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Background 

In 2011 the Swedish Nuclear Fuel & Waste Management Co. (SKB) submitted a license 
application for construction of a geological repository for spent nuclear fuel at Forsmark. 
SKB’s disposal method, the KBS-3 method, involves disposing of the spent nuclear fuel in 
cast iron canisters with an outer layer of 5 cm copper. The canisters will be placed in 
vertical deposition holes at approximately 500 m depths in crystalline bedrock. Each 
canister is surrounded by a buffer of swelling bentonite clay. The repository is designed 
to accommodate 6 000 canisters, corresponding to 12 000 tonnes of spent nuclear fuel. 

The license application is supported by a post-closure safety assessment, SR-Site  
(SKB, 2011). Along with other parts of the application, SR-Site is currently being reviewed 
by the Swedish Radiation Safety Authority (SSM). The main method for review of SKB’s 
licensing documentation is document review carried out by SSM, supported by SSM’s 
external experts. However, SSM’s document review is also supported by regulatory 
modelling, technical reviews of SKB’s quality assurance programme and consideration  
of external review comments partly from two broad national consultations and an 
international peer review organised by the OECD’s Nuclear Energy Agency (NEA, 2012). 
SSM’s review is divided into three main phases: the initial review phase, the main review 
phase and the reporting phase (Dverstorp, et al., 2011). The overall goal of the initial 
review phase is to achieve a broad coverage of SR-Site and its supporting references and 
in particular to identify the need for complementary information and clarifications to be 
provided by SKB, as well as to identify critical review issues that require a more 
comprehensive treatment in the main review phase. SSM completed the initial review 
phase at the end of 2012. 

Developing a regulatory modelling capacity 

SSM and its predecessors have, for several decades, been developing independent 
models to support regulatory reviews. Modelling teams have been established, combining 
both in-house and external expertise. SSM’s independent modelling can be referred to 
one of the following three categories: 

· use of simple scoping calculations; 

· use of SKB’s own models (with other equation solvers); 

· use of alternative conceptual models. 
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Simple scoping calculations may be used to verify if SKB’s modelling results are 
reasonable and to check the impact of individual process descriptions or parameters on 
radiological consequences. By replicating SKB’s calculations, using their own models or 
SSM’s interpretations thereof, SSM can gain insight into the details of SKB’s calculations 
that cannot be attained simply by reviewing SKB’s modelling reports. Finally, the use of 
alternative conceptual models provides a means to explore different types of uncertainty 
related to safety critical review issues. 

The experience from previous reviews of SKB’s preliminary safety assessments, 
e.g. SR-97 (SKI, 2000) and SR-Can (Xu, et al., 2008), illustrates that independent modelling 
is an effective tool for checking the quality and transparency of SKB’s safety case. However, 
because independent modelling is a labour intense and time consuming activity, efforts 
must be restricted and cannot cover all modelling work presented in SR-Site. 

Initial review of SR-Site 

In the following we focus on SSM’s independent modelling of SKB’s consequence 
calculations (radionuclide release, geosphere transport and dose calculations) in SR-Site. 
At this early stage of the licensing review, the primary objective is to identify critical 
review issues as mentioned above. Independent modelling will also be used to address 
process modelling supporting SKB’s safety case, but this will take place in the main 
review phase when SSM has a better picture of what are safety critical issues. 

SKB’s approach to consequence analyses 

Because the KBS-3 method relies heavily on the containment safety function, canister 
integrity is on the focus of the safety case. In SR-Site, there are two scenarios for which 
canister failures are not excluded, namely the scenarios “canister failure due to corrosion” 
and “canister failure due to shear load” (SKB, 2011). Hereafter these two scenarios are 
referred to as “corrosion scenario” and “shear load scenario”. The consequence analyses 
of these scenarios are based on models which describe radionuclide transport in the near 
field, far field and biosphere. Radionuclide transport in the near field is modelled with the 
compartment model COMP23 (Cliffe and Kelly, 2006; SKB, 2010) that models processes 
related to radionuclide release and transport in the canister interior, the bentonite buffer 
and in the deposition tunnel backfill. SKB’s far field transport is modelled with FARF31, a 
one-dimensional advection-dispersion model with matrix diffusion and sorption to 
describe groundwater radionuclide transport in fractured rock (Norman and Kjellbert, 1990; 
SKB, 2010). Doses to a representative individual in the most exposed group are obtained 
by multiplying the calculated flux from the geosphere to the biosphere with landscape 
dose conversion factors (LDF). The LFD are calculated with a complex model, the so-called 
Radionuclide Model (Avila, et al., 2010) that describes the continuous development in time 
of both terrestrial and aquatic biosphere objects. The LDF are derived for a constant unit 
release to the biosphere, separate from the geosphere transport calculations. 

SSM’s independent modelling 

SSM’s independent modelling in the initial review phase is an interpretation of the 
models that SKB utilises in SR-Site and the numerical software Ecolego (2011) is used. 
Ecolego is a compartmental modelling software in which the COMP32 near-field transport 
model and the Radionuclide Model for dose assessment is implemented. The discretisation 
method proposed by Broed and Xu (2008) is used to implement the FARF31 model in 
Ecolego. Deterministic and probabilistic radionuclide release and transport calculations 
for SKB’s corrosion and shear load scenarios, including LDF values, are reproduced. 

In parallel, independent modelling was performed by SSM’s consultants. Pensado and 
Mohanty (2012) used an alternative compartmental representation of SKB’s nearfield and 
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far-field release and transport models to evaluate SKB’s results for the corrosion and 
shear load scenarios. 

Some examples of results 

Even if SSM has identified some problems regarding clarity in SKB’s model descriptions 
and traceability of the input data used for the calculations, it was possible to reproduce 
SKB’s calculations with certain assumptions. Using the models and input data adopted by 
SKB, the reproduced results from the two scenarios are comparable with SKB’s results. 
However, to draw firm conclusions, a number of issues need to be clarified and further 
investigated in the main review phase. In the following we present some examples of 
how SSM’s independent modelling has contributed to the review goals of the initial 
review phase. 

Need for complementary information 

A general description of SKB’s radiological exposure assessment is given in Avila, et al. 
(2010). However, in the process of reproducing LDF values SSM identified a lack of 
justification for a number of assumptions. There is no detailed description about how 
exposure pathways were selected, i.e. justification of the selected exposure pathways is 
insufficient. For instance the combustion of peat for energy production is known as an 
important route of exposure in previous preliminary safety analysis (Bergström, et al., 
1999), but it is not included in SR-Site. 

Traceability of data 

SKB’s model description for radionuclide transport in the near field has improved since 
SR-Can; for instance, a concrete example of numerical value of transfer rate between 
compartments is explicitly given in SR-Site. However, the information provided regarding 
the model and the input data is still not always clear. In the cases of canister failure due 
to shear load and the growing pin-hole the transport resistances are given as zero or 
negligible (see Table G-7 and G-4 in SKB, 2010) with no quantifying information. This makes 
reproduction of SKB’s calculations difficult. Since the radionuclide transport in near field 
is modelled by a compartmental model the mass transfer is modelled by a transfer rate, 
which is described as the inverse of the transport resistance. If the parameter value used 
for the resistance is zero it means the transfer rate goes to infinity. If only he parameter 
value is stated as negligible we do not know what SKB considers as negligible. Clarification 
of this matter is needed. 

Identified conceptual uncertainty for further review 

Pulse releases are defined as a sudden release of certain mobile radionuclides (instant 
release fraction) at the time of canister failure. SKB concludes that pulse releases give 
negligible contributions to the probabilistically calculated mean dose with the argument: 
“The width of the dose curves in the biosphere is typically 1 000 years. The likelihood that an 
exposure due to a pulse release, pExpo, is present at a given point in time during the 100 000 year 
interval is thus 10-2 · pFail. (The likelihood of overlaps between pulses is very small due to the low 
probabilities).” However, a simple scoping calculation, taking 129I as an example, shows 
that the amount of pulse release due to IRF is about 30% of the total release for the case 
of canister failure due to corrosion with a normal dissolution rate. Therefore, SSM will 
elaborate further on the issue of pulse releases in the coming main review phase. 
Independent modelling will be carried out to analyse pulse releases in an integrated 
system of geosphere and biosphere models, rather than the decoupled system with 
separate analyses of pulse releases carried out by SKB. 
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Discussion 

During the initial review phase SSM has identified a number of issues requiring either 
clarifications, complementary information from SKB or further in-depth review by SSM. 
Important issues include the inconsistency between the documents and the actual 
modelling performed in SKB’s dose assessment, QA problems in the consequence 
analyses, and insufficient justification of assumptions. We can already now conclude 
that independent regulatory modelling combined with traditional document review is an 
effective way to enhance the authority’s licensing review process. 

SSM communicated the results from the initial review phase on the 29 October 2012 
by handing in a written statement to the Land and Environment Court and SKB. SKB has 
also been informed of the results of SSM’s independent modelling through SSM’s request 
for complementary information. 

In the main review phase, to follow, we plan to continue with reproduction of 
selected “What if?” and “residual” scenarios as well as “barrier function” scenarios that 
were not covered in the initial review phase. Moreover, to further investigate uncertainty 
in the calculated LDF values we plan to perform some alternative modelling, i.e. simpler 
“reference biosphere” modelling with the objective of exploring the uncertainty of 
various properties of SKB’s biosphere objects, including their evolution in time. 

Further, the details of the derivations of the probabilities of canister failure scenarios, 
which are beyond scope of this paper, will be handled in the in-depth review of the main 
review phase. 
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