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Background and context 

The safety assessment SR-Site (SKB, 2011) is a main component in SKB’s license 
application, submitted in March 2011, to construct and operate a final repository for 
spent nuclear fuel at Forsmark in the municipality of Östhammar, Sweden. Its role in  
the application is to demonstrate long-term safety for a repository at Forsmark. The 
assessment relates to the KBS-3 disposal concept in which copper canisters with a cast 
iron insert containing spent nuclear fuel are surrounded by bentonite clay and deposited 
at approximately 500 m depth in saturated, granitic rock (Figure 1). 

Figure 1: The KBS-3 concept for final storage of spent nuclear fuel 

 

The principal regulatory acceptance criterion, issued by the Swedish Radiation Safety 
Authority (SSM), requires that the annual risk of harmful effects after closure not exceed 
10−6 for a representative individual in the group exposed to the greatest risk (SSM, 2008b). 
SSM’s regulations also imply that the assessment time for a repository of this type is one 
million years after closure (SSM, 2008a, 2008b). The licence applied for is one in a stepwise 
series of permits, each requiring a safety report. The next step concerns a permit to start 
excavation of the repository and requires a preliminary safety assessment report (PSAR) 
covering both operational and post-closure safety. Later steps include permission to 
commence trial operation, to commence regular operation and to close the final repository. 
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The assessment methodology 

SKB’s licence application is structured to meet Swedish regulations, and long-term 
safety is reported in detail in the SR-Site main report (SKB, 2011). Most elements of a 
safety case according to the NEA definition (OECD/NEA, 2004) appear in the SR-Site report 
hierarchy, whereas a few remaining elements are found elsewhere in the licence 
application. The assessment methodology applied in SR-Site consists of 11 main steps. 
The structure and content of the safety assessment has been developed in the context  
of the international progress in the field (OECD/NEA, 2009). The SR-Site assessment 
methodology is also influenced by the fact that the primary safety function of the KBS-3 
concept is containment throughout the one million year assessment period. Key features 
of the assessment methodology include: 

· The establishment of a quality assured initial state of the engineered components 
of the repository and of the site. The former is reported in several so-called 
“production” reports covering the spent fuel, the canister, the buffer, the deposition 
tunnel backfill, the repository closure and the underground openings constructions, 
respectively (SKB, 2010e, 2010f, 2010g, 2010h, 2010i, 2010p). A key step in the 
establishing of the initial state of the engineered components is the development 
of a set of design premises. Feedback from the preceding safety assessment SR-Can 
(SKB, 2006) was developed into design premises for the SR-Site assessment and the 
license application (SKB, 2009). Examples of important aspects of the initial state of 
the engineered barriers include: i) the copper canister sealing quality; ii) the cast 
iron insert casting quality; iii) buffer properties such as density and content of 
montmorillonite and impurities; iv) backfill properties ensuring its ability to keep 
the buffer in place and to swell; v) the quality of the approach to adapt the 
repository to the detailed conditions found underground and the quality of the 
excavation technique; vi) the quality of the deposition technique. 

The initial state of the site is reported in a descriptive model of the Forsmark site 
(SKB, 2008), that describes the results of the surface-based site investigation and 
the site modelling based on the site investigation data. The main safety-related 
features of the Forsmark site are: i) a low frequency of water conducting fractures 
at repository depth; ii) favourable chemical conditions, in particular reducing 
conditions at repository depth and salinity that would ensure stability of the 
bentonite clay buffer; iii) the absence of potential for metallic and industrial 
mineral deposits within the candidate area at Forsmark. In addition, the relatively 
high thermal conductivity at the site facilitates an efficient use of the rock volume 
and the rock mechanics and other properties of importance for a safe and efficient 
construction of the repository are also favourable. 

· The compilation of the understanding of processes relevant for long-term safety 
for the spent fuel and the canister, buffer and backfill, geosphere and external 
conditions (SKB, 2010b, 2010c, 2010k, 2010l). 

· The establishment of safety functions for the repository system, through which it is 
clarified which roles a particular component, e.g. the canister, has for safety. When 
possible, quantitative criteria for the fulfilment of safety functions are also provided. 

· The detailed analysis of a reference evolution, yielding an understanding of the 
development of the repository components and of the system as a whole. The 
containment potential of the canisters is in focus whereas radionuclide transport 
and dose, should canister failures occur, are analysed in subsequent steps. The 
analysis of the reference evolution includes comprehensive modelling of thermal, 
hydraulic, mechanical and chemical processes in the repository and the surrounding 
host rock. The reference evolution is analysed in four time frames; i) the excavation/ 
operational period; ii) the initial c. 10 000 years’ period of temperate domain of a  
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120 000 year reference glacial cycle; iii) the remaining part of the glacial cycle; 
iv) subsequent assumed repetitions of the reference glacial cycles up to one 
million years after repository closure. 

· The selection and analysis of a number of assessment scenarios. The selection is 
based on the safety functions and on the understanding of the repository evolution. 
The scenarios aim at examining all possible routes to canister failure. Scenarios for 
which canister failures cannot be ruled out, and for which releases of radionuclides 
thus occur, are propagated to probabilistic consequence calculations (SKB, 2010a, 
2010o, 2011). The results of these calculations determine the fulfilment of the 
regulatory risk criterion. Future human actions are analysed as a set of stylised 
scenarios (SKB, 2010m). 

Key results 

The analyses in SR-Site (SKB, 2011) indicate that containment is maintained even as 
long as the one million year perspective for a vast majority of canisters. Deterioration of 
the barrier system to the extent that containment is lost is assessed to only occur, as a 
statistical average, for less than one canister out of the 6 000 for the scenario that yields 
the highest risk contribution. The two scenarios that yield contributions to the calculated 
risk in SR-Site are described below. 

In a one million year time perspective, there is a small risk contribution from canister 
failures due to enhanced corrosion following buffer erosion. Loss of buffer may occur 
from exposure to low ionic strength waters but the extent is uncertain. The Forsmark site 
has a large potential to maintain a sufficient ionic strength at repository depth over a 
glacial cycle. Loss of buffer mass, to the extent that advective conditions arise in the 
deposition hole, may, however, occur in a 100 000 year perspective for typically less than 
ten deposition positions with high flow rates. Advective conditions in a deposition hole 
will enhance the canister corrosion rate. In a one million year time perspective, this may 
lead to failures of a few canisters when applying the most pessimistic of the hydraulic 
interpretations made of the Forsmark site. There is also a small risk contribution from a 
scenario where earthquake induced secondary shear movements in fractures intersecting 
deposition holes cause mechanical canister failures. This failure probability is lower than 
that for the corrosion scenario, even with a number of pessimistic assumptions. 

Figure 2: Risk curves for the corrosion and earthquake scenarios, and their sum 
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Deterministic and probabilistic radionuclide transport and dose calculations were 
undertaken for a number of cases exploring uncertainties of the two risk contributing 
scenarios, and additional “What if?” scenarios (SKB, 2010o). The bounding, dashed curve 
in Figure 2 is the sum of the pessimistically calculated risks associated with the earthquake 
and corrosion scenarios. Since this curve is below the risk limit for the duration of the 
one million year assessment period, the analysed KBS-3 repository at the Forsmark site is 
assessed to fulfil the regulatory risk criterion. 

Confidence in the achieved results 

The confidence in the results obtained is in the SR-Site safety report (SKB, 2011) 
assessed as sufficient for the decision at hand based on the following: 

· Knowledge of the Forsmark site from the completed, surface-based investigations 
is sufficient for the assessment of long-term safety. The site has favourable 
conditions for safety and no site-related issues requiring resolution in order to 
demonstrate safety have been identified. Confidence in the site-descriptive model 
and in the understanding of the site is obtained by a systematic and quality 
assured programme for site investigations and site modelling. The confidence in 
the site model is assessed in detail and documented in the site description 
Forsmark report (SKB, 2008). 

· The reference design is well-established, with specified and achievable production 
and control procedures yielding an initial state of the repository system with 
properties favourable for long-term safety at the Forsmark site. The engineered parts 
of the repository system are based on demonstrated technology and established 
quality assurance procedures to achieve the initial state of the system. There is 
potential for additional optimisation when this reference design is developed and 
implemented. 

· The scientific understanding of issues relevant for long-term safety is mature as a 
result of decades of research both within Swedish and other national programmes 
and in international collaboration projects. The R&D efforts to understand repository 
evolution and safety have led to the understanding of key processes like copper 
corrosion, shearing of canisters and other potential canister failure causes, and of 
key phenomena controlling retardation. This knowledge is, in SR-Site, systematically 
documented in several reports in a format suitable for use in the safety assessment 
(SKB, 2010b, 2010c, 2010k, 2010l). 

· The SR-Site main report and its supporting documents have been comprehensively 
peer reviewed. In particular the scientific basis of the safety assessment has been 
reviewed by recognised experts in the relevant scientific fields. 

· A complete analysis of issues identified as relevant to long-term safety (SKB, 2010j) 
was carried out for the SR-Site according to an established assessment methodology 
(SKB, 2011), comprising e.g. cautious approaches when addressing uncertainties: 

– The understanding of safety is built on a systematic identification of safety 
functions and criteria for the safety functions. 

– Repository evolution is analysed with a structured approach in several time 
frames, addressing in each of these the processes that have been identified as 
relevant and with the safety of the system, as expressed by the safety functions, 
as a focus. Data uncertainties and data quality are assessed and documented 
according to a pre-established template (SKB, 2010d). Model and modelling QA 
is achieved by following procedures documented in a model summary report 
(SKB, 2010n). The assessment is then broken down into a set of scenarios to 
exhaustively scrutinise all possible ways in which the identified safety functions 
could be impaired and the potential consequences of such situations. 
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– Confidence in the key results of radionuclide transport and risk calculations is 
enhanced by the fact that they can often be closely reproduced with simple, 
analytical models, using the same input data as the fully qualified numerical 
models. 

– The key results of radionuclide transport and risk calculations are overestimates, 
since a number of pessimistic assumptions were made in the analyses, both 
regarding the extent of canister failures and regarding their consequences. 

· Documented quality assurance routines have been applied in the assessment  
of the initial state, in the development of the site description and in the analysis of 
long-term safety. A QA plan, encompassing most of the routines followed in 
undertaking the steps described in the above points, has been established and 
implemented at the SR-Site. This is part of the overall methodology followed in the 
assessment. 

Freedom for later decisions 

In addition to the scientific input regarding the future evolution of the repository 
barriers, the safety case rests on the design of the repository barriers and the layout 
adaptation to the bedrock conditions. In developing the design and layout of the repository, 
designers need to combine several requirements and preferences with respect to capacity 
and functionality, long-term safety and the environment. For these reasons, and in 
accordance with regulations, SKB has developed design premises in terms of requirements 
and other conditions and presented these to the designer (SKB, 2009). The design premises 
typically concern specification on what mechanical loads the barriers must withstand, 
restrictions on the composition of barrier materials or acceptance criteria for the various 
underground excavations. A reference design has been developed and reported in a series 
of production reports (SKB, 2010e, 2010f, 2010g, 2010h, 2010i, 2010p). The production 
reports state the design premises to be fulfilled, present the selected reference design, 
present verifying analyses that the reference design conforms to the design premises and 
outlines production and control procedures selected to achieve the reference design with 
verifying analyses that these procedures do achieve the reference design together with an 
account of the achieved initial state. The design, the design premises and the scientific 
basis for the safety case may need to change in later stages of the repository detailed 
design work, construction and operation. As a potential license obtained based on the 
currently submitted license application will be based on statements and facts of the 
currently submitted safety case, such changes can only be made in an orderly fashion. 

According to Swedish regulations SSM FS 2008:1 (Chapter 4, Section 1): 

A preliminary safety analysis report shall be drawn up before a facility may be 
constructed and, for an existing facility, before major refurbishing or rebuilding work or 
major modifications are carried out. The safety analysis report shall be updated before 
trial operation of the facility may commence so that the report reflects the construction of 
the facility. 

Furthermore, the regulation SSM FS 2008:1 (Chapter 4, Section 5) states: 

Technical and organisational modifications to a facility, which can affect the conditions 
specified in the safety analysis report, as well as principal modifications in the safety 
analysis report, shall be subject to a safety review in accordance with Section 3. Before 
modifications in accordance with the first paragraph may be implemented, the Swedish 
Radiation Safety Authority shall be notified of the modifications. 
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According to SSM FS 2008:1 (Chapter 4, Section 3): 

A safety review in accordance with the provisions of these regulations shall be performed 
in order to verify that applicable safety aspects have been taken into account and that 
applicable safety requirements with respect to the design, performance, organisation and 
activities of the facility are met. The review shall be performed in a comprehensive and 
systematic manner and shall be documented. The safety review shall be performed in two 
stages. The first stage, the primary review, shall be performed within the parts of the 
facility’s organisation that are responsible for the specific issue. The second stage, the 
independent safety review, shall be performed within a safety review function appointed 
for this purpose, which shall have an independent position relative to the parts of the 
organisation responsible for the specific issue. 

The following is noted: 

· SKB retains the freedom to explore and develop design changes or other changes 
to the safety case. 

· All potential changes need to be assessed with regard to their impact on safety and 
whether the changes lie within the scope of the safety report (e.g. the safety case). 

· The assessment needs to be reviewed in accordance with the rules set out in 
SSM FS 2008:1. 

· Before changes are actually implemented, SSM shall be notified of the modifications 
and the assessment of its implication. 

Before receiving on operational license, SKB would not formally need an approval by 
SSM, but such changes would be made at SKB’s own risk, since SSM might later reject the 
implementation of the change or ask for more information, including revision of the 
safety report, before accepting implementation of the change. Changes that could imply  
a significant impact on the safety case would need relatively more preparation and 
justification, compared to changes relating the details within the framework of the 
design and information presented in the license application. 

Planning for construction, operation and closure 

While SKB has established a technically feasible reference design and layout of the 
KBS-3 repository and showed that this conforms to stated design premises, technical 
development will continue. Detailed designs adapted to an industrialised process fulfilling 
specific requirements on quality, cost and efficiency need to be developed. The layout 
also needs to be adapted to the local conditions found when constructing the repository 
at depth. In accordance with the scope of the safety case presented in the license 
application, these potentially more optimal solutions should result in at least the same 
level of safety as the reference design assessed in the SR-Site. A strategic technology 
development plan has been established, covering the remaining development work from 
now until the repository is constructed, all technical systems are implemented and 
operation can start. Major milestones in the KBS-3 system development and what needs 
to be accomplished at these milestones have been identified (SKB, 2013). Some important 
examples are given below. 

Before start of construction of an encapsulation plant and the final repository the 
canister detailed design needs to be completed, verified against the design premises and it 
should be shown that selected means of canister production and quality control will allow 
assessment of conformity with the design premises. Buffer and backfill system design 
should be completed and include a preliminary quality control plan for the production of 
the bentonite blocks and the installation in the deposition tunnels. A detailed design of 
the repository underground access with descriptions of the requirements, methodology, 
execution and results verification (authentication) for all underground construction 
activities in the repository is needed. For the deposition areas, a general plan is needed 
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showing how the underground construction work and the detailed investigations will 
lead to selection of deposition tunnels and holes in conformity with the set design 
premises. These descriptions need to give a sufficiently clear picture of the work and the 
end result, but the development of detail can continue until the detailed design of the 
deposition area starts. 

As a basis for the detailed design of the production facility for bentonite blocks the 
detailed design of the buffer and the backfill needs to be completed. This includes setting 
requirement specifications for the bentonite materials, decisions on press technology for 
buffer blocks and establishing manufacturing and quality control methods that work on 
an industrial scale for the production. 

Deposition tunnels will only be excavated when needed for deposition, and their 
excavation is generally seen as part of repository operation. A final decision on location 
of deposition tunnels and deposition holes will also be decided at this point, based on the 
outcome of detailed investigations and pre-set plans for acceptance or rejection of 
tunnels and holes, using the basic approach of the “observational method”. However, the 
basic procedure for this operation, as well as the detailed design of the first repository 
tunnels, needs to be established earlier. Installation methods and methods for testing 
and control of the buffer and backfill must be designed in detail and verified, requiring 
full-scale underground testing. The overall site understanding should be updated with the 
investigation data obtained from underground, the application of criteria for selection of 
deposition holes tested and the suggested technologies for underground construction  
of deposition tunnels and drilling deposition holes should be shown to work under the 
specific underground conditions at Forsmark. 

Before the safety report can be updated and the operational license application 
submitted, commissioning tests of the entire KBS-3 system, ranging from canister 
manufacturing and covering all steps needed until a deposition tunnel is backfilled and 
plugged, are required. Before such commissioning tests can be undertaken different types 
of integration tests to ensure that the equipment and technological systems work 
together as intended would be needed, followed by modifications if necessary. 
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