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Switzerland 

Overview of the site selection process and the realisation steps of repository for 
radioactive waste in Switzerland 

Swiss legislation requires for all types of radioactive waste the safe and permanent 
disposal in deep geological repositories within Switzerland by stipulating a step-by-step 
procedure for site selection and licensing of the disposal facilities. Each step requires 
safety considerations or safety analyses which are reviewed by the Swiss Federal Nuclear 
Safety Inspectorate (ENSI, former HSK). The principle steps of radioactive waste disposal 
include: 

i) Demonstration of disposal feasibility for all types of radioactive waste in 
Switzerland. 

ii) Site selection process in three stages to narrow down the number of suitable sites 
to one for realisation (“Sectoral Plan for Geological Repositories”). 

iii) Construction, operation and closure of the repositories according to Swiss 
legislation in five steps [licence for geological investigations, general licence 
(decision-in-principle), construction licence, operation licence, closure order, 
Figure 1]. 

Step i) was completed in 2006 when the Swiss Federal Council (Swiss federal 
government) approved the demonstration of disposal feasibility for high-level and 
long-lived intermediate level waste submitted by the implementer in 2002. 

The site selection process started in 2008 [Step ii)] according to a site selection 
concept (BFE, 2008) which was approved by the Federal Council after broad consultation. 
The process is organised and co-ordinated by the Swiss Federal Office of Energy (SFOE, in 
German BFE) and is carried out in accordance with the land use planning legislation. 
Safety is of highest priority in the site selection process, but socioeconomic aspects are 
also taken into account. The site selection procedure is based on a stepwise approach.  
In the first of three stages, six potential siting areas for L/ILW and three potential siting 
areas for HLW were proposed by the implementer (Nagra) for each repository type, based 
on safety criteria defined by the regulatory authority ENSI. ENSI has reviewed the 
documentation and has agreed with the proposed geological siting areas (ENSI 33/070). 
Agreement has further been supported through confirming reviews by the Federal Nuclear 
Safety Commission (CNS), the cantonal experts (AG SiKa/KES) and a German expert group 
(ESchT). A three month broad public consultation procedure was undertaken at the end 
of 2010. The Federal Council finally approved the potential siting regions by the end of 
2011, ending thus Stage 1 of the site selection process. 
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In Stage 2, which is currently ongoing, these potential repository siting areas will be 
compared among each other on the basis of provisional safety assessments, a qualitative 
evaluation of each siting area based on safety criteria and a standardised intercomparison 
procedure. The proposal by Nagra will again be reviewed by ENSI and other expert groups 
including the CNS, the cantonal experts and experts from the neighbouring countries. 
Stage 2 is expected to be concluded by federal government approval in 2016. 

The remaining siting areas – at least two for each repository type – will be investigated 
in detail during Stage 3 of the process. Nagra will propose the sites for each repository 
type and apply for a general licence for this site. The safety case will include a full safety 
assessment for each selected site as well. Based on the results of this process, a repository 
site will be selected for each repository type and approved by the federal government. 
The general licence will be granted by the Federal Council and must be approved by 
Parliament. The approval is subject to a facultative referendum (national vote). 

This paper describes the role of the ENSI, the safety requirements for the site 
selection process, presents examples of regulatory review and elucidates its feedback to 
the site selection process. 

Figure 1: Simplified schematic representation of the processes involved in planning, 
construction, operation and closing a deep geological repository (ENSI, 2009) 

 

The role of ENSI in the site selection process 

The Swiss Federal Office of Energy has the leading role in the site selection procedure, 
while the Swiss National Co-operative for Radioactive Waste Disposal (Nagra) is 
responsible for the preparation of proposals and licence applications on behalf of the 
waste producers. The proposals by Nagra are reviewed from a technical point of view by 
the ENSI and other authorities and commissions [Nuclear Safety Commission, a cantonal 
expert group (AG SiKa/KES), and an expert group (EGT, formerly KNE (Commission on 
Nuclear Waste Management) supporting ENSI]. ENSI bears overall responsibility for the 
safety assessment of geological siting areas and sites and is responsible for the 
specification of safety requirements for the site selection process. In addition, ENSI leads 
the Technical Forum on Safety, co-ordinates its work and heads the secretariat. The main 
function of the Technical Forum on Safety is to discuss and answer technical and 
scientific questions on safety and geology from the public, the communes, the siting 
regions, organisations, cantons and public bodies of affected neighbouring countries. 
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Selection of geological siting areas for L/ILW and HLW (Stage 1) 

Safety criteria for the selection of potential siting areas 

The aim of Stage 1 was to identify several geological siting areas for L/ILW and HLW. 
Therefore, 13 criteria relating to safety and technical feasibility (Figure 2) were defined by 
ENSI based on international documents and on the experience from past reviews of the 
feasibility studies and the requirements of the Swiss legislation (HSK, 2007, Rahn, et al., 
2008): The long-term stability and the retardation properties of the host rock and the 
geosphere are paramount qualities which have to be considered in the site selection 
process for a deep geological repository. 

Figure 2: Criteria for site evaluation from the viewpoint  
of safety and technical feasibility (BFE, 2008) 

 

The safety criteria of the Sectoral Plan are of descriptive nature. One reason is that 
ENSI guideline ENSI-G03 states that radiological consequences from a repository must 
not exceed a yearly individual dose of 0.1 mSv, but does not define by what means this 
safety criterion has to be met. By choice of an adequate combination of natural and 
technical barriers, the implementer must comply with the safety criterion. ENSI has 
therefore chosen not to set limiting values for parameters such as e.g. thickness of the 
host rock layer or hydraulic conductivities. In contrast, the implementer had to define the 
inventory of each repository type and then derive a set of quantitative requirements for 
potential host rocks for the planned repositories (e.g. dimensions of the repositories, 
thickness and hydraulic conductivities of host rocks). Based on these requirements, the 
implementer had to identify suitable large-scale geological areas for hosting a repository. 
Next, potentially suitable host rock formations within these areas had to be identified by 
excluding regions with e.g. enhanced tectonic complexity or probable occurrence of 
deeply eroded glacial valleys. 

Implementation of the regulatory review 

On behalf of the waste producers, Nagra proposed potential siting areas based on the 
criteria as shown in Figure 2. The review of ENSI was based on this proposal of geological 
siting areas, its argumentation and qualitative assessment of the safety criteria. The 
focus on the review relied on the following safety relevant key questions: 
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· Are the implementer’s requirements for the choice of the host rock formations/ 
geosphere correctly derived and sufficient to comply with the dose limit of 
0.1 mSv/year? 

· Did the implementer use all relevant geological information, and is the quality of 
the data adequate for the choice of the site regions? 

· Did the implementer take the 13 criteria into account for the choice of the siting 
regions? 

· Is the implementer’s procedure to choose these regions transparent and plausible? 

To answer these key questions, ENSI: 

· carried out selected model calculations based on independent modelling codes 
(e.g. estimation of radionuclide release, migration across the barrier system to the 
biosphere, dose calculations, gas production and gas transport within a repository) 
to verify the allocating of the waste to the L/ILW and HLW repositories and the 
specifications for the quantitative safety requirements for the host rock by Nagra; 

· and KNE organised workshops on scientific topics such as glacial erosion and 
earthquake/neotectonic activity with national and international experts to evaluate 
the current scientific knowledge; 

· started research projects to clarify scientific issues on topics such as deep glacial 
erosion and long-term climate change (encompassing far beyond 10 000 years). 

· was supported by external experts for specific topics such as e.g. rock mechanical 
properties, glacial erosion, gas production rates in the repository and their effects 
on the host rocks, available geological information, Quartenary geology, GIS systems 
to derive the siting areas and by a national expert group (Commission on Nuclear 
Waste Management, KNE) which published a separate expert report (KNE, 2010). 

Overview of review results 

The review of ENSI concluded that the geological siting areas for L/ILW and for HLW 
proposed by Nagra are all suitable for further investigations within the next stage of the 
Sectoral Plan (ENSI, 2010b). The provided geological information and the data base of the 
safety considerations are presented in a clear manner and can be considered sufficient 
for the purpose of Stage 1. For the identification and narrowing down of suitable geological 
siting areas, the following safety issues have been considered: 

· suitable depth; 

· sufficient volume of host rock for locating a repository (thickness and lateral 
extent of the host rock, including extra space to be flexible in siting); 

· distance to potentially active faults or faults subject to reactivation; 

· distance to zones of elevated tectonic overprint; 

· distance to zones of recent seismic activity; 

· distance to over-deepened glacial valley filled with young deposits (glacial erosion). 

Similar to Nagra, ENSI assessed qualitatively all safety criteria for all resulting siting 
areas in order to gain a general overview of the suitability of each area. For some cases, 
ENSI differed in its assessment from Nagra, e.g. with respect to the effects of the repository 
on the host rock (such as gas production and gas transport, sensitivity to thermal effects, 
thermal-hydraulic-mechanical coupled processes, formation of an excavation damaged 
zone around underground structures). In its assessment ENSI points out several critical 
issues with respect to clay and clay-rich host rocks. However, these differences in the 
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assessments between Nagra and ENSI had no influence on the overall evaluation of  
the geological siting areas and the final result. At the same time, ENSI formulated 
recommendations which Nagra must consider in more detail in Stages 2 and 3, such as: 

· The expected radioactive waste forms of decommissioning from national (PSI) and 
international research facilities (CERN) have to be characterised in more detail. 

· For a repository depth of 650 to 900 m, it is likely that additional measures of tunnel 
stabilisation will be necessary. Accordingly, the geomechanical properties in such 
depths and its impact on long-term safety have to be investigated in more detail. 

· The definition of a regional erosive basis within the siting areas should rely on a 
methodical approach which better incorporates the potential of lateral and vertical 
fluvial erosion and the interaction between fluvial and glacial erosion. 

Lessons learned and feedback to the site selection process 

In Switzerland only marine sediments such as the Helvetic Marls, Effinger Member 
Marls, middle and lower Jurassic clay-rich rocks (“Brauner Dogger” and Lower Jurassic = 
Opalinus Clay) have been proposed as suitable host rocks for a repository of L/ILW. All four 
proposed host rocks have favourable to very favourable retention capacities. Several other 
rocks containing significant amounts of clay minerals fail single criteria of safety and 
technical feasibility requirements (mainly due to heterogeneity, insufficient self-sealing 
capacity or difficulties to explore the occurrence with sufficient reliability). 

For a HLW repository only Opalinus clay was considered as suitable host rock due to its 
superior homogeneity with respect to lateral and vertical clay content and the resulting 
self-sealing capacity, its low hydraulic conductivity and very favourable retention capacity 
of the host rock. 

As a result, the quantitative comparison does not differentiate between a generic host 
rock with good sorption properties and a host rock with less favourable sorption properties 
due to the high retention capacities of the technical barriers. Therefore, the barrier effect 
has to be assessed for the multiple barrier system and for each single barrier in Stage 2 to 
show the robustness of the system. This may indicate which natural barrier of the siting 
areas has advantages and which natural barrier has disadvantages. 

Since the site selection process will continue for more than ten years and the 
alternative is kept open to return to geological siting areas which have kept as secondary 
options as part of the narrowing-down process, the isolating rock zone (including the 
host rock) in all potential siting areas should be given special protection against drilling, 
open pit and underground mining and underground construction activities. Such a 
protection has been required with the approval of Stage 1 of the siting process. Protection 
is reached by a set of issued maps with contoured depth values, which define the 
maximum depth level that drillings are allowed to reach. These maps have been given to 
the cantons, which are responsible for co-ordinating land use planning, including 
approval of any proposals for drilling activity (mainly for geothermal purposes). The 
cantonal authorities apply the maps and inform ENSI about any conflicts. 

For an efficient review process the documentation for all modelling calculations has 
to be transparent and comprehensive; an electronic folder of input parameters and 
results of the implementer are valuable. In addition, a separate report containing the 
questions of the regulator and the associated answers of the implementer has proven to 
be a valuable tool for transparent and efficient information transfer. 
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Selection of at least two siting areas each for L/ILW and HLW (Stage 2) 

Safety requirements for the comparison of geological siting areas in Stage 2 

In each of the identified siting areas, the implementer must choose at least one site 
for which a provisional safety analysis must be carried out. In addition to the safety 
assessment for the individual sites, a qualitative evaluation of the criteria with respect to 
safety and technical feasibility and an overall comparison of the sites are taken into 
account to find at least two siting areas for each repository. Sites can only be excluded if 
clear disadvantages as compared to the other site are identified in Stage 2. Siting areas 
excluded in Stage 2 are maintained as a secondary option until the general licence. 

ENSI has specified the safety requirements on the provisional safety analyses and the 
comparison based on safety criteria (ENSI, 2010a): 

· The choice of these siting areas must be transparent and plausible. In order to 
achieve this objective, the implementer has to show the contribution of the 
technical and natural barriers to overall safety and compliance with the safety 
criteria (annual dose of less than 0.1 mSv). Any provisional safety analysis must be 
based on adequate knowledge of the host rock properties, the local geosphere and 
the geochemical conditions. 

· In a first step, the implementer must define a reference scenario for the provisional 
safety analysis which should correspond to a realistic description of the expected 
evolution of the repository including realistic assumptions for the development of 
the waste forms, the near field, the far field, the geosphere and radionuclide 
transport to the biosphere. Within this reference scenario, the implementer has to 
define a reference case and reference values for the transport-relevant parameters 
to calculate the expected radiological consequences of a potential repository at 
each chosen site. 

· In a second step, the implementer must vary key parameters relevant for nuclide 
migration such as water flow, nuclide-specific diffusion parameters, geochemical 
parameters (solubility, sorption coefficients) according to a procedure to be defined 
by ENSI. The results of these calculations will provide a measure for the robustness 
of each site. For spent fuel elements, additional variations such as increased 
dissolution rates for the fuel elements or a limited canister life time will have to be 
taken into account. 

· The sites will then be categorised according to the maximum annual dose obtained 
in the parameter variation procedure; the best category entails all sites with a 
maximal yearly dose of less than 0.01 mSv. The next category comprises sites with 
a maximum annual dose between 0.01 mSv and 0.1 mSv. Sites with a maximum 
annual dose higher than 0.1 mSv are excluded from further consideration (Figure 3). 

· Remaining sites are then evaluated using the qualitative safety criteria (Figure 2). 
Only those sites that are designated at least “suitable” in the overall evaluation on 
a qualitative evaluation scale of suitability (e.g. very suitable, suitable, limited 
suitability, less suitable) will be further considered in Stage 3. In addition, sites can 
be excluded if clear disadvantages as compared to the other sites are identified at 
this stage. 

In order to realise the objectives of the upcoming Stage 2, the state of knowledge of 
the geological information at the sites has to be sufficient to perform the provisional 
safety analyses, the qualitative evaluation and the comparison. Therefore, in preparation 
for Stage 2, the Sectoral Plan required Nagra to clarify with ENSI, at an early stage, the 
need for additional investigations aimed at providing input for the provisional safety 
analyses and the comparison. In order to document Nagra’s technical-scientific assessment 
of this need Nagra submitted a technical report to ENSI in October 2010 (Nagra, 2010). 
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Figure 3: Method for comparing the numerical calculations (BFE, 2008) 

(a) Determining the characteristic dose interval for a deep repository used in the comparative 
approach: the evolution with time of the calculated doses is calculated for the reference 
case (green) and for the cases defined using the parameter variations (red). The dose 
maxima in each case that define the dose interval are shown (filled circles). Note: The dose 
curves shown are hypothetical examples. 

 

Note: The dose curves shown are hypothetical examples. 

(b) Dose intervals from the provisional safety analyses for five hypothetical sites (that could be 
in different host rocks). Each site is compared with the radiologically best site (site with the 
lowest dose in the reference case, in this example Site 1). In this example, Site 5 is excluded 
since the upper value of the interval of dose maxima is above the ENS-G03 protection 
objective of 0.1 mSv/a. Sites 1, 2, 3 and 4 are suitable from the viewpoint of safety as their 
dose intervals lie below 0.1 mSv/a. Sites 1, 2 and 3 are also considered to be equivalent in 
terms of safety as their dose intervals lie below the threshold value of 0.01 mSv/a. Site 4 is 
excluded from further consideration as its dose interval does not overlap with that of the 
best site (Site 1) and goes beyond 0.01 mSv/a. 
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Overview of review results and lessons learned 

ENSI and their experts have reviewed this report; the corresponding review was 
published in March 2011. The main findings of the review are that, together with the 
complementary investigations proposed by Nagra and requested by ENSI, the state of 
knowledge of the geological conditions at the sites will be sufficient to perform the 
provisional safety analyses, and that therefore ENSI is not requesting any investigations 
within Stage 2 that require a licence (e.g. the drilling of deep boreholes). At the same time 
ENSI required 41 safety issues such as: 

· improved knowledge of properties for the new host rocks Effinger member Marls 
and “Brauner Dogger” for a L/ILW repository; 

· detailed and systematic description of the flow paths in the siting areas; 

· detailed investigation for rock mechanical properties (risk assessments for 
underground structures). 

Therefore, ENSI has specified the requirements on engineering risk assessment for 
underground structures and safety considerations for underground access in a separate 
document (ENSI, 2013b). 

This view was broadly confirmed by the other authority bodies. At the same time, it 
was requested that the cantonal experts and CNS carry out specific seminars, in which 
Nagra discusses the results of the complementary investigations proposed by Nagra and 
requested by ENSI. This process to review the additional geological information is 
described in ENSI 33/155 (2013a). 

Another result of the reviews of the different expert groups was the request to specify 
the qualitative evaluation method based on safety criteria for Stage 2. Therefore, ENSI 
carried out several meetings with representatives from the different expert groups and 
discussed advantages and disadvantages for different multiple criteria analyses. As a 
result of the discussion important elements of the methods for comparison are described 
in ENSI 33/154 (2013c) (specifications of the safety method to select at least two geological 
siting areas for each repository in Stage 2): 

· The method has to be carried out in a clear and transparent manner. 

· The variations and existing uncertainties in data, processes and models and 
calculation of the resulting proposal of siting areas which will be investigated 
further in Stage 3 has to be analysed. 

· Nagra must assess specific safety characteristics for optimisation (designated 
“decision-relevant features”) to select at least two siting areas. For the evaluation 
of clear safety disadvantages, siting areas must be compared to other siting areas 
so as to proceed with the exclusion of sites in Stage 2. 

· Criteria and indicators which are evaluated as less favourable have to be shown 
separately. 

Based on an assessment of the remaining sites according to the safety criteria, the 
implementer will propose at least two sites per repository type. This proposal will be 
reviewed by ENSI. If approved by the Swiss government, the site selection enters the final 
stage (Stage 3) of the Sectoral Plan, in which the implementer collects detailed site-specific 
data at all the sites, prepares an updated safety assessment, chooses the sites for the 
realisation of the two repositories and applies for general licences. ENSI will review the 
safety assessments. The general licence application will be granted by the Swiss 
government, and must be approved by Parliament: Approval is subject to a facultative 
national referendum. 
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