and screening arguments reported in the Interim SR-Can documentation. However, 
some attention was given to the manner in which the FEP analysis has been reported, on 
the basis that the current documents may be considered a template for what is to come 
in the final SR-Can assessment. In this respect, it is noted that SKB’s objective in 
developing the FEP database is described (SKB, 2004b) as: “…to develop a database of 
features, events and processes in a format that would facilitate both a systemic analysis 
of FEPs and documentation of the FEP analysis as well as facilitate revisions and 
updates to be made in connection with new safety assessments. This overall objective 
also includes the development of procedures for a systematic FEP analysis as well as to 
apply these procedures in order to arrive at an SR-Can version of the FEP database.”  
 
The IRT found that the implementation of the FEP database, as currently presented, fell 
short of this objective. Although the process of mapping the initial FEP list against other 
sources is described, the overall structure of the database tool itself, as well as the 
examples provided in the available documentation, do not provide evidence of a 
comprehensive and traceable FEP analysis in support of the safety assessment. Based on 
the documents reviewed, including a presentation given as part of the hearings in early 
October 2004, it would seem that the database is being used primarily as a record-
keeping tool after decisions regarding FEPs have been made, rather than as an active 
tool in support of conceptual model development or iterative safety assessment. For 
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example, the version of the database presented to the IRT was quite sparsely populated, 
suggesting that there has been only limited FEP analysis to date, even though SKB’s 
process analysis and conceptual models for the safety assessment (reported elsewhere in 
the documentation) appeared to be rather further advanced. 
 
It does not necessarily cast doubt on SKB’s assessment models if their scope and 
content is confirmed post hoc by audit against a comprehensive FEP list, rather than 
being developed from first principles based on the outcome of a FEP analysis. However, 
it is important that SKB and its safety assessment team, as well as the authorities, have 
access to a full, systematic and traceable understanding of how and why individual 
FEPs have been addressed and incorporated in the safety assessment. We also note that 
the proactive use of a FEP database during (rather than after) the development and 
conduct of a safety assessment can be helpful in ensuring programme-wide 
understanding of the significance and treatment of FEPs, and can reduce the chances of 
inconsistent assumptions by different individuals or teams contributing to the safety 
case in different technical areas. 
 
 
Handling of Processes 
 
Section 5 of the Interim Main Report (SKB, 2002a) describes how SKB has changed 
from detailed presentation of THMC process diagrams and interaction matrices within 
the safety assessment documentation (as reported in SR 97) to reporting the outcome of 
expert judgments via ‘process tables’. The aim of the new process tables is to improve 
the clarity of reporting when describing the influence of processes on system evolution 
and safety assessment in different time frames. We consider that the introduction of 
process tables is a potentially useful enhancement to the presentation of the safety 
analysis, which ought to promote understanding of how process system evolution has 
been conceptualised and modelled. However, we are less supportive of SKB’s proposal 
to stop using THMC process diagrams as part of the reporting of the analysis because 
this would make it is less easy to understand the relationships between the processes and 
system variables.  
 
The IRT recommends that SKB establishes explicit links within the assessment 
documentation between FEP analysis, process handling and conceptual model 
development. 
 
On the basis of the buffer example presented in the Interim Main Report, we note that 
the supporting comments and notes to the process tables appear to be somewhat 
sketchy, and consider that this tends to limit their value as a means for documenting 
why decisions have been made to treat processes in a particular way. If such decisions 
are not adequately recorded in either the FEP database or the process tables, then the 
basis for the safety assessment will not be clear, and the analysis may not be adequate 
for regulatory decision-making. 
 
It is also relevant to note that the example process table shows only two timeframes: the 
resaturation/‘thermal’ period and the long-term ‘after saturation and thermal period’. 
Given that SSI’s regulations (SSI FS 1998:1) specifically require more detailed 
assessments for the first 1,000 years following facility closure, SKB may wish to 
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consider keeping formal records of process mapping specific to this time period. Also, 
given that the overall assessment extends for a million years, it may be more reasonable 
to consider more than one timeframe after the transient period, especially when 
considering geosphere processes. 
 
 
Records and Procedure 
 
The IRT believes that, during licensing proceedings, completeness and transparency of 
records as well as adherence to project established procedures can contribute 
significantly to building confidence in the technical soundness of the proposal. In the 
full SR-Can assessment, in order to demonstrate a traceable audit from the FEP analysis 
to the assessment models, SKB should fully populate the FEP database to provide clear 
links to the process tables, as well as to other tools and information sources, including 
records of all relevant expert judgments, used in support of system conceptualisation. 
 
 
2.3 Strategy for Safety Demonstration and Use of Multiple Barriers 
 
Our understanding is that SKB’s overall strategy for demonstrating long-term safety 
includes: 
 

(i) Showing that the copper canister will maintain its integrity and, therefore, 
isolate the waste from the surrounding environment for a long period of 
time; 

(ii) Showing that the bentonite buffer will act as an effective hydraulic and 
chemical barrier to water flow and radionuclide transport, and will provide 
mechanical protection for the canister over a long period; 

(iii) Providing evidence for the geological stability of the chosen site, and 
showing that the geochemical conditions at the site are likely to be reducing 
for a long time period, such that they will minimise canister degradation (e.g. 
by corrosion); 

(iv) Showing that disposal system performance is not unduly affected by future 
climate and environmental change. 

 
 
Assessment Timeframes 
 
The principal quantitative standard set by the Swedish Radiation Protection authority 
for demonstration of long-term safety is “…the annual risk of harmful effects after 
closure does not exceed 10-6 for a representative individual in the group exposed to the 
greatest risk” (SSI FS 1998:1). When expressed solely in terms of radiation dose, 
assuming unit likelihood of exposure, this risk standard corresponds to an individual 
dose of approximately 0.015 mSv yr-1. No compliance period is associated with SSI’s 
risk criterion; SKB plans to carry out its analysis up to one million years. 
 
SKB seeks to justify the timeframe for the assessment by comparing the evolution of the 
radiotoxicity of the spent nuclear fuel and the “sum of toxicity of all fractions in the 
nuclear fuel cycle” with time “to that of the natural uranium ore once used to produce 



 13 

the fuel”. We consider that these comparisons alone cannot justify the chosen 
timeframe, for the following reasons. First, there are recognised limitations in using the 
radiotoxicity index, partly because the comparison can be made in different ways (e.g. 
depending on assumptions about total or specific toxicity), but also because toxicity 
estimates alone have limited meaning from the point of view of risk and safety, since, 
for example, the mobility of radionuclides is not taken into account. Second, it could be 
inferred that the objective of SKB’s spent fuel disposal programme is to ensure that 
doses are less than would be associated with natural uranium ore, rather than satisfying 
the 10-6 per year regulatory risk standard. Even when a plot of radiotoxicity against time 
suggests that the repository has become comparable to a natural system in certain 
important aspects, this does not necessarily indicate a return to unconditionally safe 
conditions (NEA, 2004b). 
 
We consider that the evolution of radiotoxicity with time by radioactive decay might be 
used as a supporting argument within the safety case, but that the assessment timeframe 
might more justifiably be related to the time over which meaningful assessments can 
reasonably be undertaken, given that the uncertainties inherent in making dose and risk 
estimates increase with time. We also note that it might be helpful if there were clearer 
regulatory guidance on this issue. 
 
 
Safety Function Indicators 
 
We commend SKB for advancing and implementing the concept of safety functions and 
safety function indicators (described in Sections 6 and 7 of the Interim SR-Can Main 
Report (SKB, 2004a)) as one basis for demonstrating support for its safety strategy and 
repository design work. SKB makes it clear that satisfying the safety function indicators 
does not necessarily mean that the criteria specified in the relevant Swedish regulations 
will be met, or indeed that satisfying these criteria is necessary in order to meet 
regulatory requirements. However, these intermediate indicators are valuable in 
clarifying SKB’s views on how the engineered components of the disposal system 
should perform. 
 
The use of safety function indicators in assessing the performance of the system, and as 
a support for judgments as to whether estimates of disposal system performance have 
been derived using a reasonable set of key parameter values, is an innovative approach 
that may help to form one more line of evidence supporting the demonstration of safety. 
We believe, therefore, that SKB’s development of safety function indicators represent a 
useful addition to the safety demonstration methodologies being applied in other 
national waste disposal programmes, providing a complementary strand of quantitative 
analysis to the conduct of long-term radionuclide release, transport and dose/risk 
assessment calculations. We note, however, that SKB should provide more detailed 
justifications in the final SR-Can report for the selection of safety function indicators 
and associated criteria and thresholds. 
 
The IRT believes that SKB could usefully extend the application of function indicators 
to provide alternative measures of performance as endpoints from their analysis. For 
example, in the initial 1,000 year time frame, which is highlighted in SSI’s regulations 
as requiring particular attention, there is an emphasis on demonstrating understanding of 
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system behaviour, even though there may be an expectation of zero release. It could also 
be helpful if natural analogues were given more prominence in the safety assessment 
alongside alternative indicators of system performance. At longer timescales, such 
complementary indicators can help to support conclusions drawn on the basis of risk 
estimates. The specific incorporation of references to natural analogues and/or 
observations in nature within the Process Report (SKB, 2004c) is welcome, indicating 
there is scope for more use of such information in the overall demonstration of safety. 
 
 
Defence in Depth 
 
The SKI regulations (SKIFS 2002:1) require that “Safety after closure of a repository 
shall be maintained through a system of passive barriers” and also “The functions of 
each barrier shall be to, in one or several ways, contribute to the containment, 
prevention or retardation of dispersion of radioactive substances, either directly or 
indirectly by protecting other barriers in the barrier system”. It is evident that the 
KBS-3 concept is consistent with the notion of a safety strategy based on a system of 
passive barriers. We consider that demonstrating an adequate level of ‘defence in depth’ 
will require SKB to show that: 
 

(i) long-term safety does not rely solely on any single barrier; 
(ii) if any one of the barriers failed to perform as intended, other barrier(s) will 

provide the required safety functions; and 
(iii) the barriers are diverse in type and nature (e.g. engineered and natural, 

physical and chemical) so that they would be unlikely to suffer common 
cause failures. 

 
The KBS-3 design does incorporate diverse barriers. However, it is also clear that the 
overall long-term safety strategy depends more on the containment function of the 
canisters and on prevention and retardation of dispersion of radionuclides by the buffer 
than on analogous properties of the geologic system. The IRT acknowledges the major 
role played by the geologic system in providing a structurally stable and geochemically 
favourable environment for the engineered barriers to perform their functions 
successfully. We would therefore expect a more prominent and explicit consideration of 
the function of the geological barriers as part of the overall safety demonstration than is 
currently given in the Interim Main Report. 
 
We note that representation of the likelihood of early canister failure in the interim SR-
Can assessment seems to be based on assumptions about canister failure rates that are, 
as yet, only weakly supported by data. Based on the documents examined during our 
review, and the hearings with SKB, it appears that canister reliability will be also 
assessed in SR-Can (and in SR-Site) largely on the basis of assumptions about the 
achievement of canister design specifications and failure detection rates, with limited 
support from manufacturing trials. This underlines the importance of ensuring that high-
level reporting of the safety analysis should make clear where it draws on verifiable 
information or, alternatively, on assumptions or design specifications. Given the central 
importance of canister integrity, we believe that insufficient information was provided 
in the interim assessment documentation to provide the necessary strength of support to 
the assumption that such specifications can be readily achieved.  



 15 

In Section 12.6 of the Interim Main Report (SKB, 2004a), SKB has included “what if” 
analyses with the aim of demonstrating that, even if the canisters failed, the other 
barriers are capable of providing adequate levels of safety. We consider that such “what 
if” analyses represent a reasonable approach to elucidating the multiple barrier 
capability of the disposal system, and that this is consistent with approaches adopted in 
safety assessments carried out within other national programmes. 
 
In our view, the second most important barrier in the KBS-3 design, after the canister, is 
the buffer. The buffer provides a favourable environment for the copper canister as well 
as controlling radionuclide release after canister failure. Yet, SKB’s conclusions about 
buffer performance and long-term stability are based on assumptions, in particular 
concerning homogeneity but also concerning the evolution of buffer hydraulic, chemical 
and mechanical properties, which we consider will require stronger support than is 
currently provided in the interim SR-Can documentation. In the meantime, SKB might 
consider analysing a “what if” case, in which both the canisters and the buffer fail to 
serve all, or part of, their safety functions, in order to demonstrate the capability of the 
natural system. 
 
The IRT recommends that SKB performs additional sensitivity analyses that 
examine sub-system performance measures, e.g. by reference to function 
indicators, in addition to dose and risk. 
 
 
Optimisation 
 
In Appendix A of the Interim Main Report, SKB indicates that the Swedish authorities’ 
joint review of SR 97 (SKI and SSI, 2001) down-played the importance of optimisation 
as an issue for safety assessment, in part because the classic ‘cost-benefit’ approach 
used in radiation protection to off-set financial cost against collective dose is 
impracticable in relation to very long timeframes. However, the authorities also made 
the point in their review that the general concept of optimisation can be perceived as a 
general attempt to reduce radiation doses to a level where further reduction would only 
be achieved at grossly disproportionate cost. The authorities therefore noted “If SKB 
perceives any possibility of improving the final disposal method at a reasonable cost, 
the improvement should be made”.  
 
Based on information received from SKB during the hearings in early October 2004, it 
is understood that questions relating to optimisation are currently being discussed in the 
framework of an ongoing consultation process between concerned stakeholders, 
including the authorities. This would appear to reflect the observation by the authorities 
that: “Even if both optimization and BAT [Best Available Technique] are largely beyond 
the scope of the safety assessment, SKI and SSI both consider that it would be justifiable 
for SKB to initiate work and a dialogue within these two areas with the authorities” 
(SKI and SSI, 2001). Moreover, it is understood that specific questions relating to use of 
BAT (SKIFS 2002:1) will be addressed, alongside other aspects of optimisation, in 
other documents produced by SKB in support of the licence application (i.e. not 
explicitly within SR-Can). 
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Nevertheless, it might reasonably be expected that a safety assessment methodology 
should recognise consideration of alternatives as part of an iterative procedure, in order 
that appropriate opportunities for design and performance improvement may be 
identified. In the view of the IRT, such a recognition is not apparent in SKB’s 
methodology. We therefore suggest that SKB should consider including optimisation 
studies as an integral part of their safety assessment approach, to provide assurance that 
feasible alternatives have been explored for minimisation of risk, and that such studies 
should be explicitly coupled to design development and other relevant components of 
the licence application (see also comments about treatment of design alternatives under 
Section 2.4, below). 
 
 
2.4 Scenario Development, Selection and Evaluation 
 
Scenario Identification 
 
SKB’s strategy for the selection and evaluation of scenarios is an important 
methodological development since the SR 97 assessment. We acknowledge that the 
strategy described in the SR-Can Interim Main Report has, at least in part, been 
developed in response to two different sets of regulatory requirements. We suspect, 
however, that it may also reflect a limitation of SKB’s current system-level modelling 
capability, particularly with respect to the treatment of uncertainties in event sequencing 
and timing. 
 
Currently, SKB’s discussion of scenario development and evaluation is distributed 
amongst several sections (Sections 4, 8, 9 and 10) of the SR-Can Interim Main Report 
(SKB, 2004a). This means that there does not appear to be a clear, systematic process 
for identifying, screening and selecting scenarios as part of SKB’s assessment 
methodology, for example through an analysis of different event sequences. This could 
leave the assessment open to challenge as to whether the scenarios considered in the 
analysis demonstrate sufficient coverage of uncertainties in system evolution.  
 
We acknowledge that SKB aims to demonstrate the robustness of the KBS-3 disposal 
system in the face of uncertainties associated with climate evolution, and we consider 
that this represents an enhancement of the approach taken in SKB’s previous 
assessments. However, more justification should be provided for SKB’s assertion that 
the two scenario variants used in the SR-Can Interim assessment to consider the effects 
of climate evolution on long-term safety (that is to say, a reference case, assuming 
continued glacial-interglacial cycling based on repetition of the Weichselian glacial 
cycle, and a ‘greenhouse effect’ variant, assuming a prolonged warm period over the 
next 200,000 years) represent extreme cases in terms of assessing the potential impact 
of environmental change on safety. We consider that SKB has not yet demonstrated that 
these variants adequately capture the uncertainties in safety performance associated with 
alternative patterns of future climate evolution.  
 
There are other examples in the current documentation where members of the IRT felt 
that the comprehensiveness of scenario identification and the visibility of screening 
arguments leave some room for improvement. These include the treatment of seismic-
related events and criticality. A clearer, more structured approach to scenario 
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identification would help to make the logic of the process, and the role of supporting 
arguments in scenario screening and selection, more visible. To guide understanding, 
SKB could also consider presenting “what if” analyses, at least in qualitative terms, 
even for those situations where scenarios are screened from the risk assessment on the 
basis of their likelihood. 
 
 
Strategy for Scenario Analysis 
 
SSI’s regulation (SSI FS 1998:1) requires projections of individual risk to be made as 
the calculation endpoint of the safety assessment, and implicitly requires consideration 
of the likelihood of occurrence of scenarios. By contrast, the SKI regulation (SKIFS 
2002:1) calls for the evaluation of scenarios in three categories: main scenario, less 
probable scenarios and residual (other) scenarios. We recognise that addressing both 
sets of requirements in a single assessment is a challenge. However, we understand that 
SSI is in the process of developing further guidance on how it expects safety assessment 
calculations to be structured and presented, and hope that SSI’s work may ease the 
problems of addressing two different sets of regulations. 
 
The assignment of likelihood of occurrence to scenarios is widely recognised to be a 
difficult task. During the review meeting, it became evident that SKB is striving to 
avoid this problem as far as possible by incorporating all potential evolutions associated 
with the risk calculation within a main scenario. Hence, all uncertainties regarding the 
initial system state and its evolution are represented within the main scenario, either as 
discrete and mutually exclusive variants of that scenario (e.g. representing different 
climate assumptions, different design variants or different hydrogeological conceptual 
models), or through probabilistic parameter variation.  
 
The calculated conditional risks associated with each variant of the main scenario are 
then combined in order to demonstrate compliance with the SSI’s risk standard. The 
SR-Can report calls this process “risk summation”. However, it is not obvious from the 
Main Report how this summation will be carried out in practice and the issue was only 
partially clarified during the hearings with SKB. In fact, the results from each variant 
are not summed at all; rather, for the purposes of compliance assessment SKB seems to 
be considering the variant that yields the highest calculated conditional risk at any given 
point during the assessment period. In our opinion, therefore, it is potentially misleading 
to use the term ‘aggregation’ or ‘summation’. 
 
SKI regulations require consideration of less probable scenarios for the analysis of 
uncertainties that are not included in the main scenario. In principle, less probable 
scenarios should be included within the risk summation, in order that their contribution 
to overall risk can be taken into account for comparison with SSI’s risk standard. 
However, in SKB’s analysis, the only situations currently identified as falling into this 
category are those associated with future human actions that may damage the integrity 
of the repository system. Since future human actions are explicitly excluded from the 
risk integration required by SSI (SSI, 1999), no less probable scenarios are included in 
SKB’s risk summation; however, the regulations do require that the potential 
consequences of intrusion be evaluated, in order to gauge the robustness of the disposal 
system to such disturbances. 
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Residual scenarios are primarily “what if” calculations exploring the impact of barrier 
degradation. However, the residual scenarios also include human intrusion exposure 
scenarios. By definition, none of these scenarios are included in the risk calculation. 
 
Overall, the IRT considers that SKB’s strategy for scenario development, selection 
and evaluation is not clear from the current description of the safety assessment 
methodology, and recommends a clearer, more systematic explanation and 
presentation.  
 
A major part of the difficulty appears to stem from a lack of clarity in the language 
being used to describe the basis for scenario selection, with confusion over terms such 
as “risk summation”, “scenario variants” and “calculation cases”. In addition, SKB’s 
description of a scenario as being “defined by specifying an initial state of the 
engineered barrier system, an initial state (a conceptual interpretation) of the site and 
prescriptions for the handling of internal processes and external influences in the 
analysis of the scenario” suggests the possibility that there may be a mixing of scenario 
and conceptual uncertainties. 
 
 
Treatment of Variants within the Main Scenario 
 
According to the way that SKB defined variants of the main scenario, each new variant 
is combined with all other variants; such a procedure effectively doubles the required 
total number of calculation cases whenever a new variant is introduced. It is evident that 
SKB has been striving to minimise as far as possible the number of variants that will 
need to be assessed. 
 
However, SKB’s reluctance to increase the number of variants may be causing a 
problem in demonstrating comprehensive coverage of risks within a suitable envelope 
of scenarios. We suggest that careful use of scoping calculations would allow more 
variants to be considered explicitly, and would provide a traceable basis for identifying 
for more detailed analysis only those variants that have the greatest potential impact on 
safety. Such an iterative assessment approach would also allow resources to be focused 
on the most safety-relevant areas. 
 
An example of a case where scoping calculations may be appropriate, rather then 
expanding the number of variants, is the treatment of design variants. The inclusion of 
the initial state of the system within the definition of the main scenario leads to variants 
based on different designs, even though the actual design will of course be known at the 
time of repository construction. In this sense, a design variant does not represent an 
uncertainty in the same way as, for example, climate evolution. It may, therefore, be 
preferable to treat the design variants as separate sensitivity studies (for example as part 
of an optimisation study) rather than implying that they are included within the “risk 
summation”. Such an approach would  simplify the presentation of calculation cases 
and their results, and could provide an opportunity for the treatment of design variants 
to be more clearly identified with an optimisation process. 
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2.5 Framework for Consequence Analysis and Compliance 
Evaluation 

 
We are generally supportive of SKB’s use of both numerical and analytical models for 
consequence analysis, as described in the SR-Can Interim Main Report (SKB, 2002a). 
However, we note that SKB has not presented information and explanation regarding 
the basis and validity of the analytical models and that there are apparently no current 
plans to provide such information as part of the suite of documents in support of the 
assessment. We consider this to be important because, although analytical calculations 
may be helpful in supporting numerical modelling, it is likely that a number of 
important simplifying assumptions will have been made in developing the analytical 
approximations. The validity of these assumptions will need to be checked to 
demonstrate the validity of such methods over the full range of relevant parameter 
values. 
 
Based on the SR-Can Interim documentation and the hearings with SKB, we consider 
that SKB has in place many (but not all – see below) of the detailed process-level 
models necessary to support the systems-level analysis. For example, SKB’s overall 
approach to hydrogeological modelling using ‘nested’ process models appears to be 
appropriate and consistent with the state-of-the-art. However, the available SR-Can 
Interim documentation does not fully reflect the status of SKB’s model development 
and implementation work. Issues relating to the choice and justification of model 
boundaries and boundary conditions, as well as references concerning confidence 
building in the numerical codes, should be more comprehensively addressed in the 
upper-level safety assessment documents.  
 
SKB acknowledges that not all elements in its array of process-level models are yet 
ready. For example, SKB’s plans to address coupled processes by means of coupled 
THMC models is a natural extension of their existing work with THM and THC 
approaches and would seem to be consistent with the state-of-the-art. However, plans 
for fully-coupled modelling seem to be rather ambitious given the limited time that 
remains until the planned completion of the full SR-Can assessment.  
 
Meanwhile, there are also aspects of the integrated near-field evolution model that give 
cause for some concern, in particular:  
 
(i) the transient saturation of the buffer is not included in the calculations, which 

raises questions as to the adequacy of the treatment of possible inhomogeneities 
in buffer density and swelling, etc;  
 

(ii) the canister corrosion model uses analytical expressions from Neretnieks (1979, 
1986) for the transport resistance model at the buffer/fracture interface, which 
may not be valid over the whole range of model parameter values; 
 

(iii) the treatment of fuel dissolution and the assumption of a delay between 
penetration of the canister and radionuclide release needs to be further justified; 
and 
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(iv) the possible presence of oxygenated groundwaters associated with glacial 
climate conditions and their implications for canister integrity, buffer 
performance and radionuclide migration, do not yet appear to be 
comprehensively addressed. 

 
The IRT suggests that a high-level report on the overall model framework, based 
on the concept of the ‘Assessment Model Flowchart’ as used in SITE 94, could 
form an important additional part of the array of assessment documentation.  
 
Such a report would also contribute to confidence in the assessment and provide a 
measure of Quality Assurance for the safety assessment by making explicit the 
hierarchy of different models and explaining how data are controlled as they are passed 
from one model to another. 
 
We also believe that SKB should give more consideration to documenting the 
justification for the derivation of parameter distribution functions (PDFs) used in the 
assessment. For example, where parameter values are variable or uncertain over a scale 
of orders of magnitude (e.g. sorption coefficients, rock permeabilities), a logarithmic 
distribution would be expected for representing the uncertainty, rather than the linear 
distributions adopted by SKB for some of these parameters. 
 
 
2.6 Biosphere Modelling 
 
We note that SKB expects to further develop its understanding and refine its models in 
the period between the SR-Can and SR-Site assessments, for example as more data and 
interpretations from the selected site become available. For example, SKB states that the 
approach to biosphere modelling will be more comprehensive than that followed in SR 
97 (Appendix C of the Main Report). 
 
SKB’s change in strategy for biosphere modelling appears to be motivated by the desire 
to make a closer link between model compartments and ‘biosphere objects’ on a map of 
the repository area (this is sometimes referred to as ‘landscape modelling’). Section C2 
gives an example of a time-dependent biosphere. The key point appears to be that SKB's 
biosphere models are now capable of considering the evolution of the surface 
environment, although the implications of this for the generation of the ecosystem dose 
factors (EDFs) that SKB uses to calculate individual dose are not clear. 
 
SKB’s modelling hierarchy for the biosphere, and its integration with other components 
of the assessment, is not particularly clear. However, the SR-Can interim documentation 
appears to suggest that a process-driven approach will be adopted, involving explicit 
consideration of significant biosphere FEPs, such as near-surface mixing between 
regional groundwaters and meteoric waters. This would be consistent with recent 
developments in other national programmes that have focused on the importance of 
assessments including a more realistic representation of the geosphere-biosphere 
interface. At this stage, however, it is difficult to know precisely how biosphere FEPs 
will be handled in the SR-Can assessment or what SKB’s overall strategy is for dealing 
with biosphere uncertainties. 
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Biosphere uncertainties tend to be large and overall risk estimates are inevitably highly 
sensitive to assumptions made regarding the evolution of the biosphere and future 
human habits. This means that uncertainty in the biosphere has the potential of 
obscuring overall system understanding as part of a total system sensitivity analysis.  
 
The IRT therefore considers it important for SKB to adopt and implement an 
appropriate strategy for assessing the significance of uncertainties in the biosphere 
and other parts of the disposal system to the conclusions drawn from the safety 
analysis. 
 
The use of sub-system performance measures (e.g. radionuclide fluxes from the near 
field, fluxes into the biosphere etc) may be an important component of such a strategy. 
 
 
2.7 Methods for Risk Analysis 
 
Management of Uncertainty 
 
We recognise that the SR-Can Interim report is not in itself a safety assessment and, 
hence, does not include a full set of risk calculations. However, on the basis of the 
calculations presented, we consider that SKB’s proposed approach to risk analysis 
incorporates many expected features. 
 
An important difference between the SR 97 and SR-Can Interim assessments is that the 
latter follows a more probabilistic approach than the former. However, we consider that 
SKB’s overall strategy for the management of uncertainty needs to be more clearly 
defined. 
 
For example, it is not clear from the SR-Can Interim Report documentation how 
scenario uncertainty will be addressed, since no clear strategy is apparent for the 
handling of uncertainty relating to the timing of key events, or the potential 
simultaneous occurrence of interacting FEPs.  
 
Similarly, there is no clear message regarding the treatment of conceptual uncertainties 
in different components of the system. In some cases, alternative conceptual models are 
treated as being relevant to the identification of scenario variants; elsewhere alternative 
conceptual models are addressed through parameter variation. 
 
The justification given in the SR-Can Interim Report for the derivation of the PDFs of 
parameter values lacks transparency. We consider that more formal elicitation methods 
would be helpful. We also consider that SKB should present and implement a clearer 
strategy for dealing with parameter correlations within the probabilistic assessment 
calculations. We recommend that, to the extent possible, SKB should separate 
uncertainty and variability when defining PDFs of parameter values.  
 
More generally, the IRT recommends that the authorities should review SKB’s 
procedures for using and documenting expert judgments across all aspects of the 
safety case, but particularly for the derivation of input data and the treatment of 
parameter correlations. 
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Probabilistic Assessment 
 
We understand that SKB proposes to present the full distribution of the results of 
probabilistic calculations that are carried out for comparison with the risk standard. We 
support SKB’s proposal to present the full distribution of results and recommend that 
results are presented from all realisations for the whole timeframe of the assessment. 
We further recommend that results are presented regarding potential exposures from 
each radionuclide transport pathway (e.g., drinking water, gas, irradiation etc). 
 
SKB’s discussion of, and approach to the potential problem of risk dilution by 
comparing the ‘mean of the peaks’ with the ‘peak of the means’ is sufficient to assure 
that distribution of peaks in individual realisations is not causing risk dilution. However, 
it says nothing about possible risk dilution owing to other factors such as unjustified 
probability distributions of input parameters. Based on example calculations, SKB’s 
suggests that risk dilution is not a significant concern within the envisaged disposal 
system, because radionuclide transport in the geosphere will be dominated by advection 
and dispersion rather than diffusion. However, we consider that the final SR-Can and 
SR-Site assessments will need to consider fully the potential for all sources of risk 
dilution, including, for example, those processes that contribute to the slow radionuclide 
release from the fuel and the transport resistance at the buffer-fracture interface. 
 
 
Sensitivity Analysis 
 
We observe that all sensitivity analysis methods have limitations, and application of 
more than one method can provide insights into the importance of different aspects of 
disposal system performance. For example, it is important to identify the combination of 
parameters and assumptions that lead to high dose and risk estimates. 
 
One particular area of concern in relation to the examples presented in the Interim Main 
Report is that the reported sensitivity analysis results do not appear to highlight the 
importance of the canister, the primary barrier on which safety relies.  
 
If the final SR-Can report is to do justice to the safety significance of the canister and 
available information relating to canister defects and failure frequencies, then it will be 
necessary to ensure that the sensitivity analyses are not swamped by the inevitable 
uncertainties in the biosphere. For example, from the analyses presented in the interim 
reports, the EDFs appear to be one of the most important parameters. One possible 
approach would be to consider sensitivities at the sub-system level and relate these more 
clearly to the relevant function indicators. 
 
Based on our review we therefore consider that SKB needs to set out more clearly 
its strategy for conducting and using the results of sensitivity analysis. SKB should 
consider using a range of sensitivity analysis methods to complement its current 
use of regression analysis. 
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2.8 Quality Assurance and Expert Judgment 
 
Transparency in the identification and handling of expert judgments is crucial and, in so 
far as it is described in the SR-Can methodology, we welcome SKB’s recognition of the 
need for transparency (e.g. in the Interim Process Report (SKB, 2004c)).  
 
At several stages of our review (e.g. in relation to the definition of the initial system 
state, the development of FEP lists, and scenario development), however, we noted that 
the audit trail provided by the SR-Can Interim documents is not yet well developed. We 
recognise that this may be a consequence of the conditions under which the Interim 
Reports were produced, with comparatively little time for developing comprehensive 
and thorough records. 
 
SKB has indicated that the final SR-Can Process Report will identify the experts who 
were involved in developing the process descriptions for all aspects of the assessment. 
The IRT believes that SKB should also consider using formal expert elicitation 
techniques so that potential biases can be identified and addressed. 
 
More generally, we consider that SKB should ensure that all stages in the safety 
assessment are auditable against project-specific guidance and procedures, covering 
issues such as FEP screening, expert judgment, the derivation of PDFs, and information 
transfer. This applies, for example, to information transfer amongst teams of assessment 
staff, reports and databases, and between process-level and assessment models. A clear 
and successful audit trail requires accurate and precise references to original source 
material and to logical arguments that underpin judgments, assumptions and data 
choices. Confidence in the quality of the safety assessment can be further enhanced by 
explicit documentation of internal peer review processes. 
 
The IRT therefore recommends that, prior to the licence application, SKB ensures 
it has in place a well-defined QA strategy that provides the necessary clarity, 
rigour and traceability for the documentation and justification of all the data and 
judgments underpinning the safety assessment. 
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3. Review Findings and Recommendations 
 
• The SR-Can Interim Report describes a logical methodology for undertaking a 

safety assessment that could be used as a component of a safety case. SKB's 
assessment methodology also includes some innovative and positive components, 
such as the use of safety function indicators and analytical models. 

 
• Nevertheless, there are some areas, such as requirements for iteration and feedback 

to the identification of R&D requirements, in aspects of the treatment of uncertainty, 
and in the relationship of safety assessment to design optimisation, where SKB 
might usefully consider further strengthening the methodology. Moreover, a few 
aspects of the concrete application of the methodology remain unclear at this stage, 
including the relationship between FEP analysis, system process handling and 
conceptual model development, and the identification and screening of scenarios.  

 
• The SR-Can Interim Main Report documentation is generally well structured and 

clearly written. Cross-references to regulatory requirements and guidance, as well as 
an open recognition of unresolved issues, are particularly helpful features; they also 
foster communication with the regulator in a stepwise development of the repository 
programme. However, it is not always easy to relate sections of the report to 
individual steps in SKB’s assessment methodology, or to understand certain key 
arguments without access to detailed supporting documents. In particular, a clear 
distinction should be drawn between verifiable information that is based on actual 
evidence, and that which is based on assumptions or presumed design criteria. 

 
• We suggest that a high-level report on the overall model framework, based on the 

concept of the ‘Assessment Model Flowchart’ as used in SITE 94 could form an 
important additional part of the array of assessment documentation. Such a report 
would also contribute to confidence in the assessment and provide a measure of 
Quality Assurance for the safety assessment by making explicit the hierarchy of 
different models and explaining how data are controlled as they are passed from one 
model to another. 

 
• SKB’s use of safety function indicators is a positive feature, which is potentially of 

substantial use in developing a coherent overall safety case. The indicators are 
particularly valuable in clarifying SKB’s views on how the engineered components 
of the disposal system should perform, and should help to ensure that estimates of 
dose and risk are derived from a set of well understood and reasonable parameter 
values. In the final SR-Can report, however, it is likely that better justification will 
be necessary for the choices of criteria and thresholds used for the safety function 
indicators. 

 
• SKB’s use of analytical models provides a valuable tool for supporting and building 

confidence in its detailed numerical assessment models. Further explanation and 
validity testing would potentially enable increased use of such tools. 

 
• From the IRT’s perspective, the main deficiencies in SKB’s programme and 

approach relate to the rigour with which safety assessment needs to be conducted 
and documented to support a formal licence application, rather than to the 
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methodology itself. For example, a clear link should be established between a fully 
populated FEP database and the assessment models. Set alongside SKB’s 
acknowledgement that further development work remains to be done, we consider 
that it will be a challenge for SKB to conduct and present a safety assessment of 
suitable quality within the currently proposed timescale for delivery of the SR-Can 
assessment and the 2006 licence application. 

 
• SKB’s scenario development work seems to have been presented in an 

unnecessarily complex way, partly because of the confusing use of terms such as 
“risk summation”. In part this may have arisen because SKB has attempted to satisfy 
two sets of regulatory requirements in a single assessment. If so, then it is to be 
hoped that the new SSI guidance will help to resolve any perceived tensions 
regarding interpretation of the risk standard and expectations about the definition 
and quantitative treatment of scenarios, and that SKB will be able to provide a 
clearer, more systematic explanation and presentation of scenario identification, 
screening and analysis in its final assessment. 

 
• The SR-Can Interim report is not in itself a safety assessment and, hence, does not 

include a full set of risk calculations. However, on the basis of the calculations 
presented, we consider that SKB’s proposed approach to risk analysis incorporates 
many expected features. In the Interim assessment SKB has adopted a probabilistic 
rather than deterministic approach to the main consequence calculations. This is 
appropriate, but we consider that SKB’s overall strategy for the management of 
uncertainty needs to be more clearly defined. In particular, attention should be given 
to the strategy for assessing the significance of uncertainties in the biosphere and 
other parts of the disposal system to the conclusions drawn from the safety analysis. 

 
• In conducting their regulatory review, the authorities should give attention to the 

procedures used by SKB for eliciting and documenting expert judgments across all 
aspects of the safety case, but particularly for the derivation of input data and the 
treatment of parameter distributions and correlations. 

 
• We also consider that SKB need to set out more clearly its strategy for conducting 

and using the results of sensitivity analysis. Sensitivity analysis can (for example) be 
used to provide feedback to research and development programmes and the links 
between the assessment and R&D programme could usefully be made more visible. 
This would be assisted by analyses that examined sub-system performance 
measures, in addition to dose and risk. 

 
• Whereas we understand that some topics such as optimisation are apparently to be 

treated in other components of the forthcoming licence application (i.e., not within 
the safety assessment reports) we suggest that there is a need to ensure adequate 
links between safety assessment, the safety case and the optimisation of repository 
design. 

 
• Finally, it is important for gaining confidence in safety assessment that analyses be 

developed and documented according to established procedures covering 
information transfer amongst teams of assessment staff, reports and databases, and 
between process-level and assessment models. These procedures should be available 
and open to regulatory scrutiny. 
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Appendix 1: Instructions for the Review Team 
 
SKI and SSI provided the following instructions to the review team by letter dated 
March 18, 2004. The entire text of the letter is reproduced for reference. 
 
 
International peer review of SKB’s SR-Can interim report: 
Instructions for the review team 
 
This letter describes the purpose and scope of an international peer review of SKB’s 
safety assessment methodology for geological disposal of spent nuclear fuel. It is 
intended as a basis for the planning of the review work and contains the essential 
elements of the formal “terms of reference”, which will be developed by SKI and SSI. 
 
 
Introduction 
 
The Swedish programme for disposal of spent nuclear fuel is currently in an active 
phase with site investigations in progress at three sites and concrete plans for licensing 
activities within the next few years. The Swedish Nuclear Waste Management Company 
(SKB) plans to submit applications to the Swedish authorities for construction of an 
encapsulation plant for spent nuclear fuel in 2006 and a geological repository in 2008. 
The Swedish Nuclear Power Inspectorate (SKI) and the Swedish Radiation Protection 
Authority (SSI) will review and evaluate these applications, but the final decisions 
concerning the applications will be taken by the Swedish Government.  
 
An important component of the above mentioned applications will be the assessments of 
long-term safety for the planned KBS-3 type of repository in the Swedish granitic 
bedrock. The Swedish authorities have previously suggested that SKB should evaluate 
long-term safety aspects in connection with both applications (along with other parts 
such as operational safety, safety in connection with transportation, environmental 
impact assessment, system analysis etc.). The SR-Can assessment will be part of the 
application to build an encapsulation plant, while the SR-Site assessment will be part of 
the application to build an underground repository. The SR-Can and SR-Site are closely 
related and the latter can be regarded as an update of the former. The SR-Can will in 
particular focus on the role of the canister in the repository. Site specific data available 
from the ongoing site investigations will be utilised to the extent possible, but the full 
utilisation of all data expected from the site investigations will only be possible at the 
time of the SR-Site assessment. 
 
 
Context of the SR-Can interim report 
 
As part of the preparation for the SR-Can assessment, SKB will publish the SR-Can 
interim report at end of August 2004. The review of the interim report will most likely 
be the last opportunity for the Swedish authorities to comment on SKB’s safety 
assessment methodology prior to the upcoming license applications. 
The SR-Can interim report will not be a complete safety assessment, but will contain 
preliminary parts of the SR-Can assessment. It will contain site specific data from only 
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one of the three ongoing site investigations (Forsmark site). The purpose is to as 
extensively as possible describe and if possible demonstrate the SA methodology that 
will subsequently be used by SKB, given the circumstance that all methodology issues 
have not been fully implemented at this stage.  
 
The need for an update of the SKB safety assessment methodology originates from the 
authorities review of SKB’s safety assessment SR97 (SKI report 01:4; SSI report 
2001:03). This safety assessment was published in 1999 as a basis for the now ongoing 
site investigations. Although the authorities concluded that SR97 was sufficient to start 
the site investigations, a need for improving several methodology issues was identified. 
An international peer review by the NEA also contains suggestions on how SKB could 
improve their methodology (published in NEA’s report series). 
 
An additional background for the selection of a suitable safety assessment methodology 
is the regulations and guidelines, published by SKI and SSI in recent years. In 1998, SSI 
published regulations concerning the protection of human health and the environment in 
connection with final disposal of spent nuclear fuel and other nuclear waste. A major 
change imposed by these regulations is the introduction of a risk based compliance 
criterion. SSI will according to recent plans publish guidelines to the 1998 regulations 
during this year (2004). In 2002, SKI published regulations and guidelines concerning 
safety in connection with the disposal of nuclear waste and materials. These regulations 
cover the barrier system, and in particular the required contents of a safety assessment.  
 
 
The role of the international review team 
 
The international review team should prepare a review report that will be used as a main 
input to the authorities own review of the SR-Can interim report. The international 
perspective on SKB’s safety assessment work from the review team would also be a 
significant input to the preparations for the upcoming license applications.  
 
The review team will be given opportunities to communicate with SKB as well as SKI 
and SSI for clarification of details in the interim report and e.g. the relevant Swedish 
regulations. However, the review team will work independently from SKI and SSI and 
their final report only need to represent the opinions of the review team and its 
members. Each team member is encouraged to, if possible, utilise expertise from their 
respective organisations as a complement to their own expertise.  
 
The review team should consider the preliminary nature of the SR-Can interim report 
and use a different approach compared to the review of a complete safety assessment. 
For instance, no evaluation of long term safety or site acceptability should be attempted 
based on the limited information in the interim report. Moreover, the interim report can 
not be expected to fulfil all basic requirements of a complete assessment such as 
comprehensiveness, reproducibility, traceability and transparency. At this stage, it 
would be more relevant to evaluate whether or not the interim report indicates that these 
features would be appropriately handled in forthcoming main SR-Can report and 
suggest possible improvements. Comments related to detailed scientific and technical 
issues may to some extent be covered by the review, but should be regarded as of lower 
priority compared to the coverage of the SA methodology issues. 
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SKI and SSI regard the following safety assessment methodology issues as particularly 
important in the context of the review: 
 

• Description of the initial state of the repository and its components 
 

• Description of features, events and processes (FEPs) that are relevant for the 
repository evolution 
 

• Strategy for safety demonstration (e.g. allocation of safety to different barrier 
functions and the role of dilution) 
 

• Basis and methods for scenario selection and evaluation 
 

• Assessment of model framework for consequence analysis and compliance 
evaluation (e.g. justification of models, and parameters) 
 

• Methods for biosphere modelling including the transition zone from basement 
rock to quaternary deposits and ecosystems 
 

• Methods for risk analysis, including the use of probabilistic methods, 
uncertainty and sensitivity analysis, estimation of probabilities, averaging of risk 
 

• Quality assurance measures including handling of expert judgments  
 
The review team should evaluate the methods proposed by SKB and compare with the 
corresponding state-of-the-art methods used in other countries. It would be valuable if 
the review team in a few selected areas could indicate the existence of alternative 
methods that correspond to the ones SKB has selected. 
 
 
Review procedures 
 
The review of the SKB SR-Can will be conducted in three stages with individual 
preparations, a 4-day meeting in Sweden with a one day informal hearing with SKB, 
and final reporting. The work load for team members is approximately three weeks. A 
very rough distribution of this time into different tasks is given below: 
 
• 1-2 days for studying relevant background material about the Swedish programme 

(a list of relevant documents is given in Appendix 1) 
 
• 4-5 days for studying the SR-Can interim report including the 4 main supporting 

documents 
 
• 4 days for the meeting in Sweden 
 
• 4-6 days for reporting 
 
The SR-Can interim report consist of about 200 pages, and the four main supporting 
documents of between 50-100 pages each. To save time the team members should 
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distribute the reading of especially the background and supporting documents among 
themselves.  
 
Questions that need to be clarified before any judgments can be made should be 
compiled before the meeting in Sweden. Each team member should send their questions 
to the chairman of the review team, who will have the responsibility of prioritising 
them, removing duplicates etc. The chairman may delegate some of this work to the 
secretary. SKB should have access to the full list of question at least a week before the 
meeting in Sweden. The number of questions covered during the hearing with SKB 
must for practical reasons be rather limited. However, SKB can respond to urgent 
questions that remain unanswered after the hearing in writing. 
 
The final review report, which has to be fairly short document due to the time 
constraints, will be published in SKI’s and SSI’s report series. 
 
 
The review team 
 
The members of the review team are: 
 
1. Budhi Sagar, Chairman (bsagar@swri.org, tel. +1 210 522 5252)  
Center for Nuclear Waste Regulatory Analysis (CNWRA), USA 
  
2. Mike Egan, Secretary (mikeegan@quintessa.org, tel. +44 1491 636246) 
Quintessa, UK 
  
3. Lucy Bailey (lucy.bailey@nirex.co.uk, tel. +44 1235 825357)  
Nirex, UK 
  
4. Klaus-Jürgen Röhlig (rkj@grs.de, tel. +49 221 206 8796) 
Gesellschaft für Anlagen- und Reaktorsicherheit (GRS), D 
  
5. David Bennett (dgb@galson-sciences.co.uk, tel. +44 1572 770649) 
Galson Sciences, UK  
 
The team members have been selected by SKI and SSI based on previous review of 
other accomplishments related to safety assessments for spent nuclear fuel or other 
nuclear waste. Knowledge of the Swedish programme for spent nuclear fuel as well as 
regulatory experience has also been considered. For this review with a rather narrow 
objective, a full representation of all scientific and technical areas included in a safety 
assessment has not been attempted. 
 
The members are encouraged to establish a communication prior to the start of the 
individual preparation’s phase with a purpose to discuss the distribution of review tasks, 
etc. The chairman may suggest different measures to render an effective review 
procedure and may need information from individual team members about their 
competence areas. 
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Time plan 
 
SKB has made a commitment to complete the SR-Can interim report by August 31 
2004. All reports will not necessarily have been printed by then but should be available 
in their final form. The work of the review team will essentially commence with the 
publication of the SR-Can interim report, although some reading of background 
documents can start earlier (see Appendix 1). In particular the planning report for the 
SR-Can assessment (SKB TR-03-08), which already contains significant information 
about safety assessment methodology, has already been published. 
 
The review meeting in Sweden will be held early October. The individual preparations 
and the compilation of questions to SKB therefore essentially have to be finished during 
September. The writing up of the review team’s report has to be more or less complete 
by the end of October. Some editing, preparations for printing (in close collaboration 
with SKI and SSI) could possibly extend an additional week into November.  
 
The background to this rather tight time plan is that SKI and SSI have to be finished 
with their own joint review by the end of December 2004. The time plan and limited 
man-hours available for this work are of course circumstances that will affect 
comprehensiveness of the review report and level of detail that the review team can 
devote to different topics. 
 
The team members should contact SKI or SSI as soon as possible if they interpret the 
time plan or any other condition in this letter as problematic (bjorn.dverstorp@ssi.se, or 
bo.stromberg@ski.se).  
 
 
Funding arrangements 
 
The cost of the peer review of the SR-Can interim report will be covered by SKB. The 
team members should, however, send their invoices to SKI (Swedish Nuclear Power 
Inspectorate, attn. Bo Strömberg, SE-106 58 Stockholm, Sweden). SKI will after the 
completion of the review charge SKB for the total cost. In an agreement between the 
Swedish authorities and SKB, a maximum total cost for the review project has been 
specified. A cost estimate is therefore required from each team member, which should 
as soon as possible be sent to SKI. 
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Appendix 2: International Peer Review Team 
Members 

 
Budhi Sagar (Center for Nuclear Waste Regulatory Analyses) (Chairman) 
 
Budhi Sagar is Technical Director of the Center for Nuclear Waste Regulatory Analyses 
(CNWRA), at the Southwest Research Institute in San Antonio, Texas. He has B.S. and 
M.S. degrees in Civil Engineering and a Ph.D. degree in Hydrology, with over forty 
years of professional experience that includes teaching, researching and consulting. Dr 
Sagar is the primary technical representative with the US Nuclear Regulatory 
Commission (USNRC), which is the sponsor of CNWRA, representing the USNRC at 
the meetings of the OECD/Nuclear Energy Agency Integration Group for the Safety 
Case. He provides overall direction for conducting technical assistance work and 
research activities of the CNWRA, assures efficient manpower utilisation, controls 
budgets and schedules, and assures quality of work. Dr Sagar is the author of several 
numerical models and has published over 100 papers and reports. He has previously 
participated as a peer reviewer for nuclear waste programmes in the UK, Sweden, Korea 
and Canada. 
 
 
Lucy Bailey (UK Nirex Limited) 
 
Lucy Bailey is currently responsible for the coordination and management of all safety 
assessment work to support the Nirex phased deep geological disposal concept and its 
application to the provision of advice on the packaging of radioactive wastes. She has 
M.A. and M.Phil. degrees in Physics and fifteen years experience in the safety 
assessment of radioactive wastes, particularly specialising in mathematical modelling 
and the development of approaches to performance assessment that aid communication. 
At Nirex, since 1995, Lucy led the development of a systematic approach for the 
assessment of the long-term performance of deep geological repositories, which has 
been applied to a range of disposal concepts. She has long-standing involvement with 
the OECD/Nuclear Energy Agency (NEA), having represented Nirex on the former 
Performance Assessment Advisory Group and as a committee member of the Integrated 
Performance Assessment Group.  Lucy was a member of the NEA review team for 
SKI’s SITE 94 assessment in 1997. 
 
 
David G Bennett (Galson Sciences Limited) 
 
David Bennett is a consultant and project manager specialising in authorisation and 
licensing issues, regulatory interpretation, safety assessment, regulatory and stakeholder 
dialogue. His technical experience includes assessments of engineered barrier systems, 
waste immobilisation, geochemistry and radionuclide transport. Dr Bennett has 
contributed to several international programmes under the auspices of the European 
Commission, the International Atomic Energy Agency (IAEA) and the OECD/Nuclear 
Energy Agency. He currently represents the UK Government (Department of Trade and 
Industry) in the IAEA project on the Application of Assessment Methods to near-
surface radioactive waste management facilities. Dr Bennett recently led a review of 
licensing processes for radioactive disposal facilities in a range of countries. He also led 
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an international review of radioactive waste immobilisation matrices, considering 
current practice and potential future practices for a wide range of waste types.  
 
 
Michael Egan (Quintessa Limited) (Secretary) 
 
Michael Egan is a consultant specialising in the design, review and implementation of 
assessment studies in support of long-term radioactive waste management, with a 
particular focus on the way that different types and sources of information are used to 
inform the development of a safety case. He trained in Physics and worked briefly as a 
teacher before starting a career in environmental assessment research and consulting. 
During this time, Michael has led environmental audits and reviews world-wide, from 
Indonesia to Russia, Eastern Europe and the Middle East. A major theme of this work 
has been the effective understanding of environmental risk information and its 
interpretation alongside other important factors, including priorities identified through 
stakeholder involvement, as part of a transparent decision making process. This includes 
guidance in the development of systematic approaches to long-term safety assessment 
for radioactive waste disposal, technical reviews on behalf of SKI and SSI, and 
development of guidance on environmental options appraisal for UK regulators. 
 
 
Klaus-Jürgen Röhlig (Gesellschaft für Anlagen- und Reaktorsicherheit mbH) 
 
Klaus-Jürgen Röhlig is project manager for technical advice to the German Federal 
Ministry for Environment, Nature Conservation and Nuclear Safety in the field of post-
closure safety for radioactive waste management. He graduated as a mathematician and 
received his Ph.D. degree in 1989. Dr Röhlig joined the Gesellschaft für Anlagen- und 
Reaktorsicherheit mbH in 1991, initially working on hydrogeological modelling and 
numerical simulation of fluid flow and contaminant migration. During the following 
years, his work broadened to other fields and more general methodological 
considerations linked to the post-closure safety case for radioactive waste repositories. 
He is now involved in the development of safety criteria and regulatory guidelines for 
radioactive waste disposal, and is a representative on the OECD/Nuclear Energy 
Agency Integration Group for the Safety Case of radioactive waste repositories. He was 
a member of the NEA review team for “Dossier 2001 Argile” produced by the French 
National Agency for Radioactive Waste Management. 
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Appendix 3: Acronyms 
 
BAT Best Available Technique 
FEP Feature, Event and/or Process 
IAEA International Atomic Energy Agency 
ICRP International Commission on Radiological Protection 
IRT International Peer Review Team 
NEA Nuclear Energy Agency of Organisation for Economic Co-operation and 

Development 
PDF Parameter distribution function 
SKB Svensk Kärnbränslehantering (Swedish Nuclear Fuel and Waste Management 

Co.) 
SKI Statens Kärnkraftinspektion (Swedish Nuclear Power Inspectorate) 
SR Safety Report 
SSI Statens Strålskyddsinstitut (Swedish Radiation Protection Authority) 
THMC Thermal hydraulic, mechanical and chemical (modelling) 
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